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THE OCCUPATIONAL HEALTH RISKS
DUE TO PESTICIDES EXPOSURE AMONG FARMERS
AND THEIR FAMILY MEMBERS:
INCREASING AWARENESS THROUGH EDUCATION
E Selcen Darcin1, Murat Darcin2,*
2

1
Ankara +DFÕ%D\UDP9HOL 8QLYHUVLW\3RODWOL )DFXOW\RI6FLHQFHand $UWV$QNDUD7XUNH\
*HQGDUPHULHDQG&RDVW*XDUG$FDGHP\)DFXOW\RI*HQGDUPHULHDQG&RDVW*XDUG$QNDUD7XUNH\

KEYWORDS:
$JULFXOWXUHSHVWLFLGHSRLVRQLQJZRUNKHDOWKZRUNVDIHW\

UHSHOOLQJGHVWUR\LQJRUFRQWUROOLQJDQ\SHVWRUUHJ
XODWLQJSODQWJURZWK >@” 7KHXVHRIWR[LFSHVWLFLGHV
WR ILJKW SHVWV KDV EHFRPH ZLGHVSUHDG SUDFWLFH
WKURXJKRXW WKH ZRUOG 3HVWLFLGH XVH DFFRXQW IRU
DERXW  SHUFHQW RI WRWDO WURSRVSKHULF R]RQH OHYHOV
>@$JULFXOWXUDOXVHRIRUJDQRSKRVSKRUXVDQGRUJD
QRFKORULGHFRPSRXQGVFUHDWHVDSRWHQWLDOO\VHULRXV
DLUSROOXWLRQ >@ZKLFKKDVDOVR DQHIIHFWRQVXEMHF
WLYHZHOOEHLQJDQGTXDOLW\RIOLIH> @
$FFRUGLQJWRWKH:RUOG+HDOWK2UJDQL]DWLRQ
PLOOLRQ SHRSOH DUH H[SRVHG WR SHVWLFLGH SRLVRQLQJ
HDFK\HDURIWKHPGLH>@$FXWHSHVWLFLGH
SRLVRQLQJ DFFRXQW IRU VLJQLILFDQW PRUELGLW\ DQG
PRUWDOLW\ ZRUOGZLGHHVSHFLDOO\LQGHYHORSLQJFRXQ
WULHV> @ 3HVWLFLGHSRLVRQLQJDVDQLPSRUWDQWSXE
OLFKHDOWKSUREOHPPRVWO\RFFXUVLQWKHDJULFXOWXUDO
VHFWRU EXW DOVR HIIHFW SHRSOH LQ KRPHV SDUNV
VFKRROV EXLOGLQJV IRUHVWV DQG URDGV :RPHQ DQG
FKLOGUHQ DUH D VLJQLILFDQW ULVN JURXS LQ DJULFXOWXUH
VHFWRUZKHUH ZRUNDQGKRPHOLIHFDQQRWEHVHSDUDWHG
HDFKRWKHU3RLVRQLQJVGXHWRDJULFXOWXUDOSHVWLFLGHV
RFFXULQOLYLQJDUHDVDVZHOODVLQDJULFXOWXUDODUHDV
'HWHUPLQDWLRQRIWKHIDFWRUVDIIHFWLQJSHVWLFLGHSRL
VRQLQJLVDQLPSRUWDQWSDUDPHWHUIRUWKHSODQQLQJRI
cRQWURO DQG SUHYHQWLRQ SURJUDPV 7KH SXUSRVH RI
WKLVZRUNLVWRGHWHUPLQHWKHIDFWRUVDIIHFWLQJSHVWL
FLGHSRLVRQLQJLQWKHDJULFXOWXUDOVHFWRUEDVHGRQLQ
FLGHQWUHSRUWVLQWHUPVRIWKHLPSRUWDQWSDUDPHWHUV
VXFKDVH[SRVXUHWLPHDQGSODFHSRLVRQLQJW\SHDQG
FDXVHDQGWKHFKDUDFWHULVWLFVRIWKHDIIHFWHGSHRSOH
ZKLFKLVYHU\LPSRUWDQWIRUWKHSODQQLQJRIFRQWURO
DQGSUHYHQWLRQSURJUDPV

INTRODUCTION

MATERIALS AND METHODS

3HVWLFLGHVDUHFKHPLFDOVXEVWDQFHVWKDWDUHXVHG
WRDYRLG or PLQLPL]H WKH LPSDFW RIDQ\VSHFLHVVWUDLQ
RUELRW\SHRISODQWDQLPDORUSDWKRJHQLFDJHQWVXFK
DVLQVHFWVQHPDWRGHVURGHQWVZHHGVDQGIXQJL7KH
)RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ )$2  GHILQHV
SHVWLFLGH DV³DQ\VXEVWDQFHRUPL[WXUHRIVXEVWDQFHV
RI FKHPLFDO RU ELRORJLFDO LQJUHGLHQWV LQWHQGHG IRU

,QWKLVVWXG\SHVWLFLGHUHODWHGSRLVRQLQJLQFL
GHQWVLQUXUDODUHDVLQWKHSURYLQFHRI$GDQDEHWZHHQ
WKH\HDUVZHUHDQDO\]HGE\LQYHVWLJDWLQJ
DFFLGHQW UHSRUWV 'XULQJ WKH IRXUWHHQ\HDU SHULRG
 SHRSOH ZHUH SRLVRQHG GXH WR  SRLVRQLQJ
LQFLGHQWV 7KUHHKXQGUHGWKLUW\RQH  

ABSTRACT
3HVWLFLGH SRLVRQLQJ DV DQ LPSRUWDQW SXEOLF
KHDOWKSUREOHPPRVWO\RFFXUVLQWKHDJULFXOWXUDOVHF
WRU7KHSXUSRVHRIWKLVZRUNLVWRGHWHUPLQHWKHIDF
WRUVDIIHFWLQJSHVWLFLGHSRLVRQLQJLQWKHDJULFXOWXUDO
VHFWRUEDVHGRQLQFLGHQWUHSRUWVLQWHUPVRIWKHLP
SRUWDQWSDUDPHWHUVVXFKDVH[SRVXUHWLPHDQGSODFH
SRLVRQLQJW\SHDQGFDXVHDQGWKHFKDUDFWHULVWLFVRI
WKHDIIHFWHGSHRSOHZKLFKLVYHU\LPSRUWDQWIRUWKH
SODQQLQJRIFRQWURODQGSUHYHQWLRQSURJUDPV,QWKLV
VWXG\SHVWLFLGHUHODWHGSRLVRQLQJLQFLGHQWVLQUXUDO
DUHDV LQ WKH SURYLQFH RI $GDQD EHWZHHQ WKH \HDUV
2002ZHUHDQDO\]HGE\LQYHVWLJDWLQJDFFLGHQW
UHSRUWV 'XULQJWKHIRXUWHHQ\HDUSHULRGSHR
SOHZHUHSRLVRQHGGXHWRSRLVRQLQJLQFLGHQWV
7ZHQW\RQH SHUFHQW RI YLFWLPV ZHUH SRLVRQHG EH
FDXVH RI DJULFXOWXUDO SHVWLFLGHV DQG DQLPDO KHDOWK
SURGXFWV 'XULQJ WKH SHULRG LW ZDV REVHUYHG WKDW
 RI SHVWLFLGH SRLVRQLQJ RFFXUUHG LQ FKLOGUHQ
\RXQJHUWKDQ\HDUVRIDJH3HVWLFLGHSRLVRQLQJZDV
PRVW FRPPRQ LQ VXPPHU   3HVWLFLGHV WKDW
FDXVHSRLVRQLQJZHUHXVHGIRUDJULFXOWXUDODSSOLFD
WLRQ   GHVWUR\LQJ KRPH SHVWLQVHFWDQWURGHQW
 DQGDQLPDOKHDOWK  5HVXOWVPD\FRQWULE
XWHSRVLWLYHO\WRLPSURYHPHQWRIDJULFXOWXUDOHGXFD
WLRQSURJUDPVLQRUGHUWRUHGXFHSHVWLFLGHVSRLVRQLQJ
DPRQJDJULFXOWXUDOZRUNHUVDQGWKHLUIDPLOLHV

10334

© by PSP

Volume 29 – No. 12/2020 pages 10334-10338

Fresenius Environmental Bulletin

Products for
human health
39%

Pesticide
26%
Foods
8%

Plant and
mushroom
7%

Animals
1%

CO
6%

Others
4%

Industrial
chemicals
3%

Household
chemicals
6%

FIGURE 1
Poisoning incidents
Foods
23%

Products for
human
health
28%

Pesticide
21%

Others
6%
Animals
1%

Industrial
chemicals
2%

Household
chemicals
4%

Plant and
mushroom
7%

CO
8%

FIGURE 2
Victims of poisoning incidents
RI WKHP ZHUH DJULFXOWXUHUHODWHG DJULFXOWXUH  IRU
HVWU\OLYHVWRFN SHVWLFLGHSRLVRQLQJLQFLGHQWVZKLFK
ZHUHDQDO\]HGZLWKUHVSHFWWRFDXVHW\SHDQGWLPH
RILQFLGHQWVHYHULW\RILQMXU\DJHDQGJHQGHURIYLF
WLPVWKHSODFHZKHUHSRLVRQLQJKDVWDNHQDFWLYLWLHV
GXULQJSRLVRQLQJ DQGRWKHUIDFWRUVE\XVLQJVWDWLVWL
FDOVRIWZDUHSURJUDP 6366IRU:LQGRZV9HUVLRQ
 'XULQJWKHVWXG\SHULRGWRWDOO\SHRSOHZHUH
SRLVRQHGGXHWRDJULFXOWXUDOUHODWHGSRLVRQLQJV
7KH UHVHDUFK LQFOXGHG RQO\ LQFLGHQWV WKDW RFFXUUHG
RQRUEHWZHHQ-DQXDU\VWDQG'HFHPEHUVW
7KHVWXG\LVOLPLWHGWRWKHUXUDODUHDRI$GDQD
ZKLFKLVUHVSRQVLEOHIRUDVLJQLILFDQWDPRXQWRISHV
WLFLGHXVHLQ7XUNH\DVRQHRIWKHPRVWLPSRUWDQWDJ
ULFXOWXUDODUHD7KHVWXG\LQFOXGHVDJULFXOWXUDOZRUN
HUVDQGIDPLO\PHPEHUVZKRKDYHEHHQH[SRVHGWR
SHVWLFLGHSRLVRQLQJE\HDWLQJGULQNLQJLQKDOLQJRU
RWKHUFRQWDFWPHWKRGVDWKRPHLQDWHQWRQWKHILHOG
RULQRWKHUKDELWDWV

RESULTS
'XULQJ WKH IRXUWHHQ\HDU SHULRG  SHRSOH
ZHUHSRLVRQHGGXHWRSRLVRQLQJLQFLGHQWV 2I
ZKLFK SHRSOH GLHGLPPHGLDWHO\RUZLWKLQ
WZHQW\IRXU KRXUV 7KH SHVWLFLGHV DFFRXQWHG IRU
   RI SRLVRQLQJ LQFLGHQWV )LJXUH  
7ZHQW\RQH SHUFHQW RI YLFWLPV ZHUH SRLVRQHG EH
FDXVHRIDJULFXOWXUDO SHVWLFLGHV )LJXUH   
RIWKRVHSRLVRQHGE\SHVWLFLGHV SHVWLFLGHVDQGDQL
PDO KHDOWK SURGXFWV  GLHG DW WKH VFHQH DQG 
 ZHUHKRVSLWDOL]HGZLWKDOLIHWKUHDWHQLQJFRQGL
WLRQ
2QHWKLUG RI SHVWLFLGHUHODWHG SRLVRQ YLFWLPV
ZHUH IHPDOH $FFLGHQWDO SRLVRQLQJ LV FRPPRQ
DPRQJ\RXQJFKLOGUHQ'XULQJWKHSHULRGLWZDVRE
VHUYHGWKDWRISHVWLFLGHSRLVRQLQJRFFXUUHGLQ
FKLOGUHQ\RXQJHUWKDQ\HDUVRIDJH3HVWLFLGHSRL
VRQLQJZDVPRVWFRPPRQLQVXPPHU  HVSH
FLDOO\LQ-XQH )LJXUH 3HVWLFLGHVWKDWFDXVHSRL
VRQLQJZHUHXVHGIRUDJULFXOWXUDODSSOLFDWLRQ  
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SHVWLFLGHVLQWKHHQYLURQPHQWWKURXJKDFFLGHQWDOHDW
LQJGULQNLQJ RU GHUPDO H[SRVXUHV DOVR DFFRXQW IRU
PRUHWKDQSHUFHQWRIDOOSHVWLFLGHSRLVRQLQJV

GHVWUR\LQJ KRPH SHVWLQVHFWDQWURGHQW   DQG
DQLPDO KHDOWK   0RUH WKDQ KDOI RI WKH HYHQWV
WRRNSODFHLQWKHILHOGJDUGHQDQGDERXWDWKLUGRF
FXUUHGLQOLYLQJDUHDVVXFKDVKRXVHWHQW )LJXUH 
7KHPRVWFRPPRQFDXVHV RISHVWLFLGHSRLVRQ
LQJV DUH OLPLWHGXVDJHRISHUVRQDOSURWHFWLYHHTXLS
PHQWVXFKDVJORYHVPDVNVDQGVSHFLDOFORWKLQJDQG
SHVWLFLGH DSSOLFDWLRQ GXULQJ WKH DGYHUVH ZHDWKHU
FRQGLWLRQV ,PSURSHUSDFNLQJRISHVWLFLGHV VWRUDJH
RI SHVWLFLGHV ZLWKLQ HDV\ UHDFK RI FKLOGUHQ LQ WKH
KRPHOHDYLQJWKHSURGXFWV LQWKHLURULJLQDOFRQWDLQHU
ZLWKWKHRULJLQDOODEHODWWDFKHGXVLQJIRRGFRQWDLQ
HUVVXFK DVFXSV or ERWWOHV WRVWRUHSHVWLFLGHVXQFRQ
WUROOHGXVHRISHVWLFLGHV and LQFRUUHFWO\KRPHXVH
SHVWLFLGH WR NLOO LQVHFWV DW KRPH DUH LPSRUWDQW SRL
VRQLQJUHDVRQV0RUHWKDQSHUFHQWRIDOOSHVWLFLGH
SRLVRQLQJV RFFXU GXULQJ RU DIWHU WKH DSSOLFDWLRQ RI
SHVWLFLGHV GXH WR SHVWLFLGH VSUD\LQJ &RQWDFW ZLWK

DISCUSSION
$FXWHSHVWLFLGH SRLVRQLQJ LVWKH PDLQ W\SH RI
SRLVRQLQJ ,Q WKH SUHVHQW VWXG\ LW ZDV IRXQG WKDW
PRUHWKDQRQHTXDUWHURIWKHWRWDOSRLVRQLQJVLQWKH
UXUDODUHDRI$GDQDSURYLQFHZHUHFDXVHGE\SHVWL
FLGHV7KH\DUHWKHPRVWLPSRUWDQWFDXVHRISRLVRQ
LQJDIWHUWKHSURGXFWVXVHGIRUKXPDQKHDOWK,QWKLV
VWXG\ ERWK PRUWDOLW\ UDWH LQ DOO FDVHV RI SRLVRQLQJ
DQG PRUWDOLW\ UDWH LQ SHVWLFLGHUHODWHG SRLVRQLQJV
ZHUHIRXQGDV,QDVWXG\FRQGXFWHGLQWKH86$
LQLQFROODERUDWLRQZLWK3RLVRQ&RQWURO
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FIGURE 3
Distribution of cases by months
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&HQWHUVLWZDVUHSRUWHGWKDWPRUWDOLW\UDWHLQSRLVRQ
LQJFDVHVZDV [] ,QGHYHORSLQJFRXQWULHV
KLJKPRUWDOLW\UDWHVUDQJLQJIURPWRDUH
UHSRUWHG>1013@
&KLOGUHQDUHWKHPDMRUYLFWLPVRISHVWLFLGHUH
ODWHG SRLVRQLQJVDVZHOODVJHQHUDOSRLVRQLQJV 7KH
UHVXOWVRIWKLVVWXG\VKRZWKDWDVLJQLILFDQWDPRXQW
 RISHRSOHZKRH[SRVHGWRSHVWLFLGH UHODWHG
SRLVRQLQJGXULQJWKHSHULRGDUHFKLOGUHQDW\HDUVRI
DJHDQG\RXQJHU 6WXGLHVKDYHVKRZQWKDWFKLOGUHQ
XQGHU WKH DJH RIILYH \HDUVKDYHWKH KLJKHVW UDWHVRI
SRLVRQLQJ>4 15@ &KLOGUHQPD\EHH[SRVHGWRSHV
WLFLGHGULIWIURPILHOGVWKDWDUHEHLQJVSUD\HG$FXWH
³XQLQWHQWLRQDO SRLVRQLQJ LV SRVVLEOH ZKHQ VPDOO
FKLOGUHQSOD\ZLWKSHVWLFLGHERWWOHVDQGFRORUIXO DP
SRXOHV WKDWKDYHEHHQGLVFDUGHGLQWKHLUSOD\LQJDU
HDV 3DUHQWV ZKR DUH IDUPZRUNHUV RU DSSOLFDWRUV
PD\EULQJSHVWLFLGHVLQWRWKHKRPHWKURXJKFRQWDP
LQDWHG FORWKHV VKRHVRU HTXLSPHQW 3HVWLFLGHV PD\
EHXQVDIHO\XVHGLQWKHKRPH'LIIHUHQWKLJKO\FRQ
FHQWUDWHGSHVWLFLGHVPD\EHVWRUHGZLWKLQWKHUHDFK
RIFKLOGUHQ7KHSUHVHQFHRISHVWLFLGHVLQSODFHVDQG
FRQWDLQHUVWKDWFDQEHPL[HGZLWKRWKHUSURGXFWVDQG
HDVLO\DFFHVVLEOHLVDPDMRUVRXUFHRIGDQJHUZLWKWKH
ULVNRISRLVRQLQJHVSHFLDOO\IRU\RXQJFKLOGUHQ 7KH
SUHYDOHQFH RI SRLVRQLQJV LQ \RXQJ FKLOGUHQ LV
WKRXJKWWREHGXHWRWKHIDFWV WKDWGUXJVDQGFKHPLFDO
VXEVWDQFHVDUHQRWNHSWLQWKHLURULJLQDOFRQWDLQHUV
HVSHFLDOO\FKLOGUHQXQGHUWKHDJHRIIRXUKDYHDGH
VLUH WRH[SORUHWKHHQYLURQPHQW WKH\KDYH WKH WHQ
GHQF\WRWDNHREMHFWVWRWKHLUPRXWKVDQGIDPLOLHV
VRPHWLPHVQHJOHFWWKHVXSHUYLVRU\WDVNVRIWKHLUFKLO
GUHQ [1]
3UHVHQW VWXG\VKRZV WKDW VLPLODU WR RWKHUVWXG
LHV>1] SRLVRQLQJ FDVHVDUH PRUH FRPPRQGXULQJ
VXPPHU VHDVRQ 7KH UHDVRQ SUREDEO\ LV WKDW PRUH
SHVWLFLGHVSUD\LQJ KDVWDNHQSODFHHVSHFLDOO\GXULQJ
VXPPHU 3HRSOH LQYROYHG LQ SURFHVVLQJ SHVWLFLGH
SUHSDUDWLRQ VKRXOGZHDUDSSURSULDWHSHUVRQDOSURWHF
WLYH HTXLSPHQW VXFK DV PDVN FORWKHV and JORYHV
0L[LQJDQG SUHSDUDWLRQ RISHVWLFLGHGLOXWLRQV VKRXOG
EHGRQHLQWKH RSHQ RULQDZHOOYHQWLODWHGSODFH 8Q
ZDQWHGFRQWDFWZLWKSHVWLFLGHVRUSHVWLFLGHUHVLGXHV
E\ SHRSOH RWKHU RUJDQLVPV RU WKH HQYLURQPHQW
VKRXOG EH SUHYHQWHG 6SUD\LQJ VKRXOG QHYHU WDNH
SODFH LQ XQVXLWDEOH ZHDWKHU FRQGLWLRQV (TXLSPHQW
DQGSURWHFWLYHFORWKLQJXVHGLQDSSO\LQJSHVWLFLGHRI
WHQQHHGWREHFOHDQHGDQGUHSODFHG
6WXGLHVKDYHVKRZQWKDWPDMRULW\RIWKH IDUPHUV
DUHXQHGXFDWHGDQGXQDZDUH RISHVWLFLGH W\SHVOHYHO
RI SRLVRQLQJ VDIHW\ SUHFDXWLRQV SRWHQWLDO KD]DUGV
DQG WKH SURSHU XVH RI SHVWLFLGHV [2022] 3HVWLFLGH
DSSOLFDWRUV DQGIDUPHUV ZLWKOLWWOHor no IRUPDOHGX
FDWLRQPLJKWEHDWKLJKHUULVNGXULQJWKHWUDQVSRUW
VWRUDJH SUHSDUDWLRQ DSSOLFDWLRQ FOHDQXS DQG GLV
SRVDORISHVWLFLGHSURGXFWVDQGZDVWHVSRVVLEO\GXH
WR WURXEOHV LQ XQGHUVWDQGLQJ WKH PDQXIDFWXUHU V LQ
VWUXFWLRQV LQ WKH SURGXFW PDQXDO DQG VDIHW\ SURFH
GXUHVLQFOXGHGRQWKHSURGXFWODEHOV [23] (GXFDWLRQ
DQG WUDLQLQJ DUH NH\ HOHPHQWV LQ VDIH SHVWLFLGH XVH
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DQGSUHYHQWLQJ H[SRVXUH WRD WR[LF PDWHULDO,WLVHY
LGHQFHWKDWVDIHW\HGXFDWLRQDOSURJUDPGHFUHDVHVWKH
SUHYDOHQFHRISHVWLFLGHSRLVRQLQJ>4@PHVWLFLGHDS
SOLFDWRUV IDUPHUVWKHLUIDPLOLHVDQGSHRSOHZKRGLV
WULEXWHVHOORUVWRUH SHVWLFLGHV QHHGWREHLQIRUPHG
DQG HGXFDWHG DERXW WKH WR[LFLW\ DQG ORQJWHUP DG
YHUVHHIIHFWVRIWKH SHVWLFLGHV and KRZWRUHFRJQL]H
aQGSUHYHQWSHVWLFLGHSRLVRQLQJV

CONCLUSIONS
)DUPHUV VKRXOG EH LQIRUPHG WKURXJK HGXFD
WLRQDOSURJUDPV DQGSXEOLFDZDUHQHVVDERXWXQVDIH
FRQGLWLRQV PLVXVH RU DSSOLFDWLRQ HUURUV VXFK DV
RYHUGRVHDQGXQQHFHVVDU\GXSOLFDWLRQH[SRVXUHand
FRQWDFWLQJ WR FKHPLFDOV 3RWHQWLDO ULVN FRQWURO
PHDVXUHVVXFKDVLPSURYLQJWKHDYDLODELOLW\DQGXV
LQJ RI VDIHW\ HTXLSPHQW LQFUHDVLQJ VLWXDWLRQDO
DZDUHQHVV DQG ULVN SHUFHSWLRQ DQG GHYHORSLQJ
VDIHW\ FXOWXUH DPRQJ IDUPHUV DQG WKHLU IDPLOLHV
VKRXOGEHSHUIRUPHGWRSUHYHQWSHVWLFLGHSRLVRQLQJ
LQFLGHQWV 7KHUHVXOWVRIWKLVVWXG\E\HQFRXUDJLQJ
WKHVDIHW\LVVXHVDERXWVWRUDJHSURGXFLQJWUDQVSRUW
LQJSUHSDULQJIRUDSSOLFDWLRQDQGDSSO\LQJRISHVWL
FLGHVFDQEHXVHGWRGHYHORSSUDFWLFHDQGWUDLQLQJ
VWUDWHJLHV WR UHGXFH DFXWH SHVWLFLGH SRLVRQLQJ 7KH
UHVXOWVDOVRVXSSRUWWKHQHHGIRUVWURQJHUHIIRUWVWR
SUHYHQWSHVWLFLGHSRLVRQLQJZKLFKUHPDLQVDPDMRU
SUREOHPLQWKHDJULFXOWXUDOVHFWRU 7KHILQGLQJVZLOO
EH D YDOXDEOH UHIHUHQFH IRU UHVHDUFKHUV FRQFHUQHG
ZLWKUXUDOVDIHW\DQGKHDOWK
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THE IMPACT OF THE EXTRACTION METHODS ON THE
ANTIOXIDANT POTENTIAL OF EXTRACTS FROM
SELECTED PLANTS
Stanislaw Parafiniuk1,*, Ewa Czerwinska2, Adam Wegrzyn1, Norbert Leszczynski1
1

8QLYHUVLW\RI/LIH6FLHQFHVLQ/XEOLQ'HSDUWPHQWRI0DFKLQHU\([SORLWDWLRQDQG0DQDJHPHQWRI3URGXFWLRQ3URFHVVHV*áĊERND,
-/XEOLQ3RODQG

Koszalin University of TechnologyĝQLDGHFNLFK-.RV]DOLQ3RODQG

an essential protective role against an unfavourable
effect of factors influencing the planWV7KHPRVWRI
ten used index of plant resilience to biotic factors is
the level of phenolic compounds ZKLFKDUHSUHFursors of more complex phenolic structures such as flavonoids and lignin >@
$PRQJVHFRQGDU\PHWDEROLWHVWKHUHLVDZLGH
range of compounds such as DONDORLGVWDQQLQVSK\
toalexins, phenolic compounds and others > @
Secondary metabolites perform different protective
IXQFWLRQV DJDLQVWSHVWVDQGGLVHDVHV  They are often
used as a main ingredient of biostimulants > @
The example are SK\WRDOH[LQVDQGDONDORLGVgenerated in plants in response to VWUHVV HJWRVKDrp ORZ
ering of environment WHPSHUDWXUH ZKLFKPD\VKRZ
also antibiotics activity in relation to particular bacWHULDDQGIXQJLZKLFKDWWDFNWKHSODQW >@'HVSLWH
the fact that the plants and extracts gained from them
comprise a rich variety of bioactive compounds in
the form of secondary metabolites, in recent years
they have started to be considered the potential
VRXUFH RI DQWLPLFURELDO FRPSRXQGV ZKLFK FDQ EH
used in plant protection >
@ These compounds differ in a chemical structure,
volatility DQGVWDELOLW\WKDWLVZK\ WKHZD\RIWKHLU
JDLQLQJ LV YHU\ LPSRUWDQW $PRQJ existing techniques of isolation the H[WUDFWLRQZLWKWKHXVHRIZD
ter or organic solvents is used the most often7KXV
a considerable part of active compounds present in
plants come to the extract >@
Plant extracts are mostly extracts from leaves,
URRWV IUXLW VWHPV VHHGV WZLJV EDUN DQG IORZHUV
>@ The choice of a ERWDQLFDOSDUWZKLFKWKHextract
should be prepared of depends, to a large extent, on
the chemical compoVLWLRQRISODQWV([WUDFWVDUHreceived by the extraction from a dried, split plant UDZ
PDWHULDOZLWK solvents of GLIIHUHQWSRODULW\7KHPRVW
RIWHQ XVHG SRODU VROYHQWV DUH ZDWHU HWK\O DOFRKRO,
glycerine and glycolsKRZHYHU, non-polar ones are
vegetable oils, isopropyl myristate and ethyl palmiWDWH7KHVHVROYHnts may be also mixed in properly
PDWFKHGSURSRUWLRQV>@7RLPSURYHWKHTXDOLW\RI
accessible plant extracts their manufacturers select
suitable methods of gaining UDZPDWHULDOV, DNLQG

ABSTRACT
The paper evaluates the effect of the extraction
method on the antioxidant potential of extracts from
SODQWV 7KHH[WUDFWVZHUHH[WUDFWHG FROGDQGKRW
7KHDQWLR[LGDQWSURSHUWLHVZHUHGHWHUPLQHGEDVHGRQ
the content of polyphenols, flavonoids, anthocyanins
and the value of the reduction SRZHU,WZDVVKRZQ
WKDW WKH KLJKHVW FRQFHQWUDWLRQ RI SRO\SKHQROV ZDV
REWDLQHG DV D UHVXOW RI KRW H[WUDFWLRQ &ROG H[WUDF
WLRQRQWKHRWKHUKDQGZDVPRUHEHQHILFLDOIURPWKH
SRLQWRIYLHZRIWKHIODYRQRLGFRQWHQWDQGWKHvalue
of the reduction SRZHU
The analysis of antioxidant potential of plant
H[WUDFWV VKRZHG WKDW UHJDUGOHVV RI WKH H[WUDFWLRQ
method antioxidant activity, expressed in the content
of polyphenolic compounds, flavonoids, antiocyans
DQGUHGXFWLRQSRZHUH[WUDFWVZDVKLJKHUFRPSDULQJ
WRWKHGU\SODQWPDWHULDO
Extraction methods significantly differentiated
WKHDQWLR[LGDQWSRWHQWLDORIJDLQHGSODQWH[WUDFWV,W
ZDVVKRZHGWKDWWKHKLJKHVWFRQFHQWUDWLRQRISRO\
SKHQROVZDVREWDLQHGDVDUHVXOWRIKRWZDWHUHxtracWLRQRIWKHSODQWPDWHULDO+RZHYHUFROGH[WUDFWLRQ
ZDV PRUH IDYRXUDEOH WDNLQJ WKH IODYRQRLG FRQWHQW
DQGYDOXHRIUHGXFWLRQSRZHULQWRFRQVLGHUDWLRQ
KEYWORDS:
&ROGDQGKRWH[WUDFWLRQ3RO\SKHQROV)lavonoids, Anthocyanins, Antioxidant properties

INTRODUCTION
Plants synthesise a huge number of biologically
DFWLYH FKHPLFDO FRPSRXQGV ZKLFK DUH VHFRQGDU\
PHWDEROLWHV 7KHVH VXEVWDQFHV DUH VSHFLHV specific
DQGGRQRWWDNHSDUWLQEDVDOPHWDEROLVP but they are
of fundamental importance in adaptation of plants to
changeable conditions of the environment > @
Generating secondary metabolites in plants WDNHV
place as a consequence of their chemical defence but
MXVW LQ  WKH\ VWRSSHG WR be considered ballast
substances >@1RZDGD\VLWLVWhought that they have
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TABLE 1
Morphological parts and names of plants selected for extraction
Morphological part
Latin name
English name
Roots
Taraxacum officinale
&RPPRQGDQGHOLRQ
)ORZHUV
Sambucus nigra
%ODFNHOGHU
Leaves
Mentha piperita
Peppermint
)UXLW
Juniperus communis
&RPPRQMXQLSHU
Green parts
+\VVRSXVRIILFLQDOLV
+\VVRS
Green parts
Artemisia absinthium
$EVLQWKHZRUPZRRG
Bulbs
Allium sativum
Garlic
)ORZHUV
Verbascum thapsiforme
'HQVHIORZHUPXOOHLQ

Plant species
Taraxacum officinale
Sambucus nigra
Mentha piperita
Juniperus communis
+\VVRSXVRIILFLQDOLV
Artemisia absinthium
Allium sativum
Verbascum thapsiforme

TABLE 2
The antioxidant potential of dried parts of plants
Polyphenols
)ODYRQRLGV
Anthocyanins
(mg g-1 DM)
(mg g-1 DM)
(mg g-1 DM)


QZ


QZ

19,4401
QZ


QZ


0,0040


QZ


QZ


QZ

5HGXFWLRQSRZHU
(mg TE g-1GZ
0,0144

0,9416






The content of total phenolic compounds 73& 
ZDV determined ZLWK WKH )ROLQ-&LRFDOWHX UHDJHQW
>@7RPOof the VDPSOHPORI+2 and
PORIWKH)ROLQ-&LRFDOWHXUHDJHQW +2 , and
after 3 minutes 10 ml of 1D&23 ZHUHDGGHG
WKHFRQWHQWZDV mixed and left for 30 PLQAbsorbDQFH ZDV PHasured DW  QP XVLQJ the UV-Vis
VSHFWURSKRWRPHWHU The content of total phenolic
comSRXQGVZDVFDOFXODWHGDVDQJDOOLFDFLGHTXLYD
lent (GAE) in mg per GU\PDWWHU '0  Moreover,
one millilitre RIWKHH[WUDFWZDVPL[HGZLWKPORI
VROXWLRQ$O&O [+2 (in methanol) and incuEDWHGLQWKHURRPWHPSHUDWXUHIRUPLQXWHV7KHQ
WKHDEVRUEDQFHZDVPHDVXUHGDWQP7KHWRWDO
IODYRQRLGFRQWHQW 7)& ZDV calculated as a quercetin equivalent (QE) in mg per gram of dry matter
'0  +RZHYHU in separate dishes the samples of
extracWVLQWKHUDWLR YROYRO ZLWKWKHSRWDVVLXP
chloride and sodium acetate buffer at ph respectively
DQG ZHUHMRLQHG$IWHUPLQXWHVUDZDE
sorbance of each solution ZDVPHDVXUHG DWQP
DQGQP The corrected value of absorbance ZDV
FDOFXODWHGDV> $-$ SK– $-$ 
SK@7KHDQWKRF\DQLQFRQWHQW 7$& Zas calcuODWHG ZLWK WKH XVH RI WKH molar absorbance coeffiFLHQW &-) DQGPROHFXODUZHLJKW 0: of cyanidin
3- JOXFRVLGH &  0:   The results
ZHUHH[SUHVVHGDVDQHTXLYDOHQWRIthe cyanidin 3glucoside &\-GE) in mg per g of dry matter (DM)
>@
7RDQDO\VHWKHUHGXFWLRQSRZHU 53 WKH samSOH PO ZKLFKZDVPL[HG ZLWKSKRVSKDWHEXIIHU
 PO  P0 S+ 6,6) and potassium ferricya-

of solvent and conditions of conducting the extracWLRQSURFHVV2QWKHPDUNHWWKHUHDUHDIHZ NLQGV of
plant extracts accessible, produced from dried parts
of plants >@The results of conducted studies of the
effect of the extraction method on the antioxidant potential of extracts from selected plants ZHUH presented in the paper

MATERIALS AND METHODS
)UHVK DQG IUHH RI GLVHDVHV OHDYHV IORZHUV
roots, fruit and bulbs of eight different plants (Table
 ZHUHSLFNHG XSLQLQ.RV]DOLQDQGLQWKHVXU
URXQGLQJ6RPH plants ZHUH ZDVKHGWKRURXJKO\-3
times ZLWKUXQQLQJZDWHU once ZLWKVWHULOHGLstilled
ZDWHU DQGZHUHGULHGZLWKWKHDLULQWKHURRPWHP
perature on sterile tissue paper in a shady place for
WZRZHHNV Active compounds from the tested plant
PDWHULDOZHUH extracted by cold and hot distilled ZD
WHU'XULQJWKHcold H[WUDFWLRQJ of dried parts of
SODQWV ZDV poured ZLWK  PO diVWLOOHG ZDWHU RI
& and NHSWLQLW for KRXUVDQGWKHQLQILOWUDWHG
'XULQJKRWH[WUDFWLRQJRIa GULHGSODQWZDVSRXUHG
ZLWKPORIERLOLQJdiVWLOOHGZDWHU and left under
the cover for 30 minutes and after FRROLQJGRZQWKH
H[WUDFWZDVILOWHUHG >@ Grinded GULHGSODQWV 
g in tKUHHUHSHWLWLRQV ZHUHH[WUDFWHGWKUHH WLPHVZLWK
the use of 4 PO RI DFHWRQHZDWHUK\drochloric acid
YYY >@$IWHUFHQWULIXJLQJ xg,10
min) the cuts ZHUH collected, joined and used for furWKHUDQDO\VLV
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nide K3 >)H &16 @ PO ZDVWDNHQ7KHPL[
ture ZDVLQFXEDWHGLQWKHWHPSHUDWXUHRI&IRU
PLQWKHQWKHUHDFWLRQZDVVWRSSHGZLWKPO
7&$DQGFHQWULIXJHG IRUPLQ  [J 7KHXS
SHUOD\HURIWKHVROXWLRQ PO ZDV PL[HGZLWKGLV
WLOOHGZDWHU PO DQGPOof )H&O3 and
WKH DEVRUEDQFH ZDV PHDVXUHG DW  QP The increased absorbance of the reaction mass indicated
the increase of the UHGXFWLRQ SRZHU 5HGXFWLRQ RI
SRZHUZDVH[SUHVVHGDV an Trolox equivalent in mg
per g of dry mass (DM) >@
The study UHVXOWVZHUHDQDO\VHGZLWKWKHKHOS
RI 6WDWLVWLFD 3URIHVVLRQDO LQWHJUDWHG VRIWZDUH of
StatSoft Poland company and also evaluation of significance of differences of polyphenol and flavonoids content and reduction SRZHUEHWZHHQWKHH[
traction methods for individual plant species ZDV
done

Fresenius Environmental Bulletin

OHYHORIPJJ2EWDLQHGstudy results of Hyssopus officinalis DOVR ZHUH considerably different
from those given by other authors – 31,4 mg/g >@
,Qthe case of Allium sativum concentration of flavoQRLGVLQ.DOOHO¶Vstudies >@ ZDVORZHUDQGHTXDOOHG
PJJ5DGRMNRYLF¶VUHVXOWV >@ concerning flavonoids in the extract of Verbascum thapsiforme
ZHUH DW WKH KLJKHU OHYHO DQG HTXDOOHG PJJ
+RZHYer, for Artemisia absinthium LWZDVQRWHGWKDW
IODYRQRLGV FRQFHQWUDWLRQ ZDV PJJ >@ +RZ
ever, DQWKRF\DQLQVZHUHGHWHFWHGRQO\LQGULHGJUHHQ
parts of Hyssopus officinalis.
The studies of UHGXFWLRQSRZHUH[SUHssed as an
Trolox equivalent VKRZHGin dried leaves the highest
value of Mentha piperita and Artemisia absinthium
Evaluation of the UHGXFWLRQSRZHUDOVRVKRZHGYDO
XHVZKLFKZHUH different in extracts of tested plants
from the values obtained by other authors > 
@ The analysis of received results
RIRZQstudies VKRZHGWKDWDQWLR[LGDQWSRWHQWLDOH[
SUHVVHG ZLWK WKH SRO\SKHQRO and flavonoid content
DQGWKHUHGXFWLRQSRZHU plant extracts depended on
the extraction method ()igures 1- 6LJQLILFDQWGLI
IHUHQFHVZHUHstated in the content of phenolic compounds depending on the extraction method for all
WHVWHGSODQWV +RWH[WUDFWLRQRIFKHPLFDO compound
IURPSODQWUDZPDWHULDOs resulted in increased total
FRQFHQWUDWLRQ RI SRO\SKHQROV 2QO\ LQ WKH FDVH RI
Mentha piperita reduction of the content of these active compounds in relation WRWKHUDZ PDWHULDOZDV
QRWHG ,Q WHVWHG H[WUDFWV DQWKRF\DQV ZHUH QRW GH
WHFWHG ,Q WKH FDVH RI cold ZDWHU H[WUDFWLRQ WKH
JURZWK RI SRO\SKHQROV ZDV VWDWHG KRZHYHU defiQLWHO\ORZHUWKDQ in the case of hot H[WUDFWLRQ
The studies carried out by Pinel et al >@ and
2FKRD-Velasco et al >@ VKRZHGWKDW higher reducWLRQSRZHUZDVFRQQHFWHGZLWKLQFUHased concentration of phenolic compounds, anthocyans and flavoQRLGV6KDQHWDO>@ VKRZHGDOVRWKDW antioxidant
FRQWHQWZDVWKHHIIHFWRI most of all, increased level
RI IODYRQRLGV ,Q WKH OLWHUDWXUH WKHUH is also information DERXW WKH ODFN of FRUUHODWLRQ EHWZHHQ LQ
creased level of polyphenols and the antioxidant activity >@ ,WVKRXOGEHemphasised that reduction
SRWHQWLDOLVUHODWHGWRWKHUDWLRRIFRPSRXQGVZKLFK
are electron donors RI K\GURJHQ DWRPV ZKLFK FDQ
EUHDNWKHIUHH-UDGLFDOFKDLQ7RUHGXFHWKHORVVRIDF
tive compounds in plants it is essential to match the
suitable and the most effective extraction solvent
>@ The studies concerning the extraction solvent
matching VKRZ > @ that the content of active
compounds of herb in alcoholic solvents is higher
but there are also UHVXOWV  LQ ZKLFK ZDWHU extracts
have higher antioxidant activity >@&HOLNHWDO >@
stated that polyphenolic activity results from the
NLQG of solvent and its polarity, solubility, reaction
mechanism DQGVWUXFWXUH
&KHPLFDO cosmetic and pharmaceutical industries are more and more LQWHUHVWHGLQSODQWUDZmaWHULDOV7KDQNVWRWKHGHYHORSPHQW of organic

RESULTS AND DISCUSSION
The highest contents and concentration of phenolic FRPSRXQGV LQ GULHG SODQWV ZHUH QRWLFHG LQ
leaves of Mentha piperita DQGIORZHUVof Sambucus
nigra (Table  $OVR LQ WKH VWXG\ of polyphenols
conducted by Atanassova >@ the level of polyphenols in Mentha piperita ZDV at the approximate level
DQGZDV PJJ+RZHYHU, LQWKHFDVHRIZDWHU
extracts of Sambucus nigra for polyphenols, the
value of polyphenROVZDVGHILQLWHO\KLJKHr than obWDLQHGLQRZQVWXG\and ZDV PJPO >@ The
roots of Taraxacum officinale and bulbs of Allium
sativum ZHUH distinguished by tKHORZHVWFRQFHQWUD
WLRQ.LP¶V studies >@ of Taraxacum officinale also
VKRZHG a ORZHUOHvel of SRO\SKHQROV PJJ DQG
in RWKHU DXWKRUV¶ VWXGLHV the GLIIHUHQFHV ZHUH also
significant because its YDOXHV UHDFKHG HYHQ 
mg/g >@ The level of polyphenols in the other
SODQWV DOVR ZDV GLIIHUHQW LQ FRPSDULVRQ ZLWK RZQ
studies,Q2UKDQ¶V studies >@ Juniperus communis
LQFOXGHG  PJP DQG LQ the ZDWHU H[WUDFW RI
Hyssopus officinalis LQ$OH[DQGUX¶V studies >@ ZDV
at thHOHYHORIPJJ7KHstudies of polyphenols in the Allium sativum extract conducted by
Kallel >@ VKRZHGPXFKORZHU concentration ZKLFK
ZDVPJJ7KHSolyphenol concentration at the
OHYHO  UHVSRQGLQJ WR RZQ studies ZDV SUHVHQWHG LQ
5DGRMNRYLþ publication >@ and WKH\ ZHUH 
mg/g for Verbascum thapsiforme DQGPJJIRU
Artemisja absinthium >@
,QWKHFDVHRITaraxacum officinale the level of
IODYRQRLGVZDVORZHUDQGZDV mg/g >@,QWKH
case of Sambucus nigra WKHLU FRQWHQW ZDV 
mg/ml >@, and in Mentha piperita their level ZDV
KLJKHUDQGHTXDOOHGPJJ >@ The studies of
extracts from Juniperus communis carried out by
2UKDQ >@ VKRZHG WKH IODYRQRLGV FRQWHQW DW WKH
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FIGURE 1
The content of polyphenols in plant extracts depending on the extraction method

FIGURE 2
Flavanoids content in plant extracts depending on the extraction method
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FIGURE 3
The value of the reduction power in plant extracts depending on the extraction method
FKHPLVWU\SKDUPDFRORJ\DQGPHGLFLQHZHFDQVWDWH
ZKLFK ELRORJLFDOO\ DFWLYH VXEVWDQFHV SURGXFHG E\
plants are useful in specific EUDQFKHVRILQGXVWU\$
lot of plants include mixtures of substances of antioxidant, therapeutic and antimicrobial properties
ZKLFKXQWLO recently have not been used >@$
lot of plants are characterised ZLWKan antioxidant activity because these plants must protect themselves
against the UV-radiation in the external environment
>@ 1RZDGD\V, it is observed that natural subVWDQFHV VZHHSLQJ IUHH-radicals become the alternaWLYHIRUV\QWKHWLFFRPSRXQGV TKDQNV to antioxidant
properties plants HVVHQWLDOO\ VORZ GRZQ WKH DJLQJ
process, ZKLFKLVSUDFWLFDlly used in pharmacology
and cosmetology >@ Some plant antioxidants have
or may have application to cosmetic or pharmacological formulas protecting also ingredients of the
preparation against the oxidation process >@

>@ Stevens, 07 Lindroth, 5/   ,QGXFHG
UHVLVWDQFHLQWKHLQGHWHUPLQDWHJURZWKRIDVSHQ
(Populus tremuloides) 2FHRORJLD   306
>@ 6]SDUDJD $ .RFLUD 6 .RFLUD $ &]HU
ZLĔVND(ĝZLHFD0/RUHQFRZLF](.RU
QDV5.RV]HO0 2QLV]F]XN7  0RG
LILFDWLRQRIJURZWK\LHOGDQGWKHQXWUDFHXWLFDO
and antioxidative potential of soybean through
the use of synthetic biostimXODQWV )URQWLHUV LQ
Plant Science-$UWLFOH,'
>@ .RFLUD 6 6]SDUDJD $ .RFLUD $ &]HU
ZLĔVND('HSR.(UOLFKRZVND%'HV]F]
(  (IIHFWRIDSSO\LQJDELRVWLPXODQWFRQ
WDLQLQJVHDZHHGDQGDPLQRDFLGVRQWKHFRQWHQW
of fiber IUDFWLRQV LQ WKUHH VR\EHDQ FXOWLYDUV
/HJXPH5HVHDUFK  -
>@ %RXUJDXG)*UDYRW$0LOHVL6*RQWLHU(
  3URGXFWLRQ RI SODQW VHFRQGDU\ PHWDER
OLWHV $ KLVWRULFDO SHUVSHFWLYH 3ODQW 6FLHQFH
161-
>@ 0LFKRUF]\N 3 9RJW 2 2JRQRZVNL -
 Analysis of the chemical composition of
extracts from selected plant materials obtained
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important coal energy bases in China, Datong has a
large amount of unused water in goaf of coal mine.
The goaf water in these coal mines seriously affects
the safety of coal mining, forcing the coal mine to
spend a lot of manpower and financial resources to
control the goaf water, which greatly increases the
cost of coal mining[2]. If the goaf water resource is
utilized, it can alleviate the water supply pressure of
Datong City and reduce the cost of coal mine
production. Therefore, it is necessary to evaluate the
water environment quality of goaf water to provide
scientific basis for its resource utilization.
The main pollution indicators of groundwater
are total hardness, ammonia salt, nitrite, nitrate, iron
,manganese and so on[3]. Zhang et al. believe that
industrial and agricultural activities will lead to
increasing nitrogen pollution in groundwater, which
will have a greater impact on human health[4]. The
contents of ammonia, nitrite and nitrate in water are
important indicators of organic contamination in
reactive water. The three forms of compounds are
transformed by nitrification in water. Among them,
the pH of water is an important restricting factor for
the activity of nitrifying bacteria, which directly
affects the activity of nitrifying bacteria[5-7].
Narsimha et al. used the Water Quality Index (WQI)
to evaluate nitrate contamination of groundwater in
South Ganur, southern India[8]. Zheng et al. used the
HYDRUS-2D model to simulate the migration and
transformation of nitrite in wastewater. The
simulation results of the migration and
transformation of the three nitrogen sources showed
that the surface was not enriched[9]. Su et al.
evaluated the harm of nitrogen pollution in
groundwater in Shenfu mining area of northwest
China to human health based on drinking water[10].
The research results provide a useful reference for
the environmental protection of groundwater
resources in mining areas. This paper takes the goaf
water in datong kouquan mining area as the research
object. The characteristics of concentration of
ammonia salt, nitrite and nitrate in goaf water and its
response mechanism to pH were analyzed, based on
which the harm of nitrogen content in goaf water to
human health was evaluated.

ABSTRACT
This paper takes the goaf water of meiyukou
mine, tongjialiang mine, baidong mine and dazigou
mine in the kouquangou mining area of datong city
as the research object. The content and source of
nitrogen in goaf water were analyzed by correlation
analysis and principal component analysis. The
water quality of goaf water was analyzed by entropy
water quality index evaluation method and health
risk evaluation method, which provided information
for water resources utilization in goaf of coal mine
in research area, in order to alleviate water supply
tension in Datong City. The results show that the
NH4+ in the goaf of coal mine is affected by the
change of crustal source including rock salt and
sulphate, and the content of NO3- and Cl- is affected
by the mining activity of coal mine; The presence of
Fe3+ promotes the conversion of NH4+ to NO3- and
NO2-, while providing an oxidizing environment to
further increase the NO3- content; 52.63%, 42.44%
and 5.26% of WKHZDWHULQJRDIEHORQJVWRრსDQG
ტ FDWHJRULHV UHVSHFWLYHO\ 7KURXJK WKH KHDOWK ULVN
assessment, the nitrogen (NO3-, NO2- and NH4+) in
goaf water has a small impact on human health
through skin intake, and the goaf water can be used
for bathing in daily life or landscape entertainment
water accessible to the body.

KEYWORDS:
Goaf water, Three nitrogen, EWQI, Health risk
assessment.

INTRODUCTION
Datong City is one of the cities with serious
water shortage in China. Groundwater is the main
source of domestic water and agricultural
irrigation[1]. With the rapid development of
population growth and urban construction, the
intensity of groundwater exploitation is increasing,
and some areas have already seen the phenomenon
of over-exploitation, which has increased the
pressure of water supply in datong. As one of the
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max^xij ` xij

MATERIALS AND METHODS

j

yij

Study area. The study area, Kouquangou
mining area, is situated in the southwest of Datong,
Shanxi Province, China. The study area covers a
total area of over 58 km2ORFDWHGEHWZHHQƍWR
ƍ ( DQG ƍ WR ƍ 1 7KH VWXG\ DUHD
belong to the temperate continental monsoon climate
with mild summer temperatures and very cold winter
with an average annual temSHUDWXUH DERXW  ႏ
The rainfall is small. The precipitation season and
region are unevenly distributed. The annual
precipitation is 28.08-431.5mm, and the summer
precipitation accounts for 64.3% of the whole year.
The annual evaporation is 1885.1-2386.3mm, and
the summer evaporation accounts for 50-60% of the
whole year. The research area is the coal mines of
WKH 0HL\XNRX PLQH პ  7RQJMLDOLDQJ PLQH ჟ 
%DLGRQJ PLQH ჟ  DQG 'D]LJRX PLQH ს  LQ WKH
Kouquangou mining area (Figure 1).
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ʤ2ʥ

j

j

Standardize, get the judgment matrix Y:

Y

§ y11
¨
¨
¨y
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y12

y1m ·
¸
 ¸
 ynm ¸¹
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ʤ3ʥ

Then, combined with the specific meaning of
the entropy value of the evaluation index, the
entropy value of each evaluation index can be
calculated as follows:
m

 ¦ f ij ln f ij
j 1

Hi

ʤ4ʥ

ln m
m

Sample collection and detection. The water
samples were collected in the goaf of Meiyukou
mine, Tongjialiang mine, Dazigou mine and
Baidong mine. The location of the sampling points
is shown in Fig.1. The collection, detection and
analysis methods of goaf water samples shall be
implemented in accordance with the requirements of
water environment detection code SL219-2013 and
geological survey and evaluation code for
groundwater pollution DD008-01 . Immediately
after the water in the goaf was taken out, pH, water
temperature (T), total dissolved solids (TDS) are
determined on site with portable instruments
immediately. The analysis of water samples in this
study was carried out in shanxi institute of geology
and mineral resources.

f ij

(1  yij ) / ¦ (1  yij )
j 1

1 Hi

wei

ʤ5ʥ
ʤ6ʥ

n

n  ¦ Hi
i 1

Where: Hi—the entropy value of the i-th
evaluation index of the evaluation object; fij—the
weight of the i-th index of the j-th evaluation object
occupies the weight of the evaluation.
(2) Single index
A quality rating scale (qj) is assigned to each
evaluation index. The formula for calculating qj is as
follows:

Research methods. Water Quality Indices.
The Entropy Weight Water Quality Index (EWQI) is
widely used to assess the overall water quality of
surface water and groundwater, and has the
advantages of simple calculation, accurate and
reliable evaluation. The calculation steps of EWQI
are as follows[11-13]:
(1) Weight calculation
Standardize raw data. The original data consists
of n evaluation indicators, and m evaluation objects
form an X matrix.

qj

Cj
Sj

u100

ʤ7ʥ

Where: Cj—the concentration of each chemical
parameter in each water sample mg/L, Sj—the
concentration of each parameter in the groundwater
quality standard mg/L.
(3)Entropy Weight Water Quality Index
m

EWQI

¦w q
ei

j

ʤ8ʥ

j 1

§ x11
¨
¨
¨x
© n1

x12



x1m ·
¸
 ¸
 xnm ¸¹

ʤ1ʥ

Refer to the groundwater environmental quality
standards and divide the groundwater quality grade.
The EWQI evaluation grade is shown in Table 1:

In order to eliminate the errors caused by the
differences in the dimensions and units of different
evaluation indicators, it is necessary to standardize
the judgment matrix and adopt the formula:

Health risk assessment. Health risk
assessment is a necessary means to support
groundwater environmental quality assessment and

X


xn 2
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FIGURE 1
Geographical location and sampling point distribution of goaf in Kouquangou coal mine
TABLE 1
Evaluation rating of EWQI
EWQI
<25
25-50
50-100
100-200
>200

:DWHU4XDO൴W\
([FHOOHQWZDWHUTXDO൴W\
*RRGZDWHUTXDO൴W\
0HG൴XPRUDYHUDJHZDWHUTXDO൴W\
3RRUZDWHUTXDO൴W\
([WUHPHO\SRRUZDWHUTXDO൴W\

Rank
1
2
3
4
5

environmental scientific management. In 1983, the
us environmental protection agency proposed the
"four steps" of health risk assessment: hazard
identification, dose response assessment, exposure
assessment and risk characterization. In this paper,
NO3-, NO2- and NH4+ were selected as the target
pollutants for human health risk assessment. The
body absorbs harmful substances from goaf water
mainly through ingestion and skin contact.
The exposure dose is characterized by the
quality of the contaminants that are exposed to the
unit weight of the subject per unit time. The exposure
dose calculation model for the skin contact route is
shown below:

D

DA u EV u EF u ED u SA
BW u AT

recommended value for K is 0.001 cm/h, t is the
contact time (h); CF is a conversion factor equal to
1000. According to the bathing habits and the
physical characteristics of the Chinese, the area of
the adult skin exposed to the outside bath is about
16600 cm2, and the child is 12000 cm2. Assume that
adults and children take an average of three baths per
week during the study, each lasting 0.35 hours.
However, residents wash their faces and wash their
hands every day. When washing and washing hands,
the total area of facial and skin contact is 1930cm2
for adults and 1800cm2 for children, and the washing
time is 0.03h[14,15].
The health hazards of non-carcinogenic
substances through skin contact are usually
characterized by the Hazard Quotient (HQ). The
formula for HQ is as follows:

ʤ9ʥ

HQ

DA K u CW u t u CF

ʤ10ʥ

D
RfD

(11)

Where: RfD—the reference dose for noncarcinogens, NH4+, NO3-, and NO2- are 0.97
mg/(kg/d), 1.6 mg/(kg/d), and 0.1 mg/(kg/d),
respectively.
The total non-carcinogenic risk of various noncarcinogens is characterized by THQ, and the
formula is as follows:

Where: EV is the daily exposure frequency of
skin contact, taken 1 here; EF means the frequency
of exposure (days per year), 365 days for both adults
and children. ED is the exposure time. It is
recommended for 30 years for adults and 12 years
for children. BW stands for average body weight
(kg). It is recommended that adults weigh 60 kg and
children weigh 15 kg. The value of AT is calculated
from ED x 365d/a; SA is the skin surface area (cm2);
DA is the absorbed dose of the skin (mg/cm2); K is
the coefficient of skin permeability. The

n

THQ

¦ HQ

i

i 1
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unstable, and NO2- and NH4+ are strong mutation
items. Therefore, when the content of NO2-, NH4+
and NO3- content in the goaf changes, it can be
explained that the water body may be affected by
external factors.

RESULTS AND DISCUSSION
Conventional component content analysis.
The test results of the physicochemical parameters
(pH居TDS居TH居COD居Fe3+居Cl-居SO42-居Na+居NO3居 NO2- 居 NH4+) in the goaf water of Kouquangou
mining area are shown in Table 2.
The average pH value of water samples in the
study area was 7.52, which was mostly neutral, but
the distribution span was large. When the pH of the
water sample is low, it may be that the goaf of the
coal mine is in an oxidative environment, which
causes the pyrite to undergo an oxidation reaction to
generate sulfate and release H+, resulting in a
decrease in the pH value of the water[16]. The pH of
the 78.95% goaf water is within the WHO quality
standards for drinking water[17,18].The Total Hardness (TH) is an important parameter for evaluating
water quality. The TH value ranges from 553.7768.55 mg/L, and the average value is 1079.63
mg/L. The TH value of all water samples exceeds the
WHO quality standard for drinking water [17,18].
The main reason for the higher TH value is the
leaching of calcium and magnesium ions in
groundwater and the effects of human activities[19].
The NO3- content ranged from 0.18 to 15 mg/L with
an average of 4.05. The NO3- values of all water
samples were lower than the WHO quality standards
for drinking water [17,18]. The NO2- content ranged
from 0.03 to 5.22 mg/L with an average of 0.62.
Only one water sample NO2- content exceeded the
WHO quality standard for drinking water [17,18].
The NH4+ content ranged from 0.04 to 13 mg/L with
an average of 1.76. The NH4+ values of all water
samples were lower than the WHO quality standards
for drinking water[17,18]. As can be seen from
Figure 2, the nitrogen element in goaf water of coal
mine mainly exists in the form of NO3-, and the
content of NH4+ is relatively high in a few areas,
while the content of NO2- is relatively low.

Analysis of water and nitrogen sources in
goaf. The chemical composition of groundwater can
reflect the formation condition of groundwater and
also imply the information of pollution source.
Through the correlation analysis of chemical
components in goaf water, this paper aims to
understand the chemical reactions in goaf
water[20,21]. Through the correlation analysis of
water quality indexes in goaf (Figure 3) and the
correlation between water quality variables (Figure
4), we can get the ions which are closely related to
the transformation of NO3-, NO2-, NH4+ in goaf
water, and then discuss the reasons for their
correlation.

FIGURE 3
Relevance diagram of hydrochemical indices
As can be seen from the results in Figure 3, the
correlation between NO3-, NO2- and NH4+ is
relatively low, mainly due to the mutual
transformation between them. NH4+ has a significant
correlation with Fe3+, and the correlation coefficient
is 0.844, indicating that the nitrifying bacteria are
sensitive to Fe3+. The high content of Fe3+ also
indicates that the goaf water has a strong oxidative
property and a strong reducibility, which will prompt
the groundwater to be in an oxidative environment,
promote nitrification reaction and reduce the content
of NH4+. NO2- is correlated with pH, Cl-, and TDS
because nitrite is an intermediate product of
ammonium ion transfer to nitrate, which is also
produced
in
the
process
of
ammonia
nitrification[22]. NH4+ was significantly correlated
with pH, indicating that NH4+, like large component
ions, was a typical pollution indicator.
The conversion process between NO3-, NO2- and
NH4+ in water is affected by pH. When the pH value
is between 7.0 and 7.8, the activity of nitrite bacteria
is the best, and the activity of nitrate bacteria is the
best at 7.8 to 8.1. When the pH value is acidic, the

FIGURE 2
The proportion of NO3-, NO2- and NH4+ in the
goaf water samples
At the same time, the variation coefficients of NO2and NH4+ in the goaf are 197.80% and 166.9%,
respectively. It indicates that the water in the goaf is
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FIGURE 4
Content scatter plot and molar ratio diagram (a, b are pH, Fe3+ and NO3-, NO2-, NH4+, c, d are NO3-/Na+
and SO42-/Na+, Cl-/Na+ and NO3-/ Na+)
TABLE 2
Water quality parameters of goaf water
Parameter
pH
TDS
TH
Fe3+
ClSO42Na+
NO3NO2NH4+

WHO standards
6.5-8.5
500-1000
500
0.3
250
250
200
50
3
35

0൴Q
3
1406
553.7
0.98
40.75
564.92
169.32
0.18
0.03
0.04

Max
11.6
11247
1868.55
10
262.97
10080.4
490.78
15
5.22
13

Avg.
7.52
2792.68
1079.63
2.69
156.60
1692.43
326.85
4.05
0.62
1.76

S.D
1.54
2364.97
386.08
2.66
47.23
2087.95
109.42
4.01
1.23
2.93

CV (%)
20.52
84.68
35.76
98.72
30.16
123.37
33.48
99.13
197.80
166.91

correlation between NO3-/Na+ and SO42-/Na+, Cl/Na+ and NO3-/Na+, indicating that NO3- has different
sources and is likely to be artificially The impact of
the source[24].
Principal Component Analysis (PCA) aims to
use the idea of dimensionality reduction to transform
multiple indicators into a few principal components,
each of which can reflect most of the information of
the original variables, and the information contained
in them is not repeated[25]. As can be seen from
Table 3, three principal components were extracted
from the 11 water chemistry indicators in the study
area, and the total variance contribution rate was
81.48%. The contribution rate of PC1 variance is
55.27%. The other main components except NO3and NO2- have high load, which indicates that the
excrement of underground workers is mixed into the
water body during the coal mining process, and the
waste engine oil used by the machine enters the
water body. Organic matter such as excreta and
engine oil enters the goaf with water, and the change
of NH4+ content decomposed by organic matter in
the water is affected by changes in the crust source

nitrification process is inhibited. It can be seen from
Figure 4(a) that the pH of the water sample in the
coal mine goaf is mainly between 7 and 8, which is
beneficial to the progress of the nitrification reaction.
The NO3- content in the goaf is relatively high and
relatively stable. The change of NO2- and NH4+
content indicates that the water in the goaf is affected
by the external pollutants. In Figure 4(b), the water
NO3- content in the goaf is relatively high and
relatively stable. The contents of NO2- and NH4+
changed similarly, indicating that the presence of
Fe3+ promoted the conversion of NH4+ to NO3- and
NO2-, and provided an oxidative environment to
promote the increase of NO3- content. NO3- and
SO42- can be used as indicators of the effects of
human activities on water quality[23]. Because the
water in the goaf is recharged by surface water and
groundwater, it is easily affected by the secondary
impact of human activities, affecting the change of
ion content in the water. The ratio of NO3-, SO42- and
Cl- to Na+ can be used as the source of the crust. And
indicators of anthropogenic sources. It can be seen
from Figure 4(c, d) that there is no obvious
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TABLE 3
Principal Component Analysis of Water Chemistry Index
Parameter
pH
Fe3+
TDS
TH
ClSO42Na+
NO3NO2NH4+

Factor loadings
PC2
0.107
-0.375
0.256
0.060
0.675
0.226
0.272
-0.811
0.380
0.055

PC1
-0.885
0.866
0.954
0.738
-0.345
0.958
0.470
0.164
-0.214
0.951

including rock salt and sulfate. This is also
confirmed by the correlation between NH4+ and Na+,
SO42-, NO2-, and Cl- (Figure 3). The contribution rate
of PC2 variance was 14.97%, showing a high load of
NO3- and Cl-. At the same time, NO3- and Cl- also
have a good correlation (Table 3), indicating that the
coal mining activities change the surrounding rock
and runoff conditions of the aquifer, which will
affect the content of NO3- and Cl-, and also promote
the release of N. The contribution rate of PC3
variance is 11.25%, indicating a high load of NO2and Na+, indicating that the water in the goaf is
introduced into the water body when receiving
surface water replenishment.

PC3
0.078
0.201
0.018
0.041
0.234
0.033
-0.676
0.293
0.727
0.203

Health Risk Assessment (1) Non-carcinogenic
risk. The water in the coal mine goaf is mainly
replenished by surface water and adjacent
groundwater. Therefore, the nitrogen content in the
goaf water is affected by the coal mining activities
and the impact of the ground industry and
agriculture. Groundwater contaminated with
nitrogen, if used unreasonably, poses a potential risk
to human health[26,27]. In this paper, the health
risks of nitrogen (NO3-, NO2-, NH4+) in the goaf
water through the skin contact route are evaluated,
using the formulas (9)-(11) and the concentration of
NO3-, NO2- and NH4+ in the goaf water. The HQ
value was calculated and the calculation results are
shown in Table 4.
As shown in Table 4, the non-carcinogenic HQ
values of NO3-, NO2- and NH4+ in the goaf water are
4.121E-06~3.434E-04, 1.099E-05~1.912E-03 and
1.511, respectively. E-06~4.910E-04, the average
values are 9.269E-05, 2.279E-04 and 6.641E-05,
respectively. The non-oncogenic HQ values for
children with NO3-, NO2- and NH4+ were 3.376E05~2.897E-03, 9.270E-05~1.613E-02 and 1.274E05~4.141E-03, respectively. The values are 7.82E04, 1.92E-03, and 5.60E-040.94, respectively. The
values of NO3-, NO2- and NH4+ in the goaf water for
non-cancer risk for adults and children are less than
1, It indicates that the nitrogen (NO3-, NO2- and
NH4+) in the goaf water has little effect on human
health through skin intake[28,29], and the goaf water
can be used for bathing in the living environment or
landscape recreational water that the body can
contact.
As can be seen from Figure 6, the order of
contribution of NO3-, NO2- and NH4+ to non-cancer
risk in adults and children is NO2->NO3->NH4+. This
indicates that NO2- is more risky for adults and
children than NO2- and NH4+. The main reason is that
nitrite can oxidize hemoglobin to methemoglobin
and impede the transport of oxygen in the body[30].
Comparing the risk values of NO3-, NO2- and NH4+
in the gob water through the skin contact route to
adults and children (Figure 6), the risk of intake of
NO3-, NO2- and NH4+ is much greater for children
than for adults. Therefore, children's health is more

Entropy weight water quality index
evaluation. With reference to the groundwater
quality standard (GB/T 14848-2017), the
groundwater quality grade is divided. The eight
indexes of Na+, Cl-, SO42-, NO3-, NO2-, NH4+, TH and
TDS were evaluated by entropy weight water quality
index. According to the formula (1) - (8) in the
EWQI evaluation procedure, the measured data are
calculated step by step, and the evaluation results are
shown in Figure 5.
As shown in Figure 5, coal mine goaf water
EWQI value range of 66.4933 to 541.5842, shows
WKDW ZDWHU LQ VWXG\ DUHD DUH PDLQO\ რ FODVV ZDWHU
0HGLXPRUEXVLQHVVZDWHUTXDOLW\ სFODVVZDWHU
3RRU ZDWHU TXDOLW\  DQG ტ FODVV ZDWHU ([WUHPHO\
Poor water quality). 52.63% of the water samples for
რ FODVV ZDWHU VXFK ZDWHU ERG\ ZDWHU TXDOLW\ LV
relatively good, suitable for industrial and
agricultural water and slightly fit to drink; 42.44% of
ZDWHUVDPSOHVIRUსFODVVZDWHUWKLVNLQGRIZDWHU
body based on agriculture, industrial water quality
requirements, suitable for agricultural and industrial
ZDWHUტIRURIWKHZDWHUVDPSOHVRIZDWHU
this kind of water quality is poorer, need to choose
or processing according to the purpose of water after
use. In cRQFOXVLRQ WKH JRDI ZDWHU PRVWO\ რ ს
water is suitable for the industrial and agricultural
water, if used for drinking water treatment may need
to be done first. In order to make more rational and
safe use of goaf water, it is further used for health
risk assessment.
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FIGURE 5
water quality assessment results of water quality index assessment method
TABLE 4
Evaluation results of nitrogen exposure (NO3-, NO2-, NH4+) in skin contact
HQ(NO3-)

HQ(NO2-)

HQ(NH4+)

Sample
Adult

Children

Adult

Children

Adult

Children

1

1.145E-04

9.656E-04

3.663E-05

3.090E-04

4.910E-04

4.141E-03

2

3.434E-04

2.897E-03

2.198E-05

1.854E-04

1.888E-04

1.593E-03

3

6.961E-05

5.871E-04

8.060E-05

6.798E-04

2.757E-05

2.325E-04

4

1.969E-05

1.661E-04

2.748E-04

2.318E-03

3.852E-05

3.249E-04

5

8.701E-06

7.339E-05

1.099E-05

9.270E-05

4.721E-05

3.982E-04

6

3.206E-05

2.704E-04

2.931E-05

2.472E-04

9.820E-06

8.283E-05

7

1.855E-04

1.564E-03

5.129E-05

4.326E-04

6.043E-06

5.097E-05

8

1.866E-04

1.574E-03

3.883E-04

3.275E-03

3.172E-05

2.676E-04

9

9.388E-05

7.918E-04

4.030E-05

3.399E-04

5.854E-05

4.938E-04

10

4.121E-06

3.476E-05

1.905E-04

1.607E-03

2.115E-05

1.784E-04

11

2.862E-05

2.414E-04

3.297E-05

2.781E-04

2.039E-05

1.720E-04

12

1.607E-04

1.356E-03

3.663E-05

3.090E-04

1.397E-05

1.179E-04

13

2.175E-04

1.835E-03

5.495E-05

4.635E-04

5.590E-05

4.715E-04

14

2.610E-05

2.202E-04

6.961E-05

5.871E-04

3.475E-05

2.931E-04

15

5.953E-06

5.021E-05

1.912E-03

1.613E-02

7.818E-05

6.594E-04

16

9.342E-05

7.880E-04

8.133E-04

6.860E-03

1.435E-05

1.211E-04

17

1.007E-05

8.498E-05

4.762E-05

4.017E-04

6.156E-05

5.193E-04

18

3.938E-05

3.322E-04

5.129E-05

4.326E-04

1.511E-06

1.274E-05

19

1.214E-04

1.024E-03

1.868E-04

1.576E-03

6.081E-05

5.129E-04

FIGURE 6
Total health risk values of nitrogen exposure (NO3-, NO2-, NH4+) in skin contact
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GULQNLQJ  RI ZDWHU VDPSOHV IRU ს FODVV
water, this kind of water body based on agriculture,
industrial water quality requirements, suitable for
agriculture and industrial water. 5.26% of the water
samples are V class water, and the water quality of
such water bodies is poor. It needs to be selected or
treated according to the purpose of water use.
(4) Using the health risk assessment method to
evaluate NO2-, NO2-, and NH4+ in the goaf, it is
known that NO2- is more risky to adults and children
than NO3- and NH4+, and the risk of intake is large
for children. In adults, children's health is more
susceptible. Nitrogen (NO3-, NO2- and NH4+) in the
gob water has little effect on human health through
skin intake. The goaf area water can be used for
bathing in the living environment or for landscape
entertainment water that the body can contact.

susceptible to nitrogen pollution in the goaf [31,32].
Therefore, it is necessary to pay attention to the
change of nitrite content when carrying out water
utilization in goaf. (2)
Uncertainty analysis. Uncertainty analysis is
an assessment of the reliability of a health risk
assessment. First of all, the complete evaluation
needs to consider the three ways of ingestion,
respiration and skin contact to enter the human body
through the atmosphere, soil, water and food chain.
This paper only discusses the health of nitrogen in
the goaf water through skin contact. The risk of
harm, so the way to consider this health risk
assessment is relatively simple. Secondly, the
selection of parameters in the evaluation model is
based on foreign research results. There is no
relevant reference in China, and the differences in
geographical and living habits bring some
uncertainty to the evaluation results. Finally, there
are uncertainties in the various model evaluation
processes, which does not mean that the risk
assessment is invalid. The evaluation of this paper
can provide water quality data for the resource
utilization of water in the goaf.

ACKNOWLEDGEMENTS
This article is funded by National Natural
Science Foundation of China (41773100,
41373095), Research Project of Wanbei CoalElectricity Group Co. Ltd (2019) and Research
Project of Huaibei Mining Group Co. (2019)

CONCLUSIONS
REFERENCES
(1) The goaf water in coal mine is mainly
[1] Wang, Q. (2018) Analyzing the Current
Situation of the Groundwater Drawdown Funnel
in Datong City's Urban District. Shanxi
Hydrotechnics. 208(02), 49-51.
[2] Li, J., Gui, H.R., Qiu, H.L., Guan, L.S.and
Ding, P.F. (2018) Evaluation of water
environment quality in golf water of Yungang
area in Datong, Shanxi, China. Fresen.
Environ. Bull. 27, 3692-3700.
[3] Lin, M.L., Gui,H.R. and Peng, W.H. (2014)
Study on content characteristics and water
quality assessment of heavy metals in deep
groundwater from northern anhui mining areas.
Journal of Safety & Environment .6, 266-271.
[4] Zhang,Y., Wu, J.and Xu, B. (2018) Human
health risk assessment of groundwater nitrogen
pollution in jinghui canal irrigation area of the
loess region, northwest China. Environmental
Earth Sciences. 77(7), Article ID: 273.
[5] Li, C.B. (2018a)Relationship between nitrogen
content in groundwater and nitrification reaction
in datong city. Huabei Land and Resources.
01,66-68.
[6] Hu, M.P, Liu, Y.M., Zhang,Y.F., Dahlgren,
R.A., and Chen, D.J. (2019)Coupling stable
isotopes and water chemistry to assess the role
of hydrological and biogeochemical processes
on riverine nitrogen sources. Water Research.
150, 418-430.

slightly alkaline salt water, and the contents of Na+居
SO42+ 居 TDS 居 TH and NO2- in the water sample
exceed the allowable limit of WHO drinking water
quality standard. NO2- and NH4+ are in an unstable
state in the goaf water and belong to the strong
variation project. According to principal component
analysis, the total variance contribution rate of the
three principal components is 81.48%. In the first
principal component, except NO3- and NO2-, other
indexes have high loading. It indicates that NH4+ is
affected by crustal sources including rock salt and
sulfate.
(2) According to the correlation analysis
between ions, the water NO3- content in the goaf is
relatively high and relatively stable. The contents of
NO2- and NH4+ changed similarly, indicating that the
presence of Fe3+ promoted the conversion of NH4+ to
NO3- and NO2-, and provided an oxidative
environment to promote the increase of NO3content; There is no significant correlation between
NO3-/Na+ and SO42-/Na+, between Cl-/Na+ and NO3/Na+, indicating that NO3- has different sources and
is likely to be affected by man-made sources.
(3) Using the water quality index price method
to evaluate the water quality of the goaf, it is
concluded that 52.63% of the water samples are
Class III water. The water quality of such water
bodies is relatively good, suitable for industrial and
agricultural water use and slightly suitable for

10353

© by PSP

Volume 29 – No. 12/2020 pages 10346-10355

[7] Li, C., Li, B.and Bi, E.(2019) Characteristics of
hydrochemistry and nitrogen behavior under
long-term managed aquifer recharge with
reclaimed water: A case study in north China.
Science of the Total Environment . 668 , 1030̢
1037.
[8] Narsimha, A. and Hui, Q. (2019) Groundwater
quality evaluation using water quality index
(WQI) for drinking purposes and human health
risk (HHR) assessment in an agricultural region
of Nanganur, south India. Ecotoxicology and
Environmental Safety. 176, 153̢161.
[9] Zheng, F.X., Zhai, Z.Y., Xia, X.L., Yin, Z.H.,
Du, Q.Q., Zuo, R., Wang, J.S., Teng, Y.G. and
Xu, M. (2018) Simulation of Trinitrogen
Migration and Transformation in the
Unsaturated Zone at a Desert Contaminant Site
(NW China) Using HYDRUS-2D. Water.
10(10), 1-22. Article ID: 1363.
[10] Su, H., Kang, W.D., Xu, Y.J. and Wang, J.D.
(2018) Assessing groundwater quality and
health risks of nitrogen pollution in the shenfu
mining area of Shaanxi province, northwest
China. Exposure and Health. 10,77-97.
[11] Wu, J., Li, P., Qian, H., and Chen, J. (2015a) On
the sensitivity of entropy weight to sample
statistics in assessing water quality: statistical
analysis based on large stochastic samples.
Environ Earth. 74(3), 2185̢2195.
[12] Li, P., Qian, H. and Zhou, W. (2017) Finding
harmony between the environment and
humanity: an introduction to the thematic issue
of the silk road. Environ Earth. 76(3), 105.
[13] Hou, Y.T., Zhou, Z.F., Wang, L., Zhang, S.S.
and Feng, Q .(2018) Improved fuzzy
comprehensive evaluation method-based study
on water quality evaluation in karst mountain
area.Water Resources and Hydropower
Engineering .537(07), 132-138.
[14] Wu, J. and Sun, Z. (2016) Evaluation of shallow
groundwater contamination and associated
human health risk in an alluvial plain impacted
by agricultural and industrial activities, midwest China. Expo Health. 8(3), 311̢329.
[15] Wang, S.S, Yu, G.M., Liu, L., Xyu, J.J., Li, Y.,
Zhang, Y., Wang, J. and Yan, X.(2019) Analysis
of groundwater nitrate pollution and health risk
assessment in rural reas of Yantai. Journal of
Public Health and Preventive Medicine. 30(1),
46-50.
[16] Liu, Q., Zhang, Y.B., Zhang, Z.X., Chen, J.F.
and Zhao, X.H. (2018) Study on Formation
Mecha-nism and Disposal Technology of Acid
Mine Water in Coal Mine. Coal Technology. 10,
163-165.
[17] WHO (World Health Organization). (2008)
Guidelines for drinking-water quality incorporating first addendum to Third Edition.
Recommendations Geneva, 1, 595.

Fresenius Environmental Bulletin

[18] WHO (World Health Organization). (2011)
Guidelines for Drinkingwater Quality. 1:4rd
edition.
[19] Ashwani, K.T., Prasoon, K.S. and Mukesh,
K.M. (2016) Environmental Geochemistry and
a Quality Assessment of Min Water of the West
Bokaro Coalᚏeld, India. Mine Water and the
Environment. 35, 525-535.
[20] Li, Z.X., Feng, Q., Liu, W., Wang, T.T., Cheng,
A.F., Gao, Y., Guo, X.Y., Pan, Y.H., Li, J.G.,
Guo, R. and Jia, B. (2014) Study on the
contribution of cryosphere to runoff in the cold
alpine basin: a case study of Hulugou river basin
in the Qilian mountains. Global and Planetary
Change. 122, 345-361.
[21] Wu, J., Li, P.and Qian, H.(2015) Hydrochemical
characterization of drinking groundwater with
special reference tofluoride in an arid area of
China and the control of aquifer leakage on its
concentrations. Environmental Earth. 73, 85758588.
[22] Eletta, O.A.A, Adeniyi, A.G. and Dolapo, A.F.
(2010) Physico-chemical characterisation of
some ground water supply in a school
environment in ilorin, nigeria. African Journal
of Biotechnology. 9(22), 3293-3297.
[23] Guan, L.S., Gui, H.R., Kang, Z.Y., Zhao, H.H.
and Li, J. (2018) Hydrochemical Characteristics
and water quality assessment in goaf water of
KouQuanGou mining area in DaTong, Shanxi,
China. Fresen Environ Bull. 27(12A), 93159324.
[24] Li, Z.J., Li,Z.X., Song,L.L., Ma, Z.J., and Song,
Y. (2018) Environment significance and
hydrochemical characteristics of suprapermafrost water in the source region of the
yangtze river. Science of The Total
Environment. 644, 1141-1151.
[25] Singh,V.B., Ramanathan,A., Pottakkal,J.G. and
Kumar,M. (2014) Seasonal variation of the
solute and suspended sediment load in gangotri
glacier meltwater, central Himalaya, India.
Journal of Asian Earth Sciences. 79, 224-234.
[26] Pandey, V.P., Shrestha, S.and Semkuyu, D.J.
(2016) Assessment of groundwater vulnerability and risk to pollution in kathmandu valley,
nepal. Science of The Total Environment. 556,
23-35.
[27] Dippong, T., Mihali, C., Hoaghia, M.A., Cical,
E. and Cosma, A. (2019) Chemical modeling of
groundwater quality in the aquifer of seini town
- some
plain, northwestern Romania.
Ecotoxicology and Environmental Safety. 168,
88-101.
[28] Li, P.Y., Li, X.Y., Meng, X.Y., Li, M. and
Zhang, Y.T. (2016) Appraising groundwater
quality and health risks from contamination in a
semiarid region of northwest china. Exposure &
Health. 8(3), 1-19.

10354

© by PSP

Volume 29 – No. 12/2020 pages 10346-10355

[29] Qiu, H.L., Gui, H.R.and Song, Q. (2018) Human
health risk assessment of trace elements in
shallow groundwater of the Linhuan coalmining district, Northern Anhui Province,
China. Human and Ecological Risk Assessment:
An International Journal. 24(5), 1342-1351.
[30] Sabahi, E.A., Rahim, S.A., Zuhairi, W.Y.W.,
Nozaily, F.A. and Fares, A. (2009) The
characteristics of leachate and groundwater
pollution at municipal solid waste landfill of ibb
city,
yemen.
American
Journal
of
Environmental Sciences. 5(3),256-266.
[31] Jaturong, W., Piyakarn, T., Prapeut, K.,
Tharnpo-ophasiam, P.and Worakhunpiset, S.
(2015.) Con-tamination of nitrate in
groundwater and its potential human health: a
case study of lower mae klong river basin,
thailand. Environ. Sci. Pollut. Res. Int. 22(15),
11504-11512.
[32] Simge,V. and Sekerci, M.(2018) Hydrogeochemistry, water quality and health risk assessment
of water resources contaminated by agricultural
activities in korkuteli (antalya, turkey) district
center. Journal of Water and Health.16(4), 574599.

Received:
Accepted

21.05.2019
14.09.2020

CORRESPNDING AUTHOR
Herong Gui
National Enineering Research Center of Coal Mine
Water Hazar Controlling (Suzhou University), Suzhou, 23400, Anhui, China
e-mail: guiherong@163.com

10355

Fresenius Environmental Bulletin

© by PSP

Volume 29 – No. 12/2020 pages 10356-10365

Fresenius Environmental Bulletin

BIOETHANOL POTENTIAL OF DIFFERENT SWEET
SORGHUM GENOTYPES GROWN UNDER
MEDITERRANEAN CONDITIONS
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several countries for petrol and petroleum products
increased.
Sweet sorghum requires less fertilizer and more
tolerant to floods, salinity, drought and high temperatures than most of the other cash crops [1, 2, 3]. Sorghum can be grown successfully in semi-arid regions
and able to use irrigation water more efficiently. All
these attributes make sweet sorghum more advantageous over the other plant species. Current trends of
climate change have already made the water as the
most critical source, then sorghum, quite resistant to
drought and high temperatures, has become a significant source of feed [4].
There is an increasing interest in sweet sorghum since new sorghum cultivars with high biomass and sugar yields and bioethanol potentials have
been developed. Modern biofuels produced from biomass include ethanol, methanol, biodiesel, methane
and triglyceride oil. Scientific researches revealed
that biofuels generated fewer greenhouse gasses than
fossil fuels and they were quite efficient in control of
global warming or mitigation of negative impacts of
global warming and climate change [5]. Ethanol is
mostly obtained through ethyl alcohol fermentation
of sugars with the yeast Saccharomyces cerevisiae.
Sweet sorghum stalks have a juice (sap) content of
about 75%, stalk sugar contents vary between 14.32
– 22.58% and ethanol potentials vary between 3500
- 7682 L ha-1 [6, 7, 8, 9]. Towards the maturation,
sweet sorghum has greater stalk sugar quantities than
the other types of sorghum. Of the total sugar content
of mature sweet sorghum, 75% is accumulated in
stalks, 10% in leaves, 5% in grains and the remaining
10% is accumulated in roots [10]. Ethanol potential
of sweet sorghum (almost 8000 L ha-1) is quite
greater than the ethanol potential of maize and about
30% greater than Brazilian sugarcane (6000 L·haí1)
[11, 12]. As compared to other ethanol sources, sorghum ethanol has less Sulphur content and high octane ratings. It is also a vehicle-friendly source of
fuel since 25% ethanol-petrol mixture can safely be
used without any modifications on vehicle engines
[13].
As it was in all around the world, there is a
search for alternative renewable energy sources in
Turkey. Therefore, biomass and bioethanol potential

ABSTRACT
World fossil fuel sources are continuously
depleted, thus there is an escalated search for
alternative and renewable energy sources. In this
sense, sweet sorghum (Sorghum bicolor (L.)
Mohlenbr.) constitutes a strong candidate for a cheap
and renewable source of energy. This study was
conducted to assess the potential of sweet sorghum
as a source of biofuel production. Forty-nine sweet
sorghum genotypes obtained from various sources
were used as the material. Experiments were
conducted at the Eastern Mediterranean Agricultural
Research Institute (Adana/Turkey, 36°51' 35'' K and
35° 20' 43'' D) in 2015 during the second crop season
in randomized blocks design with 4 replications.
Number of days to 50% flowering of the genotypes
varied between 60.3 - 105.3 days, plant heights
between 116.2 - 418.6 cm, stalk yields between 46.4297.4 t ha-1, biomass yields between 86.0 – 354.0 t
ha-1, dry matter yields between 13.3 - 79.5 t ha-1,
stalk diameters between 12.6 - 31.4 mm, juice yields
between 16275 - 121125 L ha-1, brix values between
9.60 - 16.50%, potential sugar yields between 1.93 13.9 t ha-1 and finally theoretical ethanol yields
varied between 1028 - 7414 L ha-1. In the present
study, 21 of the 49 genotypes had greater biomass
and ethanol potentials than the other genotypes.
Based on these results, those 21 genotypes could be
used in further evaluation studies in the region.

KEYWORDS:
Sweet sorghum, Bioethanol, Brix, Sugar, Biomass, Yield.

INTRODUCTION
There is an ever-increasing search for new and
alternative energy sources worldwide since 1) fossil
fuel consumptions increased and fossil fuel sources
are continuously depleted, 2) greenhouse gases released to atmosphere through burning fossil fuels aggravated the negative impacts of global warming and
resultant climate change, 3) foreign-dependency of

10356

© by PSP

Volume 29 – No. 12/2020 pages 10356-10365

of sorghum genotypes should be investigated especially in coastal regions of Turkey. This study was
designed to investigate biomass and ethanol production potentials of different sweet sorghum genotypes
grown under second crop (after wheat) conditions of
Adana, Turkey.
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MATERIALS AND METHODS
Materials. In this study, 49 sweet sorghum
genotypes supplied from different sources throughout the world were tested (Table 1).

TABLE 1
List of materials used in this study
Variety Name and Origin
26
Sugar Drip*
27
Theis*
28
Topper 76*
29
Tracy*
30
UNL-hybrid -3*
31
UNL-hybrid -4*
32
White Orn*
33
Waconia-L*
34
Williams*
35
Wray*
36
No2
22913, USDA-Chine**
37
No91
653411, USDA-Taiwan**
38
No5
144134, USDA South Africa,**
39
No20
152966, USDA Sudan**
40
No24
154846, USDA Uganda**
41
No30
155760, USDA Malawi**
42
No41
156890, USDA Zaira**
43
No42
157030, USDA Kenya**
44
No43
157033, USDA Uganda**
45
No46
170787, USDA Turkey**
46
No49
179749, USDA Indian**
47
*OúHNHU (Control Variety, Turkey)***
48
Rox (Control Variety, Turkey)****
49
No 453 24453 ICRISAT South Africa*****

No
Variety Name and Origin
1
Blue Ribben*
2
Brandes*
3
Colman*
4
Corina*
5
Cowley*
6
Dale*
7
Early Folger*
8
Grassi*
9
H. Sugarcane*
10
Hasting*
11
Honey*
12
M81-E*
13
Mennonita*
14
N98*
15
Nebraska sugarcane*
16
Norkan*
17
PI579753*
18
Ramada*
19
Rex*
20
Rio*
21
Roma*
22
Rox Orange*
23
Simon*
24
Smith*
25
Snow Flakes*
*) These materials were obtained from Nebraska University, Prof. Dr. Ismail Dweikat, USA

**) These materials origine is USDA (United State Dept. Agriculture) and were obtained from West Mediterranean Agriculture Research Institute (WMARI), Antalya-Turkey
***)These materials were obtained from Uludag University, Bursa-Turkey
****) This material was obtained from WMARI, Antalya-Turkey
*****)These materials origLQHLV,&5ø6$7 ,QWHUQDWLRQDO&URSV5HVHDUFK,QVWLWXWHIRUWKH6HPL-Arid Tropics) and were obtained from (WMARI), Antalya-Turkey

TABLE 2
Some climate parameters for the experimental period
2015
Climate Factors
Average temperature (°C)
Max. temperature (°C)
Min. temperature (°C)
Average relative humidity (%)
Total precipitation (kg/m2)

May

June

July

August

Sept

Mean/Total

20.3
38.5
8.9
79.7
21.0

23.1
34.2
12.6
85.1
3.2

26.3
34.6
16.7
85.0
1.4

27.6
41.3
16.3
81.0
0.0

25.7
41.1
17.0
82.9
1.0

24.6
37,9
14.3
82.7
26.6

Source: Turkish State Meteorogical Service
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stalks were cut from 3-5 cm above ground. One of
these stalks were chopped into 15-20 cm pieces and
dried to a constant weight at 65 0C in a drying oven
(5-7 days) to get dry weight. Dry weight/fresh
weight ratio was determined and multiplied by fresh
yield to get dry matter yields. Plant height and fresh
weights of the other 5 stalks were determined. Panicle and leaves were removed and weighed to get
stalk weight per plant. Stalk diameter (mm) was
measured manually with a caliper between the 2nd
and 3rd nodes of each stalk. To determine brix and
juice values, stalks separated from the leaves and
panicles were subjected to a process of extraction
with a specially designed machine. Juice content and
brix values were determined. Brix values (%) were
determined with the aid of a refractometer.
Theoretical ethanol yield (L ha-1) was calculated with the aid of the equation of [(total sugar /
5.68) x 3.78)] x 0.80 [17, 18]. Investigated parameters were determined for each plant, then values were
converted into hectares and yield per hectare with the
aid of unit-area (15 stalks per square meter) calculations.
Experimental data were subjected to variance
analysis with JUMP statistical analysis software.
Significant means were compared with the aid of
Tukey’s multiple range test (0.05).

Soil and climate characteristics of the research site. Experimental soils were silty clay-loam
in texture with an average pH of 7.40, organic matter
content of 1.16% and C:N ratio of 6.35. Throughout
the 2015 vegetation period, average air temperature
was 24.6 °C, maximum temperature was over 41.0
°C in August and September, relative humidity was
over 82.7% and total precipitation was 26.6 mm.
Such a low summer precipitation was not sufficient
for sorghum cultivation (Table 2).
Methods. Field experiments. Experiments
were conducted over the experimental fields of Eastern Mediterranean Agricultural Research Institute
(36° 51' 35'' N and 35° 20' 43'' E) in Dogankent/Adana-Turkey. Before sowing, base fertilizers
were applied as to have 50 kg ha-1 pure nitrogen and
phosphorus. Sowing was performed at 70 cm row
spacing and 25 cm on-row plant spacing. Plant rows
were 4 m long and each genotype was sown in a single row. Experiments were conducted in randomized
blocks design with 4 replications. Sowing was performed on 25 May 2015 and emergence were observed on 4-5 June. Dressing fertilizers were broadcasted between the rows as to have 50 kg ha-1 pure
nitrogen in the first week of July when the plants
reached to a height of 40-50 cm, then the first flood
irrigation was performed. Throughout the entire
growing season, 5 flood irrigations were performed
in 20-day intervals.

RESULTS

Plant characteristics and theoretical ethanol
analyses. Days to 50% flowering were determined
as the number of days passed from the sowing to
50% flowering of plants in a plot [14]. Harvest was
performed between milk and soft dough stages [15,
16]. Each genotype was harvested at different dates.
During the harvest, 6 plants were randomly selected,
panicles were removed, labelled and transported to a
closed facility (to prevent water loss). From each
replicate of each genotype, randomly selected 6

Sweet Sorghum

Stalk

With regard to the entire investigated traits, cultivars were found to be significant (Table 3 and 4).
Days to 50% flowering, plant heights, stalk yield, biomass (fresh) and dry matter (DM) yields are provided in Table 3; stalk diameter, juice yield, brix values and theoretical sugar and ethanol yields are provided in Table 4.

Extraction

Juice

FIGURE 1
Picture of Sweet Sorghum, Stalk, Extraction, and Juice
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Days to 50% flowering (Days). Number of
days to 50% flowering varied between 60.3 - 105.3
days with the greatest value in Topper 76 cultivar
(the latest) and the lowest value cultivar in Rox (the
earliest). The other genotypes had values in between
them (Table 3). Under the present conditions, plant
heights of early cultivars with shorter flowering and
maturation durations were shorter, stalk and ethanol
yields were greater than the other cultivars. Similar
findings were also reported by Ouma and Akuja
[19]. In previous studies conducted with different
cultivars and under different ecologies, days to 50%
flowering were reported as between 57 - 100 days
[14, 20]
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yields. Almodares and Hadi [29] reported biomass
yields of sweet sorghum genotypes as between 54 69 t ha-1, Agung et al. [30] reported the greatest biomass yield (28.2 t ha-1) for KCS105 genotype, Korpos et al. [31] reported fresh herbage yields of sorghum genotypes as between 80 - 100 ton t ha-1 and
lingo cellulosic raw matter yields as between 40 - 50
t ha-1 under Hungarian conditions. Turgut et al. [32]
reported stalk yield of sweet sorghum as 80 t ha-1.
Present findings were quite above the earlier ones
and such differences were mostly attributed to genotypes and available ecological conditions for these
genotypes.
Dry matter yield (t ha-1). Dry matter (DM)
yields of the genotypes varied between 13.3 - 79.5 t
ha-1. The greatest dry matter yield was obtained from
PI579753 cultivar and the lowest dry matter yield
was obtained from Simon cultivar. The genotypes
with a high stalk and biomass yield had also high
DM yields. Iyanar et al. [33] reported positive correlations between fresh herbage yield and dry matter
yield. Dry matter is a significant parameter for cellulosic ethanol yield. Wortmann et al. [34] reported dry
stalk yield of M81E cultivar as 23.4 t ha-1, Ekefre et
al. [35] reported dry matter yield of Dale, M81E
and Theis cultivars respectively as 21, 27 and 23 Mg
ha-1. Bellmer et al. [36] indicated that dry matter
yields varied with the cultivars, climates, locations
and growing techniques and reported dry matter
yields of sorghum genotypes as between 15 - 25 Mg
ha-1.

Plant height (cm). Average plant heights varied between 116.2 - 418.6 cm with the greatest value
in genotype PI579753 and the lowest value in genotype N98. The others were placed in between them.
Present genotypes reached to plant heights of up to
400 cm throughout 120 – 130 days growing season
under regional conditions (corresponding to 3-4 cm
growth per day) (Table 3). The genotypes with a high
plant height had thicker stalks and greater stalk, biomass and juice yields. Significant positive correlations of stalk yield with plant height, stalk diameter,
biomass and juice yields of sweet sorghum were reported in previous studies [21, 22, 23, 24]. Dweikat
[9] indicated that sweet sorghum may reach to a plant
height of 4.5 m throughout 4-5 months growing season under appropriate conditions. Xuan et al. [25] reported that plant heights varied between 220-400 cm
under Japanese conditions. Present findings comply
with those earlier ones.

Diameter (mm). Stalk diameters of the genotypes varied between 12.6 - 31.4 mm with the greatest value in UNL hybrid-3 genotype and the lowest
value in Simon cultivar (Table 4). Taller genotypes
generally had greater stalk diameters and such
greater diameters had positive contributions to biomass and ethanol yields. Ekefre et al. [35] reported
stalk diameter of Dale, M81E and Thesis cultivars
respectively as 2.1, 1.7 and 2.2 cm. In another study,
stalk diameters of the same cultivars were reported
as 1.47, 1.63 and 1.62 cm, respectively [37].

Stalk yield (t ha-1). Stalk (without panicles and
leaves) yields varied between 46.4 - 297.4 t ha-1 with
the greatest value in UNL-Hybrid-3 genotype and
the lowest value in Simon cultivar. Taller genotypes
generally had larger stalk diameters and greater
yields. Therefore, it is recommended that plant
height, stalk diameter, brix and juice content should
be focused on while making selections for stalk yield
[26, 27]. In previous studies conducted with different
genotypes and under different ecologies, stalk yields
were reported as between 25.8 - 48.6 t ha-1 in Petersburg/USA [28], as between 27.9-128.9 t ha-1 under
Iranian conditions [7], as between 45 - 110 t ha-1 in
Nebraska-USA [9]. Present stalk yields were greater
than the values of the earlier studies mostly because
of present ecological conditions. Tang et al. [24], indicated significant effects of environment on growth,
biomass and ethanol yields of sorghum genotypes
(p<0.05).

Juice yield (L ha-1): Juice yields of the genotypes varied between 16275 - 121125 L ha-1 with the
greatest value in UNL hybrid-3 genotype and the
lowest value in Simon cultivar. Juice yields of sweet
sorghum were reported as between 1358 - 9645 L ha1
. It was also reported that 100 kg of fresh stalks were
converted into 85% or 54.4 L ethanol [38]. Rutto et
al. [28] reported juice yields as between 7600 23400 L ha-1 under national conditions of Kenya and
reported the greatest juice yield for M81E cultivar.
In previous studies conducted with different cultivars and at different locations, juice yields of sorghum genotypes were reported as between 3098 28100 L ha-1 [39, 40, 41].

Biomass yield (t ha-1). Biomass yields varied
between 86 - 354 t ha-1 with the greatest value in
UNL-hybrid -3 genotype and the lowest value in Rex
cultivar. The genotypes with a taller plant height and
greater stalk diameter had also greater biomass
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Genotyps

Blue Ribben
Brandes
Colman
Corina
Cowley
Dale
Early Folger
Grassi
H. Sugarcane
Hasting
Honey
M81-E
Mennonita
N98
Neb.sugarcane
Norkan
P1579753
Ramada
Rex
Rio
Roma
Rox Orange
Simon
Smith
Snow Flakes
Sugar Drip
Theis
Topper 76
Tracy
UNL-hybrid -3
UNL-hybrid -4
White Orn*
Waconia-L
Williams
Wray
No2
No91
No5
No20
No24
No30
No41
No42
No43
No46
No49
*OúHNHU
Rox
No 453
Mean
F
CV (%)
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TABLE 3
Means for biomass yield and yield components
Days to
Plant
Stalk
Biomass
Flowering
Height
Yield
Yield
(day)
(cm)
(t ha-1)
(t ha-1)
65.0 n-s+
250.9 b-h
141.0 g-q
172.0 f-p
93.3 cd
268.5 a-h
174.8 c-n
219.7 b-m
72.0 g-k
386.9 abc
102.0 l-r
126.0 m-q
97.8 bc
259.1 b-h
197.4 b-j
258.2 a-h
74.0 gh
354.5 a-e
215.0 b-g
258.0 a-h
83.0 f
321.9 a-f
212.0 b-h
247.0 b-Õ
68.5 j-o
300.2 a-g
114.8 k-r
145.5 j-q
74.8 gh
392.9 ab
232.5 a-d
269.3 a-g
64.5 o-s
210.9 e-h
96.3 n-r
124.7 m-q
67.3 k-p
264.4 a-h
148.2 e-q
194.9 b-o
65.5 n-r
302.3 a-g
94.8 n-r
120.0 m-q
93.5 cd
369.8 a-d
207.0 b-Õ
241.0 b-k
63.3 p-t
215.2 d-h
122.4 j-r
154.5 q
108.2 l-r
131.3 l-q
66.5 l-q
116.2 h
72.5 g-j
317.3 a-f
174.0 c-n
202.0 b-o
60.8 rst
235.7 c-h
108.8 l-r
144.2 k-q
89.0 de
209.3 b-h
245.4 b-j
418.6 a
84.5 ef
329.4 a-f
188.0 b-l
230.0 b-l
72.5 g-j
242.4 b-h
70.3 qr
86.0 p-q
83.3 f
309.6 a-f
124.8 j-r
Õ-q
83.8 f
325.9 a-f
174.0 c-n
214.0 b-n
58.5 t
263.3 a-h
190.3 b-k
248.6 b-Õ
65.8 m-q
150.4 g-h
58.4 p-q
46.4 r
72.8 g-j
368.1 a-d
242.3 abc
286.5 a-d
69.8 h-n
262.9 a-h
141.0 g-q
179.3 f-p
73.0 g-j
279.0 a-g
153.0 d-p
187.5 c-o
94.0 cd
386.5 abc
258.8 ab
292.5 ab
321.0 a-f
226.6 a-e
284.0 a-e
105.3 a
75.8 g
298.3 a-g
177.6 c-m
206.6 b-n
71.5 g-l
368.9 a-d
354.0 a
297.4 a
68.5 j-o
286.3 a-g
148.5 e-q
196.5 b-o
73.3 g-j
289.2 a-g
209.3 b-h
256.5 a-h
63.3 p-t
193.9 fgh
81.8 pqr
101.3 opq
Õ-o
262.9 a-h
142.0 g-q
169.3 g-p
71.8 g-k
259.3 b-h
134.8 g-q
162.8 h-p
65.5 n-r
299.5 a-g
150.3 e-q
184.5 e-p
102 ab
332.8 a-f
224.0 a-f
271.0 a-f
73.3 g-j
281.6 a-g
241.1 abc
288.6 abc
95.0 c
265.3 a-h
111.8 k-r
Õ-q
71.0 g-l
283.0 a-g
Õ-q
Õ-q
66.5 l-q
317.9 a-f
133.5 h-q
186.8 d-p
72.5 g-j
261.0 b-h
163.7 c-o
216.3 b-n
71.5 g-l
304.3 a-g
145.0 f-q
182.0 f-p
Õ-o
297.0 a-g
153.0 d-p
201.0 b-o
72.8 g-j
237.9 b-h
109.1 l-r
140.6 k-q
72.3 g-k
305.1 a-g
171.0 c-o
218.0 b-n
70.8 g-m
231.6 c-h
206.9 b-Õ
246.5 b-j
207.9 e-h
92.6 o-r
118.3 n-q
60.3 s-t
71.0 g-l
296.4 a-g
139.0 g-q
170.0 f-p
74.7
287.8
159.9
196.9
**
**
**
**
2.4
18.87
17.5
17.8

Dry Matter
Yield
(t ha-1)
34.0 e-m
49.4 a-k
24.0 h-m
56.3 a-g
64.9 a-d
50.2 a-j
29.2 g-m
54.0 a-h
Õ-m
35.0 d-m
20.0 j-m
60.6 a-f
28.3 g-m
28.8 g-m
43.8 b-l
31.3 f-m
79.5 a
52.4 a-Õ
17.7 lm
29.0 g-m
55.3 a-g
51.4 a-Õ
13.3 m
63.4 a-e
36.4 c-m
37.9 c-m
78.7 a
65.6 abc
34.8 d-m
78.6 a
47.9 b-l
46.1 b-l
19.5 klm
33.8 e-m
36.5 c-m
37.3 c-m
70.4 ab
47.2 b-l
38.4 c-m
29.7 g-m
52.6 a-Õ
54.0 a-h
35.1 d-m
40.9 b-m
31.4 f-m
47.1 b-l
41.4 b-m
Õ-m
26.4 g-m
42.6
**
24.87

+) The means indicated with the same letters in the same column are not significantly different according to Tukey’s test at
3 6LJQLILFDQWDW3
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TABLE 4
Means for theoretical ethanol yields and yield components of the genotypes
Genotyps
Diameter
Juice Yield
Brix
Sugar Yield
Ethanol Yield
(mm)
(L ha-1)
(%)
(t ha-1)
(L ha-1)
Blue Ribben
Brandes
Colman
Corina
Cowley
Dale
Early Folger
Grassi
H. Sugarcane
Hasting
Honey
M81-E
Mennonita
N98
Neb.sugarcane
Norkan
P1579753
Ramada
Rex
Rio
Roma
Rox Orange
Simon
Smith
Snow Flakes
Sugar Drip
Theis
Topper 76
Tracy
UNL-hybrid -3
UNL-hybrid -4
White Orn
Waconia-L
Williams
Wray
No2
No91
No5
No20
No24
No30
No41
No42
No43
No46
No49
*OúHNHU
Rox
No 453
Mean
F
CV (%)

25.1 abc+
27.8 abc
20.3 a-f
27.7 abc
23.2 a-f
27.0 abc
22.0 a-f
27.3 abc
19.8 b-f
26.0 abc
19.6 b-f
26.6 abc
23.4 a-f
13.4 def
27.4 abc
23.7 a-f
26.8 abc
26.1 abc
12.8 e-f
20.4 a-f
24.5 a-d
22.0 a-f
12.6 f
27.8 abc
23.5 a-f
26.2 abc
28.5 abc
31.0 ab
26.1 abc
31.4 a
21.9 a-f
26.5 abc
19.9 a-f
24.1 a-e
19.1 c-f
22.6 a-f
26.6 abc
25.9 abc
24.3 a-e
21.2 a-f
22.9 a-f
17.8 c-f
22.3 a-f
21.6 a-f
23.7 a-f
24.9 a-d
21.6 a-f
22.1 a-f
23.3 a-f
23.5
17.0
**

56030 f-p
57750 f-p
32003 opq
65531 d-o
80498 b-j
79995 b-j
Õ-q
87750 a-h
44135 j-q
58500 e-p
Õ-q
94988 a-e
61125 e-o
40781 k-q
69503 c-n
Õ-q
55500 f-p
75503 b-k
23500 pq
52125 h-q
59498 e-p
82528 b-Õ
16275 q
100875 a-d
55425 g-p
64125 d-o
106875 ab
90998 a-g
71906 b-l
121125 a
Õ-q
66375 c-o
33000 n-q
67500 c-o
42863 k-q
62363 e-o
92498 a-f
103125 abc
31500 opq
55350 g-p
34125 m-q
67500 c-o
53498 h-p
56625 f-p
31500 opq
51998 h-q
99906 a-d
35906 l-q
70500 b-m
62301
**
20.62

14.95 a-e
13.38 a-j
12.88 b-l
11.70 e-l
15.00 a-e
13.65 a-Õ
13.38 a-j
12.88 b-l
10.03 jkl
12.63 d-l
9.60 l
13.90 a-Õ
14.70 a-f
16.38 ab
15.50 a-d
14.70 a-f
16.25 abc
15.63 a-d
16.50 a
13.18 a-k
15.00 a-e
14.50 a-g
13.83 a-Õ
16.25 abc
14.58 a-f
13.95 a-Õ
13.98 a-Õ
12.43 d-l
13.38 a-j
11.88 e-l
11.25 f-l
11.80 e-l
13.58 a-Õ
14.75 a-f
16.18 abc
14.83 a-e
14.38 a-h
13.00 a-l
12.38 d-l
11.55 e-l
12.75 c-l
9.83 kl
11.00 g-l
11.95 e-l
Õ-l
12.25 d-l
9.88 jkl
10.95 h-l
11.83 e-l
13.29
**
9.21

7.10 d-o
6.55 f-p
3.50 m-p
6.50 g-p
10.27 a-g
9.26 a-j
Õ-p
9.63 a-Õ
3.77 k-p
6.35 g-p
3.99 k-p
11.20 a-f
7.65 c-o
5.59 g-p
9.14 b-j
5.97 g-p
7.67 c-n
10.03 a-h
3.44 m-p
5.78 g-p
7.64 c-o
10.23 a-g
1.93 p
13.9 a
6.87 d-o
7.65 c-o
12.71 ab
9.44 a-j
8.11 b-m
12.20 abc
4.82 j-p
6.65 e-o
3.82 k-p
8.47 b-k
6.04 g-p
7.95 c-n
11.30 a-e
11.50 a-d
3.32 nop
5.35 h-p
3.66 l-p
5.60 g-p
Õ-p
5.64 g-p
2.96 op
5.40 h-p
8.34 b-l
3.32 nop
7.17 d-o
7.05
**
23.16

3781 d-o
3485 f-p
1863 m-p
3458 g-p
5465 a-g
4927 a-j
Õ-p
5127 a-Õ
2009 k-p
3383 g-p
2124 k-p
5964 a-f
4071 c-o
2977 g-p
4864 b-j
3179 g-p
4085 c-n
5325 a-h
1830 m-p
3079 g-p
4065 c-o
5446 a-g
1028 p
7414 a
3655 d-o
4072 c-o
6766 ab
5025 a-j
4319 b-m
6493 abc
2566 j-p
3538 e-o
2033 k-p
4507 b-k
3215 g-p
4533 c-n
6014 a-e
6123 a-d
1763 nop
2850 h-p
1947 l-p
2981 g-p
Õ-p
3002 g-p
1574 op
2877 h-p
4442 b-l
1769 nop
3818 d-o
3754
**
23.16

+) The means indicated with the same letters in the same column are not significantly different according to Tukey’s test at
3 6LJQLILFDQWDW3
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Brix (%). Brix values measured from stalk
juice of the genotypes varied between 9.60 - 16.50%
with the greatest value in Rex cultivar and the lowest
value in Honey cultivar. Present brix values were
generally lower than 15%. Brix values over 15% are
quite significant for efficiency of fermentation. Brix
values of sweet sorghum are generally related to harvesting time and plant growth stages. Prasad et al.
[16] reported that sugar content of stalk juice of
sweet sorghum was about 12.5° at the beginning of
harvest and the value reached to 17° brix with the
progress of maturation. Low brix values of the present study were attributed to harvest time in September. Maximum temperatures may reach over 40 C°
in August and September (Table 2). Besides quite
high temperatures of these months, day-night temperatures were also close to each other. Then, carbohydrates accumulated during the day decreased
through intensive respirations at night. In previous
studies conducted under different ecologies, brix
values of sweet sorghum genotypes were reported as
between 11.16 - 23.01% [28, 40, 42, 43, 44].

Fresenius Environmental Bulletin

sweet sorghum juice and 4560 L could be produced
from the pulp (corresponding to a total ethanol
production of 8290 L ha-1). In previous studies
conducted with different cultivars in different
regions, ethanol yields of sweet sorghum genotypes
were reported as between 532 - 5914 L ha-1 [6, 16,
25, 41].

CONCLUSIONS
Present genotypes had quite greater biomass
and ethanol yields than the values of previous studies
conducted with different cultivars at different locations. It was concluded based on present findings
that southern sections of Turkey were ideal places
for sweet sorghum cultivations for biomass and bioethanol production. In the present study, stalk yields
varied between 46.4 - 297.4 t ha-1 and theoretical ethanol yields varied between 1028 - 7414 L ha-1. Cowley, Grassi, M81E, Ramada, Rox Orange, Smith,
Theis, Topper 76, UNL-hybrid -3, no91 and no5
genotypes had 5000 L ha-1 theoretical ethanol yields
and they had greater potential than the other genotypes. It was concluded that these cultivars/lines will
have great potentials in Mediterranean Conditions
region and will constitute genetic sources for further
breeding studies.

Sugar yield (t ha-1). Theoretical sugar yields of
the genotypes varied between 1.93 - 13.9 t ha-1 (Table 4). The greatest sugar yield was obtained from
Smith cultivar and the lowest sugar yield was obtained from Simon cultivar. The genotypes with high
brix values and juice yields generally had greater
sugar yields and thus greater ethanol yields. Highly
significant correlations were reported between sugar
yield and brix value [27, 45]. Positive correlations
were also reported between sugar yield and ethanol
yield and it was also reported that stalk juice contained about 13 – 20% fermentable total sugar [46].
Sweet sorghum stalks contained 43.6 - 58.2% soluble sucrose, glucose and fructose [47] and 22.6 47.8% insoluble cellulose and hemicellulose [48].
Sugar yields of sorghum genotypes were reported as
between 0.61 - 2.9 t ha-1 [28, 43, 44].
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component in the concrete is the cement that provides the strength and durability of the concrete by
setting and hydration. Cement is one of the main issues that are tried to be reduced and investigated because of its cost and negative environmental impacts
during the production process [1].
Pozzolan materials are used in concrete both to
reduce the amount of cement and to eliminate calcium hydroxide which adversely affects the strength
of concrete. Pozzolan is a silicate and aluminous material which has a binding property when finely
ground and mixed with water [2]. Although there are
many natural or artificial pozzolans, especially fly
ash from combustion is the used most commonly
pozzolan. In this context, ashes resulting from the
burning of various agricultural wastes is also a potential pozzolan material. It is also possible to use
ashes as pozzolan, especially as a result of the burning of agricultural wastes which are already used as
fuel such as paddy husk and hazelnut shell.
Hazelnut is a fruit of the genus Corylus belonging to the Betulaceae family of the Fagales family
and is used widely in the pastry, halva, confectionery
and especially in the chocolate industry. Our country
is realized approximately 70% of the world's annual
hazelnut production, 705 500 ha planting area and
600 000 tons of production [3] [4] [5]. Table 1 shows
the hazelnut cultivation area and production amount
in our country for the last 10 years.

ABSTRACT
Today, the most important problems that
threaten the life of living beings are the harmful
wastes that arise as a result of various activities of
human beings and the problems experienced in the
disposal of these wastes. In this study, it is aimed to
produce a durable, high insulating and economical
concrete which can be used in construction sector as
well as reducing the damages to the environment and
human health of hazelnut shell as waste of an agricultural waste. For this purpose, hazelnut shell ash
was used as substitution with 0,5,10%,15 and 20%
cement.
As a result of the research, a concrete were produced a low unit weight, high water absorption rate,
sufficient compressive strength and heat and sound
insulation by using hazelnut shell ash up to 10% as a
pozzolan instead of cement.

KEYWORDS:
Concrete, Pozzolan material, Hazelnut shell ash, Agricultural wastes, Concrete properties

INTRODUCTION
Today, concrete is used the most widely material in the construction industry. The most important

TABLE 1
Hazelnut planting area and produce in Turkey [5].
Years
Planting area (hectare)
Produce (tons)
2008
663 992
800 791
2009
642 866
500 000
2010
2011
2012
2013
2014

667 865
696 964
701 407
702 144
701 141

600 000
430 000
660 000
549 000
450 000

2015
2016
2017
2018

702 628
705 445
705 500
705 510

646 000
420 000
670 000
550 000
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It is the most important waste shell produced by
hazelnut production and constitutes about 50% of it.
Hazelnut shells in USA and some European countries used in paint, tarp and contralite production.
Our country are used as fuel directly or in the form
of briquettes due to the high calories (4100-4400 cal
/ gr). Ash of significant amount (8000-10000 tons /
year) is released as a result of the burning of hazelnut
VKHOOVDQGÕWLVFRQVWLWXWHVDVLJQLILFDQWHQYLURQPHQ
tal problem [6] [7].
In this study are investigated, the usability of
the ashes produced by burning hazelnut shells which
are produced in the Black Sea region where the hazelnut production is used intensively and which are
used generally for heating purposes in homes, ovens
or in different facilities displacement with cement.

Hazelnut shell ash used in the research was obtained from bread ovens in Kastamonu province
(Figure 2). The reason for the hazelnut shell being
burned in the ovens in the province are the high heat
it gives and the customers prefer the bread made in
this way. Hazelnut shell ash formed as a result of
combustion is directly perceived as garbage and is
thrown into the environment. The physical and
chemical properties of the ashes taken from the furnaces are given in Table 4.
XRD (X-Ray Diffraction) analysis was performed aim to determine the mineralogical and pozzolanic properties of hazelnut shell ash and is given
in Figure 3. The XRD analysis of hazelnut Shell ash
revealed no significant peaks. In this respect, it appears to be amorphous. In addition, there are components such as quartz (SiO2), alumina (Al2O3) and iron
oxide (Fe2O3) which are considered very important
for cemented hydraulic binders. When the related
values are examined, it can be seen that the hazelnut
shell ash shows pozzolan characteristics.

MATERIALS AND METHODS
Materials. In this study, the research material
consisted of sand, gravel, cement, network water and
concrete samples produced with hazelnut shell ash
used interchangeably with cement. The physical and
chemical analysis results of the aggregates used in
the study are given in Table 2. In order to provide
high complexity in the concrete samples to be produced, the particle size distribution of the aggregate
whose maximum grain size is selected as 16 mm is
determined in accordance with TS 3530 EN 933-1
[8] standard and is given in Figure 1.
In this study, CEM I A-LL 42.5 portland cePHQW ZDVXVHG REWDLQHG IURP %DUWÕQ &HPHQW 3ODQW
and produced according to TS EN 197–1 [9]. The
physical and chemical analysis results of the cement
used are given in Table 3.

Methods. In the research, 300 dose and C25
class concrete was targeted to determine the concrete
mixture. The hazelnut husk, which is the aim of the
research, was used as a displacement with 0%, 5%,
10%, 15% and 20% cement weight of ash cement
and a total of 5 subjects were formed. All of the materials which were calculated in the mixture were
weighed on sensitive electronic balance under laboratory conditions and placed in concrete mixing machine. Before the mixing water was put into the machine chamber, a homogeneous mixture was formed
by mixing all the materials and then fresh water was
prepared by adding the mixing water.

TABLE 2
Physical and chemical properties of aggregate
Aggregate grain size (mm)
0-5
5-12
12-16
Aggregate Flatness Index
9
10
Aggregate Figure Index
8
7
Shell Context (%)
0- SC10
0-SC10
Very Thin Material Context (%)

5,1

Methylene Blue Test (g/kg)
Los Angeles Coefficient (%)
Grain Density (mg/m3)

Water Absorption (Wa-%)
Freeze- Thaw Resistance (%)
Alkali Silica Reactivity (%)
Chloride Ratio (%)
Acid Soluble Sulfate (%)
Total Sulfur (%)

0,9

0,7

1
2,40
2,51
2,69
4,5

10367

27- LA30
2,46
2,55
2,70
3,5
10
0,013
0,004
0,094
0,426

2,48
2,56
2,70
3,4
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FIGURE 1
Aggregate granulometry curve
TABLE 3
Physical and chemical properties of cement
Chemical Properties
Physical Properties
Total Si02
18,80
Specific weight (g/cm³)
øQVROXEOH6L22
0,51
Volume expansion (mm)
Soluble SiO2
18,29
Water/cement
Al2O3
5,29
Setting start (min)
Fe2O3
2,89
Setting endtime (min)
CaO
62,82
Blane (cm²/g)
MgO
2,44
45u sieve(%)
SO3
3,29
90u sieve(%)
Cl
0,076
Compres2.day
Na2O
sive
1,21
7. day
Glow loss
3,34
28. day
strength
(MPa)
Since the net water / cement ratio of the concrete produced mostly by using pozzolan cannot be
determined with sufficient accuracy, a series of test
mixtures are made according to the concrete dosage
calculations, cement dosage and targeted concrete
consistency. In this study, the required amount of
kneading water was determined by making a series

3,10
1,0
28,80
172
235
4271
4,7
0,2
36,3
44,9
54,2

of test mixtures such that the slump value of the
lightweight concrete produced was approximately
13 ± 1 cm [10]. Unit volume weight and air content
tests of freshly poured concrete samples were determined by the methods specified in Anonymous [11]
and Anonymous [12].

TABLE 4
Physical and chemical properties of Hazelnut Shell ash
Chemical Properties
Physical Properties
SiO2
39,91
Spesific weight (g/cm³)
Na2O
8,23
90 μ
Remaining ower sieve (%)
Al2O3
7,83
200 μ
Fe2O3
23,71
Spesific area (cm²/g)
K2O
5,42
B2O
3,72
CaO
1,9
MgO
7,2
Glow loss
2,02

10368

2,6032
5,01
0,49
22482

© by PSP

Volume 29 – No. 12/2020 pages 10366-10375

A total of 120 cubic samples (15 * 15 * 15 cm³)
were prepared for the concrete tests carried out in
three parallel in each subject. In the preparation of
the cube samples, fresh concrete was poured into the
molds to be filled in 3 times, and each casting was
inflated 25 times with the processing rod [13].
After pouring the samples into the molds for 24
hours, they were removed from the molds and kept
in water at 20 ± 2 ºC until the day of the experiment
[14]. Unit weight of the concrete sample according
to Anonymous [15], the sound transition speed according to Anonymous [16], compressive strengths
according to Anonymous [17], splitting strength according to Anonymous [18] on of 7th, 28th and 90th
days, frost resistance according to Ekmekyapar and
Örüng [19] end of 28th and 90th days and water absorption according to Anonymous [15] and thermal
conductivity coefficient with QTM 500 device on
28th day were determined. In addition, SEM images
were taken to examine the microstructures of the the
concrete.

Fresenius Environmental Bulletin

RESULTS AND DISCUSSION
The results of the research are presented under
two headings as Fresh Concrete Properties and Hardened Concrete Properties.
Fresh Concrete Properties. The change in
unit volume weights of fresh concrete samples is
given in Figure 4. The highest unit volume weight
was determined as 0% with 7490 kg /m³ and it was
obtained the lowest 20% ash with 7367 kg /m³ decreased as inverse proportion with the amount of ash
entering the mixture. This result is the result that the
specific weight of ash is lower than that of cement
(Tables 3 and 4).
The air content change in fresh concrete samples produced at different ash ratios is given in Figure 5. As can be seen from Figure 5, the amount of
air increased with ash content and ranged from 2.1%
to 2.6%. This shows that the increase in ash amount
increases the void ratio in the concrete. Moreover,
the decrease in unit volume weights is another indication of the increase in the amount of void.

FIGURE 2
Hazelnut Shell ash

FIGURE 3
XRD analysid of hazelnut Shell ash
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FIGURE 4
Change of unit volume weight of fresh concrete
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FIGURE 5
Change of air content of fresh concrete
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FIGURE 6
Change of spresific weight of hardened concrete samples
Experiments of Hardened Concrete. The unit
weight values of the samples at 7th, 28th and 90th
days are given in Figure 6. It was observed that the
amount of ash entering the mixture and unit weights
decreased for all periods and the amount of reduction
in unit weight decreased by respectively 1,8%, 1,9%
and 2,1% for 7th, 28th and 90th days. As the concrete

age increased, the unit weights increased and ranged
between 0.80% and 0.53%.
Water absorption rates of twenty eight day concrete samples are given in Figure 7. Figure 7 shows
that the amount of water absorption increases due to
the increase in the amount of ash in the mixture. The
increase in water absorption rate for ash used in ce-
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ment displacement at 5,10,15 and 20% is respectively 7,5%, 7,0%, 10,5% and 10,7%. In the light of
this result, it can be said that the use of more than
10% ash increases the water absorption rate more.
When the results on 7th, 28th and 90th days of
sound transition velocity tests on concrete samples
are examined (Figure 8), it can be observed that the
sound transition rate decreases with increasing of the
ash amount in the mixture. This is a natural result of
decreasing unit weights or increasing the void ratio.
Similarly, as the age of concrete increases, the sound
transition rate increases as a result of the increase in
unit weight. The decreasing effect of different ash
amounts on the sound transfer rate was 6.8%, 3.1%
and 4.2% in respectively 7, 28 and 90 day samples.
Especially as the age of concrete increased, the
change in the sound transition rate decreased due to
the amount of pozzolan. This means that the effectiveness of pozzolan materials increases depending
on the concrete age.
The compressive strength test results of the
ash-doped concrete samples produced in the research

are given in Figure 9. As can be seen from Figure 9,
the compressive strengths decreased due to the ash
content in the mixture and this reduction for the 7th,
28th and 90th days were respectively 31%, 17% and
16%. As the concrete age increases, the pressure loss
due to ash ratio decreases. In different studies [20]
[21] [22] it was stated that pozzolans would reduce
the pressure loss especially in late ages by reducing
the sulphate effect in concrete.
Considering the characteristic compressive
strength of the target C25 concrete in the study, it can
be said that up to 10% hazelnut shell ash can be used
in the mixture.
In the study, when the results of the split
strength test (7th, 28th and 90th days) are examined
(Figure 10), it can be seen that as the increase in the
compressive strength changes, the splitting strength
decreases with increasing amount of ash and increases with the concrete age. The compressive
strength of the splitting strength results was determined to be 15-19%.
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FIGURE 7
Change of water absorbtion rate of hardened concrete samples at 28 days
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FIGURE 8
Change of sound passage speed of hardened concrete samples
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FIGURE 9
Change of compressive strength of hardened concrete samples
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FIGURE 10
Changes splitting strength of hardened concrete samples
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FIGURE 11
Compressive strength of after freeze thaw repeats of hardened concrete samples
The compressive strengths of the hardened 28
and 90 days old concrete samples after freezing and
thawing cycles are given in Figure 11. According to
the results of the experiment, the pressure losses
ranged between 4.7-11.7% for 28-day concrete and
4.7- 9.0% for 90-day concrete. Ekmekyapar ve
gUQJ>@(UGR÷DQ>@DQG6LVPDQHWDO>@VWDWHG
that if the pressure loss resulting from freezing and
thawing repetitions is below 20%, the concrete will

not be damaged and it can be used in cold regions.
All concrete samples produced in this study remained below this limit.
The heat conductivity coefficient measuremets
maden to determine the effect of the use of hazelnut
shell ash as pozzolan on the insulation properties of
concrete are given in Figure 12. In parallel with the
increase in the amount of ash in concrete, the insulation properties increased or decreased its thermal
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THERMAL CONDUCTIVITY (tͬm<Ϳ

conductivity coefficient. The highest thermal conductivity coefficient was 2.03 W/m.K and the lowest
conductivity was 1,19 W/m. K with 20% ash substitution. The decrease in thermal conductivity due to
the amount of ash is a result of the increase in the
amount of void, which is also the reason for the decrease in unit weight and the increase in water absorption rate.
In this study, SEM images taken in order to examine the microstructures of the concrete samples

produced are given in Figure 13. As seen from the
images, C-H phases were replaced by calcium silicate hydrate (C-S-H) gels. It is determined that there
is a dense bond between the aggregate and the hydrated cement paste. The increase in the amount of
hazelnut ash in the concrete, especially as a result of
the hydration of the mixed oxides of cement Ca (OH)
2, by reacting with the active silica in the ash (C-SH) has led to the conversion of gel.
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FIGURE 13
SEM images
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CONCLUSION AND RECOMMENDATIONS

REFERENCES

The results obtained in this study are summarized below which examines the usability of hazelnut
shell ash as pozzolan in the production of building
material, which is the waste of hazelnut shell waste,
which is one of the leading products grown in our
country.
1. Both the fresh and hardened concrete unit
weights of the concretes produced with hazelnut
shell ash will be reduced by %2 and the structural
load will be reduced, thus saving the material and
improving the insulation properties with increasing
gap ratio.
2. When the compressive strength of the concrete samples is examined, it can be said that the required strength for the C25 concrete class determined as the target in the research can be captured
by using up to 10% of the hazelnut shell ash with
cement displacement and it is advisable to use ash at
this rate. Similarly, in terms of splitting strength, the
expected strength for C25 concrete can be achieved
when 10% ash is used. Similarly, the sound transition rates of the samples decreased as the hazelnut
shell ash thrown in the mixture. In this case, it shows
that the amount of cavity in concrete increases and
consequently the unit weight and compressive
strength decreases.
3. When the concretes produced were compared in terms of their insulation properties, it was
determined that hazelnut shell ash had a positive effect especially in terms of thermal insulation and that
the use of ash by 20% reduced the thermal conductivity coefficient by approximately 50%.
4. As a result of the microstructure examination of concrete samples, it can be said that hazelnut
ash supports formation of C-S-H gels which is the
hydration product and contains high percentage
(70%) of SiO2, Al2O3, Fe2O3.
As a result, hazelnut shell ash, which is produced as a fuel in the regions where hazelnut production is concentrated, is a material that can be used as
pozzolan in concrete production. With the use of this
material, both waste will be transformed into a useful
product with negative environmental impacts and the
use of cement will be reduced which causes significant environmental problems, especially during the
production phase. Thus, a concrete will be produced
with sufficient strength and durability, high heat and
sound insulation, light, cheap and environmentally
friendly.
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ABSTRACT

INTRODUCTION

As a result of massive industrialization, the
abundance of heavy metals (HMs), such as lead
(Pb) has been emerged as serious threat to plant
survival. As rice is the most consumed staple food
around the world, and its production has also been
significantly affected due to Pb concentration in
contaminated soils. So, it is of prime importance to
find bio/chemical solutions for restricting the Pb in
aerial parts of rice. In this scenario, a hydroponic
culture experiment was designed to investigate the
remediating effect of smoke solution derived from
Cymbopogon jwarancusa, on the physiological,
biochemical, metabolic and anti-oxidative changes
in rice under lead (0 (control), 500, 1000 and
1500ppm) contaminated water. Seeds of rice cultivars (Basmati-385 and Shaheen Basmati) were
primed for 24 hrs in smoke solution with two dilutions (1:500, 1:1000). A significant decrease was
observed in shoot biomass, chlorophyll pigments,
electrolytes contents, total protein and nitrogen
contents with increasing Pb stress while an increase
was observed in above mentioned parameters under
Pb stress in shoot raised from seeds treated with
smoke solution as compared with control. Similarly, the metabolic content (i.e., Proline, Total soluble
sugar, Total soluble protein and Glycine betaine)
and antioxidant enzymes (i.e., superoxide, peroxidase, catalase, ascorbate peroxidase, malonyldialdehyde and hydrogen peroxide) in shoot were increased at higher concentration of Pb stress; however a significant decrease was observed in seeds
primed with smoke solution. Smoke solution induced positive changes in biochemical, metabolic
and antioxidative parameters in rice shoot proved
remediating effect of smoke on shoot of two rice
cultivars under lead contaminated water.

Industrialization, globalization, and rapid urbanization brought about serious consequences to
human health, environment and biological flora/fauna, as a result of heavy metals accumulation
in soils. Heavy metals (HMs) such as lead translocate in food chain and causes toxic effects leading
to the serious abnormalities in human life by effecting the Soils, climate and atmosphere [1-2] such as
Cd2+ and Zn2+ was observed in root and shoot and
cause accumulation in Thlaspicaerulescens plant
that use in food [3]. Similarly, Pb accumulation
cause physiological changes in Plucheasagitallis
plant [4-5].Among other crops, the rice is main
staple food that is consumed by more than 2.7 billion people as a daily energy requirement. Its global
production is badly affected due to pollution of
heavy metals in soil and water reservoir that highly
accumulate in root, shoot and grains in a number of
countries around the globe, including Pakistan [6].
Lead stress distresses the biological systems of rice
by altering and disintegrating several physiological
processes, such as water, nutrient uptake and oxygen uptake and disturbing chlorophyll production
[7]. More efficiently, it damages the shoot system
in rice by two ways i.e.; by damaging the structure,
quantity, area of sugars grains and cellular organelles; and also through enlargement, breakup of
mitochondria, nuclear envelop and cell wall thickness [8]. Lead also disturbs the osmoregulation in
shoot cells by increasing the osmolality and reducing water content that effect the leaf area, transpiration level in shoot [9]. It creates reactive oxygen
species (ROS) and other free radicals which causes
the oxidative burst of lipid membrane, protein and
DNA. Anti-oxidative mechanism in plant is the
result of one of the efficient enzymatic antioxidants
such as “ascorbate peroxidase” (APX), “superoxide
dismutase” (SOD), “peroxidase” (POD) and “catalase” (CAT) that remove the oxidative stress in
plants [10].

KEYWORDS:
Lead, plant derived smoke, rice, heavy metals, oxidative
stress
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FIGURE 1
Plant derived smoke increase plant growth due to diverse signaling compound

FIGURE 2
Shoot length of rice cultivars (basmati-385 and shaheen basmati) raised from primed seeds with smoke
solution under Pb stress
Treatments are control (DW), dilutions of smoke (1:500, 1:1000 Cymbopogon jwarancusa), Pb stress in ppm (500, 1000, and
1500 ppm), smoke primed and stress condition (500 smoke + 500 Pb stress, 500 smoke + 1000 Pb stress, 500 smoke + 1500
Pb stress, 1000 smoke + 500 Pb stress, 1000 smoke + 1000 Pb stress, 1000 smoke + 1500 Pb stress).

Plant derived smoke has been reported to increase plant growth due to diverse signalling compounds (Fig 1) [11]. Smoke solution based seed
priming has been reported as an efficient technique
that stimulate the plant physiological state and
germination [12]. Cyanohydrins is one of the active
compounds in smoke solution which help to increase plant growth [13]. Another biologically
active compound in smoke is butenolide,

‘Karrikinolide’ (3-methyl-2H-furo [2, 3-c] pyran-2one”) [14], which is very efficient for increasing
seed germination in diverse plant species [15].
Furthermore, plant derived smoke also contains
other components such as “nitrogen oxides”, “ethylene” and “glycerol nitriles” (Fig 1) which helps in
seed germination and plant growth [11].
Seed priming with smoke solution improve the
growth because it worked as growth hormones and
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contain different compound like butenolide
‘Karrikinolide’ which act like auxin hormone and
increase shoot growth. These results demonstrated
that the smoke-derived butenolide has both cytokinin and auxin-like activity when applied at low concentrations as well as a synergistic effect when
application is combined [16].
The plant shoot system works closely with the
root system and transports nutrients as well as different metals by the vascular system [8]. It was
reported that high concentration of Pb transfer to
leaves and mostly it accumulates in shoot and
caused sub-cellular alterations [17, 9]. Various
studies has shown that lead accumulation in plant
caused various abnormalities while no data is available about its malfunction in shoot which translocate toxicity to different parts of plant. Therefore,
the current study was planned to explore remediating effect of smoke on shoot by studying the biochemical, metabolic and anti-oxidative changes
under lead contaminated water.
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was warmed in distal water (20ml) and incubated at
25 & for 24 h to find electrical conductivity (C1).
These samples were autoclaved and measured the
final electrical conductivity (C2) by the conductivity meter (BMS EC Meter EC-4001) [18].
Biochemical analysis. (1) Photosynthetic
pigment. Chlorophyll pigments were analyzed by
using the protocol of [19]. In 15 ml falcon tube
added equal amount of magnesium oxide (MgO)
(25mg) and dried plant material. Sample was mixed
with 5ml methanol and pigment extraction was
carried out by shaking at 200rpm in shaker for two
hours. At room temperature samples were centrifuged at 400 rpm for 5 minutes. In cuvette 3 ml of
supernatant was transferred and measured the absorbance at 3 different wavelengths 470nm, 653nm
and 666 nm on UV visible spectrophotometer
(BMS, Biotechnology Medical Services) [18].
(2) Analysis of electrolytes content. Elemental analysis was determined by using the methodology of [20]. The dry plant materials (25mg)
was digested in 2ml of sulfuric acid by continuously heated on hot plate. Hydrogen peroxide (H2O2)
(1ml) were added drop wise in mixture and heated
until formation of oily drop was appeared. The data
was analyzed by flame photometer (JenwayPFP 7)
[21].

MATERIALS AND METHODS
Seed sterilization and plant growth. Seeds
of rice cultivars (Oryza sativa L. cv. Basmati 385
and Shaheen Basmati) were provided by “National
Agricultural Research Center” (NARC) Islamabad.
Uniform mature rice seeds were surface sterilized
with 3% (w/v) solution of sodium hypochlorite for
5minutes.

(3) Total nitrogen and protein analysis.The
nitrogen and protein content was determined by
following the protocol of [22]in Kjeldhal apparatus.
Dried shoot material (100 mg) was digested in
digestion assembly at 400 & (BUCHI digestion
Unit K-424) by added 2 ml concentrated sulfuric
acid (H2SO4) until the solution become pale yellow.
In the distillation assembly, the mixture were
cooled and NaOH 50% (w/v) solution was added in
it. In flask take 50 ml of 4% (v/v) boric acid and
use methyl red as indicator. When distillation process was completed, color of boric acid turned
colorless and then titration was completed against
0.1N H2SO4 [18].

Smoke solution preparation and priming.
For preparation of smoke solution, 333.33g shaded
dried leaves of C.jwarancusa were prepared by
burnt in chimney and fumes were collected in 1
liter jar containing distilled water. The smoke solution was diluted with water in 1:500 and 1:1000
ratio. Seeds were washed with distal water three
time and primed with smoke dilutions (1:500,
1:1000) overnight (12 hrs).
Germination and biomass. Sterilized seeds
were sown in Petri plates for next ten days. Seeds
were germinated in completely dark condition,
shoot length and fresh and dry weight was observed. All the seedlings were thoroughly washed
with distal water and transferred into Hydroponic
culture. The experiment was performed in Hydroponic culture, Hoagland solution was diluted and
maintain the PH (5.8) to provide the acidic environment for efficient plant growth. Plant were
grown in Hoagland medium and was subject to lead
chloride (PbCl2) stress (0 (control), 500, 1000 and
1500ppm) for 1 week. After harvesting, shoot material was crushed in liquid nitrogen and stored at -40
& while remaining material was dried at -80 &.
Cell injury. Fresh shoot of plant material was
cut into 20 strips having 1 cm size. All the material

(4) Lead content.The lead content in shoot
was determined by following the protocol of [18].
Dried plant material (100 mg) was digested with
nitric and sulfuric acid. The digested material was
digested in 20 ml distilled water. The Pb content
was analyzed by atomic absorption spectroscopy
(Perkin ELMER, An Analyst 4000).
Determination of metabolic parameters. (1)
Proline determination. Proline was determined by
using the standard protocol of [22]. Fresh material
(100 mg) was completely crushed in 5 ml of 3%
sulfosalicylic acid and centrifuged the mixture. The
homogenized mixture were reacted with 1 ml of
acid ninhydrin. The mixture were warmed in 30ml
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of glacial acetic for 1 hour along with 20ml of 6M
phosphoric acid at 100 &. Toluene (2 ml) was added and continuously shake to separate the two phases. Absorbance was recorded at 520 nm and toluene
was taken as blank (D Proline standard curve).
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crystals were dissolved in 1, 2-Dichloroethane.The
absorbance was recorded at 365 nm and glycine
was estimated by using standard curve [24].
Antioxidant analysis. Antioxidant activity of
fresh plant material (500 mg) was analyzed by
following the methodology of [26]. To monitor the
enzyme activity, plant material was grinded in
liquid nitrogen and then treated with 10 ml phos2H20,
phate
buffer
solution
(NaH2PO4.
Na2HPO4.2H2O). The mixture was centrifuged at
20000 rpm for 20 min at 4o C [26].

(2) Total soluble sugar (TSS). TSS was
quantified by following the methodology of [23].
Plant material (50 mg) prepared by homogenized
the mixture in 3 ml pre warmed 90% ethanol and
incubated for 1 hour. Plant mixture (1ml) was
further treated with phenol (1 ml) and 5 ml concentrated sulphuric acid and incubated the mixture for
30 minutes. The absorbance was measured at
485nm by using distilled water as blank. TSS was
determined by the standard curve of glucose [24].

(1) Superoxide dismutase (SOD). SOD content was determined by using the methodology of
[27]. For SOD activity, the mixture of substrate was
made by adding riboflavin, sodium ethylene diamine tetra acetic acid (Na EDTA), methionine and
nitro blue tetrazolium (NBT).The reaction mixture
of substrate and enzyme extractwas prepared. The
mixture was placed for 20 min at 4000 lux light and
absorbance was recorded at 560 nm [26].

(3) Total soluble protein (TSP). TSP was determined by following the standard protocol of [25].
Fresh material (500 mg) were grinded in liquid
nitrogen followed by the addition of 10 ml volume
of phosphate buffer (PH 7.8). The mixture was
centrifuged at 14000×g (4 C) for 20 min.The shoot
mixture (20 μl) was added in Bradfordreagent for 5
min, shaken well and placed at room temperature.
The absorbance was recorded at 595 nm by using
standard BSA (bovine serum albumin) curve [25].

(2) Peroxidase (POD). POD content was determined by the method of [28]. For POD activity,
the reaction mixture was made by adding guaiacol,
alkaline buffer (PBS) and H2O2in enzyme extract.
The values was noted at 472 nm [27].

(4) Glycine betaine. Glycine betaine content
was analyzed by following the methodology of
[24]. Dried crushed plant material (50 mg) was
mixed with 4 ml de-ionized water by adding equal
volume of 2 N H2SO4 (1 ml) and kept cool for 1
hour. Afterwards, potassium triiodide (Kl3) (0.2 ml)
was added and vortex the mixture for 3-5 min. The
homogenized mixture was centrifuged and the

(3) Catalases (CAT). Catalases activity was
measured by following the methodology of [28].
The mixture (3 ml) was prepared by adding potassium phosphate buffer, enzyme extract and H2O2in
beaker. Absorbance was determined at 240 nm by
taking double distal water as blank.

TABLE 1
Effect of Pb stress on fresh weight, dry weight and shoot length of basmati 385 and shaheen basmati
raised from seeds primed with smoke solution
Fresh weight (gm/plant)
B- 385
(S. B)
0.5+ 0.005 c
0.40 +0.005 a
0.44+0.005 b
0.53+ 0.005 b
0.47+0.005 a
0.54+ 0.005 a

Dry weight (gm/plant)
B- 385
(S. B)
25.6+ 0.10 c
19.4 + 0.1 a
26.4+ 0.10 b 23.2 + 0.1 a
28.1+ 0.10 a 25.2 + 0.1 a

Shoot length (cm/plant)
B- 385
(S. B)
7.43+0.10 b
10.13+0.15 b
7.88+0.10 a
11.4+0.1 b
7.99+ 0.10 a
11.6+0.1 a

500 ppm
500(smoke)+500
1000(smoke)+500

0.39+0.005 d
0.40+0.005 c
0.43+0.005 b

0.38+ 0.005 f
0.42+ 0.005 e
0.45+ 0.005 d

17.5+ 0.10 g
21.3+ 0.10 e
23.3+ 0.10 d

15.3+0.15 e
18.4 + 0.1 c
20.3+ 0.1 b

5.26+0.10 d
7.33+0.1 b
7.66+0.1 d

8.26+0.15 d
9.2+0.1bc
10.2+0.1 b

1000 ppm
500(smoke)+1000
1000(smoke)+1000

0.24+0.005 h
0.35+0.005 e
0.39+0.005 d

0.26+ 0.005 j
0.35 + 0.005 g
0.38+ 0.005 f

15.1+ 0.10 j
17.1+ 0.10 h
18.1+ 0.10 f

12.4 + 0.1 f
15.3 + 0.1 e
15.3+0.15 d

4.4+0.15 e
5.36+ 0.15 d
6.38+0.15 c

7.4+0.15 e
8.266+0.1 d
9.166+0.1 c

Treatments (ppm)
Control (Dw)
1:500 (smoke)
1:1000 (smoke)

0.20+0.005i
0.20+ 0.005 k
7.3 + 0.1 h
10.1+ 0.10 l
3.233+017 h
5.2+0.15 g
1500 ppm
0.29+0.005 g
0.30+ 0.005i
13.1+ 0.10 k
10.4+ 0.1 g
3.63 + 0.1 g
6.1+0.1 f
500(smoke)+1500
0.33+0.005 f
0.34+ 0.005 h
16.1+ 0.10 f
12.4+ 0.1 f
3.966+0.1 f
6.4 +0.1i
1000(smoke)+1500
Treatments are distal water (Control), smoke dilutions 1:500, 1:1000, Pb concentrations (500, 1000, and 1500 ppm), smoke
primed treatments with Pb stress (500 smoke + 500 Pb stress, 500 smoke + 1000 Pbs tress, 500 smoke + 1500 Pb stress, 1000
smoke + 500 Pb stress, 1000 smoke + 1000 Pb stress, 1000 smoke + 1500 Pb stress). Error bars represent least significance
difference of means (P <0.05). Different values are present by different letters that indicate a particular treatment at DMRT.
ANOVA represent significant result at (p<0.01).
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(4) Ascorbate peroxidase (APX). APX content was identified by using the methodology of
[28]. A mixture was prepared, which contains buffer, ascorbic acid, H2O2, Na EDTA and enzyme
mixture. The absorbance was recorded at 292 nm.
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ated the Pb stress and increased the fresh and dry
weight. In basmati-385, priming with smoke dilution (1:1000) alleviated the Pb stress at 1500ppm
such as (0.306g and 13.4mg) while in shaheen
basmati it was (0.106g and 11.16mg) respectively
(Table 1).

(5) Malondialdehyde (MDA). MDA content
was determined by following the protocol of [29].
A reaction substrate was made by adding trichloro
acetic acid and thiobarbituric acid in enzyme extract. Mixture was incubated and cool down for
short time. Afterwards, mixture was vortex and
centrifuged at 1529rpm. The absorbance was measured at 533 nm. The value was recorded by using
coefficient 155nM-1cm-1. Absorption of nonspecific mixture was recorded at 600 nm [30].

(3) Cell injury.Cell injury in shoot of basmati
385 and shaheen basmati rice cultivars was increased with increasing the concentration of Pb
stress. In basmati 385 and shaheen basmati, cellular
injury was increased at 1500ppm Pb stress such as
(34.29 and 45.09μs/cm2) respectively. Smoke priming significantly remediate the toxic effect of Pb
stress. In basmati 385 and shaheen basmati, at
(1:1000) smoke dilution cellular injury was gradually decreased in shoot such as (24.43 and
14.57μS/cm2) respectively (Table 3).

(6) Hydrogen peroxides (H2O2). H2O2 was
determined by using the methodology of [30]. The
reaction mixture was prepared by adding 3 ml of
mixture contained alkaline buffer (potassium phosphate buffer), potassium iodide and enzyme mixture. The values was determined at 392nm [31].
Statistical analysis. To analyze the data, oneway (ANOVA) was used in STATIX9 software.
The significant variance among treatments was
analyzed by “Duncan's multiple range test”
(DMRT) in SPSS 17.0 software. These values were
indicated with five replicates having mean ± SD
and separated by least significant difference (LSD)
test at5% level of significance.

Biochemical parameters. (1) Photosynthetic
pigments. In Basmati-385, photosynthetic pigment
such as chlorophylls (a, b) and carotenoid were
decreased at 1500ppm Pb stress (0.554, 1.031 and
107.21μg/g), while at 1:500 smoke dilution result
showed significant increased such as (3.651, 5.8
and 548.84μg/g) respectively. Similarly in shaheen
basmati, photosynthetic pigment were decreased at
1500ppm Pb stress (0.39, 2.84 and 94.24μg/g),
while increased was observed at 1:1000 (0.57,
7.033 and 337.94μg/g), 1:500 smoke dilutions
(3.66, 7.05 and 334.47μg/g) respectively (Table 2).
(2) Electrolyte content. In both rice cultivars
(Basmati 385 and shaheen basmati) the electrolytes
content (Na+2, Ca+2, K) in shoot significant decreased at higher Pb content. Priming of seeds with
smoke significantly alleviated the stress in shoot. In
basmati-385, under 1500ppm Pb stress the priming
of seeds with 1:1000 smoke dilution showed more
efficient result 8.21, 10.51 and 17.82ppm as compared with 1:500 dilution (7.66, 10.32 and 14 ppm)
respectively (Table 3a).
In shaheen basmati, the determined values of
electrolytes (Na+2, Ca+2, K+) content at 1:1000
smoke dilution were increased up to 14.166, 18.27
and 19.33ppm as compared to 1000ppm Pb stress
(11.20, 8.23 and 13.33ppm) respectively (Table
3b).

RESULTS
Physiological parameters. (1) Shoot length.
The Shoot length of basmati 385 and shaheen basmati was significantly affected by increasing Pb
stress while smoke priming showed beneficial impact on seeds as showed in (Fig 2). In Basmati 385,
higher concentration of Pb stress decreased the
shoot length such as at 1000ppm (4.4cm) and
1500ppm (3.23cm) Pb stress as compared with
control (7.43cm). Shaheen basmati rice cultivars
showed more significant result in shoot length as
compared with basmati 385. Shoot length of shaheen basmati was decreased at 1500ppm Pb stress
(3.5cm) as compared to control (8.83cm), while
stress was significantly alleviated by 1:1000 smoke
dilution (6.4cm) (Table 1).

(3) Total nitrogen and protein contents.Nitrogen and protein content decreased in
shoot with increasing the concentration of Pb stress
from 0 to 1500ppm. In Basmati 385, at 1500ppm
Pb stress the nitrogen and protein content in shoot
was more decreased (0.76 and 6.97μg/g) as compared with shaheen basmati (0.854 and 6.295μg/g)
(Table 3a). Priming of seeds with smoke significantly alleviated the stress in shoot. In Basmati 385,
at 1500ppm Pb stress smoke dilutions (1:1000)
increased the nitrogen and protein content (1.55 and

(2) Shoot fresh and dry weight. Fresh and
dry weight of shoot was significantly decrease at
higher concentration of Pb stress. In B-385, the
observed value of fresh and dry weight of shoot at
1500ppm Pb stress was (0.166g and 13.4mg) as
compared with control (0.34g and 28.1mg) while in
shaheen basmati, it was (0.423g and 6.2mg) as
compared to control (0.423g and 18.166mg) respectively. Priming of seeds with smoke solution allevi-
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3.21μg/g) while in shaheen basmati showed significant increased (0.847 and 5.296g/g) respectively
(Table 3b)
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while smoke dilution (1:1000) significantly reduced
the Pb content (0.2ppm) as compared to 1:500 dilutions (0.3ppm) respectively (Fig 3). In shaheen
basmati, 1:1000 smoke dilution significantly decreased the accumulation of Pb stress such as
(0.095, 0.165 and 0.255ppm) as compared to 500,
1000 and 1500ppm Pb stress (0.16, 0.32 and
0.495ppm) respectively (Fig 3).

(4) Lead accumulation in shoot. In both cultivars such as basmati-385 and shaheen basmati Pb
content increased in shoot with increasing the concentration such as at1500ppm Pb stress (0.4ppm)

TABLE 2
Effect of Pb stress on shoot photosynthetic pigment of basmati 385 and shaheen basmati raised from seeds
primed with smoke solutions
Photosynthetic pigments (mg/g d.wt)
Treatments

B- 385
Chl b

Chl a

Carotenoid

Chl a

(S. B)
Chl b

Carotenoid

Control (Dw)
1:500 (smoke)
1:1000 (smoke)

3.35+0.03a
3.16+0.01b
3.51+0.01d

5.4+0.1c
5.8+0.1c
5.6+0.1a

533.5+2.5c
548.8+2.5b
605.5+2.6a

4.0+0.06a
3.66+0.09b
4.05+0.06 a

6.96+0.11a
7.05+0.12a
7.03+0.18a

286.6+2.04b
333.47+2.2a
337.94+1.6a

500 ppm
500(smoke)+500
1000(smoke)+500

1.55+0.00g
2.87+0.06d
2.95+0.03c

3.06+0.1a
3.26+0.1e
3.57+0.1d

257+2.0e
287+2.0e
303+2.0d

1.08+0.02e
1.69+0.03d
1.66+0.01c

3.42+0.12d
4.61+0.14c
5.78+0.14b

132.9 +1.3f
203.9+1.9de
218.2+1.5c

1000 ppm
500(smoke)+1000
1000(smoke)+1000

1.06+0.05i
1.85+0.05e
1.92+0.0f

2.02+0.0h
2.67+0.1i
2.83+0.0f

133.7+2.0h
235+2.1ef
286.6+2.1d

0.55+0.01g
1.08+0.02e
1.06+0.02e

3.38+0.15e
4.72+0.15b
5.22+0.12c

100.8+ 2.1g
196.3+1.5e
216.3+1.56d

1500 ppm
500(smoke)+1500
1000(smoke)+150

0.56+0.01i
1.06+0.05i
1.24+0.01h

1.03+0.0j
1.28+0.0i
1.35+0.0i

105.7+0.1i
2.02+0.1i
2.21+0.1i

0.36+0.05h
1.57+0.06 g
1.72+0.01f

2.84+0.10de
3.27+0.15e
3.43+0.12d

94.2+1.04g
104.2+1.04g
138.2+1.4f

Treatments are distal water (Control), Smoke dilutions 1:500, 1:1000, Pb concentrations (500, 1000, and 1500 ppm), smoke
primed treatments with Pb stress (500, 1000, and 1500 ppm), smoke primed and stress condition (500 smoke + 500 Pb stress,
500 smoke + 1000 Pb stress, 500 smoke + 1500 Pb stress, 1000 smoke + 500 Pb stress, 1000 smoke + 1000 Pb stress, 1000
smoke + 1500 Pb stress). Error bars represent least significance difference of means (P <0.05). Different values are present
by different letters that indicate a particular treatment at DMRT. ANOVA represent significant result at (p<0.01).

TABLE 3a
Effect of Pb stress on shoot electrolytes content, total nitrogen and protein content and cellular injury of
in basmati 385 raised from seeds primed with smoke solutions.
Treatments
Na+

Electrolytes content
(ppm)
K+

Ca++

Total Nitrogen protein
(μs/s d. wt)
Nitrogen
Protein

Cellular Injury
(μS/cm²)

Control (D. w)
1:500 (smoke)
1:1000 (smoke)

13.6+0.1ab
14.1+0.2a
13.7+0.3b

30.2+0.25e
36.6+0.17b
40.3+0.11a

14.6+0.28c
15.1+0.25b
16.6+0.29a

2.11+0.02d
2.63+0.03b
2.92+0.02a

13.1+0.02d
16.1+0.06b
18.3+0.27a

14.33 + 0.36 h
12.49 + 0.11 i
12.25 + 0.06 i

500 ppm
500(smoke)+500
1000(smoke)+500

11.6+0.33de
12.9+0.25c
13.0+0.32c

28.6+0.38f
31.6+0.38d
31.8+0.11c

11.1+0.28f
11.8+0.26d
13.8+0.28c

1.66+0.01f
2.12+0.03d
2.33 +0.02c

10.06+0.06f
13.56+0.08d
14.44+0.09c

28.4 + 0.56 cd
22.24 + 0.49 f
20.14 + 0.05 g

1000 ppm
500(smoke)+1000
1000(smoke)+1000

9.7+0.265f
11.1+0.289e
12.1+0.321d

19.1+0.15j
21.6+0.2g
29.6+0.28e

9.5+0.26f
11.8+0.3d
12.5+0.28c

1.27+0.03i
1.67+0.02 f
1.83+0.02 e

7.96+0.03i
10.0+0.02 g
10.81+0.02e

33.42 + 0.56 b
28.9 + 0.35 c
24.09 + 0.16 e

1500 ppm
500(smoke)+1500
1000(smoke)+150

7.1+0.2 h
8.82+0.2 g
9.00+0.3 fg

15+0.1k
19+0.1i
20.5h+0.15

10+0.11k
11.5+0.11i
11.8+0.2 h

0.76+0.02 j
1.35+0.03 h
1.55+0.01g

6.97+0.02 v
5.23+0.03 c
3.21+0.0 f

43.095 + 0.33 a
34.26 + 0.39 b
27.26 + 0.62 d

Treatments are distal water (control), smoke dilutions 1:500, 1:1000, lead concentrations (500, 1000, and 1500 ppm), smoke primed
treatments with Pb stress (500, 1000, and 1500 ppm), smoke primed and stress condition (500 smoke + 500 Pb stress, 500 smoke +
1000 Pb stress, 500 smoke + 1500 Pb stress, 1000 smoke + 500 Pb stress, 1000 smoke + 1000 Pb stress, 1000 smoke + 1500 Pb
stress). Error bars represent least significance difference of means (P <0.05). Different values are present by different letters that
indicate a particular treatment at DMRT. ANOVA represent significant result at (p<0.01).
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TABLE 3b
Effect of Pb stress on shoot electrolytes content, total nitrogen and protein content and cellular injury of
shaheen basmati raised from seeds primed with smoke solutions.
Treatments
Control (D. w)
1:500 (smoke)
1:1000 (smoke)

Electrolytes content
(ppm)
Na+
K+
Ca++
39.6+0.3e
17.3+0.3c
18.2+0.2ab
19.17+0.2a
40.8+0.2b
19.1+0.1b
20.0+0.3b
45.6+0.4a
21.2+0.1a

Total Nitrogen protein
(μs/s d. wt)
Nitrogen
Protein
1.75+1.75d
10.94+0.07e
2.03+0.02a
12.25+0.02b
2.12+0.01a
13.43+0.01a

Cellular Injury
(μS/cm²)
16.03 +0.51 e
14.23 + 0.65 g
11.2 + 0.45 h

500 ppm
500(smoke)+500
1000(smoke)+500

14.8+0.1de
17.1+0.2c
18.1+0.2c

25.3+0.1f
34.3+0.2d
34.8+0.2c

12.6+0.3e
15.3+0.2d
17.1+0.1c

1.40+0.03e
1.80+0.01c
1.91+0.02b

8.62+0.03f
10.94+0.01d
11.25+0.02c

20.7 + 0.57 d
17.28 + 0.52e
16.49+ 0.70 ef

1000 ppm
500(smoke)+1000
1000(smoke)+1000

11.6+0.3f
14.3+0.3e
15.1+0.2d

15.2+0.2j
19.3+0.2g
20.4+0.2e

9.3+0.25g
17.5+0.17c
19.3+0.2b

0.86+0.01g
1.17+0.01f
1.18+0.01f

5.60+0.01j
7.30+0.01h
8.52+0.01g

26.58 + 0.22 c
20.08 + 0.32 d
16.56 + 0.51 e

15.1+0.1k
8.5+0.2h
3.80+0.02 l
35.09+ 0.53 a
10.1+0.1h
0.63+0.02h
1500 ppm
14.2+0.1g
19.3+0.2I
10.1+0.2f
0.84+0.01g
5.29+0.01k
30.07 + 0.01 b
500(smoke)+1500
5.1+0.1fg
120.3+0.2h
12.5+0.2e
0.85+0.01g
6.29+0.01i
14.57 + 0.32 fg
1000(smoke)+150
Treatments are distal water (control), smoke dilutions 1:500, 1:1000, Pb concentrations (500, 1000, and 1500 ppm), smoke primed
treatments with Pb stress (500, 1000, and 1500 ppm), smoke primed and stress condition (500 smoke + 500 Pb stress, 500 smoke +
1000 Pb stress, 500 smoke + 1500 Pb stress, 1000 smoke + 500 Pb stress, 1000 smoke + 1000 Pb stress, 1000 smoke + 1500 Pb
stress). Error bars represent least significance difference of means (P <0.05). Different values are present by different letters that
indicate a particular treatment at DMRT. ANOVA represent significant result at (p<0.01).

FIGURE 3
Effect of Pb stress on shoot Pb content of basmati 385 and shaheen basmati raised from seeds primed with
smoke solutions.
Treatments are control (DW), dilutions of smoke (1:500, 1:1000 Cymbopogonjwarancusa), Pb stress in ppm (500, 1000, and
1500 ppm), smoke primed and stress condition (500 smoke + 500 Pb stress, 500 smoke + 1000 Pb stress, 500 smoke + 1500
Pb stress, 1000 smoke + 500 Pb stress, 1000 smoke + 1000 Pb stress, 1000 smoke + 1500 Pb stress). Error bars represent
least significance difference of means (P <0.05). Different values are present by different letters that indicate a particular
treatment at DMRT. ANOVA represent significant result at (p<0.01).
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and shaheen basmati, (162.305, 194.4, 248.34 U (g.
fw)-1)) respectively (Fig 5b).

Metabolites levels in shoot. (1) Proline content. Basmati 385 and shaheen basmati showed that
the proline content in shoot increased under Pb
stress. Higher concentration of proline content at
1500ppm Pb stress was observed in basmati 385
(19.145μmol/g) as compared to shaheen basmati
(13.28μmol/g). Priming of seeds with smoke decreased the proline content. Results showed that
seeds priming with smoke dilutions at 1:1000 and
1:500 efficiently remediated the stress at 1500ppm
such as in basmati 385(10.48 and 12.25μmol/g) and
shaheen basmati, (11.712, 9.67μmol/g) respectively
(Fig 4b)

(2) Peroxidase. POD content significantly increased in both rice cultivars at higher Pb stress as
compared to smoke treatment. In B-385, the POD
content were increased at 1500ppm Pb stress
(173.65 and (M/g f.w) as compared to control
(108.25 and 145.23 mM/g f.w) (Fig 5a) while in
Shaheen basmati, it was increased at 1000 and
1500ppm Pb stress (179.90 and 180.45 mM/g f.w)
as compared with control (142.36mM/g f.w) respectively. Priming of seeds with smoke dilution
lowered the POD content in B-385 and shaheen
basmati at 1:500 (158.30 and 173.614mM/g f.w at)
and 1:1000 (149.52 and 162.27 mM/g f.w) smoke
dilution respectively (Fig 5b).

(2) Total soluble sugar (TSS). Total soluble
sugar (TSS) content was increased with increasing
the concentration of Pb stress in basmati 385 and
shaheen basmati, while seeds priming with smoke
solution remediated the Pb stress. Result showed
that in basmati 385, the smoke dilution 1:1000
decreased Pb content (2.88, 4.31, 4.44 and 5.12
mg/g f.wt) at 500, 1000 and 1500ppmstress (Fig
4a).while in shaheen basmati, it was (1.56, 2.44,
3.18 and 3.31 mg/g f.wt) respectively (Fig 4b).

(3) Catalase. The catalase content in shoot of
basmati 385 and shaheen basmati was increased
with increasing the concentration of Pb stress. In
basmati 385, CAT content increased at 1000 and
1500ppm Pb stress (0.511 and 0.598mMol g fw-1),
while in shaheen basmati, it was (0.559mMol g fw1
) at 1500ppm Pb stress In basmati 385, priming of
seeds with smoke dilution decreased the CAT content such as at 1:500 (0.418 and 0.493mMol g fw-1)
and 1:1000 (0.347 and 0.40 m Mol g. fw-1) (Fig 5a)
similarly in shaheen basmati it was (0.494 and
0.418mMol g fw-1) at 1:1000 smoke dilution (Fig
5a and 5b).

(3) Total soluble Protein (TSP). Total soluble protein content of both variety in shoot increased in higher concentration of Pb stress. Result
showed that shaheen basmati showed higher TSP
content in shoot under 1500ppm Pb stress
(19.73μg/gm) as compared to basmati 385
(18.45μg/gm) as compared to control (9.66 and
9.32 μg/gm). In basmati 385, smoke dilution at
1:1000 significantly alleviated the Pb stress at 500,
1000 and 1500ppm (7.66, 12.36, 13.36 and
16.05μg/gm) respectively (Fig 4a) while in shaheen
basmati, at 1:500 and 1:1000 smoke dilution at
1500ppm Pb stress it was (17.36 and 16.02μg/gm)
respectively (Fig 4b).

(4) Ascorbate peroxidase. Ascorbate peroxidase activity was increased at higher concentration
of Pb stress. In basmati 385, APX activity was
increased at 1500ppm Pb stress (1.55mM g-1f.w)
while lower value was observed in treatment with
smoke dilution 1:500 (1.29mM g-1f.w) and 1:1000
(1.04mM g-1f.w) (Fig 5a). In shaheen basmati,
highest value of APX was observed at 1500ppm
Pbstress (1.15 mM g-1f.w) which was decreased at
1:1000 smoke dilution (1.04 mM g-1f.w) (Fig 5b).

(4) Glycine betaine. In basmati 385, glycine
betaine content was increased with increasing the
concentration of Pb stress (40.23, 48.4 and 55.45
mg/g d.wt) as compared with control (30.50) while
these contents were decreased at 1:1000 smoke
dilution (28.32, 37.33, 43.32, 50.97 mg/g d.wt)
respectively (Fig 4a). In shaheen basmati, higher
accumulation of glycine betaine was observed at
1500ppm Pb stress (53.97 mg/g d.wt) which was
decreased at 1:500 (50.134 mg/g) and 1:1000
(48.23 mg/g) smoke dilution respectively (Fig 4b).

(5) Malondialdehyde. MDA content was increased at higher concentration of Pb stress. Results
showed that MDA content in basmati-385 was
increased at 1500ppm Pb stress (18.508μM g-1f.w)
which was decreased by treatment with smoke
dilution (1:1000) (17.2851μM g-1f.w) (Fig 5a).
Similarly in shaheen basmati, it was (18.0351μM g1
f.w) at 1500ppm Pb stress which was decreased at
(1:500 and 1:1000) smoke dilutions (14.72 and
13.9351μM g-1f.w) respectively (Fig 5b).

Anti-oxidative changes in shoot. (1) Superoxide dismutase (SOD). In B-385, high SOD content was observed in shoot in Pb stress such as 500
to 1500ppm (165.41, 202.42 and 277.13 U (g. f. w)1)) as compared with control (146.53) respectively.
SOD content was decreased after treatment with
smoke dilution 1:1000 in Basmati 385 (103.16,
103.51, 186.60 and 196.34 U (g f. w)-1)) (Fig 5a)

(6) Hydrogen Peroxide (H2O2). Hydrogen
peroxide content increased at higher concentration
of Pb stress In basmati 385, hydrogen peroxide
(H2O2) content increased at high Pb concentration
while it was more decreased at 1:1000 smoke dilution (0.61 and 0.65 μM g-1f.w) as compared with
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FIGURE 4a
Effect of Pb stress on shoot metabolites contents of basmati 385 raised from seeds primed with smoke
solutions.
Treatments are control (DW), dilutions of smoke (1:500, 1:1000 Cymbopogon jwarancusa), Pb stress in ppm (500, 1000, and
1500 ppm), smoke primed and stress condition (500 smoke + 500 Pb stress, 500 smoke + 1000 Pb stress, 500 smoke + 1500
Pb stress, 1000 smoke + 500 Pb stress, 1000 smoke + 1000 Pb stress, 1000 smoke + 1500 Pb stress). Error bars represent
least significance difference of means (P <0.05). Different values are present by different letters that indicate a particular
treatment at DMRT. ANOVA represent significant result at (p<0.01).

FIGURE 4b
Effect of Pb stress on metabolic content of shaheen basmati raised from seeds primed with smoke solutions.
Treatments are control (DW), dilutions of smoke (1:500, 1:1000 Cymbopogon jwarancusa),Pb stress in ppm (500, 1000, and
1500 ppm), smoke primed and stress condition (500 smoke + 500 Pb stress, 500 smoke + 1000 Pb stress, 500 smoke + 1500
Pb stress, 1000 smoke + 500 Pb stress, 1000 smoke + 1000 Pb stress, 1000 smoke + 1500 Pb stress). Error bars represent
least significance difference of means (P <0.05). Different values are present by different letters that indicate a particular
treatment at DMRT. ANOVA represent significant result at (p<0.01).
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FIGURE 5a
Effect of Pb stress on antioxidant content of basmati 385 raised from seeds primed with smoke solutions.
Treatments are control (DW), dilutions of smoke (1:500, 1:1000 Cymbopogon jwarancusa), Pb stress in ppm (500, 1000, and
1500 ppm), smoke primed and stress condition (500 smoke + 500 Pb stress, 500 smoke + 1000 Pb stress, 500 smoke + 1500
Pb stress, 1000 smoke + 500 Pb stress, 1000 smoke + 1000 Pb stress, 1000 smoke + 1500 Pb stress). Error bars represent
least significance difference of means (P <0.05). Different values are present by different letters that indicate a particular
treatment at DMRT. ANOVA represent significant result at (p<0.01).

FIGURE 5b
Effect of Pb stress on antioxidant content of shaheen basmati raised from seeds primed with smoke solutions.
Treatments are control (DW), dilutions of smoke (1:500, 1:1000 Cymbopogon jwarancusa), lead stress in ppm (500, 1000,
and 1500 ppm), smoke primed and stress condition (500 smoke + 500 Pb stress, 500 smoke + 1000 Pb stress, 500 smoke +
1500 Pb stress, 1000 smoke + 500 Pb stress, 1000 smoke + 1000 Pb stress, 1000 smoke + 1500 Pb stress). Error bars represent least significance difference of means (P <0.05). Different values are present by different letters that indicate a particular
treatment at DMRT. ANOVA represent significant result at (p<0.01).
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1:500 smoke dilution (0.622 and 0.83 μM g-1f.w)
respectively (Fig 5a). In Shaheen basmati, it was
increased at high Pb (1500ppm) (0.88 μM g-1f.w) as
compared with control (0.52 μM g-1f.w) while
smoke dilution (1:1000), decreased the content in
shoot (0.42, 0.41 and 0.65 μM g-1f.w) at 500, 1000
and 1500ppm Pb stress (Fig 5b).

Fresenius Environmental Bulletin

in surface of plasma lemma instead of cell walls,
and form complex with procion dyes. It was reported by [45] that Pb stress increased the electro leakage in shoot of maize and have the harmful consequence in cell tissue. Heavy metals effect phospholipids of cell membrane or made movement of the
membrane-bound calcium. They cause oxidation in
protein thiol and inhibit the plasma membrane
ATPase [46]. It was documented that, smoke priming lowered the electrolyte seepage and keep the
osmotic equilibrium of cell membrane [47].
Result showed that chlorophyll contents was
declined in both cultivars under Pb stress while
smoke priming showed significant improvement
(Table 3). Basically toxicity of Pb caused disturbance in plant photosynthesis activity by changing
the hormonal position, membrane solidity, penetrability, inorganic nutrition and water equilibrium
[48]. Earlier studies have reported that chlorophyll
contents decreased in numerous plants under Pb
stress and disturb the ions formation such as magnesium ions and function of different enzymes
“chlorophyllase and pheophytinase” and different
photosynthetic components [49]. Our result showed
that smoke priming increased the photosynthetic
pigments in shoot under Pb stress, which showed
similarity with the findings of [50-51], that smoke
priming of seeds improve the photosynthetic pigment at higher concentration of salt.
Result showed that electrolytes contents (Na+,
+
K , Ca+2) in shoot reduced at high concentration of
Pb stress (Table 3) which showed similarity with
the findings of [52]that high concentration of Pb
stress caused decrease in potassium and calcium
ions content. Calcium deficiency cause bloom end
rot in shoot and disturbs the leaf extent. Under
stressful condition, potassium and other coenzymes
activity decreased in shoot and form marginal chlorosis in burned edges [52]. In both rice cultivars
nutrients uptake was increased by smoke treatments
(Table 3). It has been reported that smoke priming
efficiently lower the Na+ ion and increased the Ca+2
and K+ ions under salt and boron stress [53-54-55].
Nitrogen play an important role in development of plant and create inorganic form of nucleic
acid and protein [56]. Result showed that Pb stress
decreased the nitrogen and protein content as compared with control (Table 2) by decreasing the
protease activity and cause degradation of protein
[57]. Our result was similar with the findings of
[58] which showed that high Pb stress in plant decreased the nitrogen. Result was similar with the
findings of [59-60] that nitrogen and protein content was decreased under stress condition. Result
showed that Pb content alleviated by smoke priming of rice seeds and increased nitrogen and protein
content. Our result resembled with [61], which
showed that plant derived smoke improve the biochemical parameters and nitrogen content in maize
plant.

DISCUSSION
Lead is being added and accumulated in environment through increased in industrialization and
human induced activities [32]. Lead hindered the
rice plant growth in dose dependent manner. Shoot
is important part of plant development that
transport different nutrients along with heavy metals for successful yield and production. Our result
showed that Pb have no effect on shoot at lower
concentration while high concentration damage the
barrier in endodermis which result in change in
shoot biomass, length and growth [33] by reducing
the water content inside the cells [34]. Different
strategies were used to remediate these environmental problems. Plant derived smoke is one of the
most efficient technique which was used to remove
the salinity and heavy metals toxicity [35, 36, 37].
Our result was similar with the findings of [38]
whose reported that 1:500 dilution of smoke remediate the toxic effect of CoCl2 in root of Ipomoea
marguerite plant cuttings. It was determined that
smoke derived from different plants species have
various effects on seed germination and plant
growth [39]. Plant derived smoke contain different
chemical compounds which have significant effect
on seed germination and emergence of seedling
[40-41]. The current study was focused to reveal
the biochemical, metabolic and anti-oxidative
changes caused by Pbin shoot of rice and also assess the remediation potential of smoke.
Results showed that high concentration of Pb
stress reduced the shoot length, fresh and dry
weight (Table 1). Our result are also correlated with
the findings of [41], which showed that toxicity of
Pb reduced the shoot growth of Sonchusoleraceus
seedlings. Similarly according to the finding of [38]
higher concentration of Pb such as 500 and 2000
mg kg-1in soil affected the biomass of plantago
plant. While result showed that Pb stress was successfully alleviated by treatment with smoke solutions (1:500 and 1:1000). Smoke solution contain
active compound such as butenolide which stimulates the production of auxinhormones [42]. Our
result showed similarity with observation of [43-44]
which showed that rice seedling and biomass was
improved by smoke priming of seeds.
Smoke priming of seeds under Pb stress
showed the tolerating response of cell and decreased the cell injury in rice cultivars (Table 3).
High concentration of Pb caused cell injury in shoot
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Proline play a major role as a stress indicator
and act as soluble solute. Pb caused denaturation of
protein and effected the lipid per oxidation and
activity of ROS [62]. Result showed that proline
and glycine betaine content increased with increasing concentration of Pb stress. Our result was similar with the finding of [63] that the metabolites
content in Phaseolus vulgaris L, was considerably
high with increasing Pb stress. Our result showed
similarity with the finding of [64], which observed
that glycine betaine act as phyto protectant whose
quantity increased under Pb stress. Result showed
that these metabolites decreased in smoke treatment
(Fig 3). Smoke treatment help to maintain energy
balance and osmoregulation in metabolites under
stress condition [65]. It was investigated that smoke
solution contain beneficial compound which improved the biochemical and metabolic parameters
of maize plant under stress [66].
Result showed that the activity of SOD, POD,
CAT, MDA and H2O2 was high in shoot with increasing the concentration of Pb stress while smoke
priming decreased the activity of anti-oxidative
enzymes (Fig 4). The action of SOD under stressful
condition was increased due to the de nova formation of enzymatic protein. Our findings showed
similarity with the results of [67] who’s stated that
SOD content increased under Pd stress. It was reported that the activity of SOD increased with high
Pb stress in Lupenuslutius and OryzasativaL
[68].Result showed that smoke priming decreased
the SOD content under Pb stress. Our result showed
similarity with the findings of [66] that smoke solution decreased the antioxidant to protect the plant
from disease. Peroxidases (POD) is another enzyme
that remove hydrogen peroxide by free cycles [6970]. The response of POD showed variation, and
mostly rely on heavy metal type, plant ecotype and
period of contact. Results showed that POD and
CAT content also increased with increasing Pb
stress while in smoke treatment these content were
decreased. Results showed similarity with the finding of [71-72], which showed that high CAT content in stress condition lower the activity of H2O2
and toxic peroxidase. It was determined that smoke
priming improve the POD and CAT content under
salt stress in rice plant [73-74]. APX and MDA
content was also effected by increasing the Pb
stress while smoke priming decreased its content
(Fig 4). It was reported that the APX content increase under Pb stress, with high concentration of
Pb stress [75-76]. It was investigated that MDA
content increased under stress conditions in leaves
[77]. Under stress full condition, the harmful effect
of H2O2 reduce by the activity of ascorbic acid [78].
These finding showed similar result with the findings of Kandeliaobovata and Acanthus ilicifolius in
leaves and roots [79]. It was reported that under
stress condition, reaction of hydrogen peroxide with
thiol protein increased and activated other signaling
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pathways, transcription factors, gene expression
and cell cycle [80]. Result showed that H2O2 content increased with high concentration of Pb while
smoke priming decreased its content (Fig 4). Our
findings are similar with the result of [81] which
showed that smoke priming decreased the APX,
MDA and H2O2 content under stress condition in
rice. It was reported that weed derived smoke contain growth promoting compounds that improved
the growth of maize plant [82].

CONCLUSION
It was concluded from the present study that
Pb stress caused increased in ROS-scavenging
enzymes, oxidative stress and carbohydrate metabolism which give prominent effect of stress in shoot.
As compared with the convention methods, smoke
solution have efficient ability of metals remediation. Smoke solution act as growth regulators and
effective agent against Pb stress.
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RADIOACTIVITY MEASUREMENTS OF MEDICAL
REAGENT SAMPLES USED IN
CLINICAL LABORATORIES IN JORDAN
Manal J A Abdallah*, Khadeejeh M Hamasha, Sondos A K Okoor, Kholoud M Kharisat
Physics Department, Faculty of Science, Yarmouk University, Irbid 21163, Jordan

different samples such as food, soil, water, detergent
powders [3-5] using gamma ray spectrometry.
The goal of this work is to study the gamma
radiation from 226Ra, 232Th, 40K, 238U, and 137Cs in
medical reagent samples (chemical compounds)
used in laboratories, hospitals and clinics and
determine their impact and radiant effects on the
staff who works in laboratories by evaluation of
added radiation risk if exist using gamma ray
spectrometry. The importance of this study is that up
to date of our knowledge, there is no previous studies
outline this issue in Jordan.
Clinical laboratories are located in hospitals,
clinic, and physician's places. They provide critical
information for conducting tests, diagnosing,
treating, and observing disease [6,7]. These tests
increase continuously parallel with the growth of
population [8]. A study estimated about 60-70 % of
all decisions related to patient’s diagnosis and
treatments are depending on the results of the
laboratory tests [8,9]. Specialized equipment and
techniques are used to test and analyze patients'
samples, such as blood, tissues, urine, and bone
marrow.
Constantly, clinical laboratories are increasing
and improving in services to get the right diagnostic.
People who work in the lab are professionals to
perform their important tasks that have a major
impact on health care the patients' received. They
carry out and analyze critical tests including
microscopic examination, chemical analytes, and
monitor patients outcomes [8].

ABSTRACT
This work studied the radioactive content of
some medical reagent samples used in medical
laboratories using gamma ray spectrometry and
determined their effects on workers. The samples
were collected from King Abdullah University
Hospital. The activity concentrations of 226Ra
(Radium), 232Th (Thorium), 40K (Potassium), 238U
(Uranium), and 137Cs (Cesium) were measured and
the radium equivalent (Raeq), the external hazard, the
internal hazard, and the annual effective dose were
calculated. The activity concentrations were not
detected in most of the samples. The average values
of the activity concentrations in (Bq/kg) (± SD) are
5.94 ± 0.73, 3.85 ± 0.27, 238.64 ± 14, and 19.30 ±
2.13 for 226Ra, 232Th, 40K, and 238U respectively.
There is no existence of 137Cs in all medical reagent
samples. The average value of Raeq is 6.81 ± 2.05
Bq/kg and the values of external and internal hazard
indices are less than unity. The annual effective dose
received from all detected radionuclides is 0.725
μSv. The results in general are lower than the
standard values and do not pose any risks or potential
health hazard to the workers in laboratories.

KEYWORDS:
Radioactivity, medical reagent samples, clinic, gamma ray
spectrometry, effective dose, workers.

INTRODUCTION
MATERIALS AND METHODS

Radionuclides are entering human bodies from
different sources either natural or artificial and cause
several health hazards. Cosmic rays and terrestrial
radiation such as Uranium decay series (235U and
238
U), Thorium decay series (232Th), and Potassium
radioisotope (40K) are considered as natural sources
[1]. On the other hand nuclear accidents, medical
waste, and nuclear weapons testing are the main
source of artificial radionuclides such as (137Cs, 90Sr,
239
Pu, etc.) [2]. Several studies measured activity
concentrations of natural and artificial radionuclides
and examined their effects on human health in

Fourteen medical reagent samples were
collected from King Abdullah University Hospital
(KAUH) as shown in Table 1. The chemical formula,
molecular weight, and the use of these samples were
listed in Table 2. These samples were manufactured
in different countries: Germany, United Kingdom
(UK), Japan, United States of America (USA), and
India. They were placed in standard 100 ml
cylindrical cups (2 cm radius and 6 cm height) and
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TABLE 1
Name and country of origin of the medical reagent samples used in the present work.
Sample
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14

Name

Origin

Sodium dihydrogen phosphate-2-hydrate
Sodium Chloride Anhydrous
Boric Acid
EDTA, Disodium Salt , Molecular Biology Grade
EOSIN
Iron (111) Chloride
OXOID MacConkey
Blood Agar Base
Mueller Hinton Broth
Simmons Citrate Agar
Salmonella Shigella Agar
Sodium Hydroxide
Ammonium Oxalate
Charcoal

sealed. The samples were stored for six weeks to
reach the secular equilibrium between 226Ra, 238U,
and 232Th and their particular daughters.
High purity germanium detector (Canberra,
Industries Inc. USA) was used to measure the
activity concentrations of the medical reagent
samples as shown in Fig. 1. The resolution of the
detector is 1.9 keV at 1.33 MeV of 60Co gamma ray
peak and the relative efficiency at the same energy
peak is 25%. The detector is shielded with 100 mm
thick lead cylinder to reduce the effect of the
radiation from background. Genie 2000 software
was used to analyze the results as shown in Fig. 1. A
certified standard reference of Multi Gamma ray
(MGS-5. Canberra, USA) was used to perform the
energy and efficiency calibrations of the detector.
The standard reference emits gamma rays between
60 keV and 1461 keV (Table 3). An empty cup with
the same conditions was used to determine the
background radiation to calculate the net activity
concentrations of the radionuclides. The samples

Germany
UK
Japan
USA
UK
UK
INDIA
INDIA
INDIA
INDIA
INDIA
UK
UK
UK

were detected for 86,400 s to minimize the statistical
counting errors.
The activity concentration (A) was calculated
using the following equation:

=ܣ

ோ
Ԫ(ா)..ᢗ(ಶ)

(1)

Where, R is the count rate at the energy E, Ԫ()ܧ
is the efficiency of the detector at the energy E, m is
the mass in kilogram of the sample, and ܲᢗ(ா) is the
gamma yield of the nuclide at energy E.
The activity concentration of 226Ra was
calculated from the gamma lines of its daughters
214
Bi (604.9 keV) and 214Pb (351.9 keV).
The activity concentration of 232Th was
determined by the gamma lines of its daughters 228Ac
(911.6 keV), 208Ti (583.0 keV) and 212Pb (238.62
keV).
On the other hand the activity concentration of
238
U was evaluated from the gamma line of its first
daughter 234Th (63.3 keV).

FIGURE 1
(a) Experimental set up, (b) Genie 2000 software.
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TABLE 2
The name, formula, molecular weight and use of the medical reagent samples in the present work.
Sample

Name

Formula

S1

Sodium dihydrogen phosphate-2-hydrate
Sodium chloride
Anhydrous
Boric acid

NaH2PO4.2H2O

MW
(g/mol)
156.02

NaCl

58.44

- Produce isotonic solutions. [16]

H3BO3

61.84

S4

EDTA, disodium salt , molecular biology
grade

C10H14N2 O8 Na2·2H2O

372.20

S5

EOSIN

C20H6Br4Na2O5

691.86

S6

Iron(111) chloride

FeCl3

162.19

S7

OXOID MacConkey

- Maintain the microbiological quality of the
specimen.
- Prevent overgrowth of organisms during
transport to the lab. [17]
- Treat of yeast infections and cold sores since it
is Cytotoxic to all cells. [18]
- Chelator of divalent cations such as Ca2+.
EDTA (Ethylenediaminetetraacetic acid).
- Minimize metal ion contaminants.
- Facilitate enzymatic reactions that could be inhibited by heavy metal traces. [19]
- Detect iron pigment in liver biopsies. [20]
- Demonstrate hemosiderin in bone marrow trephine biopsy. [21]
- Indicate the presence of a phenol or enol. [22]
- Detect the presence of gamma-hydroxybutyric
acid and gamma-butyrolactone. [23]
- Differentiate between coliforms and non-lactose fermenters with inhibition of Gram-positive
micrococci. [24]

S8

Blood agar base

S9

Mueller Hinton
Broth

S10

Simmons citrate agar

S11

(Salmonella
Shigella Agar)
SS Agar

S12

SODIUM HYDROXIDE
Ammonium oxalate

S2

S3

S13

S14

Charcoal

Typical formula (g/l):
Peptone 20.0
Lactose 10.0
Bile salts No.3 1.5
Sodium chloride 5.0
Neutral red 0.03
Crystal violet 0.001
Agar 15
Typical formula (g/l):
Meat infusion 10
Tryptose 10
Sodium chloride 5
Agar 15
Typical formula (g/l):
Beef, infusion from 300
Casein acid hydrolysate
17.5
Starch 1.5

Use
- A pH buffer, emulsifier, laboratory reagent,
metal phosphating reagent. [15]

- Isolate and cultivate of many fastidious pathogenic microorganisms after addition of blood.
[25,26]

- Determine the susceptibility of bacteria to sulphonamides by the tube dilution method.
- Primary isolation of gonococci and meningococci. [27,28]

Typical formula (g/l):
Magnesium sulphate 0.2
Ammonium dihydrogen
phosphate 1.0
Dipotassium phosphate 1.0
Sodium citrate 2.0
Sodium chloride 5.0
Bromothymol blue 0.08
Agar 5.0 [29,30]
Typical formula (g/l):
Peptone 5.0
HM peptone B # 5.0
Lactose 10.0
Bile salts mixture 8.5
Sodium citrate 10.0
Sodium thiosulphate 8.5
Ferric citrate 1.0
Brilliant green 0.00033
Neutral red 0.025
Agar 15.0
NaOH

- Differentiation the members of Enterobacteriaceae on the basis of citrate utilization from clinical and non-clinical samples. [31]

40.00

C2H8N2O4

142.11

Carbon

12.01

- Isolate Salmonella and some Shigella species
from pathological specimens, suspected foodstuffs etc. [32]
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- Detect carbon monoxide poisoning, with blood
samples. [33]
- Detect of calcium, lead, fluoride and a buffering agent. [34]
- A filter, a catalyst, and an adsorbent due to its
high surface area charcoal. [35]
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TABLE 3
Radionuclides contained in standard sample used for energy and efficiency of calibration (MGS-5).
Nuclide

Energy (keV)

155Eu

60.0
86.5
105.3
122.1
136.5
255.1
391.7
661.6
834.8
1115.5
1460.8

57Co

113Sn

137Cs
54Mn
65Zn
40K

Activity (Bq)
2330

5750
9600
2220
7520
10800
798

The activity concentrations of 137Cs and 40K
were detected directly through their gamma lines of
661.6 keV and 1461.8 keV respectively.
A common operator is used to calculate the
radiological hazards related to the radionuclides
238
U, 234Th, and 40K called radium equivalent (Raeq).
It’s defined as the following [10]:
(2)
ܴܽ = ܥ + 1.43்ܥ + 0.077ܥ
where CU, CTh, and CK are the activity
concentrations of 238U, 234Th, and 40K respectively.
This value assumed that 10 Bq/kg of 238U, 7 Bq/Kg
of 232Th, and 130 Bq/kg of 40K are presenting same
dose of gamma ray, it should be less than 370 Bq/kg
to be accepted as a safe value [11].
The external (Hex) and internal (Hin) hazard
indices were calculated using the following
equations:
ܥோ ்ܥ
ܥ
(3)
+
+
ܪ௫ =
370 259 4810
ܥோ ்ܥ
ܥ
+
+
(4)
ܪ =
185 259 4810
The radiation hazard indices are considered to
be negligible if the values of these indices less than
unity [2].
The minimum detectable activities (MDAs)
which are the smallest amount detected above the
statistical background for 226Ra, 232Th, 238U, and 40K
was 0.42, 0.64, 3.7, and 8.9 Bq/kg respectively.
The effective dose was calculated under ideal
and extreme conditions to estimate the risk
associated to use chemicals in laboratories [12],
assuming the sample was placed 10 cm away from
the worker. It's defined as the following [13]:
 = ܧ  ்ݓ. ்ܪ

26
722
503
4920
604
202
6230
1880
7520
5490
85

absorbed dose calculated using the exposure rate
equation defined as the following [14]:
Ȟܣ
ܺ= ଶ
(7)
ݎ
Where A is the activity in (Ci), Ȟ is gamma specific factor, and r is the distance.

RESULTS AND DISCUSSION
The measured activity concentrations of 226Ra,
Th, 40K, and 238U in the medical reagent samples
were listed in Table 4. Activity concentrations (in
Bq/kg) (± SD) of 226Ra were detected in four samples
between 2.19 ± 0.19 and 11.78 ± 0.64 where, the
activities of 232Th were found in three samples varied
from1.52 ± 0.09 and 6.88 ± 0.85. 40K radionuclides
were detected also in three samples with
concentrations between 172.36 ± 12 and 339.52 ±
13. On the other hand, 238U concentrations were
found in five samples with activities vary between
7.58 ± 0.54 and 31.94 ± 2.9. The 137Cs radionuclide
was not found in all samples.
The world-wide average concentration values
of the natural radionuclides 226Ra, 232Th, 40K, and
238
U are 35, 30, 400, and 35 Bq/kg, respectively [2].
Our data in general are lower than international
reported limits.
Besides the radium equivalent, the external
hazard, and the internal hazard in the medical
reagent samples were calculated using Eq. (2, 3, and
4) and presented in Table 5. The calculated values of
Raeq for all samples as shown in Fig. 2 were varying
between 2.49 ± 0.12 Bq/kg and 37.88 ± 3.85 Bq/kg
with an average 6.81 ± 2.05 Bq/kg. These results
were within the international standard values. While
the values of the external hazard and internal hazard
had the average of 0.024 and 0.040 respectively, as
shown in Fig. 3 & Fig 4. The results of hazard indices
(Hex and Hin) were with values less than unity,
therefore there is no radiation hazard considered in
the samples.
The annual effective doses received from 226Ra,
232
Th, 40K, and 238U due to absorption in the medical
232

(5)

்

where  ்ݓis the tissue weighting factor
provided by the International Commission on
Radiological Protection (ICRP) and  ்ܪis the
equivalent dose defined as:
 = ்ܪ ݓோ . ்ܦ,ோ

Count rate (C/s)

(6)

ோ

Where ݓோ is the radiation weighting factor (in
our study ݓோ = 1 for gamma ray), and ்ܦ,ோ is the

10395

© by PSP

Volume 29 – No. 12/2020 pages 10392-10399

reagent samples were (in nSv): 7.5, 4.4, 6.9, and
706.2 respectively, with overall summation equal
0.725 μSv. The calculated values of the annual
effective dose indicate the higher exposure from
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gamma radiation according to the ideal and extreme
assumed conditions. These results are within the
typical worldwide range of annual dose limits (60

TABLE 4
Activity concentration (in Bq/kg ± SD) of radionuclides measured in the medical
reagent samples collected from King Abdullah University Hospital (KAUH)
Sample
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
min
max
Average
ND: not detected.

226Ra

232Th

40K

238U

ND
ND
2.19 ± 0.19
2.49 ± 0.16
ND
11.78 ± 0.64
ND
ND
ND
ND
ND
ND
ND
7.29 ± 1.15
2.19 ± 0.19
11.78 ± 0.64
5.94 ± 0.73

ND
ND
1.52 ± 0.09
ND
ND
ND
ND
ND
ND
3.14 ± 0.11
ND
ND
ND
6.88 ± 0.85
1.52 ± 0.09
6.88 ± 0.85
3.85 ± 0.27

ND
204.03 ± 16
ND
ND
ND
339.52 ± 13
ND
172.36 ± 12
ND
ND
ND
ND
ND
ND
172.36 ± 12
339.52 ± 13
238.64 ± 14

ND
17.06 ± 0.17
ND
11.09 ± 0.91
ND
31.94 ± 2.9
ND
ND
28.85 ± 1.22
ND
ND
7.58 ± 0.54
ND
ND
7.58 ± 0.54
31.94 ± 2.9
19.30 ± 2.13

TABLE 5
Radium equivalent, external hazard, and internal hazard calculated in the medical
reagent samples
Sample
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
Average

Raeq (Bq/kg)
-15.71 ± 1.26
4.36 ± 0.72
2.49 ± 0.12
-37.88 ± 3.85
-13.24 ± 2.01
-4.49 ± 0.65
---17.13 ± 1.51
6.81 ± 2.05

Hext
-0.042
0.012
0.007
-0.185
-0.036
-0.012
---0.046
0.024

Hint
-0.042
0.177
0.013
-0.217
-0.036
-0.012
---0.066
0.040

FIGURE 2
The Radium equivalent activity (in Bq/kg) in the medical reagent samples
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FIGURE 3
The external hazard index in the medical reagent samples

FIGURE 4
The internal hazard index in the medical reagent samples
mSv) according to BSS schedule II and ICRP report
60 [13].

ACKNOWLEDGEMENTS
I would like to knowledge all those contributed
in declaring this issue. Special thanks to the staff of
King Abdullah University Hospital (KAUH),
Jordan.

CONCLUSIONS
The activity concentrations for 226Ra, 232Th,
K, 238U, and 137Cs are measured in different
medical reagent samples manufactured in different
countries. There is no exist of 137Cs radionuclides in
all samples and the reported results agreed with the
worldwide ranges and the standards values as
discussed in the literature. Besides, the external and
the internal hazard indices are calculated, and they
are less than unity. The calculated values of Raeq
activities and the annual effective dose are within the
standard values. Therefore, they don't cause any
potential health hazard to the people who works in
laboratories. The present work is the first study of
radioactivity levels in medical reagent samples in
Jordan. The results will contribute in developing
future studies worldwide for radiological protection
for human beings.
40

Funding. This work was supported by the
Deanship of Research and Graduate Studies at
Yarmouk University, Irbid, Jordan (grant no.
28/2017).

REFERENCES
[1] Khan, F. M. (2003) The Physics of Radiation
Therapy. Third ed, Lippincott Williams & Wilkins.
[2] UNSCEAR (2000) United Nations Scientific
Committee on the Effects of Atomic Radiation.
Sources and Effects of Ionnizing Radiation. Report to General Assembly, United Nations, New
York.

10397

© by PSP

Volume 29 – No. 12/2020 pages 10392-10399

[3] Hamadneha, H., Eyadeha, M., Abdallaha, M.,
Al-Khdiratb, O. (2017) Estimation of Natural
and Anthropogenic Exposures to Gamma Ray
from a High Agricultural Area in Jordan "BaniKananah District". Jordan Journal of Physics.
10, 117-125.
[4] Okoor, S.A.K., Abumurad, K.M., Ababneh, E.
M., Abdallah, M.J., Tawalbeh, A. (2019) Natural Radioactivity concentration and dose assessment in selected medicinal plants consumed in
Jordan. Fresen. Environ. Bull. 28, 5179-5187.
[5] Altikulac, A., Turhan, S., Gumus, H. (2015) The
natural and artificial radionuclides in drinking
water samples and consequent population doses.
Journal of Radiation Research and Applied Sciences. 8, 578-582.
[6] Barai, I., Gadhvi, K., Nair, P. Prasad, S. (2015)
The importance of laboratory medicine in the
medical student curriculum. Medical Education
Online. 20,1-2. Articl ID: 30309.
[7] Carter, J.Y., Lema, O.E., Wangai, M.W.,
Munafu, CG., Rees, P.H. Nyamongo, J.A.
(2012) Laboratory testing improves diagnosis
and treatment outcomes in primary health care
facilities. African Journal of Laboratory Medicine, [S.l.]. 1(1), 6. oct. ISSN 2225-2010,
https://ajlmonline.org/index.php/
ajlm/article/view/8/61.
[8] MCSHS, Mayo Clinic School of Health Sciences (2018) http://www.mayo.edu/mayoclinic-school-of-health-sciences/careers/laboratory-sciences. (Accessed date: Aug. 14, 2018),
[9] Molinaro, R.J., Winkler, A.M., Kraft, C.S.,
Fantz, C.R., Stowell, S.R., Ritchie, J.C., Koch,
D. D., Heron, S., Liebzeit, J., Santen, S. A.,
Guarner, J. (2012) Teaching laboratory medicine to medical students: implementation and
evaluation. Archives of Pathology & Laboratory
Medicine. 136(11), 1423–1429,
[10] Bereka, J., Mathew, P.J. (1985) Natural radioactivity of Australian building materials, industrial
wastes and by products. Health Physics. 48, 8795.
[11] OECD, Organization for Economic Cooperation and Development (1979) Exposure to radiation from the natural radioactivity in building
materials. Report by a group of experts of the
OECD, Nuclear Energy Agency, Paris, France.
[12] Janzekovic, H., Krizman, M. (2007) Radioactive Sources in Chemical Laboratories. International conference Nuclear Energy for New Europe 2007, PORT 2007, Nuclear Society of Slovenia, Jamova 39, SI-1000 Ljubljana, Solvenia.
[13] International Atomic Energy Agency (IAEA),
(2005) Radiation Oncology Physics. A Handbook for Teachers and Students.
[14] Taha, E.M., Alyassin, A.M. (2016) Feasibility
of a Novel Gamma Radiography Mammo System. Insights Med. Phys.1(1-3), 1-8.

Fresenius Environmental Bulletin

[15] Chemical Book (2018) http://www.chemicalbook.com/ChemicalProductProperty_EN_CB8203308.htm. (accessed Aug. 20,
2018)
[16] Rowe, R.C., Sheskey, P.J., Quinn, M.E. (2009)
(Eds.) Handbook of Pharmaceutical Excipients
6th edition Pharmaceutical Press. London, England. 637.
[17] Microbiology (2018) http://www.therotherhamft.nhs.uk/Microbiology/Boric_Acid_Containers_for_Urine_Microscopy_and_Culture/
(accessed Aug. 4, 2018)
[18] NCBI, National Center for Biotechnology Information (2018) PubChem Compound Database;
CID=7628.
https://pubchem.ncbi.nlm.nih.gov/compound/7628. (accessed Aug. 31, 2018)
[19] Van Kley, H., Claywell, C.S. (1973) Evaluation
of EDTA as the chelator in the biuret reagent.
Clinical Chemistry. 19, 621-623.
[20] 20. Alwahaibi, N. Y., Alkhatri, A. S., Kumar, J.
S. (2015) Hematoxylin and eosin stain shows a
high sensitivity but sub-optimal specificity in
demonstrating iron pigment in liver biopsies. International Journal of Applied and Basic Medical Research. 5(3), 169–171,
[21] Alwahaibi, N.Y., Al-Himali, S., Kumar, J. S.
(2012) Capability of hematoxylin and eosin
stain to demonstrate hemosiderin in bone marrow trephine biopsy. Journal of Cytology & Histology. 3(3), 1-3. Article ID:1000144.
[22] Furniss, B. S., Hannaford, A. J., Smith, P. W.
G., Tatchell, A. R. (1989) Vogel's Textbook of
Practical Organic Chemistry. 5th edition. Longman Scientific and Technical, John Wiley and
Sons, Inc, New York.
[23] Zhang, S. Y., Huang, Z. P. (2006) A color test
for rapid screening of gamma-hydroxybutyric
acid (GHB) and gamma-butyrolactone (GBL) in
drink and urine. Fa yi xue za zhi. 22 (6), 424–
427.
[24] OMP, Oxoid Microbiology Products (2018)
Thermo
scientific,
http://
www.oxoid.com/UK/blue/prod_detail/
prod_detail.asp?pr=CM0115&org=58&c=
UK&
lang=EN. (accessed Aug. 10, 2018)
[25] Noble, W.C., Davies, R.R., Place, D.A. (1965)
Studies on the dispersal of staphylococci. Journal of Clinical Pathology. 18(1), 16–19.
[26] Schubert, J.H., Edwards P.R., Ramsey, C.H.
(1959) Detection of typhoid carriers by agglutination tests. J. Bacteriol. 77, 648-654.
[27] Murray, P.R., Baron, J.H., Pfaller, M.A.,
Jorgensen, J.H., Yolken, R.H. (2003) Manual of
Clinical Microbiology. 8th edition, American
Society for Microbiology, Washington, D.C.

10398

© by PSP

Volume 29 – No. 12/2020 pages 10392-10399

[28] NCCLS, National Committee for Clinical Laboratory Standards (2000) Approved Standard:
M7-A5, Methods for Dilution Antimicrobial
Susceptibility Tests for Bacteria that grow aerobically, 5th Ed., NCCLS, Wayne, Pa. Revision:
2 / 2015.
[29] Eaton, A.D., Clesceri, L.S., Rice, E.W., Greenberg, A W. (2005) Standard Methods for the Examination of Water and Wastewater. 21st edition, APHA, Washington, D.C.
[30] MacFaddin, J.F. (1985) Media for IsolationCultivation-Identification-Maintenance of Medical Bacteria. Vol. 1, Williams and Wilkins, Baltimore, London.
[31] TD a (2018) Technical Data, Simmons Citrate
Agar,
http://himedialabs.com/TD/M099.pdf.
(accessed Aug. 24, 2018)
[32] TD b (2018) Technical Data, SS Agar (Salmonella Shigella Agar), (accessed Aug. 24, 2018),
http://himedialabs.com/TD/M108.pdf.
[33] Autenrieth, W. (1909) The Detection of poisons
and strong drugs. P. Blakiston's son & Company.
[34] SCBT (2018) Ammonium oxalate monohydrate
(CAS 6009-70-7), (accessed Aug. 11, 2018)
https://www.scbt.com/scbt/product/ammonium-oxalate-monohydrate-6009-70-7.
[35] APS Physics, Bulletin of the American Physical
Society (2013). 58(1). APS March Meeting.
http://meetings.aps.org/Meeting/MAR13/Event/186324

Received:
Accepted:

22.01.2020
14.09.2020

CORRESPONDING AUTHOR
Manal J A Abdallah
Physics Department,
Faculty of Science, Yarmouk University,
Irbid 21163 – Jordan
e-mail: manalj@yu.edu.jo

10399

Fresenius Environmental Bulletin

© by PSP

Volume 29 – No. 12/2020 pages 10400-10406

Fresenius Environmental Bulletin

EMISSION AND NOISE EVALUATION TESTS FOR
VEGETABLE OIL WASTE AS BIOFUEL
El-Sayed Sehsah1,*, Hussain Sorour1, Ali Moussa2, Ahmed Salah2,3
1

Department of Agricultural Engineering, Faculty of Agriculture, Kafrelsheikh University 33516, Egypt
2
Agricultural Engineering Research Institute, Agricultural Research Center, Giza, Egypt
3
Department of Agricultural Engineering, Faculty of Agriculture, Kafrelsheikh University, Egypt

cohol in the presence of a strong acid or base to produce a mixture of fatty acids alkyl esters and glycerol
[1]. Biodiesel has 10-11% of oxygen; this makes biodiesel fuel with high combustion characteristics
and reduces net carbon dioxide emissions by 78% on
a lifecycle basis when compared with diesel fuel and
reduces smoke due to free soot besides, it is renewable, nontoxic, nonflammable, portable, readily available, biodegradable, sustainable, eco-friendly, and
free of sulfur and aromatic content; this makes it an
ideal fuel for heavily polluted cities. It reduces the
environmental effect of a waste product and can be
made out of used cooking oils and lards without requiring engine modification up to B20 [2]. Nabi et
al. [3 ]studied the effect of biodiesel derived from
WCO on engine performance and exhaust emissions.
Three biodiesel blends by volume BD20, BD40 and
BD60 were tested in a six-cylinder turbocharged diesel engine with a 13-Mode European Stationary Cycle. The results revealed that using BD derived from
WCO minimum the emissions by 13% and also reduced co emissions by 11-51% compared with D
fuel. Özgün and Eryilmaz [4 ]studied the effect of
using BD and its blends produced from WCO on engine performance and exhaust emissions. The BD
was blended with European Diesel (ED) volumetrically in the rates of BD2 and BD20 were derived.
The derived fuels were tested in a single-cylinder
diesel engine and compared with ED. The results
found that the BD fuels were more environmentally
friendly and their CO, HC and smoke intensity were
lower in comparison to the diesel fuels. Dwivedi [5 ]
reported that the results of the experimental study
with the Jatropha curcas biodiesel and WCO biodiesel. The research has indicated that up to B20,
there is no need for any modification. Test results
showed that using biodiesel leads to substantial reduction in particulate emission and CO emissions,
accompanied with the imperceptible power loss, but
some increase in NOx emission on conventional diesel engines with no modification. Kataria et al. [6 ]
reported that diesel engine's thermal performance
and emission parameters such as CO, HC and NOx
on different BD blends demonstrate that BD produced from WCO using heterogeneous catalyst was
suitable to be used as diesel oil blends and

ABSTRACT
This study aims to utilize of waste cooking oil
(WCO) as a vital energy source as an alternative
source of power in operating agricultural machinery.
In the current study, an alternative fuel was made of
WCO and its suitability to apply in power farm machinery as mixture fuel blends with diesel fuel (D).
The obtained biodiesel (BD) was blended with D
based on the volumetric ratio and compared with D
as a control treatment. The parameters in this study
were biodiesel mixing ratios namely BD5 (5% BD +
95% D), BD20 (20% BD + 80% D) and D besides,
throttle fuel position i.e., Idle, Half throttle fuel
(H.L.) and Full throttle fuel (F.L.). The engine performance of reaper binder machine has been evaluated in terms of exhaust gases emissions and noise
test. The value of Carbon Monoxide (CO) concentration decreased from 1005 to 893 ppm for D at H.L.
and F.L. throttle fuel position compared with the
value of CO concentration decreased also from 734
to 631 ppm for BD20 under above throttle fuel position. The Biofuel BD20 produced low exhaust emission values compared to D. The results revealed that
using BD20 instead of D reduced the values of the
noise level in case of the operator by percentages of
8.2, 9 and 5.4% respectively for Idle, H.L. and F.L.
throttle fuel position, whereas, in case of bystanders,
the corresponding values decreased by percentages
of 9.4, 4 and 3.8%.

KEYWORDS:
Biodiesel, vegetable oil waste, biofuel, emissions test,
noise test.

INTRODUCTION
Biodiesel is a liquid fuel used in diesel engines
for operating the machines and can be produced
from renewable raw materials sources such as vegetable sources and animal sources by the transesterification process i.e., chemical process in which a triglyceride in the vegetable oils and fat reacts with al-
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FIGURE 1
Transesterification process equation

A

B

FIGURE 2
Waste cooking oil (A) biodiesel product (B)
Biodiesel purification process
had lesser emissions as compared to D. Patel et al.
[7 ]carried out investigations on a single-cylinder direct injection compression ignition engine to assess
noise and emission characteristics of soybean and
Rapeseed biofuels (SVOs and biodiesels/blends).
The results revealed that combustion noise was
lower by0.25 to 8 dB in case of using biofuels compared to mineral diesel. Sehsah et al. [8 ]studied the
effect of increasing diesel engine speed (rpm) on
noise pollution level for operator and bystanders.
Their results revealed that increasing engine speed
from 980 to 1380 rpm led to increase the value of
noise pollution for the operator from 5.2 to 19.2 dB,
also for bystanders the value increased from 3.9 to
9.3 dB. The objective of this study is utilizing of
WCO as an alternative source to produce BD and
study the effect of using the obtained BD on the performance of machinery engines.

ent chemical company in Kafr El-Sheikh Governorate, Egypt. Methanol and NaOH were used as alcohol and base catalyst, respectively, for executing
the transesterification reaction to produce BD as
shown in (Figure 1).
Synthesis of biodiesel. Different samples of
WCO as shown in (Figure 2) were collected and
mixed, and then the obtained mixture was precipitated for 24 hours. The mixture filtered from solid
impurities using a 0.5 mm diameter colander. The
transesterification process was carried out by mixing
NaOH (0.5% of oil weight) as a catalyst with methanol (ratio of methanol: oil is 6:1). WCO mixture
was heated to 65°C. After the mixture reached to the
desired temperature, the methanol and NaOH solution was added to the mixture slowly with stirring.
Heating and stirring processes were carried out for
60 minutes and maintaining the mixture temperature
at 65°C. After the transesterification process, the
mixture was precipitated for 24 hours. The products
of the separation process were BD (the upper liquid)
and glycerol (the bottom layer).
Biodiesel purification as shown in (Figure 3)
was done by the washing process using water four
times. The ratio between the volume of BD and
washing water was 1:1.

MATERIALS AND METHODS
The present study was carried out in Agricultural Engineering Department, Faculty of Agriculture, Kafrelsheikh University, Egypt during the year
of 2019 in two trails. The first trail was (laboratory
experimental), includes extraction of BD from WCO
and blending BD with D. The second trial was (field
experiments), includes evaluating the performance
of reaper binder engine using both BD and D.
The raw materials of BD production are WCO
and were collected from small restaurants and households. The obtained BD was blended with D with the
volumetric ratio of BD5 and BD20. The chemical
and reagent for synthesizing of BD includes methanol and NaOH were purchased from the Electrosci-

Purifying process steps. One liter of water
was added to one liter of BD, the mixture of water
and BD was stirred well for 15 minutes each time.
The separation process of BD from water occurred
due to the differences between the densities. Water
has a higher density than BD, hence it will be settled
down at a lower position. pH meter was used to
measure the pH of the washing water, this is an indicator of the amount of the chemicals that removed.
The last step was repeated four times of
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FIGURE 3
Biodiesel purification stages
TABLE 1
Technical specifications of the reaper binder machine
Specifications

Reaper binder

Make and model
Engine
Model
Rated power, kW(hp)/rpm
Fuel
Cooling type
No. of cylinders
Dimensions
L×W×H, mm
Total mass/kg

BCS Italy BCS 622
Lombardini 3LD450
7.5 (10)/3000
Diesel
Air cooling
1
3600×1850×1300
400

TABLE 2
Studied parameters and measurements under the study
Studied parameters
The levels
Biodiesel mixing ratios
BD5, BD20 and D
Throttle fuel position
Idle, H.L. and F.L.
Measurements on the reaper binder
CO concentration (ppm)
CO2 (%)
N + NOx (%) Noise pollution (dB)
purifying until the pH number became in the range
from 7 to 7.5. The drying process of BD is essential
to get rid of extra water. Biodiesel was heated at
110°C for 10 minutes using a hot plate to remove the
moisture.

test, finally, press the save (F3) button to save the
test data in the next available memory location. The
obtained data that displayed on the exhaust device
screen were recorded in HP ProBook 6450b laptop
connected with the exhaust gas device. Fyrite software version 3.1.0.0 was installed on the laptop to
record and save the data of the different tests.

The tested machine. The tested machine under
this study is reaper binder. The technical specifications of the tested machine are listed in (Table 1) and
both the parameters and the measurements of the
present study are listed in (Table 2). The tested
reaper binder was evaluated under exhaust gases
emissions and noise pollution measurements.

Noise test. Noise test resulting from the tested
diesel engine operated with both D and BD was
measured for the operator according to Society of
Automotive Engineers (SAE) J1174 [9 ]measurement procedures as recommended using sound level
meter model SL-5868 with a range of 30~130 dB
with an accuracy of ±1 dB and resolution of 0.1 dB.
Whereas, pollution test on the bystanders, the sound
level meter was located at a point of 7.5 m perpendicular to the path of travel and the test area was free
from any obstacle as shown in (Figure 4), according
to SAE J1175 [10].

Exhaust gases emissions test. Bacharach
Fyrite® Insight Plus R model 374 was used to measure CO concentration with ppm, CO2 percentage and
NOx for exhaust gases resulting from the tested diesel engine. To execute this test follows the next
steps: power on analyzer and allow it to warm up,
select fuel being burned, inset probe into proper sample location and press the run/hold button to start the
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FIGURE 4
Dimensions of the test area in the bystander noise test
The date illustrated the effect of throttle fuel
position on CO concentration. The data showed that
adjusting throttle fuel position from H.L. to F.L. decreased CO concentration value from 1005 to 893
ppm compared with Idle position that recorded 1048
ppm in case of using D. Whereas, in case of using
BD5, the corresponding value of CO concentration
decreased from 898 to 801 ppm compared with Idle
position that recorded 925 ppm. As well, in case of
using BD20, the corresponding value of CO concentration decreased from 734 to 631 ppm compared
with Idle position that recorded 749 ppm. The Biofuel BD20 produced low exhaust emission values
compared to diesel fossil fuel therefore the biofuel
included that the oxygen atom compared to diesel
fuel. These oxygen atoms in the biofuel structure go
to improve the ignition and reduce the exhaust gases
emission.

RESULTS AND DISCUSSION
The results attained from this study are discussed under the following points: 1. Effect of fuel
mixing ratio and throttle fuel position on CO concentration (ppm). The results revealed that increasing fuel mixing ratio decreased CO concentration at
any throttle fuel position as shown in (Figure 5). The
data indicated that increasing mixing ratio from BD5
to BD20, decreased CO concentration value from
925 to 749 ppm compared with D that recorded 1048
ppm in case of Idle condition. While, the corresponding value of CO concentration decreased from
898 to 734 ppm compared with D that recorded 1005
ppm of CO under H.L throttle fuel position, As well
as, in case of F.L. position, the corresponding value
of CO concentration decreased from 801 to 631 ppm
compared with D that recorded 893 ppm.
1200
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1000
800
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400
200
0
D

BD5

BD20
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FIGURE 5
Effect of fuel mixing ratio and throttle fuel position on CO concentration

10403

F.L.

© by PSP

Volume 29 – No. 12/2020 pages 10400-10406

Fresenius Environmental Bulletin

21,6
Idle

H.L.

F.L.

21,4

CO2, %

21,2
21,0
20,8
20,6
20,4
20,2
D

BD5

BD20

Mixing ratio
FIGURE 6
Effect of fuel mixing ratio and throttle fuel position on CO2 percentage
56.42%, at H.L fuel position. As well as, the corresponding percentage of N+NOx increased from
57.24 to 57.70% compared with D that recorded
56.90% at F.L. fuel position,
The data revealed that adjusting throttle fuel
position from H.L. to F.L. increased N+NOx percentage from 56.42 to 56.90% compared with Idle position that recorded 56.20% in case of using diesel
fuel. Whereas, in case of using BD5, the corresponding percentage of N+NOx increased from 56.90 to
57.24% compared with Idle position that recorded
56.82%. As well, in case of using BD20, the corresponding percentage of N+NOx increased from
57.15 to 57.70% compared with Idle position that
recorded 57.05%. This may be due to that the lower
heating value of biodiesel and the existence of oxygen in biodiesel structure led to the formation of
higher amounts of N+NOx than diesel fuel.

2. Effect of fuel mixing ratio and throttle fuel
position on CO2 (%). The results as shown in (Figure 6) presented the effect of fuel mixing ratio on
CO2 percentage and indicated that increasing fuel
mixing ratio decreased CO2 percentage. In case of
Idle condition, the data revealed that increasing mixing ratio from BD5 to BD20, decreased the values of
CO2 percentage from 21.15 to 20.69% compared
with D that recorded 21.21%. Whereas, the corresponding value of CO2 percentage decreased from
21.18 to 20.77% compared with D that recorded
21.32% in case of H.L position. As well as, the corresponding value of CO2 percentage decreased from
21.31 to 20.87% compared with D that recorded
21.38%. at F.L. position,
Figure (6) reveals the effect of throttle fuel position on CO2. The data showed that adjusting throttle fuel position from H.L. to F.L. increased CO2 percentage from 21.32 to 21.38% compared with Idle
position that recorded 21.21% in case of using diesel
fuel. Whereas, in case of using BD5, the corresponding value of CO2 increased from 21.18 to 21.31%
compared with Idle position that recorded 21.15%.
As well, in case of using BD20, the corresponding
value of CO2 increased from 20.77 to 20.87% compared with Idle position that recorded 20.69%.

4. Effect of fuel mixing ratio and throttle fuel position on noise level (dB). Figure (8) shows the effect of fuel mixing ratio and throttle fuel position on
noise level for both the operator and the bystanders.
It was obvious that, increasing the mixing ratio decreased the sound level for both the operator and the
bystanders' conditions. In case of the operator, increasing the mixing ratio from BD5 to BD20 decreased the sound level values from 81.97 to 78.60
dB compared with D that recorded 85.63 dB at idle
throttle fuel condition. Whereas, the bystander noise
test, the corresponding values decreased from 67.47
to 65.67 dB compared with D that recorded 72.47
dB. The same trend was observed at H.L. position,
where the noise level values decreased from 95.53 to
87.33 dB compared with D that recorded 96.07 dB.
While, the bystanders test, the corresponding values
decreased from 76.47 to 75.07 dB compared with D
that recorded 78.50 dB. The same trend was noticed

3. Effect of fuel mixing ratio and throttle fuel
position on N+NOx (%). The results indicated that
increasing fuel mixing ratio increased N+NOx percentage at any throttle fuel position as shown in (Figure 7). The data showed that increasing mixing ratio
from BD5 to BD20, increased N+NOx percentage
from 56.82 to 57.05% compared with D that recorded 56.20% in case of Idle condition. Whereas, the
corresponding percentage of N+NOx increased from
56.90 to 57.15% compared with D that recorded
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at F.L. position, the values decreased from 96.77 to
94.53 dB compared with D that recorded 99.93 dB.
On the other side, in case of the bystanders, the corresponding values decreased from 82.77 to 80.77 dB
compared with D that recorded 83.93 dB.
Figure (8) illustrates the effect of throttle fuel
position on noise level. It was clear that, adjusting
throttle fuel position from idle to H.L. and from H.L.
to F.L. position increased the values of noise level in
both the operator and the bystanders test conditions.

The operator noise test, the noise level values
at idle throttle fuel position recorded 85.63, 81.97
and 78.60 dB. Whereas, adjusting throttle fuel position to H.L. increased the values to 96.07, 93.53 and
87.33 dB for D, BD5 and BD20 respectively. The
throttle fuel position at F.L. increased the values to
99.93, 96.77 and 94.53 dB for D, BD5 and BD20 respectively.
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N+NOx, %

57,5
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55,0
D

BD5

BD20
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FIGURE 7
Effect of fuel mixing ratio and throttle fuel position on N+NOx percentage
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FIGURE 8
Effect of fuel mixing ratio and throttle fuel position on noise level (dB) for the operator and the bystanders
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On the other hand, the values of noise level at
idle throttle fuel position recorded 72.47, 67.47 and
65.67 dB under the bystanders' test conditions.
While, adjusting throttle fuel position to H.L. increased the values to 78.50, 76.47 and 75.07 dB for
D, BD5 and BD20 respectively. In addition, adjusting throttle fuel to F.L. position increased the values
to 83.93, 82.77 and 80.77 dB for D, BD5 and BD20
in order. This result may be due to the Biofuel BD20
produced low exhaust emission values and produced
directly low noise values compared to diesel fossil
fuel. The lower level of sound for biodiesel compared with diesel fuel can be explained as biodiesel
higher viscosity than diesel fuel causing good lubricity and damping for rotating parts of the engine,
which led to lessening engine noise. Besides, biodiesel blends have a higher cetane number, which
may decrease ignition delay that causes a lower
sound level. Finally, the oxygen content in the biodiesel structure improves combustion efficiency,
which could help to reduce engine noise.

Fresenius Environmental Bulletin

[5] Dwivedi, G. (2013) Performance evaluation of
diesel engine using biodiesel from Pongamia
oil. International Journal of Renewable Energy
Research. 3(2), 325-330.
[6] Kataria, J., Mohapatra, S.K. and Kundu, K.
(2019) Biodiesel production from waste cooking oil using heterogeneous catalysts and its operational characteristics on variable compression ratio CI engine. Journal of the Energy Institute. 92(2), 275-287.
[7] Patel, C., Tiwari, N. and Agarwal, A.K. (2019)
Experimental investigations of Soyabean and
Rapeseed SVO and biodiesels on engine noise,
vibrations, and engine characteristics. Fuel. 238,
86-97.
[8] Sehsah, E.E., Helmy, M.A. and Sorour, H.M.
(2010) Noise test of two manufactured power
tillers during transport on different local road
conditions. International Journal of Agricultural
and Biological Engineering. 3(4), 19-27.
[9] SAE J1174 (1985) Operator ear sound level
measurement procedure for small engine powered equipment.
[10] SAE J1175 (1985) Bystander sound level measurement procedure for small engine powered
equipment.

CONCLUSION
The present study concluded that the ability to
apply the BD and its blends produced from WCO as
an alternative fuel to operate diesel engines without
producing any modifications on diesel engines. The
results indicated that the optimum BD mixing ratio
is BD20 under this study. The biodiesel of BD mixing ratio gave the low values of noise emission in
bystanders and operator noise testes compared with
fossil diesel fuel. It was clear that, adjusting throttle
fuel position from idle to H.L. and from H.L. to F.L.
position increased the values of noise level in both
the operator and the bystanders test conditions.
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failures [7]. Therefore, the high-speed diagnosis of
bearing fault has become an important step to improve the service life of equipment, and reduce the
occurrence of equipment fault. According to the
previous research, bearing fault diagnosis is one of
the main directions, to extent the service life of
mechanical equipment. Its diagnosis methods
mainly include signal feature extraction and pattern
classification, in which signal feature extraction is
the core of fault diagnosis [8-10].
There are many researches on bearing fault
diagnosis at home and abroad. Nishchal et al. [11]
extracted sparse features by using stacked sparse
auto encoder to diagnose bearing and valve faults.
Jinane et al. [12] proposed a new feature extraction
method, namely global spectrum analysis, to analyze bearing vibration signals. Christelle et al. [13]
diagnose bearing fault according to current signal.
Georgoulas et al. [14] proposed a feature fusion
method for bearing fault diagnosis, which can
achieve 100% recognition rate in the test system.
Janssen et al. [15], for the first time, use convolution neural network to diagnose the bearing, gear
and other faults in the gearbox. David et al. [16]
proposed the large memory storage retrieval network LAMSTAR (large memory storage retrieval)
for bearing fault diagnosis. In addition, the diagnostic technology and advanced instruments in Japan are more diversified, which have been developed in many fields, such as steel, chemical industry, transportation, electric power, etc. It also led to
the automation manufacturing field of Japan in the
world [17-21]. Among many motors, the asynchronous motor is widely used [22]. So far, the diagnosis of asynchronous motor fault is still a fixed current detection method, that is, by using various
methods to analyze the motor signal. It also need to
extract the fault characteristic frequency, judge the
possible fault types according to the change of frequency amplitude, and put forward the corresponding processing scheme [23]. With the emergence
and development of advanced technologies such as
sensors, computers and optical fibers, intelligent
motor online diagnosis technology has been developed to a certain extent, which led to the subse-

ABSTRACT
In order to improve the service life of bearing,
the convolution neural network has been used to
diagnose the bearing fault in the daily life. However,
the method has poor adaptability under noisy environment, so it can not complete the fault diagnosis
of various bearings. In this study, an adaptive convolution neural network was proposed and used for
bearing fault diagnosis under noise environment. In
which, the dynamic signal tester was selected to
collect bearing signal data, and the convolution
neural network algorithm was adopted to identify
the bearing state. By using the results of state
recognition, the model of convolution neural network with training interference (TICNN) was build
to realize the bearing fault diagnosis under noise
environment. In order to verify the adaptability of
TICNN under noise environment, the adaptive test
link was designed. The results showed that the
adaptability of the TICNN under noise environment
is better than that of the other methods, which is
also suitable for the recognition rate. In the actual
test, the accuracy of the proposed method is up to
98%, and that of the other methods is only 95%.
Therefore, the TICNN can perform well in noisy
and various working load environment.

KEYWORDS:
Convolution neural network, noisy environment, fault
diagnosis, bearing, TICNN, adaptive test

INTRODUCTION
In daily detection, mechanical and electrical
equipment fault usually presents three characteristics, which are large amount of data, diversified
data types and too fast operation [1-4]. In the era of
mechanical and electrical data, how to mine the
fault in the massive data has gradually become the
research hotspots [5,6]. Bearing is one of the main
parts in mechanical and electrical equipment. When
the equipment fails, about 30% of them are bearing
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quent application of various technologies in motor
diagnosis, such as neural network, fuzzy mathematics, genetic algorithm, artificial immune algorithm, etc [24]. The application of various technologies also broke the traditional motor diagnosis
mode. Convolution neural network is a kind of
neural network algorithm including convolution
calculation and with depth structure, which is also
an important part of depth algorithm [25]. It has a
huge breakthrough in image recognition and diagnosis direction, so it is reasonable to believe that
convolution neural network can provide new ideas
for bearing fault diagnosis and effectively improve
the accuracy of fault diagnosis.
In various working load environment, the
noise environment always affect the optimized of
fault diagnosis methods, and resulting the convolution neural network has poor adaptability for
bearing fault diagnosis. In this study, an adaptive
convolution neural network was proposed, and the
model of convolution neural network with training
interference (TICNN) was build to realize the
bearing fault diagnosis under noise environment.

Fresenius Environmental Bulletin

EXPERIMENTAL SECTION
The experimental data comes from the bearing
data center of the Electrical Engineering Laboratory
of Cassegrain University in the United States. The
experimental center processes a single point of
failure on the bearing through the EDM technology.
The bearing type is SKF6205. The vibration signal
of the bearing is measured by the acceleration sensor, and the data contains multiple sets of data under different conditions. In this study, the bearing
data of the drive end with the speed of 1797r/min
and the sampling frequency of 12 kHz were selected. The validity of the method was verified by different data states with normal data, rolling element
fault, outer ring fault and inner ring fault, respectively. The experiment tests were conducted under
windows 10 operating system.

RESULTS
Modeling and data processing. Aiming at
the poor adaptability of the original convolution
neural network for bearing diagnosis method under
noise environment, the model of convolution neural
network with training interference was designed. In

FIGURE 1
The method design framework
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TABLE 1
Setting parameters of dynamic signal tester
Type
Content
Value
Size
40cm×60cm×100cm
Appearance
Composition
2u standard case
Communication mode
USB2.0
Channel
4-12
Signal communication
Communication network Wireless communication network
Signal processor
DPS real time processing
Converter
A/D
Working frequency
5KZ
Amplifier frequency range
DC-100KHZ
Temperature
20-40°C
Operation characteristics
Supply voltage
500mA
Load capacity
200%
Static transcendence
130%
Current setting
200mA
TABLE 2
The specific steps and techniques involved in the analysis
Analysis direction
Content
Analysis direction
Content
Maximum value
Waveform index
Minimum value
Peak index
Peak value
Pulse index
Mean value
Kurtosis value
Dimensional analysis
Dimensionless analysis
Variance
Mean square deviation
Root mean square

FIGURE 2
The specific recognition process
this study, the bearing fault diagnosis was set as
three parts, through the effective connection of the
three parts, so as to complete the overall planning
of the diagnosis method. In order to ensure the effectiveness of the design method, the method design framework is constructed, as shown in Figure
1.
It can be seen that the design process of the
design method is mainly based on the calculation
process, involving a large number of data acquisition and calculation process. That is to say, the experiments require high-precision calculation and
data acquisition equipment as the material basis of
the method. Therefore, in part of the method design,
the selection of some equipment and data processing were included in the process. At the same
time, in order to ensure the feasibility of the design

method in the noise environment, the simulation of
environmental characteristics was also used to improve the diagnosis accuracy of the method in the
design process.
Acquisition of bearing data. In this design,
in order to improve the accuracy of fault diagnosis,
the signal data of bearing was collected from the
bearing data center of the Electrical Engineering
Laboratory of Cassegrain University. In the process
of data acquisition, dynamic signal tester was used
to complete the data acquisition. The parameters of
the bearing dynamic signal tester was shown in
Table 1.
Using the above parameters to complete the
data acquisition process, the collected information
can be roughly divided into two types, namely
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time-domain signal and frequency-domain signal.
Time domain signal contains dynamic information
of bearing, such as vibration, noise, temperature,
pressure, which can be used as the original data of
bearing fault diagnosis. Based on the statistical
analysis of the collected signal data, the corresponding data base of fault diagnosis is obtained. In
the process of analysis, it can be divided into dimensional analysis and dimensionless analysis. The
specific steps and techniques involved in the analysis were shown in Table 2.
The collected signal data was analyzed by the
above steps. In order to improve the accuracy of the
data processing results, it is necessary to denoise
the data after the above analysis. In this study, the
EMD threshold denoising method was used to denoise the above signal data. The obtained signal
was decomposed into IMF components, and then
the corresponding threshold value was set for each
component. The threshold value was used to denoise the signal component, and the signal data was
reconstructed to obtain the denoised signal. The
threshold value of signal processing was set as following:

IM i (a )

imti (a )  D i , ifimti (a ) t D i
°
®0
°imt (a )  D , ifimt (a ) d D
i
i
i
¯ i
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module takes the time-frequency image processed
in the above text as the basis, and the specific
recognition process was shown in Figure 2.
It can be seen that in the process, the processed signal data was transformed into time domain image by using short-time Fourier transform
technology. Signal acquisition time and acquisition
frequency were set in the converted image. The
input value of the convolution neural in the time
domain image was expanded. In some methods, the
convolution neural network was set as
two-dimensional convolution neural network. The
convolution layer and pooling layer of convolution
neural network were used to calculate the data and
complete the modeling process of time-frequency
signal. According to the characteristics of the bearing, the model was set as 5-layer process, which are
input layer, convolution layer, pool layer, connection layer and output layer, respectively. Four convolution kernels were set in the convolution layer,
and the characteristic response graph of the bearing
was obtained by convolution kernels processing.
The characteristic response graph was divided into
several signal units, and the data was divided into
training set and contrast set according to the constraints of bearing data. By scrambling the data of
training set and control set, the randomness of data
was guaranteed. In the process of building the
model, the linear function was used as the activation function of convolution layer. In the data sample, a group of data was extracted for iteration, and
the loss value of data processing was calculated.
The data optimizer was used to adjust the training
parameters of the calculation and processing, and
the data after the loss value was imported into the
model to improve the data processing accuracy of
the model. Therefore, the use state of the bearing
was determined according to the calculation results
of the model.

(1)

(2)
D i i 2 log(n)
In which, Įi represents the component noise
level of the first signal, and n is the signal length.
Identification of bearing state. Through the
upper part of the bearing signal data acquisition
work, the collected signal data will be used to identify the running state of the bearing in this section.
In order to improve the operation speed of state
recognition, convolution neural network was used
to realize bearing state recognition. The recognition

TABLE 3
The structural parameters of the model
Number
Hierarchy
Kernel number Output size
1
Convolution layer A
16
256×16
2
Pooling layer A
16
256×32
3
Convolution layer B
16
128×16
4
Pooling layer B
16
128×32
5
Convolution layer C
32
128×64
6
Pooling layer C
32
128×32
7
Convolution layer D
32
64×32
8
Pooling layer D
32
64×32
9
Convolution layer E
64
64×16
10
Pooling layer E
64
64×16
11
Convolution layer F
64
32×32
12
Pooling layer F
64
32×32
13
Adjoining course
1
1×100
14
Output layer
1
1×10
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Realization of intelligent bearing fault diagnosis. The bearing states obtained was used to
build the model of TICANN, and realize the bearing fault diagnosis. In the model, the interference
calculation was added to improve the diagnosis
accuracy of the diagnosis model, and the structural
parameters of the model was set, and shown in Table 3.
Taking the above parameters as the basis of
diagnosis model design, and the convolution kernel
algorithm was added to the model to diagnose the
bearing fault. In the model, the bearing states were
w1, w2, w3,...wn, respectively, and the average distance of the feature vector wn was as follows:

ki

1
2f

f

¦

Self adaptability test of fault diagnosis
method. The design process of bearing fault diagnosis method based on convolution neural network
under noise environment was completed. In this
study, the self-adaptive test was carried out for the
fault diagnosis method. In the test, in order to highlight the performance characteristics of TICNN, the
performance test process was completed by comparing with the original fault diagnosis method.
According to the previous research, when the bearing is under noise environment, the fault diagnosis
method has the selectivity to the bearing type.
When the fault diagnosis method is used to judge
the bearing structure which is too complex, it will
produce corresponding errors. Therefore, the experimental environment was set as a noisy environment, the fault diagnosis method TICNN and the
original method were used to diagnose the experimental sample bearing, and the use status and diagnosis accuracy of the diagnosis method were
compared, respectively. In the experiments, the test
object was a variety of bearings, and the bearing
was numbered as the test sample. The specific sample settings were shown in Table 4. Using the experimental samples, the self-adaptive test of the
original method and the method of TICNN involved in this study was completed, and the test
results were compared.

1 i
¦ oe, f  oe,i
f 1 i 1

e 1
(2)
The distance within and between classes of
bearings kp, kq were respectively calculated by
equation (3) and equation (4):

kp
kq

1 c
¦ ki
ci1
1 c
¦ k i ti  t
ci1
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(3)

(4)
It can be obtained from the calculation results
that the peak value and the low value of the average
intraclass distance have a good chopping performance. Therefore, the above two values were set as
the threshold value of bearing diagnosis. Comparing the original signal with the above two thresholds, the output vector of the signal was obtained,
and then the similarity between the output vector
and the fault type was judged to complete the diagnosis of bearing fault. Connecting the part with
the two parts of the above design, a complete bearing fault diagnosis method based on convolution
neural network under noise environment was obtained. In the application of the method, the results
of convolution neural network model are directly
affects the results of bearing fault diagnosis.

The convolution kernel dropout. Generally,
dropout is used in the full connection layer, because
the full connection layer accounts for the largest
proportion of the parameters of the whole convolution neural network. In this study, dropout was used
in the first convolution kernel. When the convolution kernel is randomly set to zero, it can be regarded as introducing noise to the convoluted region, as shown in Figure 3.

TABLE 4
The parameters of experimental samples
Type
Number
Running state
Z1
Normal operation
Ball bearing
Z2
Rolling element failure
Z3
Inner ring fault
Z4
Outer ring fault
Z5
Rolling element failure
Cylindrical bearing
Z6
Inner ring fault
Z7
Inner ring fault
Z8
Rolling element failure
Tapered bearing
Z9
Outer ring fault
Z10
Normal operation
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FIGURE 3
Diagram of convolution kernel dropout
creased from 40% to 90%. When BN and the first
convolution core dropout are used, the recognition
rate of the signal with low SNR is greatly improved
compared with BN only, and the standard deviation
of 20 tests is also significantly reduced.
Then, five classifiers were integrated according to the majority agreement rule and applied to
three kinds of convolution neural networks. The test

Anti dryness analysis of convolution neural
network. The test results were shown in Figure 4.
It can be seen that when BN is not used for training,
the recognition rate of convolution neural network
is very low, and the uncertainty of the model trained
each time is also very large. When BN is used for
training, the anti noise ability of convolution neural
network is greatly improved. For example, when
SNR is equal to 0dB, the recognition rate is in-

FIGURE 4
The recognition rate of TICNN in three modes

FIGURE 5
The recognition rate of integrated TICNN in three modes
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FIGURE 6
The recognition rate of TICNN and other algorithms under different noise environments
TABLE 5
Comparison of the recognition accuracy
Number The original method/% The proposed method/%
Z1
100
100
Z2
Unrecognized
98.5
Z3
Unrecognized
99.2
Z4
94.5
98.0
Z5
Unrecognized
97.2
Z6
95.2
98.1
Z7
94.7
98.6
Z8
Unrecognized
97.8
Z9
95.8
98.0
Z10
96
98.0
results were shown in Figure 5. It can be seen that
the improvement of recognition rate by integrated
learning is not obvious, but the standard deviation
of 20 test results is significantly reduced. To sum up,
the majority agreement rules mainly enhance the
stability of the TICANN model.

experimental results, it can be seen that the adaptive
performance of the design method under noise environment is better than that of the original method.
When the fault type of bearing are ball bearing and
rolling element, the original method can not recognize the state of the bearing, but the design method
can effectively identify the fault type. It also can be
seen that the original method is greatly affected by
noise, and the design method has little impact on
noise environment. As for the accuracy of fault
diagnosis, the accuracy of the design method is
higher than that of the original method. The average
diagnostic accuracy of the original method is 95%,
and that of the design method is up to 98%.

Comparison of the recognition rate. Figure
6 showed the recognition rate of TICNN, FFT-SVM,
FFT-MLP, FFT-DNN and WDCNN under noise
environment, respectively. It can be seen that when
the SNR is large, the recognition rate of TICNN,
FFT-SVM and WDCNN is almost the same. When
the SNR is small, the recognition rate of TICNN
and integrated TICNN model is significantly higher
than that of FFT-SVM and WDCNN. When SNR is
equal to -4dB, integrated TICNN is more than 10%
higher than FFT-SVM. In conclusion, the recognition rate of TICNN under noisy environment is
significantly higher than other mainstream intelligent diagnosis algorithms, which greatly improves
the anti noise performance of WDCNN.

CONCLUSIONS
Based on the convolution neural network, this
study proposed an new method (TICNN) used for
bearing fault diagnosis. In order to verify the effectiveness of the design method, the adaptability test
was carried out under noise environment. The test
results showed that the adaptability of TICNN is
better than the original method, and the diagnosis
accuracy is as high as 98%, while the data diagno-

Comparison of the recognition accuracy.
Table 5 compared the recognition accuracy of the
design method and the original method. From the
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[6] Li, W., Zhang, S., Rakheja, S. (2016) Feature
Denoising and Nearest–Farthest Distance Preserving Projection for Machine Fault Diagnosis.
IEEE Transactions on Industrial Informatics.
12(1), 393-404.
[7] Jia, F., Lei, Y., Lin, J., Li, Z.Y., Zhao, T. (2016)
Deep neural networks: A promising tool for
fault characteristic mining and intelligent diagnosis of rotating machinery with massive
data. Mechanical Systems and Signal Processing. 74(6), 303-315.
[8] Lecun, Y., Bottou, L., Bengio, Y. (2016) Gradient-based learning applied to document
recognition. Proceedings of the IEEE. 86(11),
2278-2324.
[9] Chen, L., Zhen, Y.W., Qin, W.L., Ma, J. (2016)
Fault diagnosis of rotary machinery components using a stacked denoising autoencoder-based health state identification. Signal
Processing. 130(6), 377-388.
[10] Krizhevsky, A., Sutskever, I., Hinton, G.E.
(2012) Imagenet classification with deep convolutional neural networks. Advances in neural
information processing systems. 20(12),
1097-1105.
[11] Silver, D., Huang, A., Maddison, C.J., Guez,
A., Hassabis, D. (2016) Mastering the game of
Go with deep neural networks and tree search.
Nature. 529(7587), 484-489.
[12] Lu, W., Liang, B., Cheng, Y., Meng, D., Zhang,
T. (2017) Deep model based domain adaptation
for fault diagnosis. IEEE Transactions on Industrial Electronics. 64(3), 2296-2305.
[13] Esteva, A., Kuprel, B., Novoa, R.A., Ko, J.,
Swetter, S.M., Blau, H.M. (2017) Dermatologist-level classification of skin cancer with
deep neural networks. Nature. 542(7639),
115-118.
[14] Georgoulas, G., Nikolakopoulos, G. (2016)
Bearing fault detection and diagnosis by fusing
vibration data. IEEE Access. 216(64),
6955-6960.
[15] Janssen, O., Slavkovikj, V., Vervisch, B.,
Stockman, K., Loccufier, M., Verstockt, S.
(2016) Convolutional neural network based
fault detection for rotating machinery. Journal
of Sound and Vibration. 377, 331-345.
[16] Junbo, T., Li, W.N., Ai, J.N., Wang, X.Q.
(2015) Fault diagnosis method study in roller
bearing based on wavelet transform and
stacked auto-encoder. Proceedings of the IEEE.
115(11), 4608-4613.
[17] Smith, W.A., Randall, R.B. (2015) Rolling
element bearing diagnostics using the Case
Western Reserve University data: A benchmark study. Mechanical Systems and Signal
Processing. 64, 100-131.

sis accuracy of the original method is only 95%,
which can not meet the requirements of the existing
bearing fault diagnosis. When BN is used for training, the anti noise ability of convolution neural
network is greatly improved, and the recognition
rate can be increased from 40% to 90%. The recognition rate of TICNN under noisy environment is
significantly higher than other mainstream intelligent diagnosis algorithms, which greatly improves
the anti noise performance of WDCNN. In future,
the TICNN can perform well in noisy and various
working load environment, so as to ensure the effectiveness and accuracy of bearing fault diagnosis.
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Liaoning Province is related to the success or
failure of the revitalization of northeast region
planning. At present, Liaoning Province has made
great progress in the construction of modern
agriculture. And the house income of farmers is
increasing in the last decade. But the consumption
capability in rural area is still lagging behind
comparing with the rapid development of
industrialization,
urbanization,
information
technology. Although the output of agriculture has
increased year by year, the agricultural
development is restricted by the resources and the
demand. Thus the contradiction of agricultural
economy has been increased. The fundamental
cause of these conditions may that the rural
consumption capability is relatively weak. So
promoting the optimization of consumption
capability is an imminence requirement for the
development of agriculture and rural economy in
the new period. And it is also an important way to
achieve agricultural efficiency, increase income of
farmers and harmonious development of rural
economy [1, 2].
Till now, scholars have studied the rural
economy by using the grey correlation analysis. For
example, Li et al studied grain production in Henan
province by using the grey correlation analysis [2].
Bai et al studied agricultural production goods [3].
Duan used the grey correlation analysis to study
various grain yield influencing factor [4]. In
addition, there are scholars studied forecasting
some data by using grey prediction. Like Xie
predicted China’s gross domestic product [5].
Moreover, grey correlation analysis has solved
plenty of practical applications problems, such as
economic forecasting, management decision
making, scientific evaluation, energy management,
industrial process control, water resource analysis,
agricultural breeding, research and development of
complex equipment, post-evaluation of major
projects, etc. While till now, seldom researches
have focused on rural consumption capability in
China, and by using the grey correlation analysis.

ABSTRACT
In order to make clear of the development of
rural consuming capability and forecast the tendency of rural consumption level in Liaoning Province,
P.R. China. Based on the statistical data of “statistical yearbook in Liaoning province” from 2009 to
2019, the gray correlation analysis method was
applied. The present study was conducted to analyze the consumption of food area like grain, meat,
the fruit, aquatic products and the non- food area
like education and other in the last decade, then to
use the GM(1,1) model to forecast the tendency of
rural consumption level. According to grey correlation analysis results, the results showed that the
consumption on corn, rice, potato and total crop;
apple and total fruit; poultry meat, pork and total
meat, marine product and total aquatic products are
relatively closer. The relationship of education
consumption and household income are the closest.
According to grey prediction results, the total consumption of agricultural products and education
investment will increase from 2020 to 2025. The
growth rate of education investment should be pay
more attention. The consumption of pear, poultry,
aquatic products growth rate will be faster.

KEYWORDS:
Rural consumption capability, Liaoning province, Grey
theory

INTRODUCTION
Agriculture is the foundation of national
economy. Rural area is the most vital area in China,
and rural consumption capability of farmers are
payed great attention nowadays. Revitalizing
northeast China is not only the revitalization of
industry but also the raise the rural consumption
capability of farmers is also very important. As the
Province with largest economy volume in the
northeast region, the economic recovery in
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During our research, First, we taking current
situation of rural consumption status in Liaoning
Province as the starting point. And this paper
determines the correlation degree between various
consumption areas from 2009 to 2019 in Liaoning
Province. Then, this paper forecasts the tendency of
rural consumption level by selecting appropriate
data and applying GM(1,1) model. Last, this paper
provide reference for the optimization and
adjustment of rural consumption in Liaoning
Province
combined
with
recommendations
proposed.
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Jinzhou, white pears from Huludao and Suizhong,
and apricots and plums from Gushan of Dandong.
In this research, we selecting main rural
consumption aspects like grain, meat, the fruit,
aquatic products and the non- food area like
education and other, also house income of farmers
was still considered as research index. The data
come from “statistical yearbook in Liaoning
province”. (written by Bureau of Statistics in
Liaoning Province, published by China Statistics
Press).
Research method. Grey System is a concept
proposed by Deng Julong, a scholar of our country
in the last century and 80s. System Cybernetics
often use color to distinguish the system. So, the
system that all information is perfectly sure of was
described as white system. The system that information is completely unknown was called the black
system. And the system that part of the information
is known and part of the information is unknown
(poor information) went by the name of Grey System. Grey System is the research object of Grey
System Theory. Through generating and developing
some known information, extracting valuable information, system operation behavior and evolution
law was correctly described and effective monitored [6].
Grey correlation analysis is one of the methods
of analyzing Grey System. Through comparing the
time series between different factors and measuring
the degree of association between the various
factors, determine the dominant factor and a
dynamic research process of the system
development trend analysis [7]. The similarity
degree or dissimilarity degree between the various
factors was described as “grey relational degree”. It
provides a quantitative measure for the
development and change of the system. The grey
relational analysis formula is detailed in 1.2.1 the
steps of grey relational analysis (1-6).
Grey prediction establish a grey model from the
past to the future to determine the future
development trend of the system and to provide the
basis for the planning and decision-making based
on past and present known or uncertain information
[8-10]. The most commonly used prediction
method is GM(1,1) model. The grey prediction
formula is detailed in 1.2.1 the steps of grey
prediction (7-18).
The steps of grey relational analysis: Determine
reference sequence and compared sequence: Taking
total agricultural output value or total output of
agricultural products of Liaoning province in recent
ten years as reference sequence. Taking the output
value of each industry in agriculture or the output
of all kinds of agricultural products of Liaoning
province in recent ten years as compared sequence.
Reference sequence, sign as X0:
X 0 (t ) ^ x0 (1), x0 (2),... x0 (n)` , t 1, 2,..., n. (1)

MATERIALS AND METHODS
Research index and data sources. Liaoning
is a province of China, located in the northeast of
the country. The modern province was established
in 1907 as Fengtian province and the name was
changed to Liaoning in 1929. It was also known as
Mukden province at the time, for the Manchu pronunciation of Shengjing, the former name of the
provincial capital Shenyang. Under the Japanesepuppet Manchukuo regime, the province reverted to
its 1907 name but the name Liaoning was restored
in 1945 and again in 1954.
Liaoning is the southernmost part of Manchuria,
the Chinese Northeast. It is also known in Chinese
as "the Golden Triangle" from its shape and
strategic location, with the Yellow Sea (Korea Bay
and Bohai Sea) in the south, North Korea's North
Pyongan and Chagang provinces in the southeast,
Jilin to the northeast, Hebei to the southwest, and
Inner Mongolia to the northwest. The Yalu River
marks its border with North Korea, emptying into
the Korea Bay between Dandong in Liaoning and
Sinuiju in North Korea.
Liaoning was one of the first provinces in China
to industrialize, first under Japanese occupation,
and then even more in the 1950s and 1960s. The
city of Anshan, for example, is home to one of the
largest iron and steel complexes in China. In recent
years, this early focus on heavy industry has
become a liability, as many of the large state-run
enterprises have experienced economic difficulties.
Recognizing the special difficulties faced by
Liaoning and other provinces in Northeast China
because of their heritage of heavy industry, the
Chinese central government recently launched a
"Revitalize the Northeast" Campaign. Among these,
agriculture industrialization is an inevitable choice
of Liaoning's agriculture development. Main
agricultural products of Liaoning include maize,
sorghum, and soybeans. The region around Dalian
produces three-quarters of China's exported apples
and peaches. Cotton is also produced. Liaoning's
fruits include apples from Dalian and Yingkou,
golden peaches from Dalian, pears from Beizhen of
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Compared sequence, sign as Xi:

^ xi (1), xi (2),... xi (n)` , i

X i (t )

1, 2,..., m.t 1, 2,..., n.

Among the formula, X1(k+1)= x0(k)+x0(k+1),
x1(1)= x1(1),k=1,2,…,n.
Calculate a consecutive neighbors sequence by
cumulative sequence X1:

(2)

Initialize reference sequence:

X 0' (t )

X 0 (t )
, t 1, 2,..., n.
X 0 (1)

Z1

X i (t )
, i 1, 2,..., m.t 1, 2,..., n.
X i (1)

X (t )

(8)
Among the formula, z1(k)=0.5˷x1(1)+ x1(k-1)˹
,k=2,3,…,n.
Set up sum matrix and constant term vector:

(4)

§  z (2)
¨
¨  z (3)
B= ¨ .
¨
¨.
¨  z ( n)
©

When t=k, k ί (1,2,…,n), grey relational
coefficient is:
[ 0,i (k )

min min X 0' (k )  X i' (k )  U max max X 0' (k )  X i' (k )
i

k

i

k

X 0' (k )  X i' (k )  U max max X 0' (k )  X i' (k )
i

k

(5)
Among the formula, Ί X0’(k)- Xi’(k) Ί is the
absolute difference between reference sequence and
comparison sequence
min minΊX0’(k)- Xi’(k)Ίis minimum absolute
difference value
max maxΊX0’(k)- Xi’(k)Ί is maximum value of
absolute difference value
ȡ is resolution coefficient. 0<ȡ<1, usually ȡ =
0.5
Grey correlation degree between time sequence
X0 and time sequence Xi:

1 n
¦ [ 0i (k )
nt1

J 0i

>D , P @

(9)

( BT B ) 1 BT Yn (10)

Among the formula,
coefficient. ȝis grey action.
Set up GM(1,1) model

dx1
 D x1
dt

Į

is

development

P

(11)

Set up time response series:

P · D k P
§
xˆ1( k  1) =¨ x0 (1)  ¸ e 
D¹
D
©

(12)

Reduce to original sequence:
xˆ0( k  1) =xˆ1 (k  1)  xˆ1 (k )

D
P · D k
§
(1  e ) ¨ x 0 (1)  ¸ e , k 1, 2,...n.
D¹
©

(13)
Model diagnose: Test the model through
posterior error (C) and small error probability (P)
for analyzing reliability of the model.
Variance:
2
1

S

1 n
¦ ( x (k )  x0 )
nk1 0

2

(14)

Residual:

H ( k ) x (k )  xˆ (k )
0

(7)

0

(15)

0

Residual variance:

S

TABLE 1
List of the accuracy level of reference
Accuracy
level
Grade
one
(Excellent)
Grade
two
(Good)
Grade three
(Qualified)
Grade
four
(Unqualified)

T

Tˆ (Dˆ , Pˆ )T

(6)

^ x1 (1), x1 (2),... x1 (n)`

§ x0 (2) ·
1·
¨
¸
¸
1¸
¨ x0 (3) ¸
¸
. ¸ , Yn = ¨ .
¨
¸
¸
.¸
¨.
¸
¸
¨
¸
1¹
© x0 (n) ¹

Solving parameter column by least square
method:

Analyze the obtained correlation value: in
general, the influence factor of the grey relational
degree value that is greater than or equal to 0.700 is
the strong influence factor. The influence factor of
the grey relational degree value that is between
0.600 and 0.699 is the general influence factor. The
influence factor of the grey relational degree value
that is less than or equal to 0.600 is the weak
influence factor [9-18].
The steps of grey prediction:
Calculate a cumulative sequence by original
time sequence: X0(t)=έx0(1), x0(2), …x0(n)ή

X 1 (t )

^z1 (2), z1 (3),... z1 (n)`

(3)

Initialize compared sequence:
'
i
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2
2

error

1 n
¦ (H (k )  H 0 )
nk1 0

2

(16)

Small
error
probability/P
P

Posterior
ratio/C
C

P˘0.95

0.35˘C

P˘0.80

0.50˘C

P

P˘0.70

0.65˘C

The accuracy test grade reference table for C and
P is shown in Table 1:
When establish the GM(1,1) model, we can
JHWGLIIHUHQWĮDQGȝLI6HOHFWLQJGDWDIRUGLIIHUHQW
dimensions. So, we can get different prediction

Posterior error ratio:

C=

S2
S1

(17)

Small error probability:
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^

p H 0 (k )  H  0.6745S1

`

(18)
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models. The different predicted values calculated
by different prediction models. Select different
dimension to build the model to ensure the accuracy
and reliability of the forecast value. And according
to table 1, select the appropriate model. Gray model
data generally requires not less than 5 dimension
[15-20]. In this paper, we choose 5-10 dimensional
data to predict.
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influence factor. And aquatic products are weak
influence factor. The correlation degree between
education and house income is the most closely.
Average correlation degree is 0.9322. And education
is leading rural consumption factor in Liaoning Province. Followed by other and agricultural products,
average correlation degree is 0.8643. The smallest
average correlation degree is aquatic products, only
0.3252.
Judging from dynamic development trend, the
correlation degree between the agricultural products
and education or aquatic products both showed a
trend of first drop and then rise. This two industry
reached the lowest value in 2010-2016, respectively
0.9011 and 0.8428. The correlation degree between
the agricultural products and aquatic products
showed a slow downward trend except for 20152016. The correlation degree between the agricultural products and other, aquatic products are gradually
reduced.
According to Figure 2, the correlation degree
between the consumption on agricultural products
and its component is: corn˚potato˚rice˚soybean
˚millet˚sorghum˚wheat. Corn and potato are the
strong influence factor. Average correlation degree
of corn is 0.9132. It is most closely related to the
total grain crops. Followed by potato, average correlation degree is 0.7054. Rice is the general influence
factor with 0.6129 average correlation degree. Soybean, millet, sorghum and wheat are the weak influence factor. The average correlation of them are
0.5518, 0.5207, 0.3318 and 0.4012 respectively.

Statistical analysis. The data processes and
plotting were completed with version 22.0 of the
SPSS software (IBM Inc. NC, USA) and the plot
were finished by using OriginLab. OriginPro 8.1
software (OriginLab Inc., Northampton, MA,
USA).

RESULTS
Correlation analysis of consumption areas
in Liaoning Province. The correlation degree of
each factor in different time periods was calculated
by the method of grey correlation analysis. And
according to the time sequence, the grey relational
dynamic matrix of each level of agricultural industry
is formed (Figure 1-5). The status of rural consumption level in Liaoning province in recent 10 years is
analysed, the results are as follows:
According to Figure 1, the correlation degree
between the various rural consumption areas and its
component is: other˚house income˚education˚
aquatic products˚agricultural products. Other, education, and agricultural products the three strong

FIGURE 1
Form of gray concern degree between the various rural consumption areas and its component
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FIGURE 2
Form of gray concern degree between the consumption of grain crop and its component

FIGURE 3
Form of gray concern degree between the consumption of fruit and its component
Judging from dynamic development trend, the
correlation degree between the total grain yield and
corn is overall relatively stable. The correlation degree between the consumption of total grain and
potato showed a slow downward trend except for
increasing by 4.31% in 2014-2016 than 2013-2016.

The correlation degree between the total grainand
rice showed a trend of first drop and then rise. The
rice reached its lowest value - 0.5436 in 2009-2016.
The correlation degree between the total grain and
soybean showed a slow downward trend. The correlation degree between the total grain and millet rise
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0.32% and 1.46% respectively in 2009-2016 and
2015-2016. The correlation degree between the total
grain yield and sorghum showed a gradual downward trend except for rising 0.41% in 2015-2016
than 2014-2016. The correlation degree between the
total grain yield and sorghum showed a gradual
downward trend except for increasing by 0.10% in
2015-2016 than 2014-2016.
According to Figure 4, the correlation degree
between the consumption of total fruit and its component is: apple˚pear˚grape. (The fruit type is
relatively few because of slightly cold climate in
Liaoning Province) Apple is the strong influence
factor with 0.7761 average correlation degree. It is
most closely related to the total fruit. Pear and grape
are the weak influence factor. The average correlation of them are 0.5519 and 0.4015 respectively.
Judging from dynamic development trend, the
correlation degree between the total fruit and apple
showed a slow downward trend. But apple is still the
most important part of the fruit. The correlation
degree between the total fruit and pear showed a
gradual downward trend except for increasing by
1.23% in 2015-2016. The correlation degree between
the total fruit and grape showed a trend of first drop
and then rise. It shows that there is a certain development potential of grape.
According to Figure 4, the correlation degree
between the consumption of total meat and its component is: poultry meat˚pork˚beef˚mutton. Poul-
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try meat is the strong influence factor with 0.8504
average correlation degree. And it is most closely
related to the total meat. Followed by pork, average
correlation degree is 0.8211. It showed the correlation degree between the total meat and pork are also
very close. Beef is the general influence factor with
average correlation degree 0.5678. The average
correlation degree of mutton is 0.3123. It is the weak
influence factor.
Judging from dynamic development trend, the
correlation degree between the total meat and poultry
meat or pork are little fluctuant. The correlation
degree value of them are relatively high and smooth.
The correlation degree between the total meat and
beef gradually reduced in the rest of the stage except
for increasing small steps-0.21% in 2009-2016 than
upper stage. The correlation degree between the total
meat and mutton showed a downward trend in volatility. It only rise by 0.21% in 2015-2016.
According to Figure 5, marine products the
strong influence factor. Average correlation degree
of marine products is 0.7521. And it plays a leading
role in the total aquatic products. Freshwater products are the weak influence factor. Average correlation degree of freshwater products differ considerably from marine products for only 0.3213.
Judging from dynamic development trend, the
correlation degree between the total aquatic product
and marine products or freshwater products showed a
slow downward trend.

FIGURE 4
Form of gray concern degree between the consumption of meat and its component
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FIGURE 5
Form of gray concern degree between the consumption of aquatic product and its component
TABLE 2
The optimal forecasting model for the rural consumption of agricultural products
Item
total / yuan
other / yuan
education / yuan
total fruit / yuan
apple / yuan
pear / yuan
grape / yuan
total meat / yuan
pork / yuan
beef / yuan
mutton / yuan
poultry meat / yuan
aquatic product / yuan
marine products / yuan
freshwater products / yuan

Dimension
10
10
10
10
10
10
10
9
5
6
8
9
8
6
6

The optimal forecasting model
x(t+1)=1932e-0.110t-10196
x(t+1)=5373e-0.115t-5161
x(t+1)=30261e-0.132t-2988
x(t+1)=5389e-0.077t-4778
x(t+1)=17238e-0.002t-1638
x(t+1)=9171.0930e-0.042t-8930
x(t+1)=1105e-0.065t-11305
x(t+1)=2462e-0.054t-2932
x(t+1)=12951e-0.017t-1551
x(t+1)=3229e-0.018t-2229
x(t+1)=4063e-0.012t-4063
x(t+1)=3686e-0.027t-36686
x(t+1)=8311e-0.045t-7311
x(t+1)=6594e-0.044t-6294
x(t+1)=1705e-0.0389t-1135

Testing for model
C=0.0570, P=1
C=0.1328, P=1
C=0.0613, P=1
C=0.1855, P=0.9
C=0.1605, P=0.9
C=0.2192, P=0.9
C=0.1784, P=1
C=0.1512, P=1
C=0.1588, P=1
C=0.1983, P=0.86
C=0.3644, P=0.75
C=0.2160, P=1
C=0.1848, P=1
C=0.2040, P=1
C=0.1411, P=1

fastest growing rural consumption, and grape consumption is the slowest. Total meat consumption will
increase by 13.17% compared to 2019. Among
which, pork, beef, mutton, poultry meat consumption
will increase by 6.78%, 10.23%, 4.22%, 21.93%
respectively. The greater demand on meat is pork
and poultry meat. And pork consumption will reach
24.93%. Poultry meat production is the fastest growing demand. Beef and mutton accounted for the
proportion of total meat consumption is still small.
And the growth of mutton consumption is the slowest. The total consumption of aquatic products increased by 36.32% compared with that in 2019. The
consumption of marine products and freshwater
products will increase 21.29% and 25.30% respectively. Marine products consumption is still dominated, accounting for 74.27% of the total aquatic products.

Grey prediction of the development trend
of rural consumption level in Liaoning Province.
Reference data from 2009 to 2019, the data of grain
crop and other rural consumptions are not stable
and the annual change is very large. So, these two
items are not suitable for modeling. The dimension,
the optimal forecasting model, and the model test
results are shown in table 2. And the predicted
values from 2020 to 2025 are shown in table 3.
From the table 3 combined with the original data in 2019: predicted in 2025, that the gross consumption of various products will increase by
104.21% compared with that in 2019. Among which,
education will increase by 125.34%. Total fruit will
increase by 80.05% compared to 2019. Among
which, apple, pear, grape production will increase
88.37%, 110.36%, 21.43% respectively. Apple still
accounts for a very high proportion of fruit consumption, accounting for 41.25%. Pear production is the
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TABLE 3
The value of index prediction for the rural consumption of various products
Prediction year
Item
2020
2021
2022
2023
2024
2025
total / yuan
4645.452 5185.461 5788.197 6461.055 7212.126 8050.458
other / yuan
1778.541 1998.216 2245.035 2522.391 2833.938 3184.026
education / yuan
156.252
179.568
206.364
237.249
272.658
313.374
total fruit / yuan
1808.121 2004.48 2222.154 2463.405 2730.93 3027.513
apple / yuan
704.526
778.737
860.778
951.519
1051.83 1162.668
pear / yuan
202.014
232.203
266.916
306.762
352.611
405.333
grape / yuan
629.88
676.773
727.059
781.173
839.289
901.668
total meat / yuan
267.351
289.71
313.896
340.083
368.532
399.33
pork / yuan
156.861
170.694
185.658
201.927
219.675
238.989
beef / yuan
74.907
78.474
82.215
86.13
90.219
94.482
mutton / yuan
380.538
386.454
392.457
398.547
404.724
410.988
poultry meat / yuan
210.801
213.672
216.63
219.588
222.633
225.765
aquatic product / yuan
38.28
38.802
39.237
39.759
40.281
40.803
marine products / yuan
7.395
7.482
7.656
7.743
7.917
8.091
freshwater products / yuan 119.625
122.931
126.411
129.978
133.632
137.373
total / yuan
463.971
484.155
505.209
527.133
550.014
573.939
other / yuan
375.927
392.631
410.031
428.214
447.18
467.016
education / yuan
87.783
91.263
94.83
98.571
102.486
106.575
CONCLUSION
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ABSTRACT

INTRODUCTION

The diversity of cultured endophyte and rhizosphere bacteria of Panax ginseng in China was investigated and the antifungal rhizosphere bacteria
against seven phytopathogens causing ginseng diseases were screened in China. Phylogenetic analysis
based on 16S rRNA-RFLP and sequencing showed
that there were 11 PG-OTUs (operational taxonomic
unit) of endophytic isolates and 15 GS-OTUs of rhizosphere isolates were generated and clustered into
six and ten class groups, respectively. The biggest
class group of endophytic and rhizosphere bacteria
all belonged to the genus Bacillus. The others belonged to the genus of Enterobacter, Stenotrophomonas, Paenibacillus, Lysinibacillus, Pseudomonas
and Ochrobactrum in endophytic population, and
Pseudomonas, Pandoraea, Lysinibacillus, Paenarthrobacter, Klebsiella, Chryseobacterium, Stenotrophomonas, Pseudochrobactrum, Serratia, Cellulosimicrobium and Comamonas in rhizosphere population. A total of 72 (40.91%) rhizosphere antifungal isolates were obtained. 94.44% of isolates belonged to the genus Bacillus, and others four isolates
were the genus of Pandoraea (GSBS6), Pseudomonas (GSJI8), Stenotrophomonas (GSJA1) and
Lysinibacillus (GSJI21), respectively. In conclusion,
the analysis of diversity of endophytic and rhizosphere bacteria associated with P. ginseng in China
and antifungal isolates laid the foundation to enrich
and develop biocontrol resources for controlling the
plant diseases.

For thousands of years, Chinese ginseng
(Panax ginseng C.A. Meyer) has been utilized for its
medicinal value in China, Korea, and Japan. Ginseng
is used as a health tonic and helps in maintaining natural energy, enhancing mental and physical abilities,
mood improvement, and promoting general health
and wellbeing [1]. With the demand for P. ginseng
rising, the scale of artificial ginseng planting has also
rapidly expanded in recent years. However, some
diseases and their causative agents, such as rusty root
rot (Ilyonectria robusta) [2], gray mold (Botrytis cinerea) [3], Sclerotinia root rot (Sclerotinia
schinseng) [4], Phytophthora blight (Phytophthora
cactorum) [5], black spot (Alternaria panax) [6],
Fusarium root rot (Fusarium solani) [7], and seedling blight (Rhizoctonia solani) [8], often occur in
ginseng fields, bringing about losses, restricting the
development of the ginseng industry. At present,
ginseng diseases are mainly controlled by using
chemical agents, which can result in the development of phytopathogenic resistance to fungicides,
chemical residues, and environmental damage [6].
Endophytic and rhizosphere bacteria are important functional microbial resources. Numerous
reports have demonstrated that these microorganisms have multifunctional, beneficial plant-microbe
interactions and control different kinds of diseases
that promote plant health and growth [9-13]. Some
bioactive strains have biocontrol potential and have
been developed into environmentally friendly, residue-free commercial agents suitable for application
to numerous crops [14-16]. In terms of planting
Panax ginseng, China is the leading country and the
yield of ginseng production, trade accounted for
more than 70%, 60% of the world, respectively [17].
China has a long history of growing and plentiful biological resources. However, compared to other major crops in China, few studies of bacteria related to
ginseng have ever been conducted. Therefore, it is of

KEYWORDS:
Panax ginseng, endophyte bacteria, rhizosphere bacteria,
ginseng diseases
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considerable importance to discover more beneficial
microorganisms with biological control potential for
application in ginseng. The objective of this study
was to isolate and analyze the population diversity of
endophytic and rhizosphere bacteria associated with
Panax ginseng from different areas in China using
16S rDNA polymerase chain reaction - restriction
fragment length polymorphism (16S rDNA PCRRFLP) and sequence analysis, and to screen the antifungal activity from the bacterial population for
their biocontrol potential against multiple important
ginseng diseases. The results are expected to lay a
strong foundation to enrich biocontrol resources and
promote sustainable development of the ginseng industry.

Fresenius Environmental Bulletin

Total DNA extractionThe obtained bacterial
isolates were cultivated in Luria Broth (LB) liquid
medium at 28 qC for 14 h. A 1.5 mL aliquot of
bacteria suspension was centrifuged at 17,800g for 2
min at 4 qC, followed by removal of the supernatant.
Genomic DNA was extracted using a modified
CTAB method. The precipitate was dissolved in 500
ȝ/ 7( EXIIHU DQG WKHQ PL[HG ZLWK  ȝ/ RI 
6'6  ȝ/ RI  PRO/ 1D&O DQG  ȝ/ RI 5%
&7$%NaCl solution in a water bath at 65 qC for 1
K 7KLV ZDV WKHQ FRPELQHG ZLWK  ȝ/ RI D
SKHQROFKORURIRUPLVRDP\O DOFRKRO
 
solution, and the resulting solution was thoroughly
mixed prior to centrifugation at 17,800 g for 10 min.
The supernatant was transferred into a new
FHQWULIXJHWXEHDQGȝ/RIFKORURIRUPwas added,
followed by thorough mixing then centrifugation at
17,800 g for 10 min. After the supernatant was
PL[HG ZLWK  ȝ/ SUHFRROHG LVRSURS\O DOFRKRO
solution LQDQHZFHQWULIXJHWXEHLWZDVNHSWDWí
qC for 1 h. The mixture was then centrifuged at
17,800 g for 15 min, and after the resulting
supernatant removed, the precipitate was washed
WZLFHZLWKȝ/HWKDQROVROXWLRQDQGWKHQDLUdried. The resulting DNA pellet was dissolved using
ȝ/7(EXIIHUDQGGHWHFWHGXVLQJDJDURVHJHO
electrophoresis. The DNA concentrations were
measured
using
a
NanoDrop
ND-1000
spectrophotometer (Nano-Drop Technologies,
Wilmington, DE, USA).

MATERIALS AND METHODS
Sampling and bacterial isolation. Healthy 4year-old ginseng plants and their rhizosphere soils
were sampled from five areas in Jilin province,
China, located in Tonghua (125°56’E 41°43’N),
Ji’an (126°11’E 41°07’N), Linjiang (126°54’E
41°48’N), Fusong (127°28’E 42°10’N), and
ChangchunͧJilin Agricultural University, 125°24’E
43°48’N). Three plants and their rhizosphere soil
samples were sampled at each location.
The ginseng plant samples were washed with
running water for 3 min to remove the soil and sediment. The roots, stems, and leaves of the ginseng
plants were cut into segments and washed with sterile distilled water. Surface disinfection was performed by stepwise washing in 70% ethanol for 1
min, a 3.125% sodium hypochlorite solution for 6
min, and 70% ethanol for 30 s, after which the samples were rinsed five times with sterile distilled water. The disinfected samples were then blotted using
sterilized filter papers and ground in a sterile mortar
ZLWKP/RIVWHULOHGLVWLOOHGZDWHU1H[Wȝ/RI
the supernatant was smeared onto a plate containing
Nutrient Agar (NA) medium. The samples were subsequently washed with water after disinfecting and
before grinding, and ȝ/ZDWHUIURPWKHODVWZDVK
was smeared onto an NA plate as a blank control[18]. Then, 5 g of the rhizosphere soil sample was
placed into a sterilized triangle flask containing 45
mL of sterile water which was then shaken for 20
min. The supernatant was processed by a 1:10 dilution and was then smeared onto an NA plate. All
samples were treated in triplicate for the abovementioned protocol and all treatments were conducted on
three plates and cultured at 28 qC for 2–3 days. Various bacteria isolates were visually chosen according
to the colony morphology, which were further purified for 2–3 generations DQGWKHQVWRUHGDWí20 qC as
it would be used for further research in a near later.
[19]

16S rRNA-PCR and RFLP analysis. A 16S
rRNA consensus primer pair (F27: 5cAGAGTTTGATCCTGGCTCAG-3c, R1492: 5cTACGGCTACCTTGTTACGACTT-3c) [] was
selected for PCR. The  ȝ/ of reaction mixture
(TaKaRa Biotechnology (Dalian) Co., Ltd consisted
RIQJRIJHQRPLF'1$ȝ/RIu Taq buffer,
1.5 mM MgCl2  ȝ0 RI HDFK SULPHU  ȝ0
dNTP, and 1.5 U of Taq DNA polymerase. DNA was
amplified in a PTC-240 gradient cycler (Bio-Rad,
Hercules, CA, USA). Samples were subjected to the
following thermal profile: Initial denaturation at 94
°C for 5 min; 35 cycles of denaturation at 94 °C for
40 s, annealing at 55 °C for 60 s, and elongation at
72 °C for 90 s; and a final extension step of 72 °C for
10 min. Amplification products were separated into
1.5% agarose gel in 1u TBE buffer (90 mM Trisborate and 2 mM EDTA, pH 8) using 80 V for 1 h.
The gel was stained with ethidium bromide and
visualized using the UVP GelDoc-It Imaging System
(UVP Inc., Upland, CA, USA).
The PCR products were digested with the restriction enzymes HhaI, HinfI, and HaeIII (TaKaRa
Biotechnology (Dalian) Co., Ltd), respectively. Each
20 ȝ/UHDFWLRQV\VWHPFRQVLVWHGRIȝ/u reaction
EXIIHU  ȝ/ 3&5 SURGXFW DQG  8 RI HDFK UH
striction enzyme. The digestion was performed at 37
qC for 4 h. The reaction products were separated into
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diameter were inoculated in the center of a Potato
Dextrose Agar (PDA) plate. Four candidate bacterial
strains agar with 4.0mm diameter were inoculated in
the plate 2 cm away from the fungi and then
incubated at 28 °C for 4 days. The width of the
inhibition zone was measured to evaluate the
antifungal activity of strains.

2% agarose gel in 1u TBE buffer at 80 V for 1.5 h,
and the molecular weight standard used was a
DL2000 ladder (Takara Engineer (DaLian) Limited
Corporation, China). The gel was stained with ethidium bromide and visualized under UV light. The
polymorphic bands produced by each enzyme were
evaluated using Quantity One 4.62 (Bio-Rad, Hercules, CA, USA) and then the bands digested with three
enzymes were combinated to generated different
RFLP patterns, where each operational taxonomic
unit (OTU) is represented by a unique RFLP pattern.
A dendrogram was constructed for the OTUs using
the unweighted pair-group method with arithmetic
means (UPGMA) method with software NTSYS-pc
version 2.1 [21].

RESULTS
Isolation of bacteria. Bacteria were isolated
from surface-disinfected tissues from Panax ginseng
and rhizosphere soils of five different geographical
areas in Jilin province, China. A total of 123
endophytic bacteria were isolated from root, stem
and leaf samples of 15 Panax ginseng plants. Total
540 tissue segments were plated where 180 tissue
segments were plated in every tissue samples. The
general isolation frequency was 0.23 However, the
isolation frequency (IF) and isolation rate (IR) in
root, stem and leaf samples were 0.24, 0.27, 0.17 and
35.77, 39.02, 25.21, respectively (Table 1).
Maximum number of isolates was recovered from
stem samples, whereas leaf samples showed lower
endophytic bacteria. And a total of 176 rhizosphere
isolates were obtained from the 15 samples. Among
the five sampling locations, the largest amount of
endophytic and rhizosphere bacteria was isolated
from Linjiang, while the least was isolated from
Tonghua (Table 2).

DNA sequencing and phylogenetic analysis.
To ensure phylogenetic diversity, each unique RFLP
pattern of the 16S rRNA was sequenced. The 16S
rRNA PCR products of the total number of isolates
from each unique RFLP , which were selected at
random from one OTU, were sequenced by the
Shanghai Biological Engineering Limited Company.
The raw sequences from forward sequencing were
manually checked according to the chromatogram
and were edited with Chromas 2.3 (Technelysium
Pty Ltd, Queensland, Australia). The sequences of
each isolate were modified into a single FASTA
format file and aligned with EZBioCloud database.
Screening
antagonistic
rhizospheric
bacteria. The seven phytopathogens including
Ilyonectria robusta Ir0922, Botrytis cinerea Bc0905,
Sclerotinia schinseng Ss0902, Phytophthora
cactorum Pc0904, Alternaria panax Ap0905,
Fusarium solani Fs0915 and Rhizoctonia solani
Rs0903 isolated by ourselves from Baishan city of
Jilin province, China in 2009, which are the most
important fungal diseases of Panax ginseng, were
chosen as the target fungi. The antagonistic strains
of the rhizosphere bacteria were screened using the
confrontation method involving the co-culturing of
fungi and bacteria, while the study on screening
antagonistic endophytic bacteria from Panax
ginseng has been published before in China [19].
The phytopathogen mycelium agar with 8.0mm

16S rRNA-RFLP analysis. The 16S rRNA
PCR products of the expected size (about 1.4 kb)
were successfully amplified from the 299 bacteria
isolates. The 16S rRNA-RFLP analysis was
conducted with the digestion of PCR products by
three restriction enzymes (HhaI, HinfI, and HaeIII).
The banding patterns were used to separate the
isolates into different OTUs. The 11 PG-OTUs of the
endophytic isolates and 15 GS-OTUs of the
rhizosphere isolateswere generated after the
combination analysis of the three digestions (Figure
1). Among 11 PG-OTUs, the largest PG-OTU, PG
-OTU3, including 31 isolates, accounted for 25.20%
of the total isolates.

TABLE 1
Endophyte bacteria isolated from root, stem and leaf tissues of Panax ginseng in China
Tissue

Segment plated

Isolates recovered

IFa

IRb (%)

Root

180

44

0.24

35.77

Stem

180

48

0.27

39.02

Leaf

180

31

0.17

25.21

Total

540

123

0.23

--

a Isolation frequency calculated by the total number of isolates obtained from tissues and total number of segment incubated.
b Isolation rate calculated by the total number of isolates from tissues and total number of endophytes obtained from Panax
ginseng. The isolation rate is calculated in percentage (%).
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TABLE 2
The distribution of endophyte and rhizosphere bacteria associated to Panax ginseng in China
Endophyte
Rhizosphere
Sampling location
Number
Root
Stem
Leaf
Tonghua
19
4
5
10
17
Ji’an
25
17
6
2
36
Linjiang
31
2
22
7
47
Fusong
23
13
3
7
28
Changchun
25
8
12
5
50
Total
123
176
44
48
31
PG-OTU2 and PG-OTU7 consisted of 24
isolatesand the other 8 PG-OTUs had less than 15
isolates each. For the rhizosphere isolates, the largest
GS-OUT, GS-OTU5, included 47 isolates
accounting for 26.86% of total isolates and more
than 10% of groups were GS-OTU2, GS-OTU4, GSOTU1, and GS-OTU9. The unique banding patterns
representing each OTU were used to construct a
dendrogram based on the similarity coefficient. For
endophytic isolates, the five PG-OTUs of PG-OTU2,
PG-OTU5, PG-OTU3, PG-OTU4, and PG-OTU6
clustered into one class group and PG-OTU8 and
PG-OTU9 into another class group, while the
remaining
PG-OTUs
existed
as
four
independent class groups (Figure 2). For rhizosphere
isolates, the five GS-OTUs of GS-OTU1, GS-OTU9,
GS-OTU2, GS-OTU5, and GS-OTU6 of the
rhizosphere isolates clustered into a class group and
GS-OTU3 and GS-OTU15 into another class group,
while the remaining GS-OTUs existed as eight
unique class groups (Figure 3).

Lysinibacillus, Pseudomonas, Ochrobactrum. The
genus Bacillus was predominant that included the
PG-OTU2, PG-OTU3, PG-OTU4, PG-OTU5 and
PG-OTU6. Among the 15 GS-OTUs of rhizosphere
soil isolates (Table 4), the GS-OTU1, GS-OTU2,
GS-OTU5 and GS-OTU9 were the genus Bacillus
and other 11 GS-OTUs belonged to the genus Pseudomonas, Pandoraea, Lysinibacillus, Paenarthrobacter, Klebsiella, Chryseobacterium, Stenotrophomonas, Pseudochrobactrum, Serratia, Cellulosimicrobium and Comamonas.
Screening antagonistic rhizosphere bacteria.
A total of 72 (40.91% of rhizosphere isolates) rhizosphere soil isolates which had an antagonistic activity against seven phytopathogens, causing important
diseases in ginseng, were obtained (Table 5 and Figure 4). Among the antifungal bacteria, 42, 19, 31, 35,
43, 27, and 34 isolates were found to have antagonistic activity against Fusarium solani Fs0915,
Ilyonectria robusta Ir0922, Phytophthora cactorum
Pc0904, Rhizoctonia solani Rs0903, Alternaria
panax Ap0905, Sclerotinia schinseng Ss0902, and
Botrytis cinerea Bc0905, respectively. There were
44 isolates that had antifungal effects on more than
three fungi pathogens. The three isolates of GSJA10,
GSJA23, and GSJA30 had an effect against all seven
target fungi, and seven isolates had an effect against
six pathogens. The 18 isolates of a width of growth
inhibition zone with more than 10 mm were obtained.

16S rDNA sequence analysis. According to
the 16S rDNA PCR-RFLP analysis results, a total of
37 endophytic isolates and 45 rhizosphere isolates,
were selected from each OTU and sequenced. The
16S rDNA sequences of the isolates were used in a
BLAST search of EZBioCloud databases. For the
representative endophyte isolates (Table 3), 11 PGOTUs belonged to seven genus including Stenotrophomonas, Bacillus, Enterobacter, Paenibacillus,


FIGURE 1
The abundance of isolates per OTU for the endophytic isolates (left), and another for the rhizosphere
isolates (right)
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FIGURE 2
Phylogenetic tree based on the 16S rRNA-RFLP banding patterns of PG-OTUs of cultured endophytic
strains isolated from Panax ginseng using the UPGMA method

FIGURE 3
Phylogenetic tree based on the 16S rRNA-RFLP banding patterns of GS-OTUs of cultured rhizosphere
strains isolated from Panax ginseng using the UPGMA method

GSBS12
2 GSBS6

GSBS25

GSBS23

Fusarium solani

GSJA2

GSJA2

GSJA30
Botrytis cinerea

GSJA30
Ilyonectria robusta

GSBS21 GSBS6
GSBS25
5 GSBS23
Rhizoctonia solani

FIGURE 4
Antagonistic effects on partial strains of rhizosphere soil bacteria against different pathogenic fungi
causing ginseng diseases
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TABLE 3
The results of 16S rRNA sequence similarity and accession numbers of representative endophytic isolates
from Panax ginseng in China aligned with EZBioCloud database
OTU

Isolate

Accession

1
2

PGTG1
PGNG3
PGFG1
PGFY5
PGLY2
PGLY4
PGJG6
PGNY2
PGTY5
PGNJ13
PGTY14
PGFG2
PGNG8
PGFG14
PGJY2
PGJG11
PGNJ5
PGJJ6
PGNY6
PGLJ9
PGLJ18
PGLY5
PGFG1
PGLJ8
PGFG11
PGFG7
PGLJ21
PGJY1
PGLJ24
PGLJ10
PGLJ5
PGJG15
PGJJ8
PGJG8
PGTY8
PGFG6
PGTY13

MK905493
MK905488
MK905463
MK905469
MK905485
MK905486
MK905479
MK905491
MK905494
JX472998
MK905497
MK905464
MK905489
MK905468
MK905477
MK905473
MK905491
MK905475
MK905492
MK905480
MK905482
MK905487
MK905463
MK905479
MK905467
MK905466
MK905483
MK905476
MK905484
MK905481
MK905478
MK905474
KF727589
MK905471
MK905495
MK905465
MK905496

3

4

5

6

7

8
9
10
11

Closest Taxon name
Accession No.
Stenotrophomonas rhizophila CP007597
Bacillus zhangzhouensis JOTP01000061
Bacillus toyonensis CP006863
Bacillus siamensis AJVF01000043
Bacillus altitudinis ASJC01000029
Bacillus subtilis subsp. stercoris JHCA01000027
Bacillus tequilensis AYTO01000043
Bacillus tequilensis AYTO01000043
Bacillus subtilis subsp. stercoris JHCA01000027
Bacillus velezensis AY603658
Bacillus subtilis subsp. stercoris JHCA01000027
Bacillus velezensis AY603658
Bacillus subtilis subsp. stercoris JHCA01000027
Bacillus siamensis AJVF01000043
Bacillus subtilis subsp. stercoris JHCA01000027
Bacillus siamensis AJVF01000043
Bacillus toyonensis CP006863
Bacillus aryabhattai EF114313
Bacillus aryabhattai EF114313
Bacillus zanthoxyli KX865140
Bacillus zanthoxyli KX865140
Bacillus wiedmannii LOBC01000053
Bacillus toyonensis CP006863
Bacillus toyonensis CP006863
Enterobacter mori GL890774
Enterobacter mori GL890774
Enterobacter mori GL890774
Enterobacter asburiae BBED01000197
Enterobacter asburiae BBED01000197
Paenibacillus peoriae AJ320494
Paenibacillus peoriae AJ320494
Lysinibacillus xylanilyticus LFXJ01000007
Pseudomonas nabeulensis LR130177
Pseudomonas rhodesiae AF064459
Ochrobactrum pituitosum AM490609
Ochrobactrum pituitosum AM490609
Ochrobactrum pituitosum AM490609

Similarity
(%)
99.26
100.00
99.90
99.19
99.49
98.33
99.89
99.89
99.74
99.64
99.48
99.35
98.83
99.19
98.90
99.19
98.13
99.57
99.75
99.29
99.28
100.00
99.90
97.57
98.67
98.08
97.81
99.92
99.72
97.44
97.10
99.65
99.21
99.52
99.64
99.63
97.72

positive bacteria, low G+C Gram-positive bacteria,
and Proteobacteria. Vendan et al. found that in the
51 isolates from the interior of ginseng stems, the
Bacillus and Staphylococcus genera were dominant
in 1- and 4-year-old plants, respectively [24]. Hong
et al. compared endophytic bacterial populations in
P. ginseng plants of different ages and in various
tissues [25]. A total of 116 strains assigned to 42
species were identified. The predominant phylum
was Firmicutes. Two-year-old ginseng plants and
root tissues showed the greatest diversity of endophytic bacteria, with Bacillales being the predominant order. Guo et al. used metagenome sequencing
to analyze the species and diversity of endophytic
bacteria in wild and cultivated ginseng in China
[26]. The Proteobacteria phylum was dominant
overall, while the Bacillus genus was predominant
in the cultivated ginseng. Lei et al. analyzed the
abundance and endophytic abundance of ginseng
roots under three cultivation patterns of mountain-

DISCUSSIONS
Microorganisms inhabit almost every corner of
the earth. Bacteria are an integral part of plant and
soil microbial communities. The level of diversity
and biological activity of microbes has been found to
be high in plants (as endophyte) and the surrounding
ecosystem (e.g., the rhizosphere) [22]. Many strains
with an antifungal activity have been selected from
microbial communities within plants and in soils,
possessing biocontrol potential for many plant diseases.
There have been several studies to characterize the endophytic bacterial microbiota of Panax
ginseng in the past few years. Cho et al. investigated
the diversity of bacterial endophytes associated with
ginseng roots cultivated in three different areas in
Korea [23]. The 63 isolates belonged to three major
phylogenetic groups, namely, the high G+C Gram-
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cultivated ginseng, field-cultivated ginseng, and deforestation with subsequent ginseng planting by applying high-throughput sequencing technology in
China The group with the highest relative abundance of endophytic bacteria is Proteobacteria
(>78%)[27]. Here, our study has firstly analyzed the
diversity of culturable endophytic bacteria related
to Panax ginseng in China. The results also show a

rich diversity of endophytic bacteria and rhizosphere bacteria associated with Panax ginseng in
China. A total of 11 groups of endophytic bacteria
were generated, which belong to two phyla of Firmicutes and Proteobacteria, and the genus Bacillus
(five OTUs, 87 isolates, 70.73%) of Firmicutes was
the predominant population, the genus Enterobacter (OTU7, 24 isolates, 19.51%) of Proteobacteria
was the second most dominant, and five other bacterial genera were found.

TABLE 4
The results of 16S rRNA sequence similarity and accession numbers of representative rhizosphere isolates
from Panax ginseng in China aligned with EZBioCloud database
OTU

Isolate

Accession
No.

Closest Taxon name
Accession No.

1

GSTU30
GSJI1
GSHC1
GSTU10
GSBS5
GSTU5
GSBS20
GSTU4
GSJI26
GSJI3
GSBS8
GSTU37
GSJA30
GSJA7
GSBS6
GSBS19
GSJI19
GSTU31
GSTU2
GSJI8
GSHC5
GSJA3
GSJI15
GSJA10
GSJI18
GSJA37
GSJI13
GSTU12
GSTU15
GSHC6
GSBS1
GSBS21
GSJI21
GSJI39
GSBS13
GSJA15
GSBS25
GSTU17
GSTU7
GSTU47
GSJA1
GSJA5
GSTU19
GSTU41
GSJI31

MK981177
MK981164
MK981159
MK981174
MK981153
MK981173
MK981157
MK981172
MK981168
MK981165
MK981155
MK981178
MK981163
MK981162
MK981154
MK981156
MT071487
MT071492
MT071488
MK981166
MT071477
MT071480
MT071485
MT071481
MT071486
MT071483
MT071484
MT071490
MT071491
MT071478
MT071474
MK981158
MK981167
MK981170
MT071475
MT071482
MT071476
MK981175
MT071489
MK981180
MK981160
MK981161
MK981176
MK981179
MK981169

Bacillus toyonensis CP006863
Bacillus toyonensis CP006863
Bacillus proteolyticus MACH01000033
Bacillus toyonensis CP006863
Bacillus mycoides ACMU01000002
Bacillus wiedmannii LOBC01000053
Bacillus altitudinis ASJC01000029
Bacillus altitudinis ASJC01000029
Bacillus altitudinis ASJC01000029
Bacillus tequilensis AYTO01000043
Bacillus altitudinis ASJC01000029
Bacillus altitudinis ASJC01000029
Bacillus altitudinis ASJC01000029
Bacillus altitudinis ASJC01000029
Pandoraea fibrosis KX712083
Pandoraea fibrosis KX712083
Pseudomonas nitritireducens HM246143
Pseudomonas citronellolis BCZY01000096
Pseudomonas citronellolis BCZY01000096
Pseudomonas nitritireducens HM246143
Pseudomonas nitritireducens HM246143
Pseudomonas nitritireducens HM246143
Bacillus aryabhattai EF114313
Bacillus siamensis AJVF01000043
Bacillus siamensis AJVF01000043
Bacillus siamensis AJVF01000043
Bacillus acidiceler DQ374637
Bacillus siamensis AJVF01000043
Bacillus aryabhattai EF114313
Bacillus subtilis subsp. stercoris JHCA01000027
Bacillus aryabhattai EF114313
Bacillus aryabhattai EF114313
Lysinibacillus fusiformis NBRC 15717
Paenarthrobacter nicotinovorans X80743
Klebsiella michiganensis JQ070300
Bacillus aryabhattai EF114313
Bacillus simplex BCVO01000086
Bacillus acidiceler DQ374637
Bacillus badius JXLP01000009
Chryseobacterium mulctrae MK896290
Stenotrophomonas maltophilia MTCC 434
Pseudochrobactrum saccharolyticum JALV01000036
Serratia liquefaciens CP006252
Cellulosimicrobium cellulans CAOI01000359
Comamonas testosterone AHIL01000001

2

3
4

5

6
7
8
9

10
11
12
13
14
15
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Similarity
(%)
98.89
97.49
98.60
99.00
95.72
96.10
99.72
98.89
98.98
99.53
99.63
99.25
98.80
98.51
97.29
93.82
95.51
96.07
95.19
96.57
95.59
96.19
99.16
99.15
99.36
99.05
99.44
98.51
98.62
98.43
98.42
97.25
88.62
99.79
98.58
98.51
98.40
96.87
96.87
95.08
97.46
97.64
97.35
97.44
97.86
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TABLE 5
Antagonistic effects on the cultured rhizosphere bacteria isolates screened against the seven pathogenetic
fungi causing the diseases of Panax ginseng
Isolates

Antifungal activitya
Ab

B

C

D

E

F

G

Isolates

Antifungal activitya
A

B

Cb

D

E

F

G

GSJI2
+
+
+
+
GSTU37
+
+
+
GSJI3
+
+++ +
+
GSTU38
+
GSJI5
+
+
+
+
+
++ GSTU44
++ ++ +
GSJI6
++
+
+
GSBS6
++
++ +
+
GSJI7
++
++
++ GSBS12
++ +
+++
GSJI8
++
+
++ GSBS18
++
++ +
GSJI9
+
+
++
+
+
+
GSBS21
++ +++
++ ++ +
GSJI11
+
+
+
GSBS23
+++
++ ++ +
GSJI12
+
+
++
+
GSBS25
+++
GSJI13
+
+
+
+
++ GSHC2
++
+++
GSJI14
+
GSHC7
+
++
GSJI16
+
+
GSHC8
++ +++
++ +
GSJI17
+
GSHC15
++
GSJI18
+
+
+++ +
+
+
GSHC16
++
+
+
GSJI21
++
++ GSJA1
+
+
+++
GSJI22
++
GSJA2
+
+
++
+
+
+++
GSJI23
+
+
++ GSJA4
++ +
+
++
GSJI25
+
+
++
+
+
GSJA8
+
GSJI27
+
+
++
+
+
+
GSJA9
+
GSJI28
+++ ++ +
GSJA10
+
+
++
+
+
+
+++
GSJI30
+
GSJA14
+
+
GSJI33
+
+
+++ +
GSJA16
++ +
+
+++
GSJI35
++
++ GSJA17
+
++ ++
+
+
+++
+
GSJI41
+
+
GSJA18
+++
+
+
GSJI43
+
+
GSJA19
+
GSJI44
+
+
GSJA20
++ ++
+
+
+
GSJI45
GSJA23
+
+
+++
+
++ +
++
GSJI51
+
GSJA26
++
GSTU21
++
+
+
GSJA28
++ +
+
+
++
++
GSJA29
++ +
+
+
GSTU22
GSTU25
+
+
GSJA30
+
+
++
+
+
+
++
GSTU27
++ +++
GSJA33
++ ++
++ ++ GSTU28
+
GSJA34
++ +
+
+
GSTU29
+
GSJA35
+
++ +
+
+
++
+
GSTU30
+
+
GSJA36
++ ++ ++
+
+
GSTU33
++ +
GSJA37
+
++
+
+
+++
a Width of growth inhibition zone (W): -: PP:PP:PP:!PP
b A, Fusarium solani; B, Ilyonectria robusta; C, Phytophthora cactorum; D, Rhizoctonia solani; E, Alternaria panax; F, Sclerotinia schinseng; G, Botrytis cinerea.

Recently, there were two studies about bacterial communities in ginseng-cultivated soil. Nguyen
et al. investigated bacterial diversity in various ginseng field soil samples over-cultivation times of 2, 4,
and 6 years in the first and second rounds of cultivation by using a high-throughput sequencing approach [28]. Bacterial richness decreased with years
of cultivation. This study detected differences in the
relative abundance of bacterial populations between
the first and second rounds of cultivation, years of
cultivation, and health states of ginseng. These bacterial populations were mainly distributed in the

classes Acidobacteria, Alphaproteobacteria, Deltaproteobacteria, Gammaproteobacteria, and Sphingobacteria. Dong et al. revealed, via high-throughput
sequencing, that bacterial diversity decreased,
whereas fungal diversity increased in the rhizosphere
soils of adult ginseng plants at the root growth stage
under different ages in China [29]. Few microbial
communities, such as Luteolibacter, Cytophagaceae, Luteibacter, Sphingomonas, and Sphingomonadaceae were observed. The relative abundance of
microorganisms of Brevundimonas, Enterobacteriaceae, and Pandoraea increased in the soils of adult
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ginseng plants compared with those in the soils of 2year-old seedlings. Despite some analysis of the bacterial community in ginseng soil, understanding of
the diversity of cultured rhizosphere bacteria of
Panax ginseng was important to protect Panax ginseng from root diseases. Therefore, it was necessary
to carry out this research for cultured bacteria. In our
study, 15 OTUs of culturable rhizosphere bacteria
isolated in China have been obtained, which were
found to belong to the four phyla of Firmicutes,
Proteobacteria, Bacteroidetes, and Actinobacteria.
The genus Bacillus (four OTUs, 133 isolates,
75.57%) of Firmicutes was the predominant population, the Pseudomonas genus (OTU4, 28 isolates,
16.00%) of Proteobacteria was the second most
dominant, and 10 other bacterial genera were obtained.
There have been many attempts to obtain antifungal bacteria from ginseng and ginseng soil for a
long time. Among the antifungal bacteria reported
against major ginseng diseases, the Bacillus genus is
one of the most frequently reported antifungal bacteria, including B. pumilus strain B1141 against Cylindrocarpon destructans and Phytophthora cactorum
[30]; B. pumilus ISE13 and KJ1R5 against P. cactorum [31]; Bacillus amyloliquefaciens B2-5 against
Fusarium cf. incarnatum [32]; B. methylotrophicus
NJ13 against Alternaria panax [6] and Botrytis cinerea [33]; B. subtilis ge25 against I. robusta and A.
panax [34]; and B. amyloliquefaciens $.ဨagainst
C. destructans [35]. In this study, we have screened
the 176 rhizosphere bacteria from Panax ginseng
against seven phytopathogens that cause the major
diseases of ginseng. According to the analysis of the
OTU classification and 16S rRNA sequence analysis, most antagonistic isolates are belonged to the genus Bacillus, and others also includes Pseudomonas,
Pandoraea, Stenotrophomonas, Lysinibacillus.
These antagonistic isolates will be further identified
and studied to lay a foundation for developing potential of their biological control for plant diseases.
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pore structure of coal [7-8]. The unique pore structure of tectonic coal has profoundly affected the prevention of gas outburst and the development of coalbed methane [9-13]. Some people pointed out that
nanopores (0.1~100 nm) and micropores
(100~20000 nm) are the main adsorption and seepage spaces of coalbed methane, respectively [14-16].
Based on high pressure mercury, cryogenic nitrogen and carbon dioxide adsorption experiments,
combined with fractal theory (Sierpinski model,
Menger model and Frenkel-Halsey-Hill fractal
model), the characteristics of nano-scale pores in tectonic coal are discussed. Coal and gas outburst
mechanism in coal development area and evaluation
of coalbed methane resource potential in brittle sequence tectonic coal development area have important theoretical and practical significance [17-20].

ABSTRACT
In order to study the pore structure and fractal
characteristics of tectonic coal, high pressure mercury, low temperature liquid nitrogen adsorption and
low temperature carbon dioxide adsorption were selected to characterize the pore structure of various
tectonic coals, and the fractal model was selected to
quantitatively characterize the tectonic coal structure.
The results show that the mercury-removing curves
of the structural fractured coal are mainly parallel
type. The heterogeneity of the adsorption pores in the
tectonic coal is gradually enhanced with the increase
of structural deformation, and the complex pore
structure further increases the complexity of the tectonic coal structure. The tectonic coal Df2 increases
with the increase of tectonic deformation, which indicates that the tectonic deformation has a profound
influence on the mesoporosity heterogeneity of the
tectonic coal, and Df1 gradually increases with the
increase of tectonic deformation. The difference between Df1 and Df2 in primary tectonic coal is greater
than that of tectonic coal, and the structural deformation reduces the influence of particle size on heterogeneity. The surface and volume heterogeneity of
the 0.3~0.6 nm and 0.6~1.4 nm sections are significantly different. In general, the surface and volume
fractal dimension of the 0.3~0.6 nm stage are less
than 0.6~1.4 nm.

MATERIALS AND METHODS
Experimental Sample information. The brittle series of tectonic coal is a favorable area for the
development of coalbed methane. The tough series
of tectonic coal reservoir development areas is not
only not conducive to the exploration and development of coalbed methane, but a dangerous zone of
coal and gas outburst. The difference in physical
properties of these reservoirs is fundamentally dependent on the difference in pore fracture structure
and macromolecular structure of different tectonic
coals [21]. The tectonic coal samples selected in this
paper were taken from the Huaibei mining area in
Anhui Province, and the coal samples were underground coal samples.

KEYWORDS:
Tectonic coal, pore structure, fractal dimension, primary
coal, pore volume, liquid nitrogen adsorption

INTRODUCTION

Experiments and Methods. The classification
of coal pore structure is based on the protocol proposed by the International Union of Pure and Applied Chemistry (IUPAC) . For different types of tectonic coal, this mercury intrusion test was carried out
using a 0.5 mm bulk sample, while liquid nitrogen
and carbon dioxide adsorption tests were carried out
using samples of different particle sizes (60, 80, 160,
200 and 240 mesh). The high pressure mercury in-

The nano-scale pore structure of coal rock is the
main space for methane [1-3], and it is also the main
channel for methane diffusion and migration [4-6].
The disclosure of pore morphology, pore size distribution, connectivity and heterogeneity contribute to
the profound study of the adsorption and diffusion of
methane in coal. At the same time, there are significant heterogeneity in the nano-scale and micro-scale
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trusion experiment was carried out using a fully automatic microporous structure tester. The low temperature liquid nitrogen adsorption test was completed at the Beijing Physical and Chemical Analysis
Test Center. The instrument used was a fully automatic gas adsorption analyzer (Autosorb-LQ3), and
carbon dioxide was adsorbed in Jiangsu Province.
The Institute of Geology and Mineral Design conducted the test according to GBT 21650-2011
(China).
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pore distribution fluctuates greatly. The fractured
coal with parallel pore structure is mainly developed
with pores smaller than 100 nm; and the pores of the
fractured coal with sharp-edged pore structure are
developed at each pore stage. In general, the pore
volume and porosity are higher, the pore connectivity is better, and the dominant pore size distribution
is wider.
Mesoporous distribution. The mesoporous
pore size distribution and cumulative pore volume
distribution curves of different types of tectonic
coals are shown in Figure 2. The mesoporous pore
size distribution of each coal sample is characterized
by a sample with a particle size of 60 mesh. The mesoporous pore volume of the original tectonic coal is
0.00187 cm3/g, and the volume fraction of the BJH
mesopores of the fragmented coal, flake coal and
scale coal are 0.00238, 0.00263 and 0.00218 cm3/g;
both are higher than the original tectonic coal, mesopores.
Although the pore volume is higher than that of
the original tectonic coal in the brittle deformation
stage, it has little change in the brittle deformation
stage. In the wrinkled coal and the glutinous coal, the
mesoporous pore volume is 0.0027 and 0.00338
cm3/g, respectively. The original tectonic coal and
the brittle and transitional series of tectonic coals indicate that the ductile deformation coal has a high
gas adsorption space, and the mesoporous pore volume increases with the increase of structural deformation. The mesoporous pore volume in the

RESULTS
Macropore distribution. The structure of the
fractured coal enters the mercury curve and the mercury removal curve has a larger angle. The two have
a larger angle when the pressure is lower, and the
hysteresis loop develops more than the original tectonic coal (Figure 1); this type of pore structure It is
called the type of sharp-edged pore structure [7-9]. A
small number of fragmented coal samples still exhibit parallel pore structure types, and the sharpedged pore structure types indicate that the semiclosed pores still occupy a high proportion, but have
been destroyed, and the overall connectivity of the
samples is good. The large pore volume of the fragmented coal is between 3.6 and 22.8 mm3/g, the porosity is between 1.28 and 6.22%, and the mercury
removal efficiency varies greatly, from 32.5 to
84.54%. Pore size analysis indicates that this type of

FIGURE 1
Mercury curve and pore size distribution curve of tectonic coal

FIGURE 2
Mesoporous specific surface area and average pore size distribution of different types of tectonic coal.
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edge coal is the highest, which is consistent with its
higher gas content and gas pressure. The mesoporous
specific surface area and mesoporous pore volume
have the same trend, which are 0.62, 1.29, 1.01, 0.66,
1.402 and in the original tectonic coal, broken spot
coal, flaky coal, scale coal, crepe coal and crepe coal.
1.405 m2/g, the change trend of mesoporous specific
surface area further shows that the mesoporous development of ductile coal is significantly higher than
that of native tectonic coal and other types of tectonic coal.
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0.52, 0.60 and 0.82 nm, respectively.
Correspondingly, the cumulative specific surface area of the micropores gradually increases with
the increase of the pore size of the micropores. The
specific surface area of the micropores is much
larger than the specific surface area of the mesopores,
and the micropores in the total specific surface area
account for 96.64 to 99.56%, indicating that the specific surface area in the coal is mainly provided by
the micropores. The pore volume is mainly provided
by the large hole, accounting for (99.68~99.91%).
Different from the original tectonic coal, the micropore distribution of the tectonic coal generally
has a four-peak distribution. The peak positions of
the four peaks in the fragmented coal are located at
0.49, 0.57, 0.66 and 0.82 nm, respectively, which are
labeled as peak 1, peak 2 and peak 3, respectively.
And peak 4. Relative to the native tectonic coal, both
peak 1 and peak 2 are shifted toward the small aperture direction, while the position of peak 4 remains
unchanged. The peak positions of the four
peaks in the wrinkled coal are 0.48, 0.52, 0.63, and
0.82 nm, respectively. The peaks 1, 2, and 4 in the
coal are the same as the wrinkled coal, but the peak
3 is located at 0.66 nm. The positions of the tough
deformation coal peaks 1 and 2 are further shifted
toward the small holes compared to the fractured
coal and the original tectonic coal. For different
types of coal structure, the micropore cumulative
distribution curve increases with the increase of the
pore size.

Micropore distribution. The carbon dioxide
isotherm adsorption curves and pore size distribution
curves of primary tectonic coal and tectonic coal are
shown in Figure 3 and Figure 4, respectively. The
amount of carbon dioxide adsorbed gradually increased with the increase of relative pressure, which
was expressed as type I isothermal adsorption line
[11,15-16], indicating that the samples were all microporous media samples. The carbon dioxide adsorption amount does not always increase with the
increase of structural deformation. The carbon dioxide adsorption capacity of the original tectonic coal
is 0.013 cm3/g, which is significantly lower than that
of the fragmented coal, 0.023 cm3/g. The adsorption
capacities of wrinkled coal and glutinous coal were
0.027 and 0.016 cm3/g, respectively. In general, the
amount of carbon dioxide adsorbed increased with
the increase of structural deformation, and the adsorption amount in the keratin coal decreased
slightly. The distribution of micropores in the original tectonic coal shows a three-peak distribution at

FIGURE 3
Isotherm adsorption curve of CO2 in different types of tectonic coal.
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FIGURE 4
Micropore distribution characteristics of different types of tectonic coal.
adsorption hole, which is beneficial to the seepage of
coalbed methane. The two of the fractured coals are
2.81~2.84 (average 2.83) and 2.4~2.74 (average
2.62). Similar to the original tectonic coal, the heterogeneity of the seepage holes is higher than that of
the adsorption holes. The flaky coal was 2.8~2.93
(average 2.88) and 2.53~2.88 (average 2.70). The
scale coal was 2.64~2.91 (average 2.79) and
2.64~2.91 (average 2.79). In the stage of brittle and
brittle-ductile deformation, the average fractal dimension of the seepage hole decreases with the increase of structural deformation, indicating that the
heterogeneity of the seepage hole decreases with the
increase of brittle deformation; and the average fractal dimension of the adsorption hole Gradual increase (Figure 6a and Figure 6b), indicating that the
heterogeneity of the adsorption pores gradually increases with the increase of structural deformation,
but the heterogeneity of the seepage pores is always
greater than that of the adsorption pores, and the difference between the two is the smallest. The fractal
dimension of the seepage hole and the adsorption
hole in the wrinkled coal is 2.76 and 2.66~2.72 (average 2.69), which are close to each other, and the
heterogeneity of the adsorption hole is further improved, which is beneficial to the adsorption of coalbed methane, but the heterogeneity of the seepage
hole is lower than the brittle deformation and brittleductile deformation, and the coalbed methane seepage capacity is low.

Discussion. (1) Fractal feature of microporous. According to the definition of surface
fractal dimension, the formula for calculating the
surface fractal dimension can be obtained [14]:
˄3-D˅
(1)
V=Į˄P-Pt˅
Where V is the amount of mercury in the sample; P is the pressure; Pt is the threshold pressure; D
is the fractal dimension; Įis a constant. Find the logarithm of the two sides:
ln ˄ V ˅ = ˄ 3-D ˅ ln ˄ P-Pt ˅ +ln Į
(2)
Therefore, the measurement results of coal
sample mercury intrusion method can be statistically
calculated, and ln(V) and ln(P-Pt) can be calculated.
By plotting the slope K, the fractal dimension of coal
pore volume can be obtained by Eq. D=3- K.
The Sierpinski fractal curve of primary tectonic
coal and different types of tectonic coal is shown in
Figure 5. The sample Sierpinski fractal curve can be
divided into two sections at 100 nm. The first section
is the low pressure zone, and the corresponding aperture range is >100 nm. Fractal dimension the number (Ds1) reacts with the heterogeneity of the seepage hole; the second segment is the high pressure
zone, the corresponding pore size range is <100 nm,
and the fractal dimension (Ds1) reflects the heterogeneity of the adsorption pore.
The fractal dimension of the original tectonic
coal seepage hole and adsorption hole are 2.9 and
2.45, respectively, indicating that the heterogeneity
of the seepage hole is much larger than that of the
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FIGURE 5
Curve of the original structure coal and tectonic coal Sierpinski fractal model.

FIGURE 6
Variation of fractal dimension of primary coal and tectonic coal adsorption pores and seepage holes.
In general, the pore distribution of the wrinkled
coal is not conducive to the production of coal-bed
methane. For the edge coal, the fractal dimension of
the seepage hole and the adsorption hole are 2.76 and

2.84, respectively, and the heterogeneity of the adsorption hole is stronger than that of the seepage hole,
which is consistent with the strongest methane adsorption capacity of the edge coal. The ground has
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on the fractal dimension of the sample; C is a constant, fractal dimension D=A+3, The FHH fractal
curve and fractal dimension calculation structure of
primary tectonic coal and tectonic coal are shown in
Figure 7 and Table 1.
The FHH fractal dimension curves of the original tectonic coal and tectonic coal FHH and the
FHH fractal dimension curves of the original tectonic coal and tectonic coal with different particle
sizes are shown in Figure 8. The Df2 of primary tectonic coal, broken plaque coal and flaky coal is less
than 2, which does not meet the definition of fractal
dimension, but overall, Df2 increases with the increase of structural deformation, indicating that the
structural deformation has a profound influence on
the tectonic coal. Mesoporous heterogeneity, unlike
the Sierpinski model, the Df2 of the keratin coal is
lower than that of the wrinkled coal, indicating that
for mesopores,

the lowest seepage capacity, which causes the edge
coal to be a dangerous zone for coal and gas outburst.
On the whole, the heterogeneity of the adsorption
pores gradually decreases with the increase of structural deformation and the heterogeneity of the adsorption pores gradually increases.
(2) Fractal features of Mesoporous. According to the theory proposed by Pfeiferper and Avnir,
the fractal dimension of the fractal surface can be
calculated by the FHH equation [15, 22]:
ln˄V/V0˅=C+A*ln˄ln˄p0/p˅˅

Fresenius Environmental Bulletin

(3)

Where V is the volume of gas adsorbed under
equilibrium pressure p; V0 is the volume of monomolecular adsorbed gas; p0 is the saturated vapor pressure of gas adsorption; A is ln(V/V0) and ln(ln(p0/p))
The slope in double logarithmic coordinates depends

FIGURE 7
Fractal model curve of native tectonic coal and tectonic coal.
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TABLE 1
FHH fractal dimension of samples of different sizes of primary tectonic coal and tectonic coal
Coal
Coal
fractal dimension
fractal dimension
structure
powder
structure
powder
Df1
Df2
Df1
Df2
type
type
60
2.64
1.4
60
2.62
2.17
80
-1.1
1.81
80
2.41
2.7
Primary
160
2.58
1.94
160
2.68
2.4
Scale coal
coal
200
2.61
1.91
200
2.61
2.27
240
2.62
2.1
240
2.65
2.43
60
2.61
1.86
60
2.65
2.42
80
2.66
2.06
80
2.74
1.96
Crumpled
Flaky coal
160
2.62
2.09
160
2.65
2.27
coal
200
2.67
2.09
200
2.58
2.31
240
2.6
2.16
240
2.65
2.26
60
2.58
1.94
60
2.69
2.26
80
2.77
2.38
80
2.67
2.37
Broken
Furnace
160
2.77
2.38
160
2.68
2.13
coal
coal
200
2.66
2.18
200
2.69
2.26
240
2.69
2.17
240
2.68
2.19

FIGURE 8
Variation of fractal dimension of native tectonic coal and tectonic coal.
Df2 first increases and then decreases in the mackethe mesopores of the wrinkled coal are more comrel coal. In the ductile and deformed wrinkled coal
plex than the sulphide. For Df1, the Df1 of the origand the glutinous coal, the difference of Df2 is lower
inal tectonic coal is larger than the brittle series of
than that of the brittle series and the original tectonic
tectonic coal than the tough series of tectonic coal,
coal, indicating that the ductile deformation can rebut for the tectonic coal, Df1 gradually increases
duce the heterogeneity of the smaller mesopores of
with the increase of the structural deformation,
different particle sizes.
which also indicates that the structural deformation
is not the promotion of homogeneity. For almost all
(3) Fractal feature of Micropore. Studies
of the original tectonic coal and tectonic coal examhave shown that the micropores of coal also have
ined, Df1 is greater than Df2, indicating that the
good fractal characteristics. At the same time, their
smaller the pore size, the stronger the heterogeneity
fractal dimension can be divided into volume fractal
of the mesoporous pore structure. The difference bedimension and surface fractal dimension [16-19, 23].
tween Df1 and Df2 in primary tectonic coal is greater
The volume fractal dimension can be obtained by the
than that in tectonic coal, which reduces the effect of
following formula:
particle size on heterogeneity. The particle size has
lg˄V˅=K+Alg˄r˅
(4)
little effect on Df1, especially for flaky coal and gluWhere V is the pore volume, cm3/g; r is the pore
radius, nm; then the fractal dimension D = (A + 1) /
tinous coal, Df1 does not change substantially with
3 or A + 2.
the change of particle size. However, the difference
The specific surface shape dimension can be
of Df2 of different particle size is larger, in the origexpressed as:
inal tectonic coal and flaky coal, Df1 has an increasing tendency with the decrease of particle size, and
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FIGURE 9
Different types of microporous specific surface area of primary coal and tectonic coal.

FIGURE 10
Different types of micro-pore volume fractal curve of primary coal and tectonic coal.
lg˄S˅=K+Alg˄r˅
(5)
Where S is the micropore specific surface area,
m2/g; r is the pore radius, nm; then the fractal dimension D = (A + 1) / 3 or A + 2. The fractal and volume
fractal results of the original tectonic coal and tectonic coal are shown in Figure 9 and Figure 10.
The surface fractal and volume fractal curves of
primary tectonic coal and tectonic coal show a twostage distribution at a pore diameter of 0.3 nm, indicating significant differences in surface and volume
heterogeneity between 0.3-0.6 nm and 0.6-1.4 nm. In
general, the fractal dimension of surface and volume
in the 0.3~0.6 nm phase is less than 0.6~1.4 nm,
which is related to the calculation method of fractal
dimension. The surface (DS1) and volume (DV1)
fractal dimensions of 0.3~0.6 nm is obtained from
(A+1)/3; however, the surface (DV2) and volume

fractal dimension (DS2) of 0.6~1.4 nm) have (2+A)
obtained. Excluding the case where a few fractal dimensions are greater than 3 and less than 2, the specific surface area and volume fractal dimension of
the micropores are mostly between 2 and 3, indicating that the pore volume and specific surface area of
the primary tectonic coal and tectonic coal micropores. Both have good fractal characteristics.
CONCLUSIONS
Through the research of this paper, the following research results are obtained:
(1) The mercury-inducing curve of the fractured coal is mainly parallel type. The pore size distribution indicates that the primary tectonic coal is
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mainly composed of nanopores <100 nm, and the
pores of 100-1000 nm are less developed. In the
stage of brittleness and brittle-ductile deformation,
the heterogeneity of the seepage pores gradually decreases with the increase of brittle deformation;
while the heterogeneity of the adsorption pores increases with the increase of structural deformation,
and the complex pore structure further increases the
tectonic coal. The structure is complex.
(2) The tectonic coal Df2 increases with the increase of structural deformation, indicating that the
structural deformation has a profound influence on
the mesoporosity heterogeneity of the tectonic coal,
and Df1 gradually increases with the increase of
structural deformation. The difference between Df1
and Df2 in primary tectonic coal is greater than that
of tectonic coal, and the structural deformation reduces the influence of particle size on heterogeneity.
In the ductile and deformed wrinkled coal and the
glutinous coal, the difference of Df2 is lower than
that of the brittle series coal and the original tectonic
coal, indicating that the ductile deformation can reduce the heterogeneity difference of coal mesopores
with different particle sizes.
(3) There are significant differences in surface
and volume heterogeneity between 0.3 and 0.6 nm
and 0.6 to 1.4 nm. In general, the surface and volume
fractal dimensions in the 0.3 to 0.6 nm phase are less
than 0.6 to 1.4 nm. With the increase of tectonic deformation, the nucleation of the structured coal can
promote the uniform distribution of the pore volume
from 0.6 to 1.4 nm, and the wrinkling effect promotes the non-uniform distribution of the region.
With the decrease of particle size, the DV1 of primary tectonic coal and broken coal gradually decreased, indicating that the micropore volume heterogeneity of 0.3 to 0.6 nm in these two types of tectonic coal decreased with the decrease of particle
size.
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methods caused serious environmental pollution
problems. Unreasonable industrial structure and
overcapacity have become the constraints to the
sustainable development of economy [2,3]. The
data showed that the proportion of primary industry
output in developed countries is about 1% on average, and the labor force accounts for less than 1%
[4]. The severity of the industrial structure imbalance is evident. Especially after the financial crisis
and the European debt crisis, the economy suffered
huge fluctuations. People began to realize the sustainability of economic growth mode [5-7]. Effective environmental regulation policies can not only
protect the environment, but promote the growth of
regional economies. Therefore, the influence
mechanism of environmental regulation on the adjustment of industrial structure has always been a
hotpot issue.
Environmental regulation will have a certain
impact on corporate R&D. Zhang et al. [8] found
that the introduction of carbon tax policy is conducive to reduce carbon emissions, improve energy
efficiency, and has a positive impact on the industrial structure. Zhang et al. [9] indicated that there is
no Granger causality between the pollution control
investment and the output value of the primary industry. Cai et al. [10] analyzed the mechanism of
environmental regulation on the optimization of
industrial structure by using the competition equilibrium model, and examined the direct and indirect
effects of environmental regulation on industrial
structure. Porter et al. [11] showed that reasonable
environmental regulation can encourage enterprises
to optimize resource allocation efficiency and improve technological level. Lanoie et al. [12] found
that environmental regulation also promotes R&D
investment of enterprises, and it is conducive to
changes in industrial structure. Li et al. [13] constructed a measurement model to analyze the
Granger causality between environmental regulation and industrial structure. Shen et al. [14] pointed out that there are regional differences in the role
of environmental regulation in promoting innovation. The intensity of environmental regulation has
positively promoted the direction and path of in-

ABSTRACT
Unreasonable industrial structure and overcapacity have become the constraints of socioeconomic sustainable development, and it is urgent to
find new impetus to promote the adjustment of industrial structure. Environmental regulation is an
important means to control environmental pollution.
While achieving environmental effects, it will also
invisibly affect the adjustment of industrial structure. In this study, a model was established to investigate the influence of environmental regulation
on regional industrial structure. The model was
based on the panel data of 9 cities in the Pearl River
Delta region of China from 2015 to 2019. Moreover,
the forced effect of environmental regulation on
industrial structure adjustment was empirically analyzed. The results showed that both formal environmental regulation and informal environmental
regulation have effectively driven the adjustment of
industrial structure. The higher the intensity of environmental regulation, the higher the proportion of
the service industry in the economy. The economic
effects of informal environmental regulation have
initially appeared. GDP per capita, industrial scale
and urbanization process are positively correlated
with the adjustment index of industrial structure,
while the degree of opening to the outside world is
negatively correlated with industrial structure adjustment. In future, the region should formulate
diverse formal environmental regulations and
strengthen informal regulatory forces.

KEYWORDS:
Industrial structure, sustainable development, overcapacity, environmental regulation, empirically, forced effect

INTRODUCTION
In present, the coordinated development of
economy and ecological environment is one of the
important issues that urgently needs to be solved
globally [1]. The past economic development
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dustrial upgrading. Mei et al. [15] found that the
impact of environmental regulation on industrial
structure exists in regions difference.
However, existing empirical research usually
takes national samples as the analysis object, but
lacks the analysis of specific regions. In this study,
an model was established to investigate the influence of environmental regulation on regional industrial structure, and its mechanism was empirically analyzed based on the Pearl River Delta region from China. The study can provide references
for the sustainable development of environmental
regulation.
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mainly regulates the environmental behavior of
economic subjects by changing economic constraints and incentive conditions, so as to achieve
the purpose of environmental protection [18]. This
type has become the main regulatory means in developed countries, and its regulatory tools are also
diversified. Information disclosure type is that the
agreements, commitments or plans proposed by
industry associations and enterprises. This type of
environmental regulation is generally not mandatory.
The role of environmental regulation in industrial structure. Environmental regulation always affect enterprises directly, and consumers
indirectly. The consumer demand is an important
gravitation of enterprise production [19]. Environmental regulation can improve the awareness of
environmental protection, increase the demand for
various environmentally friendly products, thereby
comprehensively promoting the development of the
environmental protection industry. The environmental awareness mainly affects the adjustment of
industrial structure, through the expansion of demand for environmental products and the reduction
of demand for non-environmental products. Environmental regulation can change the adjustment of
industrial structure by influencing corporate technology innovation, corporate decisions and industrial transfer, and environmental awareness, as
shown in Figure 1.

MATERIALS AND METHODS
Taking the panel data of 9 cities in the Pearl
River Delta region of China from 2015 to 2019 as
an example to investigate the influence of environmental regulation on regional industrial structure.
The data comes from the Statistical Yearbook of
Pearl River Delta [16]. The method of panel data
regression is adopted to conduct the empirical testing, and the statistical results are analyzed using
SPSS software.

RESULTS AND DISCUSSION
Types of environmental regulation. Environmental regulation is divided into three types [17].
Command control type refers to the mandatory environmental regulation imposed on society by a
government or regulator. The regulation is enforced
by the law and the government. It can solve most of
the environmental problems caused by market failure. However, the scope of social forces and market
role is limited, and it cannot effectively stimulate
the corporate environmental innovation and technological innovation. Economic incentive type

The mechanism of formal and informal environmental regulation. The entry barriers formed
by environmental regulations have promoted the
modernization
of
industrial
structures.
High-intensity environmental regulations increased
the technical requirements and costs of pollutant
discharge control, prompting companies to start
installing clean pollution equipment and achieving
environmentally friendly production [20]. By

FIGURE 1
Affecting path of environmental regulation to industry structure adjustment
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Proportion of total pollution control/%

optimizing the company's entry structure, it can
affect the modernization of the regional industrial
structure, and environmental regulations have a
major impact on the growth of green industries. In
order to produce products that meet environmental
quality standards and reduce the cost pressure
caused by environmental regulations, companies
start to seek some technological innovations to
compensate for the loss of profits in accordance
with environmental regulations. In this way, market
incentives such as wastewater charges and subsidies
can highlight the competitive advantages of
high-tech industries and promote the transformation
of environmentally harmful companies into
high-tech industries [21]. Then, the transfer of industries harmful to the environment through environmental regulation can promote the modernization of the industrial structure. The guidelines of the
environmental management team stipulate the
transfer of company funds to industries with high
output and low energy consumption.
In the short term, environmental regulation
may hinder the modernization of the industrial
structure, but the effects of long-term innovation
compensation will contribute to the modernization
of the industrial structure. Informal environmental
regulation is based on environmental awareness and
mainly influences the modernization of industrial
structure through social groups, media and the public [22]. When social groups strive for a
high-quality environment based on their own interests, they will negotiate with local pollution companies to reduce local pollution. In addition, the
media can restrict the development of polluting
enterprises by exposing them. The public attaches
great importance to pollution-related activities and
the transition to cleaner production. Pollution control of polluting enterprises includes petitions, law-

suits, lobbying, etc., timely stop pollution activities
of polluting enterprises, and promote clean production of polluting enterprises to further optimize
industrial structure. Informal environmental regulation largely depends on the extent of regional economic development. Therefore, in terms of industrial structure modernization, there are regional
differences in the mechanism by which informal
environmental regulation affects regional industrial
investment structure.
Status of environmental regulations in the
Pearl River Delta region. From 2015 to 2019, the
environmental regulation of the Pearl River Delta
has been continuously strengthened by relevant
organizations, and the proportion of total pollution
control in GDP has gradually decreased from
8.53% to 2.53%. However, compared with the ratio
of the total domestic pollution control to the GDP
in the same period, the pollution control investment
is still insufficient [23]. The development trend of
the total pollution control of the Pearl River Delta
in GDP from 2015 to 2019 was shown in Figure 2.
Status of industrial investment structure in
the Pearl River Delta region. Figure 3 showed the
changes in the GDP of the Pearl River Delta's secondary industry from 2015 to 2019. It can be seen
that during this period, the GDP of the secondary
industry in the Pearl River Delta is fluctuating, with
a volatility rate of about 8%. From the perspective
of the three major industries, the production share
of the secondary industry has been ranked first in
the three major industries. By 2017, the output value of the tertiary industry exceeds the secondary
industry, and the output value of the secondary industry gradually declines.

12
Proportion of total pollution control
Linear (Proportion of total pollution control)
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FIGURE 2
The changes of the total pollution control of the Pearl River Delta from 2015 to 2019
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FIGURE 3
Percentage of the Pearl River Delta's secondary industry in GDP from 2015 to 2019
Variable selection. In this study, it involves
environmental regulation variables, industrial
structure variables, intermediate variables, and control variables. We mainly analyzed the impact of
formal environmental regulation and informal environmental regulation on industrial structure adjustment. The method of panel data regression was
adopted to conduct empirical testing, and incorporated formal environmental regulation indicators
and informal environmental regulation indicators
into the measurement equation as the core explanatory variables. Other factors that affect the adjustment of industrial structure were introduced in the
form of control variables.

tion [24]. The environmental regulation intensity
index system was shown in Table 1. Based on the
vision of formal environmental regulations, the
accumulation of investment is accomplished by
reducing the intensity of wastewater, reducing exhaust emissions, reducing solid waste emissions,
and controlling pollution. The discharge rate of the
three wastes is the reciprocal of the discharge of the
three wastes per unit of output value. From the
perspective of informal environmental regulation,
the power of informal environmental regulation is
measured by income level, education level, and
population density. Generally speaking, the level of
urban environmental regulation with a high income
level will be correspondingly higher, as is the level
of education. In this study, the formal and informal
regulatory strength indicators were calculated by
the entropy method to weight the selected indicators.

Empirical analysis. During the analysis, we
used a formal regulation intensity index and an informal regulation intensity index to comprehensively measure the effect of environmental regula-

TABLE 1
Strength Index System of Environmental Regulation
Weights

Variables and properties

Formal regulatory strength

Informal regulatory strength

Wastewater reduction (+)
Exhaust emission (+)
Solid waste (+)
Investment in pollution control (+)
Income level (+)
Education level (+)
The population density (+)

0.4131
0.3350
0.2813
0.3553
0.4211
0.4112
0.4121

TABLE 2
The basic test results of the impact of environmental regulations on industrial investment structure
Model variables
FERI
FERI²
IERI
IERI2
LNCP

Model 1 (1A)
-4.2536
(0.6141)(1.0537)
20.6411
-2.2901
-1.3462
-0.3676
-7.7313
-0.0082
0.0216

Model 2 (1A)

Model 3 (1P)

Model 4 (1P)

-

-56.1713

-

-0.1361

335.3133
-20.7251
-1.0223
170.5220
-0.2341
-0.0175
0.1205

-1.202

-0.0828
0.0187
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Table 2 showed the basic test results of the
impact of environmental regulations on industrial
investment structure. It can be seen that, from the
perspective of 10% significance, the first level intensity index of formal environmental regulation is
negative, and the second level intensity index is
positive, indicating that the formal The standardization of environmental regulations gives a threshold
for rationalizing the structure of the industry.
The results confirmed that the assumption that
environmental regulation of industrial structures is
not linear. If the form intensity index of environmental regulation exceeds the turning point, the
rationalization of the industrial structure of the resource area will be further improved. At the same
time, other model control variables also passed the
test. The per capita production in the region is positive, that is, as the economy develops, changes in
the demand structure will produce new industries,
which will help the changes in the main economic
sectors of the resource economic area and contribute to the rationalization of the industrial structure.
Investment in the real estate, manufacturing,
equipment and raw materials industries are all negative. The decrease of engel coefficient indicated

that residents' demand for environment and quality
of life has increased. The more diversified and individualized the demand is, the more reasonable the
industrial structure. The changes in the resource
structure and demand structure of the resource sector have led to changes in the industrial structure.
The coefficient of patented inventions is negative,
which means that the technology and R&D of the
Pearl River Delta have not contributed to the rationalization of resource-based areas and advanced
industrial structure. The start-up and development
of technological innovation and R&D in the Pearl
River Delta are mainly concentrated in the field of
traditional raw materials, such as manufacturing
and processing in the manufacturing industry,
melting and rolling of ferrous metals. In 2015, the
proportion of R&D personnel in the manufacturing
industry reached 21%, and the proportion of invention patents was 11.3%. The two main industries
with active research and development activities in
2016, included melting and processing of ferrous
metals, chemical raw materials and chemicals, accounting for 42.23%. At present, the industrial
structure has not fully adapted to investment in
R&D and achievement application [25].

TABLE 3
The basic test results of the impact of environmental regulations on industrial investment structure
Model variables

Model 1 (1A)

Model 2 (1A)

Model 3 (1P)

Model 4 (1P)

-0.3210

-0.1021

-0.4061

-0.5766

-0.0807

-0.0259

-0.5886

-

-0.0510

-0.0385

-1.1705

-1.0698

-0.0787

0.0208

-0.5518

-0.3712

0.03182

0.0411

0.2712

0.0345

-0.0254

-0.0061

-0.1123

-0.0788

0.1252

0.1325

-0.4111

0.0932

-0.582

-0.0432

-0.4245

-0.5143

-0.4114

-0.3123

-2.2421

-3.3431

OBSERVATION

149

149

149

149

R2

0.8786

0.8858

0.8567

0.8655

LNEC
LNNR
LNFI
LNPGDP
CONSTANT

TABLE 4
The results of robustness test
Model variables

Model 5 (1A)

Model 6 (1P)

Model 7 (1P)

lnFERI4

-0.0312(0.4523)

-0.3312(0.3679)

-

z

0.0625(0.1416)

0.0842(0.934)

-

lnFERI2

-

-

-0.0362(0.2112)

z

-

-

0.0019(0.0001)

0.5532(0.4133)

9.3896(2.6613)

5.3625(2.5322)

lnFERI4
lnFERI2

Constant
Observations

149

149

149

R2

0.8976

0.8543

0.8465
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Table 3 showed the basic test results of the
impact of environmental regulations on industrial
investment structure. Similarly, from the perspective of highly developed industrial structure,
whether it is formal regulation or informal regulation, the environmental regulation index and industrial structure are a U-shaped relationship [26]. According to the assumption, as the intensity of environmental regulation increases, the level of industrial investment structure begins to decline, but after the turning point is passed, the strengthening of
environmental regulation increases the level of industrial investment structure. Other control variables, such as raw materials, except for foreign direct investment, have also passed the test. That is,
with economic development, the diversification of
the demand structure will stimulate the industrial
structure to deep processing and high value-added
development. Regarding the availability of natural
resources, the resource dependence of the industrial
structure in the resource area is currently hindering
the development of the industrial structure in the
resource area to a higher level. Negative knowledge
coefficients and technological innovation also confirmed it, which means that access to resources
hinders the rationalization and development of resource-based regional industrial structures to a certain extent.
From the results of Table 3, we can also find
that the rationalization point and increase turning
point of the formal regulatory strength index, and
the turning point of the industrial structure of the
informal regulatory strength index. For formal environmental regulation, if the formal environmental
regulation intensity index is less than 0.0773, it is
weak regulation. If the environmental regulation
intensity index is in the range of 0 to 0.0773, the
rationalization of the industrial structure of the resource area cannot be improved. In fact, the rationalization of the resource industrial structure can be
improved. However, if the intensity index of formal
environmental regulation is greater than 0, the degree of industrial structure cannot be improved.
According to basic data, it can be found that in the
Pearl River Delta region, the environment of
first-tier cities such as Shenzhen is strictly regulated.

Fresenius Environmental Bulletin

Foshan and Zhongshan are at a moderate level of
regulation, while other regulations in many other
cities are at a weak stage. In order to test the representativeness of the environmental regulation intensity index, the formal regulation intensity uses
pollution control investment as an alternative indicator to supplement the model regression evaluation, while the informal regulation focuses on the
per capita training years of residents. The tested
alternative indicators were shown in Table 4. It can
be seen that total investment and environmental
structure rationalization and upgrading of environmental pollution control, per capita education years
and industrial structure upgrade. In other words, the
environmental intensity index and reliability of the
model are verified.
Effect of environment regulation on regional industrial structure. Different environmental
regulation methods have different regulatory effects.
Taking formal regulatory measures as an example,
there are formal environmental regulations controlled and regulated by the state, such as simultaneous investment in environmental protection of
construction projects, overall control of industrial
pollution and water, and fixed investment in industrial and public management objects and the environment. Formal environmental regulation market
incentives, such as pollution subsidies and emissions trading. The total amount of industrial pollution control is one of the most direct investments in
source management by enterprises, while real estate
related to water and environmental protection. Investment in fixed assets in the management of water conservancy, environment and public facilities is
a government-led end-of-government investment.
Informal regulatory measures, such as notifying the
public about the environment and the number of
ENGO organizations. With reference to the research results of Fang et al. and taking into account
the availability of data. We used the relevant data of
the Pearl River Delta from 2015 to 2019 and analyzed emissions trading, real estate used for water
management, environmental protection and public
facility management, Plant and equipment investment. The relationship between the three formal

TABLE 5
The influence of different regulations on industrial structure
Model variables

Model 8 (1A)

Model 9 (1P)

Model 10 (1A)

lnFERI1
lnFERI2

-0.0365(0.0084)

-

-

-

0.0868(0.0059)

-

lnFERI3

-

-

-0.0641(0.0561)

Constant

0.3843(0.0098)

-0.7297(0.0564)

-0.4752(0.7263)

0.7032

0.8767

0.7734

2

R
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regulatory measures and the rationalization and
upgrading of the industrial structure was shown in
Table 5.
It can be seen that the total coefficient of industrial environmental pollution control is positive.
The total amount of industrial environmental pollution control increases by 2%, and the degree of rationalization of industrial structure increases by
6.45%. Obviously, government-led direct source
control investment has a significant impact, but the
regression coefficients of the other two methods are
both negative, such as an increase in emissions
trading volume of 2% and a rationalized industrial
structure of 3.56%. Companies in resource-based
areas have a lower willingness to participate in environmental regulation and a lower participation
rate. Companies with large emissions have more
original allocation quotas, and the requirements for
participating in transactions are relatively low. The
resource dependent development process will continue to be maintained, and it will be difficult for
enterprises to undergo technological transformation.
However, comprehensive welfare and basic
maintenance, environment and management of
public institutions are essential. The government's
fixed resource investment is relatively large in
maintaining water resources, the environment and
the management of public institutions, but it has
little effect. Although the total amount of industrial
pollution control is relatively low, it helps to rationalize the industrial structure in the context of the
environment. Therefore, government-led regulations can increase investment in source management and transform administrative end investment
into source management.
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regulation plans and measures must be adapted to
local conditions. There are many factors that restrict
the level of local economic development and environmental regulation, and the influence of each
factor in different regions is different. It is necessary to conduct in-depth qualitative research. Differentiated regulatory policies and strengths based
on local conditions are also realistic options for
protecting the environment. Formulate targeted
measures for low pollution and low energy consumption, improving the industrial energy efficiency. They should focus on promoting technological
innovation in high-pollution and high-energy consumption enterprises, and actively develop new
energy industries. Some industries can be precisely
regulated through innovative subsidies. Eventually
it helps to adapt to the industry structure. At the
same time, the government should pay attention to
various regulatory measures and the effectiveness
of regulatory measures when formulating environmental regulatory standards, and cannot blindly
increase regulatory intensity. In addition, we must
give full consideration to the movement of people
and factors of production in the region, and achieve
the optimal allocation of resources as far as possible. Only the harmonious development of man and
nature can promote the coordinated and healthy
development of the region.

CONCLUSIONS
Environmental regulation is an important
means to control environmental pollution, but it
will have a certain impact on the regional industrial
structure. In this study, an model was established to
investigate the influence of environmental regulation on regional industrial structure. The model was
based on the panel data of 9 cities in the Pearl River
Delta region of China from 2015 to 2019. Moreover,
the forced effect of environmental regulation on
industrial structure adjustment was empirically analyzed. The main conclusions can be obtained: (1)
Both formal environmental regulation and informal
environmental regulation have effectively driven
the adjustment of industrial structure in the Pearl
River Delta region. The higher the intensity of environmental regulation is, the higher the proportion
of the service industry in the economy. (2) GDP per
capita, industrial scale and urbanization process are
positively correlated with the adjustment index of
industrial structure adjustment index. (3) Blindly
complying with strict environmental regulations in
areas, which could lead to counterproductive results.
The Pearl River Delta region should formulate a
variety of formal environmental regulatory policies.

Problems with environmental regulation.
Based on the above theoretical analysis and empirical tests, the impact of environmental regulations
of the Pearl River Delta on the industrial investment structure has several problems. Because the
country is based on economic strategic plans, different regions will pursue different environmental
measures. Some underdeveloped areas are forced to
adopt free environmental policies, while economically developed areas pursue strict environmental
regulations, resulting in the widespread occurrence
of pollution transfer. Due to the constraints of natural resources, the adjustment of industrial structure
in some regions requires a large amount of economic and material resources. However, environmental provisions have no particularly significant
impact on the adaptation of the industrial structure.
Therefore, blindly complying with strict environmental regulations in areas that depend on natural
resources, which could lead to a counterproductive
result.
Related countermeasures. For a big country
with uneven economic development, environmental

10452

© by PSP

Volume 29 – No. 12/2020 pages 10446-10454

Fresenius Environmental Bulletin

[10] Cai, W., Cheng, J.H., Zhang, J. (2019). The
influence of heterogeneous environmental regulation on the green development of the mining
industry: empirical analysis based on the system GMM and dynamic panel data model.
Journal of Population, Resources and Environment. 8(2), 154-175.
[11] Suspitsyn, S.A. (2017) Problems of coordinating macroeconomic and regional long-term
solutions. Regional Research of Russia. 7(1),
62-70.
[12] Cukier, W., Thomlinson, N. (2005) Two-tier
health care, education, and policing: a comparative analysis of the discourses of privatization.
Canadian Journal of Criminology & Criminal
Justice. 47(1), 87-126.
[13] Li, Y.L. (2010) On a new coordination and
regulation mechanism of the environmental-economic system. Journal of Shandong
University of Finance. 73(1), 17-36.
[14] Aleksandra, G.S., Dariusz, G.S. (2003) Discursive strategies for coping with sensitive topics
of the other. Journal of Ethnic and Migration
Studies. 29(5), 849-863.
[15] Reginald, C.C. (1998) Knowledge claims and
landscape: alternative views of the fuel
wood-degradation nexus in northern Nigeria.
Environment and Planning D: Society and
Space. 16(3), 311-346.
[16] Yang, X.J., Shi, J.C. (2010) Analysis of functioning mechanism of land policy and macroeconomic adjustment from the theory of
land-regulated economy. Economic Theory and
Economic Management. 20(6), 5-11.
[17] Zhou, D.K. (2004) Coordination of monetary
and financial policies in macroeconomic control at present. Social Science. 12(5), 17-19.
[18] Cingolani, M. (2011) Interest, growth, and income distribution: what ought to be the objectives of macroeconomic policy coordination.
International Journal of Political Economy.
40(4), 31-61.
[19] He, J., Wang, X.A. (2016) Analysis on the spatial-temporal characteristics of the green development of industry in China. Technology
Management Research. 36(21), 240-246.
[20] Li, Y., Wang, M.M., Sui, Y., Huang, Q.B.
(2016) Empirical analysis of carbon tariff's effect on the export structure of china's manufacturing industry and social welfare based on
the GTAP model. Journal of Population, Resources and Environment. 11(1), 5-14.
[21] Lu, G., Yan, Q.S., Xiong, X., Wan, H., Zhang,
S.Y., Liu, C.C. (2012) The study of influence
laws of the part orientation on the dimensions
of green part base on SLS. Advanced Materials
Research. 424(25), 1233-1236.

ACKNOWLEDGEMENTS
This work was supported by the National Social Science Foundation Project (2016BJY051) and
Shanxi soft science project (2018041058-2).

REFERENCES
[1] Sochirca, E., Afonso, O., Gil, P.M. (2013)
Technological knowledge bias and the industrial structure under costly investment. Economic Modelling. 32(3), 440-451.
[2] Xu, C.L., Cheng, Y. (2016) The action of environmental regulation on industrial structure
adjustment and atmospheric environment effect
under the new normal in Shandong province.
Journal of Natural Resources. 31(10),
1662-1674.
[3] Birbirso, D.T. (2014) Crises in EFL proficiency and teacher development in the context of
international donation and transformation discourses. Australian Journal of Teacher Education. 39(2), 21-27.
[4] Zhong, M.C., Li, M.J., Du, W.J. (2015) Can
environmental regulation force industrial
structure adjustment: an empirical analysis
based on provincial panel data. Resources and
Environment. 25(8), 107-115.
[5] Yuan, X.L., Li, H., Di, Q. (2019) Analysis of
interactive mechanism of environmental regulation strength, industrial structure upgrading
and ecological environment optimization.
Journal of Guizhou University of Finance and
Economics. 20(1), 73-81.
[6] Feng, Z.J., Chen, W. (2018) Environmental
regulation, green innovation, and industrial
green development: an empirical analysis
based on the spatial Durbin model. Sustainability. 10(1), 223-229.
[7] Frankel, J.A. (1991) The obstacles to macroeconomic policy coordination in the 1990s and
an analysis of international nominal targeting.
Clinical Infectious Diseases. 27(4), 751-756.
[8] Zhang, J.Y., Xie, J. (2018) Environmental regulation and export quality upgrading of manufacturing: the perspective from the heterogeneity of factor input structure. Journal of Population, Resources and Environment. 28(2),
158-167.
[9] Zhang, H.C., Cheng, L.Q., Xin, Y. (2017) Environmental regulation and industrial structure
change in china: integrating spatial and social
network analysis. Sustainability. 9(8), 14651467.

10453

© by PSP

Volume 29 – No. 12/2020 pages 10446-10454

[22] Wang, J.C., Zhou, J.Q. (2009) Empirical study
on spatial structure of wuhan urban agglomeration based on multi-core model. Journal of
Huazhong University of Science and Technology. 26(1), 85-88.
[23] Yu, Z.J., Yi, Z.P., Wan, Y.N., Tu, M., Mao, Z.
(2018) Study on the spatial structure of Wuling
mountain regional tourist scenic spots system
based on fractal theory. Journal of Tongren
University. 20(3), 122-124.
[24] Ubels, M. (2011) The influence of national
institutional environments on innovative
start-ups:a comparative study of the Netherlands, Germany and the United States in the
bio-energy industry. Biochemistry & Molecular Biology Education. 30(2), 90-92.
[25] Joo, H.Y., Seo, Y.W., Min, H. (2018) Examining the effects of government intervention on
the firm environmental and technological innovation capabilities and export performance.
International Journal of Production Research.
56(17), 6090-6111.
[26] Magierowski, R.H., Davies, P.E., Read, S.M.,
Horrigan, N. (2012) Impacts of land use on the
structure of river macroinvertebrate communities across Tasmania, Australia: spatial scales
and thresholds. Marine and Freshwater Research. 63(9), 762-768.

Received:
Accepted:

18.04.2020
13.09.2020

CORRESPONDING AUTHOR
Yali Wang
Department of Economics,
Taiyuan Normal University,
Taiyuan, Shanxi 030619 – P.R. China
e-mail:

haojie93@126.com

10454

Fresenius Environmental Bulletin

© by PSP

Volume 29 – No. 12/2020 pages 10455-10464

Fresenius Environmental Bulletin

RESEARCH ON PREDICTION OF DEW POINT PRESSURE
OF CONDENSATE GAS RESERVOIR BASED ON
GWO-LSSVM AND ACE MODELS
Bowen Sun, Ping Guo*, Wanbo Zhang
State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest Petroleum University,
Chengdu, Sichuan 610500, China

prevent the occurrence of anti-condensation, the formation pressure is often kept higher than the dew
point pressure during mining [3]. For this reason, accurate measurement of the dew point pressure of
condensate gas reservoirs is essential to ensure the
efficient development of such gas reservoirs.
In recent years, the methods for determining the
dew point pressure of condensate gas reservoirs
around the world mainly include: experimental determination, empirical formulas, state equations, artificial neural networks, deep learning intelligent
models, etc. The experimental determination of dew
point pressure in condensate gas reservoirs usually
uses the constant mass expansion (CCE) and constant volume depletion (CVD) methods in PVT experiments [4-5]. Although the experimental test is
accurate, however, its cost is higher. The previous
used regular formulas, neural networks, particle
swarm optimization algorithms, and support vector
machines to construct dew point pressure models [69]. Although these methods can reasonably predict
the dew point pressure, the overall prediction accuracy is not high.
In this paper, based on intelligent algorithms
and machine learning, a dew point pressure prediction model (GWO-LSSVM model) combining gray
wolf algorithm (GWO) and least square support vector machine (LSSVM) is proposed. At the same time,
based on optimization theory and applied statistics,
we propose a non-parametric regression model of
condensate gas reservoir dew point pressure determined by alternating conditional expectation transformation (ACE), and obtain calculation formula of
dew point pressure of condensate gas reservoir with
statistical characteristics. In this paper, based on
Pearson correlation analysis, gas temperature, (C1,
C2-C6, C7+) mole fraction, C7+ relative molecular
mass, and C7+ relative density are selected as the independent variables of the new model. We used 27
publicly published dew point pressure data for model
optimization, and predicted 9 sets of measured dew
point pressure data. This study provides a new
method for dew point pressure prediction of condensate gas reservoirs.

ABSTRACT
Accurate prediction of dew point pressure is essential to ensure the efficient development of condensate gas reservoirs. In recent years, big data technologies such as data mining and artificial intelligence have gradually become research hotspots. In
this paper, based on intelligent algorithms and machine learning, a dew point pressure prediction
model (GWO-LSSVM model) combining gray wolf
algorithm (GWO) and least square support vector
machine (LSSVM) is proposed. At the same time,
based on optimization theory and applied statistics,
we propose a non-parametric regression model of
condensate gas reservoir dew point pressure determined by alternating conditional expectation transformation (ACE), and obtain calculation formula of
dew point pressure of condensate gas reservoir with
statistical characteristics. The results show that the
prediction accuracy of GWO-LSSVM model and
ACE model is higher than that of RBF and BP neural
network models. The average absolute relative error
(AARD) of the GWO-LSSVM model and the ACE
model are 2.13% and 2.82%, respectively. Finally,
according to the Leverage method, all data anomalies were detected. This study provides an effective
method for dew point pressure prediction of condensate gas reservoirs.

KEYWORDS:
Condensate gas reservoir, dew point pressure, prediction,
alternating conditional expectation transformation, gray
wolf algorithm, least square support vector machine

INTRODUCTION
During the depletion development of condensate gas reservoirs, as the temperature and pressure
decrease, when the pressure is lower than the dew
point pressure, the condensate oil that originally existed in gaseous state in the condensate gas will gradually precipitate out. The reverse condensate phenomenon not only loses condensate in the formation,
but also blocks the formation seepage channel and
reduces the gas well productivity [1-2]. In order to
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FIGURE 1
Basic principle of the GWO algorithm.
ܦఈ = |ܥଵ · ݔఈ ( )ݐെ ݔఠ (|)ݐ
ܦఉ = หܥଶ · ݔఉ ( )ݐെ ݔఠ ()ݐห
ܦఋ = |ܥଷ · ݔఋ ( )ݐെ ݔఠ (|)ݐ
(3)
ܺଵ = ܺఈ െ ܣଵ · ܦఈ
۔
ܺଶ = ܺఉ െ ܣଶ · ܦఉ
ۖ
ܺଷ = ܺఋ െ ܣଷ · ܦఋ
ۖ
ݔەఠ ( ݐ+ 1) = (ܺଵ + ܺଶ + ܺଷ )/3
In equation (3): t is the number of iterations, X
is the position vector of the gray wolf, A is the convergence factor, and its expression is:
(4)
 = ܣ2ܽݎଶ െ ܽ
In equation (4), r2 is a random vector in [0, 1];
a decreases linearly from 2 to 0 in steps during the
iteration process.
After updating the position according to equations (1) to (4), the wolves are reclassified as xĮ, xȕ,
xį according to the fitness value. Finally, the position
of the Į wolf is output, which is the global optimal
solution.

MATERIALS AND METHODS

ۓ
ۖ
ۖ

Grey wolf algorithm (GWO). The gray wolf
algorithm is a heuristic optimization algorithm proposed by Seyedali et al [10]. Compared with the traditional genetic algorithm (GA), the GWO algorithm
has the following advantages: simple search strategy, fast iteration speed; few setting parameters; excellent global exploration ability and local solution
ability.
Suppose the wolves set is X = {x1, x2, ..., xn},
the total number of individuals in the population is
N, the fitness function of the required solution is Y =
F(xi), and the spatial search dimension of the wolves
is d. The position of a gray wolf in d-dimensional
space can be expressed as Xi = {xi1, xi2, ..., xid}. The
wolf pack is divided into 4 social grades, the individual with the highest fitness value is the Į wolf, then
the fitness of the ȕ and į wolf pack individuals decreases in turn, and the remaining individuals are the
Ȧ wolf.
The spatial position of the target value is the
global optimal solution. The expression of the distance between the gray wolf and the target is:
(1)
 = ܦหݔ · ܥ െ ݔ ห
In formula (1), D is the distance between the
gray wolf individual and its prey; C is the random
coefficient vector, xp is the target position vector; xi
is the gray wolf individual position vector.
(2)
 = ܥ2ݎଵ
In equation (2), r1 is a random vector in [0, 1].
As shown in Figure 1, the individual gray
wolves that are close to the target are defined as Į, ȕ,
į, and the remaining Ȧ wolves update their coordinates according to the following criteria.

Least square Support vector machine
(LSSVM). Based on the traditional support vector
machine SVM, LSSVM changes the inequality constraints in the quadratic programming problem to
equality constraints. It greatly facilitates the solution
process, so the regression and generalization capabilities are significantly enhanced [11].
The basic idea of LSSVM regression is to transform the nonlinear regression problem in the low-dimensional space into the linear regression problem
in the high-dimensional feature space through a nonlinear mapping. Given a training set (xi, yi), i = 1,
2,…, l, the regression function of LSSVM is:
݂( = )ݔ൫߱, ߮()ݔ൯ + ܾ
(5)
In equation (5), Ȧ is a weight vector; ĳ(x) is a
non-linear mapping from the input space to the highdimensional feature space; b is a deflection.
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In equation (12), ș(Y) and ĳi(Xi) are the expected functions of the explained variable and the
explanatory variable; p is the number of independent
variables; e is the regression error.
Then the variance equation of the error is:

According to the principle of structural risk
minimization, the optimization goal of LSSVM can
be expressed as:
ଵ
ଵ
݉݅݊{ ԡ߱ԡଶ + ߛ σୀଵ ݁ଶ }
(6)
ଶ
ଶ
In equation (6), Ȧ is the weight vector; Ȗ is the
regularization parameter; ei is the relaxation
variable.
Introducing the Lagrange multiplier Įi, then the
Lagrange polynomial of the dual problem in equation (6) is:
ଵ
ଵ
݉݅݊  = ܬԡ߱ԡଶ + ߛ σୀଵ ݁ଶ െ σୀଵ ߙ ൫்߱ ߮(ݔ +
ଶ
ଶ
ܾ + ݁ െ ݕ )൯
(7)
,QHTXDWLRQ  ۅȦۅ2 is the second norm of the
weight vector Ȧ.
Substituting equation (7) into the KarushKuhn-Tucker condition gives:
డ

ۓ
ۖ
ۖ

డఠ

݁ ଶ (ߠ, ߮) =

డ



ா[(ఏ()ିσసభ ఝ ( ))మ ]
ா[ఏమ ()]

(13)

In equation (13), E is conditional expectation.
Therefore, the objective optimization function
with the smallest error variance can be established,
as shown in equation (14):
݉݅݊(݁ ଶ (ߠ, ߮)) =



ா[(ఏ()ିσసభ ఝ ( ))మ ]
ா[ఏమ ()]

(14)

In equation (14): the constraints of the model
=1
and
are:
 ߠ[ܧଶ (ܻ)]
߮[ܧଶ (ܺଶ )] =
= ])ܻ(ߠ[ܧ
߮[ܧଵ (ܺଵ )] =
…=߮[ܧ ൫ܺ ൯]=0.
The iteration conditions during the optimization of the objective function are:
In equation (15): ߠ  כ, ߮  כare the optimal explained variable and the optimal explanatory variable; e2 is the error variance.
Combining equations (14) to (15), and then according to equation (13), the single conditional expectation function for each variable established is:

(15)
߮ (ܺ ) =  )ܻ(ߠ{ܧെ σஷ ߮ ൫ܺ ൯|ܺ }

= 0 ՜ σୀଵ ߙ ߮(ݔ ) = 0
డ
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= 0 ՜ σୀଵ ߙ = 0

డ

= 0 ՜ ߙ = ߛ݁ , ݅ = 1,2, … , ݈
۔
డ
ۖ
ۖ డ
்
ەడఈ = 0 ՜ ߱ ߮(ݔ ) + ܾ + ݁ െ ݕ = 0, ݅ = 1,2, … , ݈

(8)
Thus the optimization problem solved can be
transformed into solving the linear equation problem
in equation (9).
் ܾ
0
(9)
ቂ0  ܫቃ ቂ ቃ =  ൨
ݕ
ߙ ܣ ܫ
T
In formula (9), I=[1,2,…,l] , Į=[Į1Į2«Įl]T,
yl]T,
A=ZZTȖ-1I,
Z=[ĳ(x1),
y=[y1,y2,…,
T
ĳ(x2),…,ĳ(xl)] , i =1,2,…,l.
Eventually, the LSSVM regression model becomes:
(10)
 = ݕσୀଵ ߙ ݔ(ܭ ,  )ݔ+ ܾ
In equation (10): K (xi, x) is the kernel function
of LSSVM, which is expressed by a radial basis
function:
(11)
ݔ(ܭ ,  = )ݔexp(െԡ ݔെ ݔ ԡଶ /2ߪ ଶ )
,QHTXDWLRQ  ۅx-xiۅ2 is the second norm; ı is
the width coefficient of the radial basis function.

ߠ(ܻ) =



ா[σసభ ఝ ( )|]

ฮσసభ ఝ ( )|ฮ

(16)

In equation (15), j is an independent variable
other than the variable i. In equations (15) to (16),
the conditional expectation is calculated using the
conditional expectation of random variables.

Set the initial value of ߮ (ܺ ) is 0, ߠ(ܻ) = ԡԡ.
By iteratively calculating the alternating conditional
expectation model, the optimal ߠ  כ, ߮ଵ  כ, ߮ଶ  כ, ߮ כ
can be obtained.
Then the final optimal ACE model is:

(17)
ߠ  = )ܻ( כσୀଵ ߮ܺ( כ )
CONSTRUCTION OF DEW
POINT PRESSURE PREDICTION MODEL

Alternating conditional expectation transformation (ACE). In production practice, the functional relationship between the independent variable
and the dependent variable is often difficult to determine directly. If only the fixed or empirical function
form is used for model parameter regression, the prediction result is often not ideal and the universality
is poor [12]. Therefore, it is necessary to introduce a
non-parametric regression method with no explicit
functional relationship requirements. ACE is a nonparametric regression method. This method is a multiple regression method to estimate the optimal transformation. The transformation result is to have a
maximum correlation coefficient between a dependent variable and multiple independent variables [13].
For multiple regression problems, the regression form of the ACE model is generally:

(12)
ߠ(ܻ) = σୀଵ ߮ (ܺ ) + ݁

Selection of data and variables. We selected
27 sets of published condensate gas reservoir dew
point pressure data [14-15] to optimize the parameters of GWO-LSSVM, ACE, RBF and BP models
respectively. The experimental data are shown in Table 1.
As shown in Figure 1, in the selection of model
independent variables, we use Pearson correlation to
rank the factors that affect dew point pressure.
Pearson correlation coefficient method [16] is a
statistical method that accurately measures the closeness of the relationship between two variables. For
the two variables x and y, several sets of data can be
obtained through experiments, denoted as (xi, yi), i =
1, 2,…, n, then the mathematical expression of the
Pearson correlation coefficient is:
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TABLE 1
Experimental data on dew point pressure of condensate gas reservoirs.
T/K
377.55
410.15
405.65
396.95
410.75
419.05
423.77
379.85
377.55
378.45
376.15
384.85
377.15
375.15
410.15
390.15
418.15
376.95
389.15
392.15
387.05
412.05
376.95
378.15
389.95
378.15
399.85

X(C1)/%
74.95
71.87
94.75
86.86
95.57
70.39
77.34
79.64
88.2
84.96
65.59
84.26
74.09
81.99
70.38
74.56
63.70
82.67
74.95
71.60
86.33
75.10
84.32
72.94
85.43
86.62
94.22

x(C2-C6)/%
11.68
18.82
1.14
4.08
0.77
9.15
9.04
8.09
8.32
6.50
15.14
3.59
13.40
7.45
14.93
7.81
21.52
7.72
15.54
9.76
4.31
14.01
6.38
8.67
3.91
8.86
1.17

x(C7+)/%
2.41
7.42
0.21
0.56
0.30
10.93
11.11
5.91
1.49
3.38
6.42
1.26
5.60
3.84
9.84
2.67
10.10
4.62
6.98
3.95
1.01
6.25
3.65
2.91
1.08
2.39
1.07

M(C7+)
134
152
174
124
205
144
153
142
172
143
138
145
154
152
189
131
147
139
197
143
136
228
159
124
136
144
166

0,6

0,55

Pearson correlation coefficient

0,5
0,377

0,4

ī(C7+)
0.775
0.790
0.821
0.759
0.847
0.788
0.799
0.782
0.805
0.787
0.762
0.805
0.804
0.802
0.827
0.772
0.792
0.782
0.823
0.783
0.804
0.844
0.795
0.759
0.777
0.783
0.801

Pd/ MPa
37.93
36.85
43.99
39.51
46.95
38.75
41.64
43.90
43.41
44.33
42.14
40.87
43.33
45.28
44.13
35.77
38.19
46.28
50.47
40.77
39.83
47.67
45.57
36.93
39.34
45.08
44.69

0,542

0,408

0,3
0,2
0,1
0
-0,008

-0,1
-0,2
-0,3
-0,4

-0,297

-0,311

Influencing factors of dew point pressure
FIGURE 2
Analysis of influencing factors of dew point pressure in condensate gas reservoirs.

=ݎ

σ
ത)
సభ(௫ ି௫ҧ )(௬ ି௬
మ 
ത)మ
ටσ
సభ(௫ ି௫ҧ ) σసభ(௬ ି௬

pressure. The reason for this is that CO2 and N2 belong to non-hydrocarbon components, and interact
less with heavy and intermediate components of the
gas reservoir, and the content in the condensate gas
fluid is generally low, so they can be ignored. Therefore, in this paper, gas reservoir temperature, (C1, C2C6, C7+) mole fraction, C7+ relative molecular mass,
and C7+ relative density can be used as input variables of the ACE model. Among them, the gas reservoir temperature is 375.15 ~ 423.77 K, (C1, C2-C6,
C7+) mole fractions are 63.7% ~ 95.57%, 0.77% ~
21.52%, 0.21% ~ 11.11%, and the molecular weight
of C7+ is 124 ~ 228. The relative density of C7+ is
0.759 ~ 0.847.

(18)

In equation (18), xi and yi are the i-th values of
the two variables, and ݔҧ , ݕത are the average of the n
test values of the two variables. The value range of
the correlation coefficient r is between -1 and +1,
that is, |r| <1, the closer to |r|, the higher the correlation between x and y.
As shown in Figure 2, through the Pearson correlation analysis, it can be seen that the mole fraction
of N2+CO2 has a lower influence on the dew point
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Construction of GWO-LSSVM model. The
programming of the GWO-LSSVM model uses
MATLAB 2016a software. At the same time, we use
the LSSVM toolbox to embed the LSSVM model in
the GWO algorithm.
First, define absolute relative error (ARD) and
average absolute relative error (AARD):

 = ܦܴܣฬ

ೣ

௬

ଵ

ೝ
ି௬
ೣ
௬

 = ܦܴܣܣσୀଵ ฬ

ฬ × 100%
ೣ

௬



ೝ
ି௬
ೣ
௬

voirs. The independent variables include gas reservoir temperature, (C1, C2-C6, C7+) mole fraction, C7+
relative molecular mass, and C7+ relative density.
The best transformation regression equation between
independent and dependent variables is:
(21)
ߠ ܲ( כௗ ) = σୀଵ ߮ܺ( כ )
ߠ ܲ( כௗ ) = ߮ଵ )ܶ( כ+ ߮ଶܥ(ݔ כଵ ) + ߮ଷܥ(ݔ כଶ െ  ) ܥ+
(22)
߮ସܥ(ݔ כା ) + ߮ହܥܯ( כା ) + ߮ܥ߁( כା )
In formulas (21) to (22), Pd is the dew point
pressure, MPa; T is the gas reservoir temperature, K;
xC1 is the C1 mole fraction; x(C2-C6) is the C2-C6
mole fraction; xC7+ is the C7+ mole fraction; MC7+ is
the relative molecular mass of C7+ī&7+ is the relative density of C7+.
By making an inverse transformation of equation (23), we can then obtain:
ܲௗ = ߠ ିכଵ [߮ଵ )ܶ( כ+ ߮ଶܥ(ݔ כଵ ) + ߮ଷܥ(ݔ כଶ െ  ) ܥ+
(23)
߮ସܥ(ݔ כା ) + ߮ହܥܯ( כା ) + ߮ܥ߁( כା )]
The superscript -1 in equation (23) is the inverse transformation of the function.
Since the ACE method belongs to non-parametric regression, it does not provide a functional relationship between the independent variable and dependent variable transformation process. In this paper, polynomials are used to fit the transformation
function relationship, as shown in Figure 4.

(19)

ฬ × 100%
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(20)

yiexp

In formulas (19) to (20):
is the experimental value of the i-th data point, yipre is the predicted value of the i-th data point; n is the number of
data.
The flow chart of the GWO-LSSVM model is
shown in Figure 3. The optimized parameters of all
models after optimization are shown in Table 2.
Construction of ACE model. This paper uses
the ACE method to explore the single conditional expectation function of each variable through the 27
sets of dew point pressure experimental data in Table
1, so as to obtain the optimal condition expectation
transformation model, and establish a dew point
pressure prediction model for condensate gas reser-

FIGURE 3
The calculation process of the GWO-LSSVM model.
TABLE2
Optimal parameters of GWO-LSSVM, RBF and BP models.
GWO-LSSVM model
Population quantity
20
Penalty factor Ȗ
1000
Core parameter ı2

28.667

Number of final iterations

200

RBF model
Target error
Expansion constant
Number of hidden
layer neurons (MN)
Number of final iterations

10459

1×10-6
1.0
6
200

BP model
Target error
Learning rate (lr)
Number of hidden
layer neurons (MN)
Number of final iterations

1×10-6
0.2
10
200
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FIGURE 4
The best transformation of ACE method for each variable and its polynomial fitting results.
(26)
߮ܺ( כ ) = σଵ ߙ
ߙ = ߚ   ݔ+ ߚହ  ݔହ + ߚସ  ݔସ + ߚଷ  ݔଷ + ߚଶ  ݔଶ +
(27)
ߚଵ  ݔ+ ߚ
In equations (26) ~ (27), ĳi*(Xi) is the optimal
transformation expectation function of each variable, an is the optimal transformation polynomial fitting function of each variable, ȕn is the regression
coefficient, and x is the experiment of each variable
value.

Figure 5 shows the functional relationship between the dew point pressure experimental data Pd
and the Pd conversion value ș*(Pd) obtained by the
optimal transformation.
Combining the above calculations, the following new model for predicting the dew point pressure
of condensate gas reservoirs based on ACE method
is finally obtained, namely formula (24 ~ 27):
(24)
ߠ ܲ( כௗ ) = 0.2739ܲௗ െ 11.602
ߠ ܲ( כௗ ) = ߮ଵ )ܶ( כ+ ߮ଶܥ(ݔ כଵ ) + ߮ଷܥ(ݔ כଶ െ  ) ܥ+
(25)
߮ସܥ(ݔ כା ) + ߮ହܥܯ( כା ) + ߮ܥ߁( כା )
10460
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55
2,5

GWO-LSSVM

2

Prediction value/ MPa

1
0,5
ș*(Pd)

ACE

50

y = 0.2739x - 11.602

1,5

0
-0,5
-1
-1,5

RBF
BP

45

40

35

-2
-2,5
30

35

40
45
Pd/ MPa

50

30

55

30

35

40

45

50

55

Experimental value/ MPa
FIGURE 6
Regression results of GWO-LSSVM, ACE, RBF
and BP model training data.

FIGURE 5
The best transformation of the dependent
variable and its fitting result.

TABLE 3
Regression coefficients in the ACE model.
n
1
2
3
4
5
6

ȕ6n
/
/
-3.30×10-7
/
/
/

x
T
C1
C2-C6
C7+
MC7+
īC7+

ȕ5n
/
/
2.61×10-5
/
/
/

ȕ4n
/
/
-8.00×10-4
8.93×10-4
-5.91×10-8
-1.17×105

ȕ3n
2.60×10-5
-5.88×10-5
1.16×10-2
-2.00×10-2
4.21×10-5
3.76×105

ȕ2n
-3.09×10-2
1.47×10-2
-7.51×10-2
1.33×10-1
-1.11×10-2
-4.54×105

ȕ1n
12.2
- 1.13
1.08×10-1
-6.61×10-3
1.31
2.43×105

ȕ0n
1.60×103
26.5
4.03×10-1
-9.93×10-1
-59.6
-4.88×104

TABLE 4
Prediction results of dew point pressure of non-sample condensate gas reservoirs.
T/K

x (C1)
/%

x (C2-C6)
/%

x (C7+)
/%

MW
(C7+)

ī(C7+)

Pd
/MPa

GWO-LSSVM,
predicted value
/MPa

397.15
402.4
407.25
405.55
400.15
401.95
407.02
408.2
409.25

96.55
95.8
87.48
87.94
87.85
87.77
88.59
88.21
87.97

2.09
2.83
10.01
9.46
9.71
9.54
8.96
9.27
9.61

0.17
0.42
1.17
1.17
1.06
1.28
0.6
0.99
1.15

150.15
150.97
133.96
137.16
153.38
150.54
123.54
132.82
140.25

0.79
0.79
0.77
0.77
0.79
0.79
0.76
0.77
0.78

47.67
45.28
40.87
40.77
39.83
37.93
36.85
35.77
38.19

44.20
43.82
38.12
38.90
39.54
39.47
38.34
38.34
38.19

ACE,
predicted
value
/MPa
43.75
42.51
37.11
38.02
39.70
39.18
35.44
36.89
37.30

RBF,
predicted
value /MPa

BP,
predicted
value /MPa

40.12
39.86
37.31
37.88
40.47
40.11
36.64
37.18
37.76

44.35
43.54
33.35
34.09
35.26
35.24
32.82
33.49
33.91

the RBF and BP models have poor ability to approximate individual data, but the overall regression ability is good. The results show that the GWO-LSSVM
model and ACE model established in this paper have
a good approximation ability to solve the problem of
dew point pressure in highly nonlinear condensate
gas reservoirs, which is a certain improvement over
the traditional RBF and BP models.
In order to further demonstrate the prediction
performance of the GWO-LSSVM and ACE models
established in this paper, and compare with the RBF
and BP neural network models, we selected 9 sets of
measured condensate gas reservoir dew point pressure data [17] prediction. The comparison results are

RESULTS
Model prediction results. As shown in Figure
6, the predicted and experimental values of the training data of the GWO-LSSVM model are evenly distributed around the 45° line. The AARD of the training data is only 1.44%, with the minimum and maximum ARDs being 0.07% and 5.04%, respectively.
The model training effect is good. The training data
AARD of the ACE, RBF and BP models are 2.16%,
3.68% and 2.43%, respectively. The maximum ARD
of the RBF and BP models exceeds 10%, and the
maximum ARD of the RBF and BP models is
11.34% and 10.13% respectively. This shows that
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Through the above method, the H, H* and SR
values of the model are calculated. First, if the data
SRLQWV DUH LQ WKH UDQJH RI HH*, -SR LW
means that the model has good predictive ability for
the data, and the data experimental values are not abnormal. Secondly, if the data point is within the
range of H* +-SRLWPHDQVWKDWWKHGDWDH[
ceeds the applicable range of the model. Third, if the
data point SR-3 or SR UHJDUGOHVVRIZKHWKHUH
is less than H*), it is defined as an abnormal point,
and the accuracy of the experimental value of this
data needs to be further determined.
As shown in Figure 8, only one data point has
a standard residual SR less than -3, which is defined
as an abnormal point. This data point is the dew point
pressure of 46.95 MPa in the test data. According to
the analysis, the prediction ARDs of GWO-LSSVM,
ACE, RBF and BP models for this data point are
0.26%, 0.83, 1.47% and 1.87%, respectively. In
summary, the correctness of the experimental value
at this point needs to be further verified. All other
GDWD DUH DOO ZLWKLQ WKH UDQJH RI HH* and SR

shown in Table 4. As shown in Figure 7, the prediction accuracy of the GWO-LSSVM model and the
ACE model is significantly higher than that of the
RBF and BP neural network models. The prediction
data AARD of GWO-LSSVM model and ACE
model are 4.21% and 4.8% respectively, and the
maximum ARD is 7.28% and 9.21% respectively.
The result confirms that the algorithm has better prediction accuracy of dew point pressure. The predicted AARD of RBF and BP neural network models
are 6.29% and 10.29%, respectively, and the largest
ARD is 15.85% and 18.41%, respectively, and the
prediction effect is relatively poor.
Outlier detection. According to the Leverage
method [18], it is possible to detect abnormal points
of experimental data, and at the same time, it can also
identify the validity and application scope of the prediction model. The specific calculation method can
refer to the reference [18].
The expression of the hat matrix (H) is:
(28)
ି)ܺ ் ܺ(ܺ = ܪଵ ܺ ்
In equation (28), X is a two-dimensional matrix, the number of rows in the matrix depends on the
number of data points, and the second column of the
matrix is the number of variables.
The critical value of leverage (H*) is defined as:
כ
(29)
 = ܪ3( + 1)/݊
In equation (29), p is the number of input variables; n is the number of data points.
The standard residual (SR) is defined as:
ܴܵ =

ೣ
ೝ
௬ ି௬
భ
ೣ
ೝ మ
ට
σ ൫௬
ି௬ ൯ (ଵିு )
షషభ సభ 
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CONCLUSIONS
(1) Based on intelligent algorithms and machine learning, a dew point pressure prediction
model (GWO-LSSVM model) combining gray wolf
algorithm (GWO) and least square support vector
machine (LSSVM) is proposed. At the same time,
based on optimization theory and applied statistics,
we propose a non-parametric regression model of
condensate gas reservoir dew point pressure determined by alternating conditional expectation transformation (ACE), and obtain calculation formula of
dew point pressure of condensate gas reservoir with
statistical characteristics.

(30)

In equation (30), yiexp is the ith experimental
value, yipre is the predicted value corresponding to the
ith experimental value; n is the number of data. Hii is
the diagonal element of the hat matrix of the i-th data
point, and the effective range of SR is generally SR

Prediction value/ MPa

50
48

GWO-LSSVM

46

ACE

44

RBF

42

BP

40
38
36
34
32
30
30

35

40

45

50

Experimental value/ MPa
FIGURE 7
The prediction results of non-sample data in each model.
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2
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4

0

0

-2
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0

0,2

0,4

0,6

0,8

0

0,2

0,4

0,6

0,8

H

H
FIGURE 8
Diagnostic results for Leverage outliers.

(2) Based on Pearson correlation analysis, the
main influencing factors of dew point pressure in
condensate gas reservoirs were explored. The input
variables of the model were determined, including
gas reservoir temperature, (C1, C2-C6, C7+) mole
fraction, C7+ relative molecular mass, and C7+ relative density.
(3) The prediction accuracy of GWO-LSSVM
model and ACE model is higher than that of RBF
and BP neural network models. The average absolute
relative error (AARD) of the GWO-LSSVM model
and the ACE model are 2.13% and 2.82%, respectively.
(4) We used the Leverage anomaly point diagnosis method to perform anomaly point diagnosis on
all dew point pressure data. The results show that
only one data point is an abnormal point, and the accuracy of the experimental value at this point needs
to be further verified. All other data are in the range
RIHH*, -SR
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ABSTRACT

INTRODUCTION

7KHQHJDWLYHLQIOXHQFHRIDXWRPRELOHWUDIILFLQ
WKHXUEDQHQYLURQPHQWLVPDQLIHVWHGLQHPLVVLRQVRI
various air pollutants (dust, soot, smog and other),
H[SDQVLRQRIXUEDQKHDWLVODQGGHFUHDVHGKXPLGLW\
LQFUHDVHGZLQGVSHHGDQGRWKHU8UEDQJUHHQVSDFHV
and especially the ones near roads with heavy traffic,
covered with various plant material, can have a major role in suppressing the environmental conseTXHQFHV LQIOXHQFHRQPLFURFOLPDWHFRQGLWLRQVDE
sorption of different pollutants, reduction of wind
VSHHGDQGRWKHU FDXVHGE\WKHWUDIILF7KHZLQGLV
an important environmental factor that has a direct
effect on people and other environmental factors that
together influence the state of the city's comfort.
Strong and long-lasting winds, on the other hand, can
EHDQLPSRUWDQWIDFWRUIRUFLW\VDIHW\,QWKHSDSHU
we start from the assumption that roadside green
spaces have a positive effect on wind speed reducWLRQLQWKHQHDUE\DUHDDQGWKDWWKHVL]HRIWKDWHIIHFW
depends on the cover, dendrology structure and the
VL]HRIJUHHQVSDFH7KHUHVHDUFKKDVEHHQFRQGXFWHG
on five representative green spaces along the main
traffic roads in the area of New Belgrade, a municiSDOLW\ RI 6HUELDQ FDSLWDO %HOJUDGH 5HVXOWV VKRZ
that: roadside green spaces, with surface areas ranging from 0.7-1.4ha, have positive impact on wind
VSHHG UHGXFWLRQ UHGXFLQJ LW E\ -1.5m/s in the
QHDUE\XUEDQVXUURXQGLQJVDPRXQWRILQIOXHQFHRI
those green spaces on wind speed reduction depends
on dendrological structure and coverage of green
VSDFHLQWHQVLW\RIZLQGVSHHGUHGXFWLRQLVQRWSUR
portionate to the size of those green spaces. The resuOWVRIWKLVSDSHUFDQEHXVHGIRUSODQQLQJDQGHV
WDEOLKPHQWDVZHOODVIRUPDLQWDLQLQJWKLVFDWHJRU\
of green spaces in the city.

The quality of life and the quality of the enviURQPHQW LQ FLWLHV DUH QRWDEO\ DIIHFWHG E\ URDG
transport and traffic. The vision of lively, safe, susWDLQDEOHDQGKHDOWK\FLW\[1] is a general and urgent
desire for most of the cities nowadays. Considering
this, the aspect that directly influence a successful
DFKLHYHPHQW RI WKHVH JRDOV UHIHUV RQ XUEDQ WUDIILF
DQG LPSOHPHQWDWLRQ RI VXVWDLQDEOH WUDQVSRUWDWLRQ
modes [2]%HVLGHVWKDWXUEDQJUHHQVSDFHVSOD\D
crucial role in reducing the negative impacts of still
dominant motor traffic in cities, as well as provide a
FRPIRUWDEOH DQG LQYLWLQJ HQYLURQPHQW IRU ZDONLQJ
and cycling.
8UEDQWUDIILFKDVDQHVSHFLDOO\QHJDWLYHLQIOX
HQFHRQXUEDQODQGVFDSHVZKHQLWFRPHVWRWKHHQYL
ronment. Large areas covered in asphalt and high vehicle frequency aIIHFWQHDUE\FLW\VXUURXQGLQJV ORVV
RI KDELWDWV H[SDQVLRQ RI XUEDQ KHDW LVODQG GH
creased humidity, increased amount of air pollutants,
smog, noise and other) [3]. On the other hand,
changes in existing terrain configuration (construction of pits and mounds, landscaping, terracing and
adjustment of existing terrain, clearing of existing
vegetation and other), while leveling city roads, can
have a huge impact on wind speed and direction
changes in the city [4-5].
The wind is an important environmental factor
that has a direct influence on people (causing the occurrence of non-FRPPXQLFDEOHGLVHDVHV EXWDOVRRQ
other environmental factors (air temperature, humidity, air pollution, concentration of smog and dust,
anG RWKHU  LQ WKH XUEDQ HQYLURQPHQW [6-8]. Strong
wind FDQ EH DQ LPSRUWDQW IDFWRU ZKHQ LW FRPHV WR
safety in cities, especially in traffic. Mitigation of
wind speed is usually accomplished with many difIHUHQWEXLOWVWUXFWXUHV[9], however, not only can certaLQXUEDQVWUXFWXUHVYHU\HIILFLHQWO\UHJXODWHDLUFXU
UHQWV LQVLGH WKH FLW\ EXW ZHOO-planned positions of
green spaces can too [10-13]. Other than regulating
ZLQGVSHHGJUHHQVSDFHVDOVRFRQWULEXWHWRILQHLQ
filtration of fresh air coming from local areas, accelHUDWLQJQDWXUDOYHQWLODWLRQRIWKHXUEDQHQYLURQPHQW
[14]. From this aspect, green spaces have special significance as they stop, redirect and reduce wind
speed thus modifying other environmental factors in

KEYWORDS:
WLQGVSHHGUHGXFWLRQURDGVLGHJUHHQVSDFHVXUEDQHQYL
ronment
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WKH QHDUE\ XUEDQ VXUURXQGLQJV DQG LQFUHDVLng the
city’s comfort [15-17]. Gandemer (1981) [18] states
that during the previous century, many pieces of reVHDUFK WKDW KDYH EHHQ GRQH LQ WKH QDWXUDO HQYLURQ
ment near the protective roadside vegetation, have
shown the efficiency of protective green spaces in
wind speed reduction.
,QWKHPLGRIWKHSDVWFHQWXU\H[DPLQDWLRQRI
the efficiency of wind speed reduction using various
PDWHULDOV ERWK ELRORJLFDO DQG QRQ-ELRORJLFDO  ZDV
performed with the help of a protective zones model
ZKLFKKDVEHHQWHVWHGLQWKe air tunnels in the conWUROOHGODERUDWRU\HQYLURQPHQW[19-20]. During that
time it was confirmed that the values of wind speed
UHGXFWLRQ DFTXLUHG LQ ODERUDWRU\ HQYLURQPHQW FDQ
RQO\EHXVHGLQWKHILHOGDIWHUDFHUWDLQHQJLQHHULQJ
application in realistic conditions, meaning that the
results of wind speed reduction acquired in controlled environment do not provide precise enough
information on wind speed reduction amount as do
results acquired through direct field research.
Later, with the development of research techniques, through the application of air tunnels and numerical methods, many future research [9, 21-29]
were leading towards the advancement of precision
LQODERUDWRU\WHVWVDQGWKHGHYHORSPHQWRIFRPSXWHU
simulations in following the amount of wind speed
reduction with the use of various materials.
Bitog et al. (2011) [30] have determined that
natural wind shelter, especially when it consists of
URZVRIWUHHVDQGVKUXEVLVKLJKO\HIILFLHQWLQZLQG
VSHHG UHGXFWLRQ EXW DOVR WKDW WKH DPRXQW RI ZLQG
speed reduction depends on different characteristics
of green space: tree height, width and density of
green space, crown shape and other.
Chang et al. (2007) [31] VWDWHWKDWLWLVNQRZQ
WKDWXUEDQJUHHQVSDFHVLPSDFWHQYLURQPHQWDOFRQGL
tions in the city, however, the differences in the size
RI WKRVH LPSDFWV EDVHG RQ GHQGURORJLFDO VWUXFWXUH
the percentage ratio of various plant covers, size of
JUHHQ VSDFHV DQG RWKHU KDYHQ¶W EHHQ UHVHDUFKHG
enough. They also mention that, many research
DERXWJUHHQVSDFHinfluence on modification on enYLURQPHQWDOIDFWRUVLQWKHFLW\KDYHEHHQSHUIRUPHG
RQODUJHJUHHQVSDFHV !KD EXWWKDWWKHUHDUHPDQ\
green spaces <3ha of area cover that could also have
DVLJQLILFDQWLPSDFWZKLFKKDVQ¶WEHHQVWXGLHG
This paper represents the empirical field research of the effect of green spaces, along main traffic roads in the New Belgrade area, on wind speed
UHGXFWLRQLQQHDUE\FLW\VXUURXQGLQJV1HZ%HOJUDGH
LVORFDWHGLQWKHSODLQEHWZHHQ=HPXQDQGROG%HO
JUDGHRQWKHOHIWEDQNRIWKH6DYD5LYHUDQGWKHULJKW
EDQNRIWKH'DQXEHRQIRUPHUZHWODQGVLQDQDUHD
with its own long history of spatial transformation
[32] ,WV SUHVHQW-day settlement was planned and
constructed in the decades after the Second World
War [33-34], as the Functional City, applying the
principles of The Athens Charter ( SXEOLVKHG

Fresenius Environmental Bulletin

1943). Among the principles applied was the rectanJXODUQHWZRUNRIZLGHURDGVDORQJZLWKWKHHVWDE
lishment of functional unity of all elements of modern planning, including green XUEDQVSDFHV7KHVSD
WLDOVSLQHRI1HZ%HOJUDGHLVKLJKZD\WKDWOLQNV6HU
ELDZLWK&URDWLDDQGRWKHUFRXQWULHVLQ:HVWHUQ(X
rope. That is former The Brotherhood and Unity
HighwayWRGD\¶VSDUWRI(XURSHDQURXWHV((
DQG(1HZ%HOJUDGHIDFHVWRGD\D high intensity
of motor traffic and all the consequences this fact entails. Due to these circumstances, it is important to
use every opportunity to mitigate and minimize the
negative impacts of traffic. We start from the assumption that green spaces along traffic roads (<3ha)
have a positive influence on wind speed reduction in
WKH QHDUE\ VXUURXQGLQJV DQG WKDW LQIOXHQFH GLIIHUV
EDVHGRQWKHFRYHUGHQGURORJLFDOVWUXFWXUHDQGWKH
size of green space. Based on its research, this paper
holds directions for design and construction of green
spaces along traffic roads to advance their environmental functions, respectively the amount of effects
RQ ZLQG VSHHG UHGXFWLRQ EXW DOVR Wechniques for
planning, designing and maintaining this category of
green spaces in the city.

MATERIALS AND METHODS
5HVHDUFK RI WKH effects amount that roadside
JUHHQVSDFHVKDYHRQZLQGVSHHGUHGXFWLRQLQQHDUE\
VXUURXQGLQJVLVEDVHGXSRQPRQLWRULQJDQGPHDVXU
ing of wind speed values on selected green spaces
along main traffic roads in the area of New Belgrade.
Selected roadside green spaces ZHUHFKRLFHEDVHGRQ
the following criteria: (1) space – as each green space
LVSRVLWLRQHGDORQJWKHPDLQWUDIILFURDGEXWDOVREH
WZHHQ WUDIILF URDG DQG FRQVWUXFWLRQ EXLOGLQJV
houses, etc.) it presents a unique protective zone, (2)
surface area – green spaces <3ha, (3) – DYDLODELOLW\
and presence in the field – green spaces that poses
necessary conditions for measuring wind speed during longer periods.
Based on these criteria, along four main traffic
roads in the area of New Belgrade, as there are that
PDQ\DFFRUGLQJWRFLW\ERUGHUVGHILQHGIRUWKHMaster Plan of Belgrade 2021 use, five representative
URDGVLHGH JUHHQ VSDFHV KDYH EHHQ VHOHFWHG ZKHUH
wind speHGPHDVXULQJKDVEHHQSHUIRUPHG(Fig. 1).
The cover, dendrological structure, and appearance
of green spaces used in the experiment are shown in
7DEOH
:LQGVSHHGKDVEHHQPRQLWRUHGDQG measured
during the two years in spring, summer, and autumn,
three times a day, measured twice each time. A special instrument was used for collecting this data –
digital cup vane anemometer type AM 4220 – Lutron, Taiwan (measurement range 0.1-35m/s with
0.1m/s resolution). Data collecting was done
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TABLE 1
The characteristics of the sample roadside green
g
spaces used in experiment

5HVHDUFKLQJHIIHFWVRIURDGVLGHJUHHQVSDFHVRQ
ZLQG VSHHG UHGXFWLRQ ZDV SHUIRUPHG EDVHG RQ
green space cover – EDVHGRQWKHUHVHDUFKUHVXOWVRI
&KɚQJHWDO  [31], the cover of green spaces
ZDVWDNHQLQWRDFFRXQW JUHHQVSDFHFRYHUSHUFHQW
DJHZLWKWUHHVWUHHVDQGVKUXEVVKUXEVODZQVDQG
pavement). For calculating the cover area of green
spaces along traffic roads and surface area of green
spaces, georeferenced aerial photography (Town
3ODQQLQJ ,QVWLWXWH RI %HOJUDGH   ZDV XVHG
DORQJZLWKWKHVRIWZDUHSDFNHW0DS,QIR3URIHVVLRQDO
 'HQGURORJLFDO VWUXFWXUHV – determination of
woody taxa was achieved with the help of literature
sources: Krüssmann (1986) [35]9XNLüHYLü  
[36] -RYDQRYLü   [37] DQG &YMHWLþDQLQ HW DO
(2016) [38]. The nomenclature was regulated with
Flora Europaea )ORUD (XURSDHD 'DWDEDVH  DQG
GRIN Taxonomy for Plants.

in two different locations on each green space (in
IURQWRIWKHJUHHQVSDFHFORVHUWRWKHURDGDQGEH
KLQGWKHJUHHQVSDFHFORVHUWRWKHEXLOGLQJV ,WZDV
SDLG FORVH DWWHQWLRQ WR WKH GLVWDQFH EHWZHHQ WKH
PHDVXULQJ ORFDWLRQV DQG WKH EXLOGLQJV DV WR QRW
caXVHWKHUHERXQGHIIHFWGXULQJPHDVXULQJEHFDXVH
of the structures. All measurements were perIRUPHG EHIRUH QRRQ GXULQJ WKH ZRUNGD\V DW
FPDERYHJURXQGOHYHODWWKHVDPHWLPHGXULQJ
the entire year. On each of the five representative
green spaces, data was collected 36 times during
the two years, namely 18 times a year, or more precisely 6 times during spring, summer and autumn
with 3 series of two consecutive measurements.
The value of the effects of roadside green
spaces on wind speed reduction is calculated as the
difference of the mean wind speed values, which
ZHUHPHDVXUHGLQIURQWRIDQGEHKLQGUHSUHVHQWDWLYH
roadside JUHHQ VSDFHV %\ HVWDEOLVKLQJ WKH LP
portance of the difference in the mean wind speed
YDOXHV PHDVXUHG LQ IURQW RI DQG EHKLQG WKH Uepresentative green spaces, ZHHVWDEOLVKWKHYDOXHRIWKH
effects of sample green spaces along traffic roads on
ZLQGVSHHGUHGXFWLRQ5HODWHG-pairs t-test was used
WR HVWDEOLVK WKH LPSRUWDQFHRI WKHGLIIHUHQFH LQ WKH
PHDVXUHGPHDQZLQGVSHHGYDOXHV5HVHDUch results
SURFHVVLQJKDVEHHQGRQHLQWKH,%06366SURJUDP
,QVWDWLVWLFVGDWDSURFHVVLQJZHVWDUWHGZLWKWKHDV
sumption that there are no statistically significant
GLIIHUHQFHV S!  EHWZHHQ PHDQYDOXHV RI ZLQG
VSHHGPHDVXUHGLQIURQWRIDQGEHKLQGUHpresentative roadside green spaces, among the sample green
spaces along the traffic roads.

RESULTS AND DISCUSSION
Along the main traffic roads in the New BelJUDGH DUHD ,QWHUQDWLRQDO (XURSHDQ URXWH (
0LKDMOR3XSLQ%RXOHYDUG1LNROD7HVOD%RXOHYDUG
and Tošin Bunar main street), wind speed measuring
was performed on 5 representative green spaces,
ERWK LQ IURQW RI DORQJ WKH URDG  DQG EHKLQG JUHHQ
spaces 7DEOH %DVHGRQWKHUHVXOWVFRUUHODWLRQV
EHWZHHQ PHDQ YDOXHV RI ZLQG VSHHG PHDVXUHG LQ
IURQWRIDQGEHKLQGJUHHQVSDFHVDQGWKHLUVWDWLVWLFDO
LPSRUWDQFHDUHVKRZQDVZHOO 7DEOH 
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FIGURE 1
Sheme of Belgrade city and location of sample green spaces used in this experiment
7KHILUVWVDPSOHURDGVLGHJUHHQVSDFH 5*6 
VHUYHV ZLWK LWV SRVLWLRQ DORQJ WKH 1LNROD 7HVOD
Boulevard, as a protective zone with the surface area
of 0.7ha. On this location, all measurements have
shown different wind speed values in front of and
EHKLQGWhe green space. That difference ranged from
0.1m/s (the smallest measured value) to 3.2m/s (the
greatest measured value). During the two years, the
mean wind speed value measured in front of this
JUHHQVSDFH 5*6 ZDVPVDQGEHKLQGWKH
green spacH ZDV PV 5HODWHG-pairs t-test
KDV VKRZQ DQ LPSRUWDQW VWDWLVWLFDO GLIIHUHQFH EH
tween mean wind speed values measured in front of
DQGEHKLQGWKLVJUHHQVSDFH S )RUWKLVURDG
side green space, a mean value of 0.9m/s for wind
speed difference KDV EHHQ HVWDEOLVKHG 7KLV JUHHQ
VSDFH 5*6  KDV WKH JUHDWHVW FRYHU SHUFHQWDJH RI
WUHHV DQG VKUXEV   IROORZHG E\ WUHHV
  ODZQ   DQG SDYHPHQW  
3HUFHQW UDWLR RI WUHHV DQG VKUXEV WD[D LV
 ZKLOH WKH SHUFHQW UDWLR RI evergreen
DQGGHFLGXRXVWD[DLV
7KHVHFRQGURDGVLGHJUHHQVSDFH 5*6 LVOR
cated along the Mihajlo Pupin Boulevard in the New
Belgrade, with the surface area of 1.4ha. Same as
ZLWKWKHSUHYLRXVJUHHQVSDFH 5*6 WKLVURDGVLGH
JUHHQVSDFH 5GS2) also serves as a protective zone
ZLWK LWV SRVLWLRQ UHODWLYH WR WKH WUDIILF URDG ,Q DOO
measuring sequences, a difference in wind speed
YDOXH ZKHQ PHDVXUHG LQ IURQW RI DQG EHKLQG WKH
URDGVLGH JUHHQ VSDFH KDV EHHQ HVWDEOLVKHG 7KH

smallest difference value measured was 0.1m/s,
while the greatest one was 3.4m/s. The mean value
of wind speed, measured during the two years, in
IURQWRIWKHJUHHQVSDFHZDVPVPVDQGEH
KLQGWKHJUHHQVSDFHLWZDVPVPV,WKDV
EHHQ HVWDEOLVKHG WKDW WKH FRUUHODWLRQ EHWZHHQ ZLQG
VSHHG YDOXHV PHDVXUHG LQ IURQW RI DQG EHKLQG WKH
green space, is great and statistically significant
(p<0.01). The mean value of the difference in wind
VSHHGLVPVIRUWKLVJUHHQVSDFH5RDGVLGHJUHHQ
VSDFH 5*6 LVFRYHUHGLn the greatest percentage
ZLWKSDYHPHQW  WKHQODZQ  WUHHV
  WUHHV DQG VKUXEV   DQG VKUXEV
 3HUFHQWUDWLRRIHYHUJUHHQVHPL-evergreen
DQGGHFLGXRXVVSHFLHVKHUHLV
while the percent ratio of tree DQG VKUXE WD[D LV

7KHWKLUGURDGVLGHJUHHQVSDFH 5*6 ZLWKD
surface area of 1.2ha, is located along the Mihajlo
Pupin Boulevard. This green space is located next to
the administrative-UHVLGHQWLDOEXLOGLQJFRPSOH[DQG
relative to the traffic road, it also serves as a protective zone. All measuring sequences in this green
space also showed differences in wind speed value
ZKHQ PHDVXUHG LQ IURQW RI DQG EHKLQG WKH JUHHQ
space. The smallest measured value of the difference
in wind speed was 0.1m/s, while the greatest one was
1.3m/s. The mean value of wind speed, measured in
IURQW RI WKH URDGVLGH JUHHQ VSDFH 5*6  ZDV
PVPVDQGEHKLQGWKHJUHHQVSDFHLWZDV
PVPV,WKDVEHHQFRQILUPHGWKDWWKH
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TABLE 2
Results of wind speed measuring
g on 5 sample roadside ggreen spaces

W1–:LQGVSHHGLQIURQWRIJUHHQVSDFH:2–:LQGVSHHGEHKLQGWKHJUHHQVSDFH:t – mean value of difference in wind speed
PHDVXUHGLQIURQWRIDQGEHKLQGWKHURDGVLGHJUHHQVSDFH

FRUUHODWLRQEHWZHHQZLQGVSHHGYDOXHVPHDVXUHGLQ
IURQWRIDQGEHKLQGWKHJUHHQVSDFHLVJUHDWDQGVWD
tistically significant (p<0.01). The mean value of the
difference in wind speed, for this green space, is
0.5m/s. The greatest cover percentage on this green
VSDFHJRHVWRWKHSDYHPHQW  WKHQWKHUHDUH
WUHHVDQGVKUXEV  ODZQ  DQGWUHHV
 7KHSHUFHQWDJHUDWLRRIHYHUJUHHQDQGGH
FLGXRXV VSHFLHV DQG WUHH DQG VKUXE WD[D LV

The location of the fourth roadside green space
5*6  ZLWK D VXUIDFH DUHD RI KD LV DORQJ WKH
Tošin Bunar main street. The same as with the previous green spaces, in all the measuring sequences
RQWKLVURDGVLGHJUHHQVSDFH 5*6 WKHGLIIHUHQFH
in values of winGVSHHG LQ IURQWRI DQG EHKLQG WKH
JUHHQVSDFHVKDVEHHQUHFRUGHG7KHVPDOOHVWGLIIHU
ence value of wind speed was 0.1m/s, while the
greatest one was 3.0m/s. The mean value of wind
VSHHG LQ WZR \HDUV PHDVXUHG PVPV LQ
front of the green space and PVPVEHKLQG
WKH JUHHQ VSDFH &RUUHODWLRQ EHWZHHQ ZLQG VSHHG
YDOXHVPHDVXUHGLQIURQWRIDQGEHKLQGWKHURDGVLGH
JUHHQVSDFH 5*6 LVJUHDWDQGVWDWLVWLFDOO\VLJQLIL
cant (p<0.01). The mean difference value of this
green space is 0.8m/s. The greatest cover percentage,
IRUWKLVJUHHQVSDFHKROGWUHHV  DIWHUZKLFK
DUH ODZQ   DQG SDYHPHQW   7KLV
JUHHQVSDFHFRQVLVWVRIGHFLGXRXVWUHHWD[D
The fifth representative roadside green space
5*6  ZKHUH ZLQG VSHHG PHDVXUHPHQWs were

WDNHQZLWKDVXUIDFHDUHDRIKDLVORFDWHGDORQJ
WKHLQWHUQDWLRQDO(XURSHDQURXWH(:LWKLWVSRVL
WLRQUHODWLYHWRWKHWUDIILFURDGDQGUHVLGHQWLDOEXLOG
ings, it serves as protection from the negative influence of the traffic road. Smaller values of wind speed
KDYHEHHQHVWDEOLVKHGGXULQJWKHFRQVHFXWLYHPHDV
XULQJSHUIRUPHGEHKLQGWKLVJUHHQVSDFHDVZHOO7KH
smallest difference value of wind speed, measured in
IURQWRIDQGEHKLQGWKLVJUHHQVSDFHZDVPVDQG
the greatest was 2.9m/s. The mean value of wind
speed, measured during two years, was
PVPV LQ IURQW RI WKLV JUHHQ VSDFH DQG
PVPVEHKLQGLW&RUUHODWLRQRIPHDQYDO
XHVRIZLQGVSHHGPHDVXUHGLQIURQWRIDQGEHKLQG
the green space, is great and statistically significant
(p<0.01). The mean difference value of wind speed
LVPVIRUWKLVJUHHQVSDFH7UHHVDQGVKUXEVKROG
the greatest cover percentage on this green space
 ZLWKWUHHVEHLQJQH[W  7KHSHU
centage ratio of evergreen and deciduous species
KHUHLVZKLOHWKHSHUFHQWDJHUDWLREH
WZHHQWUHHDQGVKUXEVSHFLHVLV
The study conducted on 5 representative green
spaces, along the main traffic roads in the New Belgrade area, on wind speed reduction, shows that
those green spaces influence wind speed reduction in
WKHQHDUE\VXUURXQGLQJV6WDWLVWLFDOO\VLJQLILFDQWGLI
ferences in the mean wind speed values (p<0.01)
KDYH EHHQ HVWDEOLVKHG RQ DOO VDPSOH JUHHQ VSDFHV
along the traffic roads, which were measured in front
of (side closHUWRWKHURDG DQGEHKLQG VLGHFORVHUWR
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TABLE 3
Statistical parametars of the effects of roadside green spaces on wind speed reduction
52$'6,'(*5((163$&( 5*6
Wind speed in front of green space (m/s)
:LQGVSHHGEHKLQGWKHJUHHQVSDFH PV
:LQGVSHHGLQIURQWDQGEHKLQGRI
green space (m/s)

x

0.89
52$'6,'(*5((163$&( 5*6
Wind speed in front of green space (m/s)
:LQGVSHHGEHKLQGWKHJUHHQVSDFH PV
:LQGVSHHGLQIURQWDQGEHKLQGRI
green space (m/s)

x

0.81
52$'6,'(*5((163$&( 5*6
Wind speed in front of green space (m/s)
:LQGVSHHGEHKLQGWKHJUHHQVSDFH PV
:LQGVSHHGLQIURQWDQGEHKLQGRI
green space (m/s)

x

0.53
52$'6,'(*5((163$&( 5*6
Wind speed in front of green space (m/s)
Wind speed EHKLQGWKHJUHHQVSDFH PV
:LQGVSHHGLQIURQWDQGEHKLQGRI
green space (m/s)

x

0.83
52$'6,'(*5((163$&( 5*6
Wind speed in front of green space (m/s)
:LQGVSHHGEHKLQGWKHJUHHQVSDFH PV
:LQGVSHHGLQIURQWDQGEHKLQGRI
green space (m/s)

x
1.2
0.3
S

Ss

0.76

0.13

x
1.1
0.3
S

Ss

0.72

0.12

x
0.7
0.2
S

Ss

0.42

0.07

x
1.1
0.3
S

Ss

0.60

0.10

x
2.0
0.5

x

S

Ss

1.47

0.81

0.14

N
S
SS
Correlation
36
0.98
0.16
0.671
36
0.44
0.07
&RQILGHQFH,QWHUYDORIWKH'LIIHUHQFH
t
Lower
Upper
0.64
1.15
7.06
N
S
SS
Correlation
36
0.90
0.15
0.618
36
0.47
0.08
&RQILGHQFH,QWHUYDORIWKH'LIIHUHQFH
t
Lower
Upper
0.57
1.05
6.80
N
S
SS
Correlation
36
0.58
0.10
0.717
36
0.30
0.05
&RQILGHQFH,QWHUYDORIWKH'LIIHUHQFH
t
Lower
Upper
0.38
0.67
7.42
N
S
SS
Correlation
36
0.71
0.12
0.538
36
0.36
0.06
&RQILGHQFH,QWHUYDORIWKH'LIIHUHQFH
t
Lower
Upper
0.62
1.03
8.22
N
S
SS
Correlation
36
0.98
0.16
0.562
36
0.65
0.11
&RQILGHQFH,QWHUYDORIWKH'LIIHUHQFH
t
Lower
Upper
1.20
1.75
10.86

WKHUHVLGHQWLDOEXLOGLQJV WKRVHJUHHQVSDFHV7KHVH
results confirm claims of &KɚQJ HW DO   [31]
WKDW XUEDQ JUHHQ VSDFHV ZLWK VXUIDFH DUHD DURXQG
1ha, can have a significant influence on modifying
WKHHQYLURQPHQWDOFRQGLWLRQVLQWKHQHDUE\VXUURXQG
LQJVEXWDOVRFODLPVRI%LWRJHWDO  [30] that
the natural wind protection, especially when it conVLVWV RI WUHH DQG VKUXE URZV LV KLJKO\ HIILFLHQW LQ
wind speed reduction.
The research shows that the mean difference
values of wind speed vary upon the surface area size
of the sample green spaces. The mean values of wind
speed reduction of sample green spaces with a surface area of 0.7ha, were 0.8-0.9m/s, while that value
is 0.5-1.5m/s on the green spaces with a surface area
of 1.2-KD 5HVSHFWLYHO\ VWXGLHV VKRZ WKDW WKH
amount of effects of sample green spaces on wind
VSHHG UHGXFWLRQ LQ WKH QHDUE\ VXUURXQGLQJV LV QRW
proportionate to their surface area size.
5RDGVLGHJUHHQVSDFHV5*6DQG5*6ZLWK
DVXUIDFHDUHDRIKDZKLFKUHGXFHZLQGVSHHGE\
0.8-PVDUHFRYHUHGLQWUHHVDQGVKUXEVDQGWUHHV
LQ WKH UHODWLRQ  5*6  DQG WUHHV
 5*6 %RWKJUHHQVSDFHVKDYHSDYHPHQW
FRYHU SHUFHQWDJHV EHORZ  DQG ODZQ FRYHU
SHUFHQWDJH EHORZ  %RWK JUHHQ VSDFHV DUH
covered with tall deciduous tree taxa (Acer negundo
L., Acer pseudoplatanus ‘Atropurpureum’, Betula

Sig.
0.000
df

Sig.

35

0.000
Sig.
0.000

df

Sig.

35

0.000
Sig.
0.000

df

Sig.

35

0.000
Sig.
0.001

df

Sig.

35

0.000
Sig.
0.000

df

Sig.

35

0.000

pendula 5RWK Gleditsia triacanthos L., Populus
alba L., Populus simonii Carrière, Prunus cerasifera
(KUKTilia tomentosa Moench., Ulmus laevis Pall.,
Ulmus pumila / ZLWKPRUHWKDQ2QWKH
URDGVLGHJUHHQVSDFH 5*6 ZLWKWKHVXUIDFHDUHD
of 0.7ha, a greater mean value of wind speed reduction was measured (0.9m/s), than the mean value of
ZLQG VSHHG UHGXFWLRQ RQ WKH JUHHQ VSDFH 5*6 
with the same surface area, which measured 0.8m/s.
5RDGVLGHJUHHQVSDFH 5*6 LVFRYHUHGZLWK
VKUXEVSHFLHVDQGWUHHVZLWKWKHHYHUJUHHQWR
GHFLGXRXV WD[D UDWLR EHLQJ  ZKLOH WKH
JUHHQVSDFH 5*6 LVFRYHUHGZLWKGHFLGXRXV
tree species.
The smallest wind speed reduction (0.5m/s)
ZDVPHDVXUHGRQWKHURDGVLGHJUHHQVSDFH 5*6 
with the surface area of 1.2ha. This green space has
the greatest percentage cover of pavement (33.9 
DQG ODZQ   ZKLOH WKH SHUFHQWDJH FRYHU RI
WUHHVDQGVKUXEVLVDQGRIWUHHVLV
5HFRUGHGWUHHVSHFLHVLQWKHILHOGZHUHWDOOGHFLGXRXV
(Acer saccharinum L., Juglans regia L., Koelreuteria paniculata Laxm., Platanus ×acerifolia (Aiton) Willd., Robinia pseudoacacia L., Tilia ×euchlora K. Koch, Tilia tomentosa Moench) and coniferous tree (Cedrus atlantica (QGO  * 0DQHWWL H[
Carrière, Cedrus deodara 5R[E H[ ' 'RQ  *
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'RQ WD[DZLWKSHUFHQWDJHUDWLR5HF
RUGHG VKUXE species were Philadelphus coronarius
L. and Tamarix tetrandra 3DOOH[0%LHE7KHSHU
FHQWDJHUDWLRRIDQXPEHURIWD[DIRUWUHHVDQGVKUXEV
here is 83.32:16.67.
7KHUHLVDFRPSDWLELOLW\EHWZHHQWKHUHVXOWVRI
measuring wind speed reduction in relation to the
surface area size and a cover of the green space on
URDGVLGH UHHQ VSDFHV 5*6  DQG 5*6  2Q WKH
JUHHQVSDFH 5*6 ZLWKDVXUIDFHDUHDRIKDWKH
PHDQYDOXHRIZLQGVSHHGRIPVKDVEHHQHVWDE
lished. This green space has the greatest percentage
FRYHU RI SDYHPHQW   DQG ODZQ  
ZKLOH WKH SHUFHQWDJH FRYHU RI WUHHV DQG VKUXEV LV
RIWUHHVLVDQGRIVKUXEVLV
Tall deciduous (Betula pendula 5RWK Carpinus betulus L., Celtis occidentalis L., Corylus colurna L.,
Platanus ×acerifolia (Aiton) Willd.) and coniferous
trees (Pinus nigra J.F.Arnold, Pinus strobus L.) taxa
DUHSUHVHQWKHUHDVZHOO3UHVHQWVKUXEVSHFLHVKHUH
are: Cotoneaster horizontalis Decne., Forsythia ×intermedia =DEHO Forsythia suspensa 7KXQE 9DKl,
Ligustrum ovalifolium +DVVN Spiraea ×vanhouttei
%ULRW &DUULHUH 7KHSHUFHQWDJHUDWLRRIQXPEHUVRI
WUHHDQGVKUXEWD[DLV
The greatest wind speed reduction was measured on the green space (GS5) with a surface area of
1.2ha. This green space is covered with trees and
VKUXEV  DQGWUHHV  UHVSHFWLYHO\LW
LVFRYHUHGZLWKWUHHVDQGVKUXEV7KHSHUFHQW
age ratLREHWZHHQHYHUJUHHQDQGGHFLGXRXVVSHFLHV
KHUHLVZKLOHWKHSHUFHQWDJHUDWLREH
WZHHQWUHHDQGVKUXEWD[DLV-5HFRUGHG
species of trees are: Acer platanoides L., Acer pseudoplatanus L., Celtis occidentalis L., Schneid., Corylus colurna L., Fraxinus lanceolata %RUNK Koelreuteria paniculata Laxm., Pinus nigra J.F.Arnold
and Populus alba /DQGUHFRUGHGVKUXEVSHFLHVDUH
Berberis vulgaris L., Cercis siliquastrum L., Cotoneaster zabelii C. K. Hibiscus syriacus L. and Philadelphus coronarius L.
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 Sample green spaces with a surface area of
0.7-1.4ha can reduce wind speed from 0.1m/s (smallest measured value) to 3.4m/s (greatest measured
value).
 The amount of influence of sample green
VSDFHVRQZLQGVSHHGUHGXFWLRQLQQHDUE\VXUURXQG
ings is not proportionate to their surface area size.
 The amount of wind speed reduction deSHQGVRQWUHHVWUHHVDQGVKUXEVVKUXEVODZQVDQG
pavement cover percentages of green VSDFH EXW LW
also depends on the dendrological structure of the
green space.
 /DUJHU ZLQG VSHHG UHGXFWLRQ KDV EHHQ HV
WDEOLVKHG LQ WKH VDPSOH JUHHQ VSDFHV FRYHUHG ZLWK
tall deciduous and coniferous tree taxa.
 Sample green spaces, with a surface area of
0.KD FDXVH ZLQG VSHHG WR UHGXFH E\ -0.9m/s.
More efficient wind speed reduction of green spaces
ZLWKVXUIDFHDUHDRIKDLVSUHVHQWZKHQRYHU
of its cover consists of tall deciduous (Acer pseudoplatanus ‘Atropurpureum’, Betula pendula 5RWK
Gleditsia triacanthos L., Populus alba L., Populus
simonii Carrière, Tilia tomentosa Moench., Ulmus
laevis Pall., Ulmus pumila L.) and coniferous trees
(Pseudotsuga menziesii 0LUE )UDQFR DQGVKUXEV
 Green spaces with a surface area of 1.2KDZLWKRYHU lawn and pavement cover have
a smaller wind speed reduction value (0.5-0.8m/s).
 The greatest wind speed reduction value
PV RQVDPSOHJUHHQVSDFHVKDVEHHQPHDVXUHG
RQWKHJUHHQVSDFH KD ZLWKWUHHVDQGWUHHV
DQGVKUXEVFRYHU
 Greater wind VSHHG UHGXFWLRQ FDQ EH
achieved through the construction of green spaces
with 50-WUHHDQGVKUXEFURZQFRYHU
 *UHHQ VSDFHV FRYHUHG RYHU  ZLWK WKH
devastated surface have a much smaller wind speed
UHGXFWLRQYDOXHLQWKHQHDUE\FLW\VXUURXQGLQJV
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CONCLUSIONS
Based on the comparative analysis of values of
wind speed reduction on 5 sample roadside green
spaces along the main traffic roads in the area of
New Belgrade, depending on their surface area,
FRYHUSHUFHQWDJH RIWUHHVWUHHVDQGVKUXEVVKUXEV
lawns, and pavement) and dendrological structure,
WKHIROORZLQJFRQFOXVLRQVFDQEHPDGH
 The difference value of wind reduction
PHDVXUHG LQ IURQW RI DQG EHKLQG WKH VDPSOH JUHHQ
spaces (<3ha) possesses statistical importance of
0.01 level, which confirms that sample green spaces
have a positive influence on wind speed reduction in
QHDUE\FLW\VXUURXQGLQJV
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density depending on both natural and socioeconomic conditions. The natural conditions (most
notably quality of land and its suitability for farming) are deemed to play the primary role where the
onset of rural settlement is concerned [5-8]. In contrast, it is the socioeconomic factors (inter alia major agricultural reforms and processes of migration)
that shape the spatial structure of the settlement
system in general, and individual villages in particular. Indeed, the role of the said social and economic factors became steadily greater in successive
historical periods, just as the importance of the natural factors declined. This conclusion has gained
support over time from the work of Von Thunen
(1842), Chisholm (1967), Cloke (1979) and
.LHáF]HZVND-Zaleska (1978), among others [9-11].
Today's spatial structure to rural settlement is above
all shaped by accessibility in terms of transport, and
the density of the road network [12]; location in
relation to large urban agglomerations [13]; outfitting in infrastructure [14]; land prices; legal conditioning and so forth.
Agriculture represented the primary function
of rural areas in the past, so it was characteristic for
village construction to be dominated by farmstead
buildings present at varying densities and in different spatial arrangements [15]. However, as economic development progressed and rural areas became better equipped with social and technical infrastructure, economic functions other than farming
developed. This went hand in hand with an intensifying process of urbanisation and ever-greater interest in the urban way of life, the overall result
being a change in the way villages were being
built-up that was noticeable in terms of both physiognomy and morphology [16].
The changes in question are most tangible in
the satellite villages around the larger cities, and
they have been following the same course irrespective of geographical location. The only differences
are in dynamic and time of occurrence [17-19]. The
universal phenomena include an ever-greater concentrating of residential buildings, together with an
improvement in the living conditions within dwellings. Changes of this kind have been much more
limited in the peripheral regions, many of which

ABSTRACT
Rural settlements are composed of communities or rural settlements. As an important element in
shaping rural landscapes, they are the main places
for rural populations to live. Their distribution pattern is the result of the joint selection of nature and
history and the spatial expression of the intensity of
population activities. The community is a complex
social space, embedded with the meaning, representation and social imagination associated with
rural life. Under the strong radiation of urban development, the traditional settlement form and
structure suddenly changed. This article will focus
on analyzing the impact of housing construction on
the spatial system and assessing the impact of ecological aesthetics on the appearance of rural settlements. This article will restore the geographical
features of the ecological landscape of rural settlements, focusing on protecting the natural ecological
environment and rationally developing rural ecological landscape. We have collaborated with the
main participants and conducted research on them.
From their experience, expectations and actions,
they have demonstrated and revealed their longing
for the traditional rural settlement life.

KEYWORDS:
Rural settlement, Ecological aesthetics, Cultural roots,
Rural transition

INTRODUCTION
The rural settlement process in successive periods was subject to a wide range of phenomena
encouraging spatial differentiation [1]. Changes
involved both the settlement system as a whole
over a certain larger area and the spatial structure of
different settlement units. The result has been the
generation of various different systems of rural settlement, as well as a diversity of morphogenetic
settlement types. Residential buildings constitute a
fundamental element here [2-4].
Rural settlement is a distribution of type and
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continue to lack factors capable of stimulating dynamic economic development [20].
But in the modern period, mainly from the end
of the 20th century to the beginning of the 21st
century, urbanization has swept the world, the traditional rural settlement landscape is accelerating,
and new landscapes are gradually replacing traditional landscapes. In the process of rapid industrialization and urbanization, the rural areas-especially the villages in the suburbs of the
city-have been strongly radiated by urban development, and the traditional settlement patterns and
structures have suddenly changed.
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landscape of important nodes such as the entrance,
courtyard, road, and edge of the village.
(3) Inductive summary method. All the materials obtained by Jiang were summarized, and
combined with the existing problems in the current
construction, the outlook for the future rural settlement construction was proposed.

RESULTS AND DISCUSSION
Rural ecological cultural landscape pattern.
The definition of landscape pattern is based on
landscape ecology, which is mainly based on the
external appearance of the landscape spatial structure, and is the embodiment of the analysis framework of "patch-corridor-matrix" of landscape pattern. However, while delving into the theoretical
basis, it is necessary to explore the ecological core
values contained in the rural settlement landscape.
Landscape, the English Landscape appeared at
the end of the 16th century, is interpreted as "Everything you can see when you look across a large of
land, especially in the country" in the Oxford dictionary, and is usually used to describe beautiful
rural scenery. In Chinese language, it refers to a
certain place or a certain type of natural scenery,
and generally refers to the scenery for viewing. As
a result, the rural ecological cultural landscape is a
human-land relationship formed by the interaction
between humans and the natural environment.

MATERIALS AND METHODS
(1) Literature research method. After reviewing a large number of domestic and foreign
literatures on rural settlements, this paper starts the
research on the basis of studying and refining the
existing theories of landscape design, urban greening, and rural plant landscape.
(2) Field survey method. Conduct field surveys of villages, using methods such as shooting,
interviews, and records to record basic data of local
village settlements, and summarize the similarities,
differences, advantages, and disadvantages of each
village's green landscape. Learn from local residents about the local plant application habits and
the requirements and expectations for village
greening construction, and take pictures of the

FIGURE 1
Natural landscape and rural settlement ecological region of Guizhou
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From a cultural perspective, the rural cultural
landscape can be composed of three parts: the material cultural layer, the institutional cultural layer,
and the spiritual cultural layer. Among them, the
material and cultural layer is based on the natural
environment and buildings created by mankind. It
is the result of human adaptation and transformation under certain technical conditions, reflecting people's ideology, aesthetic concepts and The
level of science and technology is represented by
agriculture and residential houses. Institutional culture is a variety of activities in the social production
practice of people living in a specific village space.
It uses the natural environment as the activity space
to communicate between people. It is not only indirectly affected by the village environment, but
also directly Influence, including interpersonal relationships, customs and habits, and standardized
social systems. Spiritual culture refers to the social
psychological phenomenon of people living in a
specific village space, mainly including religious
belief, morality, psychology and thinking, character,
aesthetic taste, sacrifice, literature and art, etiquette
and customs.
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The ecological landscape of art settlements
most worthy of enumeration here is the settlement
landscape of Jiabang terraced area in southeastern
Guizhou. All year round, terraces are beautiful. In
the summer, the list is full of green rice. In October,
with the harvest of crops, the mountains turned
golden yellow. But the most beautiful season to see
the terraces is always winter, because the terraces
after water injection will flash a silvery white light,
thus highlighting the curvy outline of the terraces.
Before sunrise, the beautiful outline of the terraces
had already loomed in the dawn of the dawn,
standing on a high altitude overlooking it, like an
extremely elegant ink painting. When the sun rises
from the east, the red sunrise is projected on the
village on the west side, and the surrounding colors
are constantly changing as the sun rises. The colorful and diffused colors can not help but intoxicate.
The terraces are grand and magnificent, stretching
across the Moon Mountain area.
In the national parks of England, the design of
new homes is an important and controversial part of
landscape planning and is inseparable from the ideas and policies of park protection (Figures 2 and 3).
In public discussions, new housing proposals can
be praised to improve the landscape, or condemned
for destroying the landscape, and the planning department ’s decision legalizes or marginalizes different views. The competing interpretations of the
landscape and the rural landscape represented in the
design and planning of the two independent residential areas of Dartmoor National Park reveal how
the landscape context and aesthetic concepts have
changed between different stakeholder groups.
In recent years, there has been increasing perception of rural areas worldwide as a part of the
overall spatial open space system. This conception
evolved in response to development pressures that
have increased since the last decades of the twentieth century, when large tracts of open space and
natural landscape resources were consumed, creating irreversible changes in the rural countryside.
These development trends also threaten heritage
assets that are embedded in the agricultural space,
as well as the natural attributes and resources that
exist in non-agricultural open landscapes with their
ecological, environmental and social amenities.
The beauty of the settlement landscape has
been accompanied by it since the settlement occurred. Japanese architect Akira Fujii believes that
the beauty and vitality of settlements originates
from the "common fantasy" of the inhabitants (Figure 4). This fantasy is the system, belief, and cosmology that the groups in the settlement abide by.
Heterogeneity. The traditional rural settlement contains pure dwelling emotions and heavy religious
feelings. These powerful spiritual forces make the
settlement pattern intimate and deep.

Artistic Aesthetics of Rural Cultural Ecological Landscape. The ecological cultural landscape earth art inherits the culture and artistic accomplishment of its predecessors, and it can be said
to be a concrete practical object of Chinese
Zhuangzi's philosophy of "integration between man
and nature". Land artists believe that there should
be no strict boundaries between art and life, art and
nature. In the time and space of human life, there
should be artistic aesthetics everywhere. The ancient ancestors have mapped the pattern of homes
on the ground to the pattern of the vast universe,
which has already shown a grand and amazing philosophy of the universe. The loyal faith of mankind
to heaven and earth has become the strong strength
of the rural settlement pattern that has been firmly
inherited to this day.
Guizhou, China is a natural landscape and rural settlement ecological region with unique cultural and artistic characteristics. It is a karst widely
developed inland mountainous province (Figure 1).
Its carbonate rock exposure area accounts for 738%
of the province ’s area, and mountainous hilly area
accounts for the province ’s land. 925% of the area.
The karst plateau mountain gorge environment has
formed various scattered and small settlements of
various ethnic groups in Guizhou. The closedness
of its environment also restricts the invasion of foreign cultures, so that each village maintains the
inheritance of traditional culture and forms a diverse and unique village The cultural scenery
makes Guizhou enjoy the reputation of "a thousand
cultural islands".
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FIGURE 2
The second (built) proposal for Site A, by Van der Steen Hall Architects. Photo reproduced courtesy of
Peter Hall.

FIGURE 3
From some angles, the ‘Underground House’ almost disappears into the landscape. Photo reproduced
courtesy of Peter Hall.

FIGURE 4
Residential settlement of Hezhang Village, Shirakawa-go

10477

© by PSP

Volume 29 – No. 12/2020 pages 10474-10479

In Japan ’s classic village case, Hezhang Village, Shirakawa-go, the coordination and influence
between the natural environment and the settlement
of residents have been interacting until now. The
sheer feelings of the villagers and the high respect
for the laws of nature have promoted the artistic
pattern of the natural ecological village landscape
in Hezhang Village. The thatched house buildings
in the village are all built from local wood and do
not require an iron nail. However, there was almost
nothing left after experiencing a fire in 1965. In the
village, three or four people took the initiative to
rebuild their homes and began a campaign to protect thatched houses in their homes. In this way, a
historical tradition of Hezhang Village is inherited
and carried forward: each family has the habit of
hoarding thatch, one family has difficulties, multiple supports, and the replacement of thatched roof
can only be completed in one day. This habit has
been preserved until now, and later the Hezhang
building was called the power of "knot". The warm
and far-reaching settlement culture has evolved and
sublimated the power to achieve the beauty of rural
ecological landscape art with profound meaning.
The formation of the settlement landscape
pattern is roughly influenced by factors such as
geographical environmental conditions, production
basic conditions, and local folk culture. The formation of the settlement structure under formation
is also gestating the evolution of the ontology. The
driving force of this evolution mainly stems from
changes in political and economic systems, changes
in government policies, impacts of urbanization,
changes in farming methods, and population migration. Human immigration is not only a direct communication method of regional social and economic
forms, but also enables the spread and communication of different regional cultures. The settlement
pattern has evolved in different forms in the integration of technology and culture.
China ’s reform and opening up has promoted
the transformation of rural areas into cities. The
economic model based on the development of small
cities and towns has intensified in the vast rural
areas. On the one hand, rural urbanization has injected the blood of modern civilization into the rural areas, promoting the improvement of rural life
quality and productivity The transformation process
of urbanization; on the other hand, it has been accompanied by serious consequences. The resulting
phenomenon of "hollowing out" of rural settlements
has become the focus of many domestic scholars.
The hollowing of rural settlements is due to the fact
that farmers have moved to the surroundings of the
original settlements, which caused the original settlement houses to become vacant and collapse,
gradually forming the settlement evolution process
of the so-called "hollow villages". The essence of
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this phenomenon is a bad process of the evolution
of the rural regional system in the process of urban
and rural transformation and development, and it is
a manifestation of the complex social and economic
process in the material form of the village.
China has mainly studied the spatial structure,
evolution and optimization of rural settlements in
the northern mountainous regions, and has gradually paid more attention to the rural settlements in
the southern plains. With the new urbanization and
the development of agricultural modernization,
population migration or transfer (such as rural population transfer to urban population), the resulting
changes in the relationship between population and
cultivated land (farming scale) will bring to the
rural settlement pattern Change is an important
issue that must be involved in rural planning in the
future, and now, the possibility of more and more
solutions has sprouted. Different ecological processes and scales will produce different landscape
patterns. At the same time, landscape patterns also
affect ecological processes. Changes in patterns and
scales will also cause changes in the processes.
Starting from the most fundamental factors,
real discovery and exploration methods to deal with
and solve the ecological, cultural and other problems of the ecological cultural landscape of rural
settlements need to start from the most essential
heart of mankind, seek the inner heart, and nourish
humanity; Society has real guarantees. When the
people's spiritual thoughts and life pursuits reach a
superior level, the accompanying culture, ecological harmony, industrial development, and spiritual
sustenance will all develop with excellence.

CONCLUSIONS
This article will focus on analyzing the impact
of housing construction on the spatial system and
assessing the impact of ecological aesthetics on the
appearance of rural settlements. This article will
restore the geographical features of the ecological
landscape of rural settlements, focusing on protecting the natural ecological environment and rationally developing rural ecological landscape. We have
collaborated with the main participants and conducted research on them. From their experience,
expectations and actions, they have demonstrated
and revealed their longing for the traditional rural
settlement life.
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Medlar (Mespilus germanica L.) belonging to
Rosaceae family which has been cultivated for many
for its edible fruits and ornamental qualities [5, 6, 7,
8, 9, 10]. Minor fruit species such as medlar are valuable substances thanks to the preservation and
maintenance of genetic resources and high nutritional value [11]. Medlar, a typical climacteric fruit
species, is hard at harvest, the fruit flesh becomes
darker and the fruit softens when it is ready to eat
[12] There are studies [13, 14, 15, 16, 17, 18, 19, 20]
about nutritious feature of phytochemical ingredients of features related to medlar and studies that explain phonological stages detailed [21], analyzes
morphologic and 1 year of exile of medlar tree anatomically [22], designates fruit quality and phytomical ingredients at different harvest periods [8, 23,
24]. Selçuk and Erkan [25], has researched the storability RIøVWDQEXOmedlar species in modified atmosphere and controlled atmosphere.
Dried fruit is an alternative form of consumption for fruit species. Phytochemical properties in
dried fruits are quite high, it has an important role in
human health and especially it regulates the blood
sugar in diets. The fruit drying process which is performed in various ways, have many advantages such
as slowing down the microbiological and chemical
deterioration and increasing the shelf life [26]. On
the other hand, it causes changes in physical and
chemical properties. However, undesirable changes
in their colour and vitamin properties due to the heat
application during the drying process may be observed. Drying of fruits can be performed in the form
of technological systems and natural drying. The fact
that the technological systems are not economic for
growers and natural drying causes decrease in fruit
quality with contamination are the disadvantages of
these methods. We determined new harvest period
and detected the phytochemical changes of the medlar dried on the tree. Thus, we researched whether
there can be a new consumption form (dried on the
tree) for medlar fruit which can be performed without any need of process just like persimmon. In this
study, the changes in bioactive components of medlar fruit which were harvested in different periods

ABSTRACT
The objective of this study was to investigate
an alternative consumption (dried on the tree) for
medlar which is very important functional fruit recently. In the study, phytochemical changes were assessed at different harvest time additionally. For this
purpose, the fruits were harvested at 4 different ripening periods in 2017 and 2018; 170, 200, 216 and
280 days (dried on the tree) after the full blooming.
Total phenolic content, free radical scavenging capacity (DPPH %), total anthocyanin and total vitamin C of the fruits harvested at different periods
were examined.
The studied parameters did not show any
change over the years; total phenolic content (144.69
mg/100g-106.28 mg/100g 2017; 137 mg/100g101.86 mg/100g 2018), DPPH% (24.99-18.88%
2017; 22.21-18.79% 2018) and vitamin C (16.22
mg/100g, 12.46mg/100g in 2017; 14.22 mg/100g –
11.96 mg/100g in 2018) contents decreased, while
the total anthocyanin (23.75 mg/L-32.27 mg/L,
2017; 23.65 mg/L-29.89mg/L) increased with the
maturity in both years. Additionally, a correlation
between the total phenolic content and DPPH% has
been discovered in 2017 and 2018 respectively
(R2=0.75 and R2=0.22).
According to the results, dried on the tree-medlar can be recommended as a new consumption.

KEYWORDS:
Mespilus germanica, total phenolic content, edible fruits,
total antochyanin

INTRODUCTION
Wild fruits which are grown naturally have
played a significant role in nutrition of humans
throughout the human history [1]. These new foods
have found its own place in the industry in a short
time and the studies have focused on the functional
foods [2, 3, 4].
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and left to dry on the tree without any process were
examined.

temperature, the absorbance of the solution was read
on the spectrophotometer at a wavelength of 517 nm.
The activity of capture of DPPH (2-2-diphenyl-1picryl-hydrazyl) free radicals was calculated by using the following formula and the results were given
as % inhibition.
Inhibition % (DPPH)= [(Abs Control-Abs Samples)/
Abs Control]x100

MATERIALS AND METHODS
The study was carried out in the Atabey district
at the NE of Isparta-Turkey, (Latitude: 37.94°, Longitude: 30.64°, Altitude: 1050 m.). The full flowering period was noted as May 13 in 2017 and May 9
in 2018. The fruits were harvested 170 days (ripe),
200 days (ripe), 216 days (over-ripe) after the full
flowering [27, 23] 280 days after the full flowering
by waiting for the fruit to dry on the tree without any
treatment which was not study before (Table 1).

Determination of Vitamin C. The samples
ZHUHKRPRJHQL]HGE\FHQWULIXJHDQGȝ/R[DOLF
acid (0.4%) and 4.5 ml 2,6-diclorofenolindofenol solution were added to the supernatant. The data were
read spectrophotometrically at a wavelength of 520
nm against a blank [31].
Determination of Anthocyanin Content. The
total anthocyanin content was performed in accordance with the absorbance values obtained in different
pH ranges spectrophotometrically by Giusti and
Wrolstad [29]. Tampon solutions of pH 1.0 (hydrochloric acid-potassium chloride) and pH 4.5 (acetic
acid-sodium acetate) were prepared for measurements of the diluted extracts and measurements were
made at 510 and 700 nm wavelengths. The total anthocyanin content was calculated by using the equivalent of cyanidine-3-glycoside (molar extinction coefficient=29600) and the absorbances were calculated using formula A = [(A510 – A700) pH 1.0 (A510 – A700) pH 4.5]. The results were expressed
as μg cyanidine-3-glycoside / g fresh weight (μg sy3-glk / g ta).

Determination of Total Phenolic Contents
and Free Radical Scavenging Capacity. 50 fruits
were hand-picked and cleaned in each harvest period
and crushed by a hand blender. Total polyphenols
were quantified by the Folin-Ciocalteu colorimetric
method [33] using gallic acids as a standard [28].
Samples were extracted for 24 h in 30 mL 80%
MeOH-H2O at 40C. Aliquots (15 μL) were adjusted
to 500 μL with deionized water, and then 250 μL of
50% of the Folin-Ciocalteu reagent (Sigma-Aldrich)
and 1.25 mL of 20% (w/v) aqueous sodium carbonate solution were added. After 40 min standing
at 240C, the absorbance at 725 nm was measured. A
calibration curve was prepared using gallic acid
(Sigma) and the results were expressed as both, gallic acid equivalents per gram of dry mass [29].
Free radical scavenging capacity was evaluated
according to the previously reported procedure using
the stable DPPH method [30]. 50 ȝ/H[WUDFWVZHUH
SLSHWWHGLQWRWXEHVDQGȝ/7ULV-HCl tampon (50
mM, pH 7.4) was added on it. Finally, it was kept in
the dark for 30 minutes after adding 1.00 ml of
'33+ǜ  P0 ZLWK PHWKDQRO LQ LW  solution to
the mixture. At the end of the reaction time at room

Harvest
date
30 October
29 November
15 December
23 February
26 October
25 November
11 December
13 February
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Statistical Analysis. The experiment was a
completely randomized design with 3 replications.
Principal Component Analyses and statistical analyses were performed with the General Linear Model
using SPSS (V.22; Statistical software, SPSS. Inc.,
USA). The differences among means were analyzed
using the Tukey’s test to estimate least significant
range between mean values.

TABLE 1
Physical changes of medlar fruits at different harvest periods
2017
Days after
Fruit
Fruit skin and pulp color
full bloom
ripeness
170
Ripe
completely brown skin, white pulp, half soft fruit.
200
Ripe
completely brown skin, white pulp, half soft fruit.
completely dark brown skin, white mottled with brown pulp,
216
Over-ripe
half-soft and juicy fruit.
280
Dried on the tree blackish-dark brown and wrinkled skin, dried
2018
170
Ripe
completely brown skin, white pulp, half soft fruit.
200
Ripe
completely brown skin, white pulp, half soft fruit.
completely dark brown skin, white mottled with brown pulp,
216
Over-ripe
half-soft and juicy fruit.
280
Dried on the tree blackish-dark brown and wrinkled skin dried

10481

© by PSP

Volume 29 – No. 12/2020 pages 10480-10486

Fresenius Environmental Bulletin

There was a linear correlation between total
content of phenolic content and DPPH (Figure 1).
Maturation time had a significant effect on total
anthocyanin content (p<0.05). In contrast to other
parameters, total anthocyanin content had increased
by the maturity. Increasing the maturation period
from ripe to dried on the tree stages resulted in up to
a %35.87 in 2017 and 26.38% in 2018. The vitamin
C content decreased with the maturity like TPC and
DPPH in both years. However, this decrease is not
important statistically (p<0.05).
Principal component analysis (PCA) was performed in order to determine the change of the relevant variables (phenolic, anthocyanin, DPPH and
vitamin C) over the periods (170 DAF, 200 DAF,
216 DAF and 280 DAF). Year data was not included
in the principal component analysis (Figure 2).

RESULTS AND DISCUSSION
Fruits were harvested in 4 different ripening periods in 2017 and 2018. In both years total phenolic
content was the highest in “ripe” stage (140.69
mg/100gr, 2017; 137.37 mg/100gr, 2018) whereas it
was lowest in the “dried on the tree” stage (106.28
mg/100gr in 2017, as 101.86 mg/100gr). Total phenolic content had decreased by the maturity. Ripening time had a significant effect on total phenolic
content in medlar (p<0.05). Free radical scavenging
capacity values were ranged from 24.99% and
18.16% in 2017; %22.91 to 17.70 in 2018 (p<0.05).
The highest values were at the “ripe stage” for two
years while it was lowest in “over ripe stage” in 2017
(DAF 216) and “ripe stage” in 2018 (DAF 200), (Table 2).

TABLE 2
Total phenolic content (TPC), free radical scavenging capacity (DPPH), total antocyhanin (TA)
and vitamin C content of fruits at different maturity stage.
Phenolic content
DPPH
Anthocyanin
(mg GAE/100 g)
(%)
(mg/L)
170 (DAF)
144.69 ± 2.72 a*
24.99 ± 0.93 a
23.75 ± 0.87 c
200 (DAF)
137.23 ± 6.62 a
22.40 ± 1.68 a
27.26 ± 2.71 bc
2017
216 (DAF)
116.40 ± 2.49 b
18.16 ± 1.12 b
30.00 ± 0.20 ab
280 (DAF)
106.28 ± 2.68 b
18.88 ± 0.56 b
32.27 ± 2.01 a
170 (DAF)
137.37 ± 2.51 a
22.21 ± 0.59 a
23.65 ± 1.65 a
200 (DAF)
128.10 ± 3.60 b
17.70 ± 1.74 b
20.93 ± 0.35 a
2018
216 (DAF)
109.60 ± 1.94 c
18.04 ± 1.13 b
27.45 ± 0.89 b
280 (DAF)
101.86 ± 1.48 d
18.79 ± 0.55 b
29.89 ± 1.46 b
* Different letters indicate the statistical difference within same column at p<0.05
Year

Period

Vitamin C
(mg/100g)
16.22 ± 0.51 a
14.73 ± 0.47 ab
13.63 ± 0.83 ab
12.46 ± 1.93 b
14.22 ± 0.55 a
14.70 ± 0.80 a
13.30 ± 1.15 a
11.96 ± 1.59 a

FIGURE 1
Relationship between total phenolic substance content and DPPH % in 2017.
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FIGURE 2
First and second principal component analysis (PCA) scores for the identification of parameters
(total phenolic content, DPPH, anthocyanin, Vitamin C) response to periods (170, 200, 216, 280 DAF).
TABLE 3
Summary of the correlation coefficient matrix for two years
Control Variables

Year
2017
2018
2017
1.000
0.998**
Periods & Parameters*
2018
0.998**
1.000
*Periods (170,200,216,280 days), parameters (total phenolic content, DPPH, anthocyanin, Vitamin C)
**Correlation is significant at the 0.01 level (2-tailed).

As a result of PCA, four principal components
were determined. The greatest variation PC1
amongst these components were provided by the
variables of total phenolic and anthocyanin contents.
DPPH and anthocyanin data were effective. In the
scatter chart drawn according to first two main compounds, it is seen that the first main compound
mainly represents the phenolic value; the second
main compound represents DPPH and anthocyanin
values. It was seen that the phenolic content according the periods of harvest grouping had a high variance group. There was no statistically important difference between the years in Pearson correlation test
(Table 3) conducted with the control parameters for
the two years of data (p<0.01).
Medlar has become an important fruit since it
grows easer (without any nutrition element for it
doesn’t have any high economical threshold or any
known disease or pests, it can adapt to difficult climate and soil conditions in an easy way), and also it
could be use for a new source of antioxidant in diets.
In a study examining the effects of 5 different maturity periods (129 DAF, 159 DAF, 191 DAF, 206
DAF and 216 DAF) on total phenolic contents,
DPPH scavenging activity and 8 phenolic acids, it
was found that phenolic acids were high at the beginning of ripening. Similarly, as in our study, total
amount of phenolic substance and DPPH scavenging

activity decreased with the maturity. Another study
which was conducted on medlar; fructose, glucose
and sucrose were defined as basic sugars in medlar
fruits taken in different ripening periods similar to
our study. The level of the main sugar significantly
changed in maturity periods (DAF 39, DAF 66, DAF
102, DAF 131, DAF 154). Fructose reached its highest level 154 days after the flowering by increasing
directly proportional to ripening level (1200mg /
100g fresh weight). Sucrose level reached its maximum value 131 days after the flowering [11]. These
studies support the decrease in total phenolic content
and DPPH activity with the maturation as in our
study. Parallel with our results, a correlation between
total phenolic content and DPPH scavenging capacity was found [23]. Rop et al. [24] studied on the
chemical compound changes seen in medlar fruit
(Mespilus germanica L.) in five different ripening
stages (134, 144, 154, 164 and 174 days) from full
flowering. It was reported that ascorbic acid, total
phenolic compound content and total antioxidant activity significantly decreased with the increasing maturity. Anthocyanins which are effective in color formation of the fruit, also form an important group in
phenolic compounds. Anthocyanins are also used for
the purpose of treatment due to their pharmacological features because they do not only bring the fruits
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attractive color features, but also they are compounds which are good for health. Thus, they are determined to be effective in preventing the cancer formation, regulating blood circulation and treating
some eye diseases [34]. Increased anthocyanin content makes us think of the rind color of the fruit flesh
darkeQLQJ ZLWK WKH PDWXULW\ (UFLúOL et al. [17] reported that the vitamin C value in medlar changed
between 11.3 (mg/100g FW) with 15.0 (mg/100g
FW). Anthocyanin and vitamin C contents were directly related to the phenolic content and nutritional
values of the fruit and the fruits which were rich in
vitamin C were also rich in phenolic compounds [35,
36]. The genotype is the main reason for the difference between our results and literature. But the effects of ecological factors, storage or processing of
the crop, cultural practices, etc., also lead to significant differences in the final shape and content of the
products [38, 39, 40, 41 and 42]. Vitamin C levels
were found to be quite high in both years in our
study. What is interesting is that no significant decrease was observed in the fruits dried on the tree
although a relative decrease in vitamin C values was
observed with the maturation. It shows us that it may
be an alternative consumption form (by waiting for
it to dry on the tree) for the medlar fruit.
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STUDY ON THE EXTRACTION OF TOTAL FLAVONOIDS IN
THE HOLBOELLIA LATIFOLIA WALL. PEEL AND THE
LEACHING RULE DURING BREWING
Gang Liu, Hao Zhou, Junyang Liu, Jinhua Shao*
School of Chemical and Biological Engineering, Hunan University of Science and Engineering, Yongzhou 425199, China

ical health effects on the human body. It not only
has significant pharmacological activities such as
anti-cancer and anti-cancer, lowers blood sugar and
ORZHUV EORRG OLSLGV LW DOVR KDV DQWL-aging, anti-coagulation, antibacterial and anti-inflammatory
effects And promote the secretion of estrogen and
many other aspects [8-10]. The research on flavonoids at home and abroad is very extensive, and
flavonoids have been extracted and utilized from
various plants such as Pueraria lobata, Ginkgo biloba, prickly pear, Burnet, orange peel, grapefruit,
etc. [11,12], but for Xintian The extraction of flavonoids from the peel of Holboellia latifolia Wall.
In the county has not been reported.
In Xintian County, there is a common phenomenon of using the peel of Holboellia latifolia
Wall. As a bubble drink. During the brewing process, the active substance enters the tea soup
through brewing and leaching, thereby playing a
biological activity role, and the biological active
substance is composed of , The content of different,
show different biological activity performance.
Then, how long do you soak the most biologically
active substances, so that the health care effect can
be the best. The experiment took Holboellia latifolia Wall. Peel in Xintian County as the research
object, investigated the best extraction process of
total flavonoids and studied the leaching amount of
total flavonoids under different brewing temperature and time, and established a leaching kinetic
model. The aim is to gain a deeper understanding of
the nutritional value of Holboellia latifolia Wall.
Peel in Xintian County, and to provide guidance for
the further processing and product development of
Holboellia latifolia Wall. Peel in Xintian County.

ABSTRACT
In this paper, the total flavonoid yield was
evaluated, Holboellia latifolia Wall. Peel was used
as the experimental material, and the ultrasonic-assisted extraction method was used to study the
extraction process of total flavonoids in Holboellia
latifolia Wall. Peel, and the precipitation rule during
the brewing process Study and establish its dynamic model. The results showed that the best extraction process of Holboellia latifolia Wall. Total flavonoids: material-liquid ratio 1:35 (g / mL), ethanol
concentration 75%, ultrasonic time 40 min, ultraVRQLF WHPSHUDWXUH ႏ +ROERHOOLD ODWLIROLD :DOO
When the brewing temperature of the peel is
60-ႏ WKH FRQWHQW RI WRWDO IODYRQRLGV LQ WKH WHD
soup increases with increaVLQJ WHPSHUDWXUH WKH
total flavonoid concentration tends to be stable after
EUHZLQJIRUPLQWKHOHDFKLQJRIWRWDOIODYRQRLGV
follows a second-order kinetic reaction, temperature and leaching The rate constant k has a good
linear relationship, and the apparent activation energy of total flavonoids is 247.69J / mol.

KEYWORDS:
Holboellia latifolia Wall, Total flavonoids, Brewing conditions, Leaching kinetics

INTRODUCTION
Holboellia latifolia Wall. is also known as
Augusta and Mutong fruit, it is a natural green fruit
with both medicine and food [1-3]. Studies have
shown that Holboellia latifolia Wall. Is rich in nutrients such as essential fatty acids, vitamins and
trace elements as well as medicinal health ingredients such as polyphenols, flavonoids and oleanolic
acid [4,5]. Holboellia latifolia Wall. Is widely distributed, and has been planted in a large area in
Xintian County, Yongzhou City, Hunan Province.
Flavonoids are secondary metabolites of plants,
widely existing in plants in nature, and the total
number is quite large [6,7]. Flavonoids are pharmacological factors that have important physiolog-

MATERIALS AND METHODS
Experimental Materials. Holboellia latifolia
Wall. The peel is harvested from Xintian County,
Yongzhou City, Hunan Province. After harvest, it is
GULHGLQDႏRYHQFUXVKHGDQGSDVVed through a
60-mesh sieve.
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shown in Figure 1. Get the standard curve equation
Y = 4.3214X+0.002, R2 = 0.9943, the linear range
is (0.004-0.02 mg / mL).
Calculation of total flavonoid yield in
Holboellia latifolia Wall. Peel. Substitute the absorbance data measured in the experiment into the
linear regression equation to obtain the sample
concentration, and then substitute the sample concentration and each data into the following calculation formula to calculate the total flavonoid yield.

X (%)
FIGURE 1
Rutin standard curve

CNV
u100%
m u1000

(1)

In the formula: X- The extraction yield of total
IODYRQRLGVLQ+ROERHOOLDODWLIROLD:DOO3HHO
M- Quality of Holboellia latifolia Wall.
C- Sample concentration (mg/mL 
1- Dilution factor
V- Total volume of sample extract (mL)
2SWLPL]DWLRQ RI WRWDO IODYRQRLGV H[WUDFWLRQ
process In the peel of Holboellia latifolia Wall.

Anhydrous ethanol, aluminum nitrate, sodium nitrite, sodium hydroxide and 1,1-diphenyl-2- trinitrophenylhydrazine are all analytically pure.
HH-: FRQVWDQW WHPSHUDWXUH ZDWHU EDWK
H722B type ultraviolet-YLVLEOH VSHFWURSKRWRPHWHU
ZHJH- VWHULOH RSHUDWLQJ WDEOH 6+=-'რ YDF
XXPSXPSURtary evaporator R201-ჟ=1+:W\SH
intelligent constant temperature electric heating
MDFNHW 6<-360 type ultrasonic assisted extraction
Device (fixed power 300 W), etc.

Single-factor experiment. (1) The effect of
ethanol volume fraction on the total flavonoid
yield of Holboellia latifolia Wall. Accurately
weigh 5 parts of Holboellia latifolia Wall. peel
powder, 2.0 g per part, fixed extraction conditions:
material-liquid ratio is 1:25 (g / mL), ultrasonic
WHPSHUDWXUHLVႏXVHand
85% ethanol were used as extraction solvents for
ultrasonic extraction for 30 min, the absorbance of
each extract was measured, and the total flavonoid
yield in Holboellia latifolia Wall. peel was calculated.

Experimental method. Preparation of Rutin
Standard Curve. According to reference [13], take
20 mg of rutin standard, place it in a beaker, add 60
mL of ethanol 30 mL, stir with a glass rod, wait
until it is fully dissolved, pour into a 100 mL volumetric flask, and use 60% ethanol 3 times Rinse the
beaker and glass rod, pour the washing solution
three times into a volumetric flask, and make up to
100 mL with a 60% ethanol solution, that is, 0.2 mg
(2) Effect of material-liquid ratio on the
/ mL standard solution. Measure the standard soluyield
of total flavonoids in Holboellia latifolia
tion 0, 0.5, 1.0, 1.5, 2.0, 2.5 mL respectively in 25
Wall.
Accurately
weigh 5 parts of Holboellia latifomL volumetric flasks, add 0.75 mL 5% sodium
lia
Wall.
peel
powder,
2.0 g each, and add 75% of
nitrite to each bottle, put it for 6 min, add 10% aluthe
material-liquid
ratio
of 1:15, 1:20, 1:25, 1:30,
PLQXP QLWUDWH  P/  P/  1D2+ DQG
1:35
(g
/
mL)
Ethanol
solution, at an ultrasonic
finally add purified water to the mark, shake well,
WHPSHUDWXUH
RI

ႏ
XOWUDVRQLF
H[WUDFWLRQ IRU 
the solution turns orange-red. After standing for 10
min,
the
absorbance
value
of
each
extract was
min, the absorbance was set to 510 nm, the absorbmeasured,
and
the
total
flavonoid
yield
in Holboelance was measured, and a standard curve was
lia
latifolia
Wall.
peel
was
calculated.
drawn. At 510 nm, the absorbance value of the rutin
standard curve is measured. The abscissa is the
concentration of the standard, and the ordinate is
the absorbance (A). The standard curve is drawn, as
TABLE 1
Factor Level of Orthogonal Experiment
Factor
Level
A/ Material-liquid ratio
B/ Ethanol conC/Ultrasound
D/Ultrasonic
(g/mL)
centration (%)
time (min)
temperature (ႏ)
1
25
70
40
45
2
30
75
45
50
3
35
80
50
55
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(3) Effect of ultrasonic temperature on the
yield of total flavonoids in Holboellia latifolia
Wall. Accurately weigh 5 parts of Holboellia latifolia Wall. Peel powder, 2.0 g each, and add an ethanol solution with a material-liquid ratio of 1:30 (g /
mL) and a volume fraction of 75%, at 40, 45, 50,
anGUHVSHFWLYHO\8OWUDVRQLFH[WUDFWLRQDWႏ
for 30 min, determine the absorbance value of each
extract, and calculate the total flavonoid yield in
Holboellia latifolia Wall. peel.

The total flavonoids in the Holboellia latifolia
Wall. peel is a typical solid-liquid phase diffusion
mass transfer process during brewing, which satisfies the second-order kinetic equation [14], as
shown in equation (2).

(4) The effect of ultrasound time on the total flavonoid yield of Holboellia latifolia Wall.
Accurately weigh 5 parts of Holboellia latifolia
Wall. Peel powder, 2.0 g each, add ethanol solution
with a material-liquid ratio of 1:30 (g / mL) and a
volume fraction of 75%, respectively, under an ulWUDVRQLF WHPSHUDWXUH RI  ႏ respectively ultrasonic extraction was performed for 30, 35, 40, 45,
and 50 min, the absorbance of each extract was
measured, and the total flavonoid yield in Holboellia latifolia Wall. peel was calculated.

Ct - The concentration of biologically active

dCt
dt

k (Ct  Cf )

(2)

In the formula:
˧- The second order leaching rate constant,
mL/ (mg.min 

ingredients in the tea soup at time t, mg/mL

Cf - The saturation concentration of biologically active ingredients in tea soup, mg/mL Linearly transform and integrate equation (2), and substitute it into the boundary condition t = 0 ~ t,
Ct

Orthogonal experiment. According to the
four single-factor experimental results of the material-liquid ratio, ethanol concentration, ultrasonic
time and ultrasonic temperature, the total flavonoid
yield is the detection index, and the L9 (34) orthogonal table is used for the experiment.

˙0̚˟, Get:

Ct
Ct

kC 2 f t
1  Cfkt

(3)

Transform equation (3) linearly:
t
Ct

Total Flavonoids Holboellia latifolia Wall.
Peel Extraction Validation Experiment of Optimum Process Conditions. With Holboellia latifolia
Wall. Total flavonoid yield as the detection index, a
verification experiment was carried out under the
optimal extraction process conditions and repeated
3 times to verify whether the optimal extraction
process conditions were reliable.
Effect of brewing conditions on the extraction
of total flavonoids from Holboellia latifolia Wall.
Effect of brewing temperature on the extraction of total flavonoids from Holboellia latifolia
Wall.
Weigh 1g of dried and crushed Holboellia
latifolia Wall. Peel powder, brew it with 250 ml of
ZDWHU DW     ႏ IRU  PLQ UHSHDW HDFK
treatment 3 times, filter the tea soup, determine the
tea soup Total flavonoid leaching.
Effect of brewing time on total flavonoids
leaching Holboellia latifolia Wall. Peel
Weigh 1g of dried and crushed Holboellia
latifolia Wall. peel powder, brewed with 250 mL of
boiling water for 5, 10, 15, 20, 30, 45, 60 min, repeat 3 times for each treatment After soaking time,
the tea soup was filtered to determine the total flavonoids leaching amount in the tea soup.
Kinetic model of total flavonoids leaching
from Holboellia latifolia Wall. peel

t
1

2
kC Cf

˄4˅

From equation (4), we can see that the second-order leaching rate constant k is determined by
W  & &W & DQG W  &-t is used as the regression
OLQHJUDSKDQGWKHVDWXUDWLRQFRQFHQWUDWLRQ&FDn
be obtained from the slope and intercept of the line
And the second-order rate constant k. According to
the Arrhenius equation, the relationship between
the leaching rate constant k and the temperature T
is shown in equation (5).

ln k ln A 

Ea
RT

(5)

In the formula:
A-pre-IDFWRUPO PJāPLQ 
R-PROJDVFRQVWDQW- PROā. 
T-WKHUPRG\QDPLFWHPSHUDWXUH.
Ea- activation energy, J / mol.
According to the Arrhenius equation, Ea and
A can be obtained by drawing lnk—1 / T.

RESULTS AND DISCUSSION
Effect of ethanol concentration on the total
flavonoid yield of Holboellia latifolia Wall. It can
be seen from Figure 2 that when the ethanol con
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WHPSHUDWXUHLVOHVVWKDQႏWKHH[WUDFWLRQ\LHOG
of total flavonoids in the peel of Holboellia latifolia
:DOO6KRZVDQXSZDUGWUHQGZKHQWKHXOWUDVRQLF

FIGURE 2
The effect of ethanol concentration on the yield
of total flavonoids in Holboellia latifolia Wall.
centration is 75%, the total flavonoid yield in
Holboellia latifolia Wall. Peel is the highest. When
the ethanol concentration is greater than 75%, the
total flavonoid yield in Holboellia latifolia Wall.
Peel tends to decrease. It can be seen that the ethanol concentration should not be too high or too low.
When the ethanol concentration is too high, the
flavonoids cannot be fully ablated under its condiWLRQVZKLFK UHGXFHV LWV VROXELOLW\ 7KH SURWHLQ FR
agulates and coagulates to block the pores of the
tissue, which hinders the dissolution of flavonoids,
so the extraction yield is also reduced. When the
ethanol concentration is too low, the dissolution of
water-soluble impurities such as sugar increases,
resulting in a decrease in the extraction yield of
flavonoids [15]. Experiments show that it is appropriate to select 75% ethanol concentration.

FIGURE 3
Effect of material-liquid ratio on the yield of
total flavonoids in Holboellia latifolia Wall.

Effect of material-liquid ratio on the total
flavonoid yield of Holboellia latifolia Wall. As
can be seen from Figure 3, the total flavonoid yield
in Holboellia latifolia Wall. Peel increases with the
increase of the material-liquid ratio. When the material-liquid ratio is greater than 1:30, the growth
rate of the total flavonoid yield slows down. The
main reason is that when the material-liquid ratio is
greater than 1:30, most of the total flavonoids in the
peel cells of Holboellia latifolia Wall. Have been
dissolved out. As the proportion of the extraction
solution increases, the ultrasonic power is more
consumed in the solvent, so that The energy absorbed by the cells is relatively reduced, so the extraction yield no longer increases sharply [16].
Taking into account factors such as production cost
and later concentration treatment, it is not appropriate to excessively increase the amount of extraction
solvent. In order to save the cost of extraction, the
ratio of material to liquid is preferably 1:30.

FIGURE 4
The effect of ultrasonic temperature on the yield
of total flavonoids in Holboellia latifolia Wall.
WHPSHUDWXUH UHDFKHV  ႏ WKH H[WUDFWLRQ \LHOG RI
total flavonoids in the peel of Holboellia latifolia
Wall. 5HDFKHV 7KH KLJKHVW YDOXH ZKHQ WKH XOWUD
VRQLFWHPSHUDWXUHH[FHHGVႏWKHWRWDOIODYRQRLG
yield decreases. The possible reasons for the decrease of total flavonoids are: Holboellia latifolia
Wall. The flavonoids in the peel are susceptible to
oxidation at high temperatures, resulting in the destruction of its structure, which reduces the extraction yield. Therefore, it is appropriate to choose an
XOWUDVRQLFWHPSHUDWXUHRIႏ
Effect of ultrasound time on the total flavonoid yield of Holboellia latifolia Wall. It can be
seen from Figure 5 that when the ultrasonic time is
in the range of 30-45 min, the total flavonoid yield
increaVHVZLWKWKHH[WHQVLRQRIWKHXOWUDVRQLFWLPH

Effect of ultrasonic temperature on the total flavonoid yield of Holboellia latifolia Wall. It
can be seen from Figure 4 that when the ultrasonic
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when the ultrasonic time is 45 min, the total flavonoid extraction yield in Holboellia latifolia Wall.
7KH ODUJHVW ZKHQ WKH XOWUDVRXQG WLPH H[FHHGV 
min, it shows a downward trend again. The reason
is that in the early stage of extraction, the total flavonoids in the cell quickly dissolved into the solvent, which significantly increased the extraction
\LHOGZKHQWKHXOWUDVRQLFWLPHZDVJUHDWHUWKDQ
min, the structure of the flavonoids was destroyed
due to the long-term ultrasonic mechanical effect
and thermal energy effect. At the same time, it also
causes other impurities in the cell to dissolve into
the solvent, so that the total flavonoid yield decreases. The experiment shows that 45 min is the
optimal ultrasound time.

Fresenius Environmental Bulletin

predicted best process, that is, the material-liquid
ratio is 1:35 (g / mL) and the ethanol concentration
is 75% 3. The ultrasonic time is 40 min and the
XOWUDVRQLF WHPSHUDWXUH LV  ႏ 7KUHH EDWFKHV RI
verification experiments were carried out. According to the above method, the absorbance was measured with a visible spectrophotometer at a wavelength of 510 nm, and the extraction yield of
Holboellia latifolia Wall. Total flavonoids was calculated based on the measured absorbance value.
The average extraction yield was 4.75%. This
shows that the optimal extraction conditions are
suitable for the extraction of total flavonoids from
Holboellia latifolia Wall.
Effect of brewing conditions on the extraction of total flavonoids from Holboellia latifolia
Wall. It can be seen from Figure 6 that at the same
brewing time, the total flavonoid concentration in
the peel of Holboellia latifolia Wall. Gradually increased with the increase of the brewing temperature, and the leaching rate also gradually increased.
0-5 min, at 60- ႏ ZDWHU WHPSHUDWXUH WKH WRWDO
The leaching rates of flavonoids were 0.0568,
PJ P/āPLQ WKHFRQFHQ
tration of total flavonoids in the peel of Holboellia
latifolia Wall. At the same brewing temperature
waspositively correlated with the brewing time, and
WKH OHDFKLQJ UDWH DQG EUHZLQJ WLPH ZHUH 1HJDWLYH
FRUUHODWLRQ :KHQ WKH ZDWHU WHPSHUDWXUH LV  ႏ
the total flavonoid concentration tends to be stable
after 40 minutes of brewing, and there is no obvious
change in the total flavonoid concentration within
40-60 minutes, which is about 0.32 mg / mL. Generally speaking, the increase in the temperature of
the brewing water and the extension of the time are
conducive to the leaching of total flavonoids.
However, as the water temperature continues to
increase and the brewing time continues to prolong,
Holboellia latifolia Wall. The flavonoids of the
peeling cell leaching, the total flavones The oxidative polymerization reaction is also very vigorous,
so that the leaching rate of total flavonoids increased first and then decreased [17].

FIGURE 5
Effect of ultrasound time on the yield of total
flavonoids in Holboellia latifolia Wall.
Orthogonal optimization experiment results.
According to the analysis of single-factor experimental results, the design and results of orthogonal
experiments are shown in Table 2.
The effect of ultrasonic temperature is the
smallest. It can be seen that the main and secondary
factors affecting the extraction rate of total flavonoids in the peel of Holboellia latifolia Wall. Are:
ethanol concentration> material-liquid ratio> ultrasonic time> ultrasonic temperature. That is, the
material-liquid ratio is 1:35 (g / mL), the ethanol
concentration is 75%, the ultrasonic time is 40 min,
DQG WKH XOWUDVRQLF WHPSHUDWXUH LV  ႏ ,W FDQ EH
seen from Table 3 that the effects of the three factors of material-liquid ratio, ethanol concentration
and extraction time are significant.

Holboellia latifolia Wall. Kinetic model of
total flavonoids leaching from peel. It can be seen
from Figure 7 that at different brewing temperatures,
the ratio of brewing time to total flavonoids in the
peel of Holboellia latifolia Wall. (T / Ct) basically
increases linearly with the increase of brewing time
(t). The correlation coefficients of each fitting curve
are> 0.99, and the linear relationship is good, indicating that the leaching of total

Holboellia latifolia Wall. Validation experiment of the optimal technological conditions for
the extraction of total flavonoids from the peel.
Accurately weigh three parts of Holboellia latifolia
Wall. Peel powder 2.0 g, and put them into the
numbered beakers respectively, according to the
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FIGURE 6
The effect of brewing temperature and time on the total flavonoids in Holboellia latifolia Wall.

1R
1
2
3
4
5
6
7
8
9
K1
K2
K3
R

Factors
Material-liquid ratio
(g/mL)
Ethanol concentration
(%)
Ultrasound
time (min)
Ultrasonic
temperature
(ႏ)
Error

TABLE 2
Orthogonal experimental design and results
MateriEthanol conUltrasound
Ultrasonic
al-liquid
centration/ B time /C (min)
temperature
ratio/A
(%)
/D (ႏ)
1
1
1
1
1
2
2
2
1
3
3
3
2
1
2
3
2
2
3
1
2
3
1
2
3
1
3
2
3
2
1
3
3
3
2
1
3.115
3.101
3.589
3.537
3.634
4.493
3.581
3.533
3.836
2.992
3.415
3.627
0.721
1.501
0.174
0.009

TABLE 3
Orthogonal experiment ANOVA table
Sum of squared
Degrees of
F ratio
F critical value
deviations
freedom
0.917

2

917.000

19.000

4.289

2

4289.000

19.000

0.048

2

48.000

19.000

0.001

2

1.000

19.000

0.00

2

Total flavonoid yield /%
2.756
4.125
2.463
3.258
4.493
3.152
3.288
4.860
3.361

Distinctiveness
*
*
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TABLE 4
Linear relationship between total flavonoid concentration in tea soup and brewing time at different
brewing temperatures
Cf / (mg/mL)
Active ingredient
Temperature ႏ
K/ (mL.mg-1.min-1)
Total Flavonoids
60
0.851
0.4087
70
0.927
0.4413
80
0.936
0.4722
90
1.063
0.5047
flavonoids in the peel of Holboellia latifolia Wall.
Satisfies the second-order kinetic equation. The
specific kinetic parameters are shown in Table 4.

concentration is 75%, and the ultrasonic time is
After 40 min and ultrasoniF WHPSHUDWXUH RI  ႏ
the extraction yield of Holboellia latifolia Wall.

FIGURE 8
Relationship between temperature and leaching
rate constant
Peel was 4.75%. The order of the major and
minor elements affecting the extraction rate of total
flavonoids in the peel of Holboellia latifolia Wall. Is:
ethanol concentration> material-liquid ratio> ultraVRQLF WLPH! XOWUDVRQLF WHPSHUDWXUH WKH WKUHH IDF
tors of material-liquid ratio, ethanol concentration
and extraction time have significant effects.
Holboellia latifolia Wall. The total flavonoid concentration in the peel is significantly correlated with
the brewing time and water temperature (p <0.01),
and tends to be stable after 40 nin. The leaching of
total flavonoids in the peel of the brewed Holboellia latifolia Wall. Satisfies the second-order kinetic
equation, and the temperature has a good linear
relationship with the leaching rate constant k. In the
future, the relationship between the leaching rule of
other bioactive ingredients in Holboellia latifolia
Wall. Peel and Holboellia latifolia Wall. Sensory
quality and antioxidant capacity of Holboellia latifolia Wall. Peel should be further explored, and the
bioactive ingredients in Holboellia latifolia Wall.
Peel should be clarified. The law of leaching provides a theoretical reference for the development of
Holboellia latifolia Wall. Peel deep-processing
products and consumer scientific tea drinking.

FIGURE 7
The linear relationship between the total brass
concentration in the peel and the brewing time
of the tea soup Holboellia latifolia Wall at different brewing temperatures
It can be seen from Table 4 that the saturation
FRQFHQWUDWLRQ &  DQG WKH VHFRQG-order release
rate constant (K value) of the total flavonoids in the
tea soup increase as the brewing temperature increases. As the temperature increases, the solubility
of total flavonoids in the peel of Holboellia latifolia
Wall. Increases, resulting in an increase in the
leaching rate of the substance [18].
It can be seen from Figure 8 that the temperature has a good linear relationship with the leaching
rate constant k (R2 = 0.9808), and the total flavonoid Ea = 247.69 J / mol can be obtained from the
linear regression equation. The smaller the activation energy, the faster the leaching rate.

CONCLUSION
In this paper, the ultrasonic-assisted extraction
of total flavonoids in the peel of Holboellia latifolia
Wall. Was preliminarily discussed, and the best
extraction process was determined as follows: the
material-liquid ratio is 1:35 (g / mL), the ethanol
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DETERMINATION OF HETEROSIS FOR LYCOPENE
CONTENT AT DIFFERENT TOMATO
(SOLANUM ESCULENTUM MILL.) TYPES
Duran Simsek*
Bircan Seed Company, Antalya, Turkey

long. Tomatoes are processed into tomato paste, puree, sauce, canned tomato, dry tomatoes and catchup,
thus converted into valuable end products [1].
Tomato fruits are composed water, organic and
inorganic substances. The portion left after the removal of the water is defined as dry matter [2]; [44].
Although varies among cultivars, a full-ripe tomato
has an average water content of about 94% based on
growing conditions and ecological factors [3].
Antioxidant compounds have beneficial effects
on human health and tomatoes are quite rich in such
compounds. Therefore, tomato consumption is increasing worldwide. A fresh red tomato contains
about 4-10 mg/100g lycopene. Tomato lycopene
content vary significantly with the cultivar, growing
conditions and fruit maturity stage.
Previous researchers reported lycopene content
on different tomato cultivars between 2.5 - 200 mg /
100 g [4]; [5] and generally between 3.1-7.74 mg /
100 g [6]. According to Stahl and Sies [7], 100 g tomato fruit had lycopene contents of between 0.72 20 mg and such quantities corresponded about 30%
of plasma total carotenoids.
Tomato is universally treated as ‘Protective
Food’ since it is quite rich in minerals, vitamins, antioxidants and organic acids. Such nutritional attributes of tomatoes have brought about a need for formulation of breeding programs to further develop
high-yield and quality cultivars rich in lycopene. Recent studies indicated that lycopene, giving the ripe
tomato its bright red color, was a very effective natural antioxidant and quencher of free radicals [8].
Lycopene is especially efficient in neutralizing Reactive Oxygen Species (ROS). These properties of
lycopene are attributed to its unique chemical structure: especially to very long chain of conjugated double bonds. Present breeding efforts mostly focus on
developing superior varieties with excellent yield
and quality.
Among the tomato types, cherry or small and
cocktail-type tomatoes are the richest ones in lycopene and antioxidant activity ([9]; [10]). Tomato
flesh color ranges between pink and dark red. Light
tones generally have low antioxidant concentrations
and dark tones have greater antioxidant concentrations [11]. Green tomatoes have lower antioxidant
contents than the full-ripe red tomatoes [12]. In brief,

ABSTRACT
Seed companies take quality criteria into consideration to improve their competitiveness in markets. Although several studies have been conducted
on quality criteria of the tomato, breeding programs
for quality attributes, especially for lycopene, are yet
to materialize. Therefore, the present study was designed; to develop new tomato lines with high lycopene content, and to estimate the extent of heterosis
for lycopene content. Experiments were conducted
during the spring and autumn seasons of 2011 under
plastic greenhouses with 9 tomato lines (D11, D12,
D13, D14, D17, DC5, DC3, DC2) along with 5 F1
hybrids. Lycopene contents of parents varied between 76,8mg/kg (DC2) and 55.2 mg/kg (parent 7)
in spring, and between 73.9mg/kg (parent-DC5) and
34.6 mg/kg (parent D11) in autumn 2011. In spring,
the highest and the lowest heterosis over the parent
mean were obtained from hybrids D17XD11
(25.0 %), and from DC3XDC5 (-4.80%), respectively. In the same period, the greatest and the lowest
heterosis over the better parent were obtained again
from the hybrids D17XD11 (23.8%), and
DC3XDC5 (-10,3%), respectively. With regard to
lycopene content of tomato fruits from spring experiments, negative heterosis was observed only in
Chery-type tomatoes while the other hybrids had
positive values. In autumn, heterosis values over the
parental means varied between -4.59 and 33.7%. In
the same period, the highest heterosis over the better
parent was obtained from D17XD11 hybrid (30.8%)
and the lowest from DC3XDC5 hybrid (-27.1%).

KEYWORDS:
Tomato, lycopene, heterosis

INTRODUCTION
Tomatoes are delicious, healthy and part of all
cuisines. Therefore, it is one of the most produced
and consumed vegetables in several countries of the
world. Tomatoes are rich in vitamins and minerals.
Because, tomatoes are grown in both open fields and
undercover, they are available in markets all year
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red types have greater lycopene contents than the
yellow, orange and black types [24].
The targets of tomato breeding works can be
summarized under four stages: for yield in 1970s, for
shelf-life in 1980s, for taste in 1990s and today
mostly for nutritional values and quality attributes
[14].
Knowledge on extent of heterosis for quality attributes is a prerequisite to bring about improvements through heterosis breeding. Heterosis in tomato was first observed by Hedrick and Booth [40]
for higher yield and greater number of fruits. Since
then, heterosis has extensively been studies for yield,
yield components and quality traits. Choudhary et al.
[15] emphasized the extensive utilization of heterosis to step up tomato production. Heterosis\hybrid
vigor, manifested as an improved performance of F1
hybrids over better parents, was generated through
crossing of two genetically diverse parents. The improvement in different quantitative and qualitative
traits in tomato through heterosis breeding was observed by Tiwari and Lal, [16]. As it was in the other
vegetable species, while the priority in development
of tomato F1 hybrids was yield and resistance to disease and pests, fruit quality attributes in line with the
consumer demands have become the primary targets
in recent years. Beside the other characteristics, seed
companies should also take quality attributes into
consideration to improve their competitive power in
markets. Although several studies have been conducted about the quality criteria of the tomatoes, design, preparation and maintenance of breeding programs are still far behind. Therefore, the present
study was undertaken to estimate the extent of heterosis among the crosses obtained from eight diverse
tomato parental lines and five experimental hybrids.
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Fusarium and powdery mildew diseases. Soil analyses were performed and fertilizers were applied at
recommended doses. Potassium nitrate, magnesium
sulphate, calcium nitrate, MAP, MKP and trace element fertilizers were used as needed basis [45].
Lycopene analyses (mg/100 g). Fruits of 8 parents and 5 F1 hybrids were harvested at full maturity
from 2nd and 3rd clusters at each plot/plant. Samples
were analyzed for lycopene at laboratories of Horticulture Department at Ege University, Izmir, Turkey.
For lycopene content, 5 g fruit sample was
taken and pigment was extracted with 20 ml 80% acetone, using 5 ml at a time until colorless residue was
obtained. The acetone was then evaporated, the volume was equalized to 20 ml with petroleum ether.
The optical density was read at 5QP VLQFHȕ–carotene has negligible absorbance at this wave length)
using spectrophotometer. Petroleum ether was used
as blank. Lycopene content was calculated as reported in [17];
Lycopene: Final volume (ml) / 5 x weight of
sample (g) x Optical density
Heterosis values in F1 hybrids obtained
through hybridizations were determined based on
parent averages in accordance with [18]. Significance of the heterosis of F1 hybrids as compared to
their parents was assessed with the t-test as recommended by [19].

RESULTS AND DISCUSSION
Within the scope of this study, spring and autumn experiments were performed in 2011 growing
seasons. Lycopene content of parents varied between
76.81 mg/kg (DC2) and 55.16 mg/kg (parent 7) in
spring and between 73.94 mg/kg (parent-DC5) and
34.59 mg/kg (parent 1) in autumn seasons (Table 1).
In spring 2011, the highest heterosis over the parent
mean was observed in D17XD11 hybrid (25.0 %),
and the lowest in DC3XDC5 hybrid (-4.80%). In the
same period, the greatest heterosis over the better
pattern was again obtained from D17XD11 hybrid
(23.8%), and the lowest from DC3XDC5 hybrid (10,3%). Regarding lycopene content of tomato fruits
from spring experiments, negative heterosis was observed only in Chery-type tomatoes while the other
4 hybrids had positive values.
In autumn season, heterosis values over the parent mean varied between -4.6 and 33.7% with again
the greatest value from D17XD11, and the lowest
value from DC3XDC5 hybrids. In the same period,
the highest heterosis over the better parent was obtained from 7X1 hybrid (30.8%), and the lowest
from DC3XDC5 hybrid (-27.1%). Although heterosis ratios from 5 different hybrid combinations were
different in both seasons, trends were similar in both

MATERIALS AND METHODS
Experiments were conducted during spring2011 and autumn-2011 growing seasons at Bircan
Seed Co. Antalya, Turkey under plastic greenhouses.
Experimental material is composed of 9 tomato lines
(D11, D12, D13, D14, D17, DC5, DC3, DC2) along
with 5 F1 hybrids developed by crossing the lines in
a one-way mating design. Heterosis for fruit lycopene content was calculated with the following
equations;
MPH (%) = [F1- MP/MP] * 100
BPH (%) = [F1- BP/BP] * 100
Where F1 = Mean of the F1 hybrid for a specific trait, MP = mid-parent value for the cross, BP =
Mean of better parent in the cross.
In greenhouse experiments, seedlings were
planted at 130 × 70 × 40 cm spacing. Experiments
were conducted in randomized blocks design with 3
replications with 10 plants in each plot. Chemicals
were applied against whitefly and spider mites pests,
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TABLE 1
Mean performance of F1 hybrids and extent of heterosis for lycopene content
in spring and autumn 2011
2011 Spring
Lycopene
Parents/F1
PM HTPM
(mg/kg)
døö'(0) Ƃ;ƃ
75,61
62,74 20,51
4
57,47
3
68,00
ùø0ù(.) Ƃ;ƃ
69,64
7
55,16
55,72 24,99
1
56,28
.$5'(/(1) Ƃ;ƃ
65,81
1
56,28
56,87 15,72
2
57,46
Ƃ;ƃ) &KHU\
66,53
69,88 -4,80
Ç23
65,57
Ç15
74,19
Ƃ;ƃ) &RFWDLO
82,57
Ç32
76,81
72,40 14,04
3
68,00
HT: Heterosis, PM: Parent mean, BP: Better parent

2011 Autumn
BP

HTBP

68,00

11,19

56,28

23,75

57,46

14,53

74,19

-10,33

76,81

7,50

seasons. As in several other attributes, lycopene content is also influenced by environmental factors, thus
tomato fruits may yield different lycopene contents
in spring and autumn.
Lycopene (C40H56) imparts red color to the
fruit and the deep, uniform red colored tomatoes are
preferred for both processing and fresh consumption.
Moreover, lycopene is an antioxidant with immunestimulatory properties and prevents human beings
from atherosclerosis, cervical cancer and breast cancer [19].
Kumar et al. [41] carried out a study with 43
genotypes (13 parental lines and 30 F1 hybrids) for
two years and reported heterosis values between 54.9% and 64.0%, and between -56.2% and 71.3%
based on superior parent, and between -48.7% and
77.3%, and between -49.75% and 62.27% based on
parental means.
Eleven and nine hybrids exhibited significant
positive heterosis over mid parents for carotene and
lycopene, respectively and five and seven hybrids respectively were heterotic over their better parents for
these fruit quality traits. DVRT-1 × Pusa Ruby
showed maximum heterobeltiosis for lycopene
(488.5%) and carotene (311.3%) followed by
H-24 × NF-31 [42].
The parental mean heterosis for fruit lycopene
content was determined as 51.9% with the combination RVTD-07 x RVTD-10, and stated that much of
the heterosis resulted from the genetic divergence of
parent RVTD-07 indicating a strong contribution of
this parent to positive heterosis values [46].
Lycopene content is a quality parameter of vital
importance in the processing industry and in the marketing of tomato. For this trait, heterobeltiosis
ranged from -14.4 % to 58.1 % [43]. They reported
that among 15 cross combinations, five crosses resulted in significant positive heterosis over better

Lycopene
(mg/kg)
51,83
40,60
44,19
47,28
36,15
34,59
44,34
34,59
43,47
53,91
39,08
73,94
58,11
60,90
44,19

PM

HTPM

BP

HTBP

42,39

22,26

44,19

17,30

35,37

33,65

36,15

30,77

39,03

13,61

43,47

2,00

56,51

-4,60

73,94

-27,08

52,54

10,60

60,90

-4,58

parent, ranging from 36.40% to 58.10 %. The significant positive heterosis over better parent for lycopene was also observed by [17], [20], [21]. Kumar et
al. [22] determined heterosis for fruit lycopene content using 30 crosses created by 10 lines and 3 testers, and found heterosis values of between 24.2%
and 37. 7%.
In this study, heterosis was estimated for lycopene content of three beef type tomato
'Ƃ;'ƃ)'Ƃ;'ƃDQG'Ƃ;'ƃ
F1), one cherry type and one cocktail type tomatoes.
Three beef tomato cultivars had positive heterosis at
both seasons. Kumar et. al. [22] stated that the
crosses with significant heterosis in F1 could be used
for the improvement of tomato for yield and quality
traits such as fruit lycopene content. As a conclusion,
high genetic divergence was observed between the
parents for fruit lycopene content and such a divergence significantly contributed to heterosis values of
cultivars.
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VALIDATION OF PORE WATER PRESSURE MODEL
CALIBRATION PARAMETERS FOR NON-PLASTIC SILT
Eyyub Karakan*
Kilis 7 Aralik University, Faculty of Engineering and Architecture, Department of Civil Engineering, 79000, Kilis, Turkey

Seed et al. [1] for clean sands has been evaluated by
many researchers and has shown a good agreement.
On the other hand, when it contains small amounts
of fine content, the ability of fine soils to produce
pore water pressure tends to be very different from
sand [10, 11, 12]. Additionally, the behavior of pure
non-plastic silt is not clear. It should be known that
hazards arising from liquefaction can be dangerous
in underestimating the pore water pressure generation rate. Therefore, the pore water pressure of nonplastic silts should be done carefully so that liquefaction reduction methods can be used more precisely.
Although much of the previous research has focused on clean sand, it is also quite common in nature on silt deposits. This study provides a research
on the effect of non-plastic silt on excess pore water
pressure production. The main objective of this
study is to compare the parameters obtained for the
non-plastic silt used in this study of the current cyclic
pore water pressure models generally obtained for
sand and/or silty soils with using generalized reduced gradient (GRG) nonlinear algorithm. For this
purpose, twenty-eight stress-controlled cyclic triaxial compression tests [13, 14] were conducted.

ABSTRACT
This paper discusses the validation pore water
pressure model calibration parameters of four stressbased models for prediction of pore water pressure
generation for a non-plastic silt exposed to dynamic
loading. The first model was developed by an empirical solution by Seed et al. [1]. In the sequel, a simplified alternative model was proposed by Booker et
al. [2]. Three decades later, Polito et al. [3] revisited
the method proposed by Seed et al. [1] with the help
of statistics. Lastly, Baziar et al. [4] proposed an alternative closed form solution for silt soils with using statistical software based on Seed et al.’s [1]
methodology. Generalized reduced gradient (GRG)
nonlinear algorithm was used for regression analyses
to establish correlations for several calibration parameters. Modified pore water pressure generation
model parameters based on the silty soils are also
presented in this paper. The results show that the calibration parameters of pore water pressure generation models for the Seed et al. [1], Booker et al. [2],
Polito et al. [3] and Baziar et al. [4], differ significantly for silty soils.

MATERIALS AND METHODS

KEYWORDS:
Generalized reduced gradient (GRG) nonlinear algorithm,
Pore water pressure, Cyclic triaxial test, Non-plastic silt

Review of existing models. An empirical
model considering excess pore-water pressure ratio
(Ru) and ratio of cycles to liquefaction (N/Nliq) was
suggested by Lee and Albaisa [15]. Seed et al. [1]
proposed an empirical, formula as given in Equation
(1) with using De Alba et al. [16] data.

INTRODUCTION
Shear stresses caused by earthquakes lead to
the rearrangement of soils and thus to produce excess
pore water pressure. Undrained loading conditions
(by modeled cyclic triaxial compression test), the
soil stiffness decreases due to the effective stress and
the accumulation of excess pore water pressure increases. At the end of the undrained loading stage,
the excess pore water pressure reaches the total stress
and the soil becomes liquefied. This situation has
been a major concern for geotechnical earthquake
engineering from past to present.
In literature, cyclic pore water pressure studies
are examined; stress-based [1, 2], deformation-based
[5, 6], energy-based [7, 8], and plasticity-based [9],
models are classified under four main headings. The
pore water pressure generation model provided by

ଵ

ଵ



ଶ



ౢ౧

R ୳ = +  כarcsin 2  כ൬

భ
ಉ

൰ െ 1൩

(1)

ZKHUH Į is a parameter which changes with
changing soil properties and test conditions (Į=0.7;
and N=number of equivalent uniform loading cycles). Newly, Polito et al. [3] revised Seed et al.’s [1]
method utilizing statistical approaches and advised
that the model coefficient alpha (Į) is dependent on
several factors including cyclic stress ratio (CSR),
fines content (FC), and relative density (Dr), given
as follows:
ߙ = 0.01166  ܥܨ כ+ 0.007397 ܦ כ + 0.01034 כ
 ܴܵܥ+ 0.5058
(2)
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TABLE 1
Summary of the undrained cyclic triaxial compression test results [13, 14]
Test
number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Skempton
value, (B)
0.97
0.98
0.98
0.98
0.98
0.99
0.98
0.94
0.98
1.00
1.00
1.00
0.90
0.97
1.00
1.00
1.00
1.00
1.00
0.93
1.00
1.00
1.00
0.92
0.98
0.98
0.94
1.00

Relative
density (Dr, %)
80
80
80
80
80
80
70
70
70
70
70
60
60
60
60
60
60
50
50
50
50
40
40
40
30
30
30
30

Consolidation
pressure (kPa)
98
96
95
95
95.3
79
94
93.2
97.2
97.2
98.4
97
97.5
100.5
99
98
99.9
99
99
99
100.9
99.7
100.2
99.6
99.7
99.7
99.8
99.9

భ
మഀ

ே

గ

ே

ܴ௨ = ܽ ݊݅ݏܿݎ൬

൰ ൩

ே

భ
మഀ

(3)

ഁ

ே

ܴ௨ = గ ܽ ݊݅ݏܿݎ൬ே ൰ ൩ + ඨቆ1 െ ൬2  כே




0.110
0.148
0.182
0.198
0.205
0.286
0.154
0.184
0.194
0.207
0.210
0.112
0.131
0.172
0.193
0.217
0.190
0.119
0.149
0.163
0.183
0.137
0.168
0.190
0.104
0.123
0.154
0.166

Number of
cycles (N)
20
6
3
1.5
1
0.5
6
3
1
0.8
0.5
13
3
1
0.7
0.5
0.8
18
7
5
2
6
4
3
15
3
2
1

Testing material. Non-plastic silt is a commercially available material, which is classified as ML
according to the Unified Soil Classification System
(USCS). The minimum and maximum void ratios
according to ASTM D 4253, 4254, are determined as
0.56 and 0.84, respectively. The specific gravity of
the non-plastic silt is 2.67. The test number, relative
density, Skempton value (B), consolidation pressure,
cyclic stress, cyclic stress ratios (CSR), i.e. (ratio of
deviatoric stress to double effective confining pressure) and number of cycles to liquefaction are listed
in testing Table 1.

Equation (3) has two calibration parameters,
number of cycles to liquefaction (Nliq) and empirical
FRQVWDQW Į  ERWK RI ZKLFK FDQ EH GHWHUPLQHG E\
stress controlled cyclic triaxial testing. For a given
soil, Nliq is proportional to relative density (Dr) and
LQYHUVHO\SURSRUWLRQDOWRF\FOLFVWUHVVUDWLR &65 Į
is an empirical constant, which depends on soil type
and test conditions. Baziar et al. [4], proposed the
correlation given in Equation (4) by solving their experimental results with the help of the statistical program Datafit using Equation (3) proposed by Booker
et al. [2].
ଶ

CSR

,Q(TXDWLQJĮDQGȕDUHWZRFRQVWDQWVZKLFK
are defined for different type of soils based on their
silt content.

Equation (2) is valid for coarse grained soils
with fines content (FC) less than 35%. For clean
sands (FC=0), since the equation is relatively unaffected from CSR, relative density takes the major
UROH,WLVHVWLPDWHGWKDWĮVKRXOGFKDQJHDPRQJ
to 1.14 [3]. Seed et al. [1] developed an empirical
expression for excess pore-water pressure ratio (Ru)
as a function of cycle ratio. This expression was subsequently simplified by Booker et al. [2] and is given
as Equation (3) below.
ଶ

Cyclic stress
(kPa)
21.62
28.33
34.63
37.53
39.01
45.17
29
34.26
37.73
40.31
41.26
21.67
25.61
34.47
38.24
42.51
37.88
23.64
29.55
32.26
36.95
27.38
33.63
37.77
20.77
24.52
30.81
33.21

Methodology. In this study, generalized reduced gradient (GRG) nonlinear algorithm is used,
i.e. in which at least one of the constraints is a
smooth nonlinear function of the decision variables
[17, 18]. The GRG method utilizes Taylor expansion
series for entailing linearization of the objective and
constraint functions at a local solution. In the sequel,
reduced gradient method is applied: two subsets of
variables are constituted and the implicit variables
are eliminated. Basic variables are simply expressed
by non-basic variables. Finally, eliminating the constraints, only non-basic variables exist in variable

ଶ

െ 1൰ ቇ

(4)
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space. This method is employed to solve the approximated problem and the next optimal solution should
be sought. The processes are consecutively repeated
until optimal conditions are fulfilled. Following
form of nonlinear problem is used:
Minimize
݂()ݔ
(5)
Subject
݄ ( = )ݔ0; ݅ = 1, … . , ݉ (6)
݈ݔ  ݔ  ݑݔ ; ݇ = 1, … . . , ݊
(7)
Function f(x) and hi(x), i = 1,...,m. are continuous and differentiable in the domain region {x | ݈ݔ
[ݑݔ k = 1,..., n}. Firstly, a local feasible solution x1 for the objective and constraint functions are
found;
(8)
݂ሚ(ݔ, ݔଵ ) = ݂(ݔଵ ) + ݔ(݂ଵ )( ݔെ ݔଵ )
݄෩ప (ݔ, ݔଵ ) = ݄ (ݔଵ ) + ݄ (ݔଵ )( ݔെ ݔଵ );
݅ = 1, … . . ݉.
(9)
The variables are divided into two subsets:
while the former refers to the basic variables (ݔො) latter refers to non-basic variables (ݔҧ ). Coefficients
݄ ( )ݔare rearranged in constraints to ݄ and
݄ത ( )ݔwhich correspond to the basic and non-basic
variables, respectively. Two matrices are constituted, which later leads to,
݄
݄ത
 ۍଵې
 ۍଵې
ത

݄ ێଶ ۑ
݄ ێଶ ۑ
 ێ. ۑ
 ێ. ۑ
ҧ
(10)
ܤכ = ێ
ܣ ݀݊ܽ ۑ(כି) = .
.
ێ
ۑ
ێ
ۑ
 ێ. ۑ
 ێ. ۑ
݄ۏത ے
݄ۏ ے
Since x1 is a plausible solution for the original
problem, a solution should also exist form approximate problem:
݄෩ప (ݔ, ݔଵ ) = ݄ (ݔଵ ) + ݄ (ݔଵ )( ݔെ ݔଵ ) = 0
݅ = 1, … . . ݉.
(11)
and
(12)
݄ (ݔଵ )( ݔെ ݔଵ ) = 0 ݅ = 1, … . . ݉.
The set of constraints are expressed by following matrix form.
ݔො െ ෞ
ݔଵ
[ܣ ܤҧ] 
൨=0
(13)
ݔҧ െ തതത
ݔଵ
The basic variables set ݔො are given in Equation
(14):
(14)
ݔො = ݔොଵ െ ିܤଵ ܣҧ(ݔҧ െ ݔҧଵ )
Afterwards, basic variables are substituted in
the objective function. The dimension of objective
function’s variable space is altered from n to n-m and
the problem is transformed into NLP without constraints. If x1 is an optimal solution, the objective
function gradient must be zero:
డሙ
డሙ డ௫ො
డሙ
=
+
= ( ݂ҧ ݔଵ ) െ ݂መ(ݔଵ )ିܤଵ ܣҧ = 0
డ௫ҧ

డ௫ డ௫ҧభ
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of objective function. To keep the new solution convenient to the approximated problem, in Equation
(14), the basic variable should proceed along the direction, ݀መ = െିܤଵ ܣҧ݀ҧ. Consequently,
መ
(16)
݀ = ݀ ൨
݀ҧ
is the direction of search for the algorithm.
The method used in the study is described in
detail with an example. For this purpose, the procedure steps for test number 18 given in Table 1 are
explained. Test 18 was carried out at 50% relative
density (Dr=50%), under 100 kPa effective stress
and for CSR = 0.119. The variation of the number of
cycles with the pore water pressure obtained during
the experiment, shown in Figure 1a, is shown for this
test data. As seen in Figure 1a, the pore water pressure reached 100 kPa (Ru=100 kPa) at the end of 18
cycles and the liquefaction occurred. Later, the pore
water pressure and the number of cycles were normalized, and the pore water pressure ratio and cycle
ratio were converted as shown in Figure 1b. As can
be seen in Figure 1c, the peak points in each cycle
are found and combined with a script file written in
MATLAB. Thus, by performing the same processes
for each experiment, the pore water pressure ratios
corresponding to the cycle ratio are obtained. In order to understand the sample of GRG algorithm in
Figure 2, the variation of the cycle ratio and pore water pressure ratio obtained for different alpha values
by using Equation (1) is shown in the same experiment data. 7KHDOSKD Į FRHIILFLHQWZDVIRXQGWREH
1.175 for the smallest mean square error (mse) value
obtained with the GRG algorithm. However, if the
alpha coefficient takes increasing values, it has
moved away from the experimental result as shown
in Figure 2. The mse values corresponding to the alpha coefficients are given in Table 2. If the most appropriate result in Table 2 is alpha=1.175, the smallest mse value is 0.003108. In order to understand the
sample of GRG algorithm in Figure 2, the variation
of the pore water pressure and the cycle ratio obtained for different alpha values by using Equation
(1) in the same experiment data.

RESULTS AND DISCUSSIONS
Firstly, in the study obtained using Equation
(1), Seed et al. [1] GHWHUPLQHGWKHDOSKD Į FRHIIL
FLHQW DV Į  IRU FOHDQ VDQGV 7KH 6HHG HW DO >@
approach remains a relatively simple and widely
used cyclic excess pore water pressure generation
model. However, the difficulties in identifying and
predicting Nliq in the equation, and the lack of an effective distinction between cyclic liquefaction and
mobility responses are considered as limitations in
this equation. It was obtained for Equation (1), using
the GRG algorithm for non-plastic silt, with a minimum mse value in each experiment. In Figure 3a, the
result of the experimental study, the variation of the

డ௫ҧభ

(15)
Equation (15) is dedicated as reduced gradient.
If the reduced gradient at the point x1 is equal to a
zero vector then it also satisfies the conditions of stable point of Lagrange [19]. Thereby, proceeding a
little along the path ݀ҧ = െ݂ሚ, will lower the value
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pore water pressure ratio and cycle ratio are shown.
,Q)LJXUHEWKHFKDQJHREWDLQHGXVLQJWKHDOSKD Į 
parameters in the smallest mse values obtained for
the GRG algorithm in the equation obtained using
Equation (1). When the results were analyzed, it was
seen that the ratio of the pore water pressure ratio
obtained in Equation (1) and cycle ratio varied in a
narrower band range compared to experimental data.
In )LJXUH D WKH FKDQJH RI DOSKD Į  FRHIIL
cients by using Equation (1) with GRG algorithm,
and the change of mse values obtained for alpha coefficients are shown in Figure 4b. It was observed
WKDW WKH DOSKD Į  FRHIILFLHQW UHFHLYHG D PLQLPXP
value of 0.48 and a maximum of 3.48. Average alpha
Į FRHIILFLHQWZDVREWDLQHGDV7KHPVHYDOXHV
corresponding to alpha coefficients ranged from 0 to
0.023. The average mse value was found to be 0.003.
When the experimental results were calculated using
the GRG aOJRULWKPWKHĮ FRHIILFLHQWIRXQGIRU
clean sands was found to be quite small for non-plasWLFVLOWDQGLWZDVIRXQGWKDWWKHDOSKD Į FRHIILFLHQW
was basically dependent on the soil's relative density
and cyclic stress ratio (CSR).

TABLE 2
Change in mse corresponding to
GLIIHUHQWĮYDOXHV
Į
Mean square error (mse)
0.5
0.031778
0.7
0.013621
1
0.04102
1.1751
0.003108
1.5
0.005255
Later, Booker et al. [2], proposed Equation (3)
by deriving an alternative simplified equation. The
equation uses two calibration parameters; Nl DQGĮ
can be determined from cyclic triaxial testing. For
the sandy soils, Nl increases as the relative density
increases and decreases as the magnitude of loading
(it is called cyclic stress ratio (CSR)) increases.
However, dense sands and plastic fine-grained soils
"nonliquefy soils”, cyclic softening results still may
be subject to significant pore pressure increase and
deformations [20].

1

120

Pore Water Pressure Ratio (Ru)
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FIGURE 1
Relationships among a) Pore water pressure and number of cycles, b) Pore water pressure ratio and cycle
ratio, c) Peak values for pore water pressure ratio and cycle ratio for Dr ı'=100 kPa and
CSR=0.119
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FIGURE 2
Change in cycle ratio with pore water pressure ratio for different alpha Į coefficients
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b) Seed et al. [1]
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FIGURE 3
Variation of pore water pressure ratio with cycle ratio
a) Experimental results, b) Curves obtained from Seed et al. [1]
The comparison of the experimental results
with the pore water pressure ratio-cycle ratio obtained using the Booker et al. [2] equation is shown
in Figure 5. The alpha coefficients obtained for each
experiment data using the GRG algorithm and the
mse values corresponding to those coefficients are
shown in Figure 6. As a result of the study, the averDJHDOSKDFRHIILFLHQWZDVIRXQGWREHĮ DQG
WKH PHDQ PVH  7KH Į  FRHIILFLHQW RE
tained for non-plastic silt was obtained much higher
WKDQWKHĮ FRHIILFLHQWREWDLQHGIRUFOHDQVDQGV
by Booker et al. [2].
Polito et al. [3], suggested the alpha coefficient
in Equation (1) by Seed et. al. [1], analysis made by
statistical analysis method depending on the relative
density, fines content and cyclic stress ratio and suggested Equation (2). He said that his proposed equation is valid on the soils where the fine content is less

than 35% (FC <35%). According to the results, he
stated that the CSR value had little effect on the alpha coefficient and that the basic parameter was relDWLYHGHQVLW\8QGHUWKHVHFRQGLWLRQVWKHĮSDUDPH
ter, which is greater than recommended by Seed et
DO>@DQGFDOFXODWHGEHWZHHQĮ
In this study, the relation suggested by Polito et
al. [3] was recalculated with the GRG algorithm using the experimental results given in Table 1. The
coefficients for the fine content ratio (FC), relative
density (Dr), and cyclic stress ratio (CSR) in the proposed test results for Polito et al. [3] were recalculated using the GRG algorithm. According to the results, Equation (17) was obtained.
(17)
ߙ = ܿ1  ܥܨ כ+ ܿ2 ܦ כ + ܿ3  ܴܵܥ כ+ ܿ4
ߙ = 0.40371  ܥܨ כ+ 0.67012 ܦ כ + 0.40402 כ
 ܴܵܥ+ 0.00321
(18)
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FIGURE 4
9DOXHVRID ĮDQGE mse calculated using equation of Seed et al. [1] for individual test results
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1
b) Booker et al. [2]
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FIGURE 5
Pore water pressure ratio and cycle ratio relationship
a) Experimental results, b) Curves obtained from model of Booker et al. [2]
Using the GRG algorithm, the coefficients in
Equation (17) are calculated and Equation (18) is obtained. In Figure 7a, the relationship between pore
water pressure ratio and cycle ratio obtained using
experimental results is shown. In Figure 7b, the relationship between pore water pressure ratio and cycle
ratio obtained using Equation (18) is shown. As can

be seen in Figure 7, when the pore water pressure
ratio-cycle ratio is examined, the results obtained using Equation (18) varied in a narrower band range
than experimental results. The variation and average
values of the constant coefficients (c1, c2, c3 and c4)
obtained in Equation (18) are given in Figure 8.
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a) Experimental Results
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FIGURE 7
Pore water pressure ratio-cycle ratio relationship
a) Experimental results, b) Curves obtained from equation of Polito et al. [3]
Contrary to literature results recommendation, FigXUHVKRZVWKDWĮ LVWRRORZ
The authors advocate that a pattern describing
pore water pressure generation of any non-plastic or
low plasticity soil can be obtained. The pore pressure
buildup data and model for clayey silt with plasticity

Equation (18), is plotted in Figure 8 and Figure
9 as a function of CSR and Dr, respectively for nonplastic silt. As may be observed from the Figure 8
DQG(TXDWLRQ  ĮLVQRWUHODWLYHO\GHSHQGHQWWR
CSR, increasing relative density causes an increase.
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H[SHULPHQWDOUHVXOWVWKHDOSKD Į FRHIILFLHQWUDQJHG
from 0.6 to 0.8 for pure silts, while the beta (E) coefficient ranged from 0.1 to 0.2 [4]. In Figure 10, the
relationship between the experimental results and
the pore water pressure ratio-cycle ratio obtained by
using Equation (4) proposed by Baziar et al. [4] is
shown. According to experimental results obtained
using the GRG algorithm, as shown in Figure 10 and
Figure 11, the average coefficient alpha and beta
0.717 and 0.1365 was obtained respectively. The
model presented by Baziar et al. [4] shows good prediction for pure silt compare to our experimental results. The average mse was obtained 0.0015 as
shown in Figure 12.

index ranging among 5-15% is reported in El Hosri
et al. [21]. The specimens were tested by subjecting
to three OHYHOVRIFRQILQLQJSUHVVXUHV ı 3= 60, 120,
240 kPa) at a constant relative density (Dr=60%),
with four (15%, 30%, 60% and 100%) different silt
contents [4]. They are also presented modified model
for pore water pressure generation model based on
the test results. Instructing the presented tests results
to statistical software an analysis was carried out to
modify the pore water pressure build up models.
Equation (4) gives pore water pressure ratio -cycle
UDWLRUHODWLRQVKLS,Q(TXDWLRQ  ĮDQGE are two
constants which are defined for different types of
soils based on their silt content. According to their

1.4

1.4
c1

c2
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1.2

1.2

1

1

c2

c1
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FIGURE 8
Correlation for c1, c2, c3 and c4 constants as a function of fine content (FC), cyclic stress ratio (CSR), and
relative density (Dr)
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Number of specimen-mse relationship for putcomes of equation of Polito et al. [3]
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FIGURE 10
Pore water pressure ratio-cycle ratio relationship
a) Experimental results, b) curves obtained from equation of Baziar et al. [4]
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FIGURE 12
Number of specimen-mean square error relationship obtained by use of Baziar et al. [4]
cally stress based closed form solution models to investigate excess pore water pressure ratio-cycle ratio
response of fully saturated clean sands is discussed
in literature. However, there is no proposed equation
for pure non-plastic silts in literature. For that reason,
existing models with original and updated model coefficients were comparatively investigated for simulation of each test result in the study.

CONCLUSION
In this paper, cyclic shear strength under undrained loading and generation of excess pore water
pressure of non-plastic silts under stress-controlled
cyclic triaxial loading were investigated. An empiri-
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Three different closed forms have been tested,
and the proposed model calibration coefficients were
improved, due to goodness of fit to available data,
but also because of its power to differentiate dilative
and contractive soil responses. Consistent with the
generalized reduced gradient (GRG) nonlinear algorithm, model coefficients are estimated by minimizing the mean square error function.
For comparison, the test results were employed
to assess the performance of the models of Seed et
al. [1], Booker et al. [2], Polito et al. [3] and Baziar
et al. [4]. The results show that pore water pressure
generation characteristics for pure non plastic silt
does not follow the same trend found for clean sands
by Seed et al. [1, 2].
It is concluded that the “original” Seed et al.
[1], Booker et al. [2], and Polito et al. [3], model predictions of pore water pressure ratio-cycle ratio are
consistently smaller than the test values. In contrast,
the Baziar et al. [4], model consistently good predicts
of pore water pressure ratio-cycle ratio values.
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STUDY ON THE EFFICIENCY OF USING BIOLOGICAL
ACTIVATED CARBON FILTER TO TREAT BACTERIAL
COMMUNITY CHANGES IN DRINKING WATER
Hui Zhang, Yonggao Cheng*, Ning Chen
Xingtai Polytechnic College, Xingtai 054000, China

caused. Therefore, the state restricts mining and utilization in large and medium-sized cities. Groundwater; surface water sources mainly include rivers,
lakes, reservoirs, etc. Due to their wide range of
sources and convenient use, they have become the
most important source of people's living and production water. In 2014, China's 423 major rivers and 62
key lakes (reservoirs) were 968 countries. The water
quality monitoring results of the surface monitoring
water monitoring section (points) show that the water quality sections of I-III, IV-V and inferior V account for 63.1%, 27.7% and 9.2% respectively, and
the surface water pollution status is still not allowed
[3, 4]. Optimism. The water quality of 329 prefecture-level centralized drinking water sources was
12.66 billion tons, accounting for 3.8%. Among the
4896 groundwater monitoring points, the ratio of
good one is good to one good water quality monitoring point is 38.5%, and the ratio of poor one-difference water quality monitoring point is 61.5%. Compared with 2013, the groundwater quality pollution
situation is further serious [5].
The main pollutants in drinking water are
mainly divided into three categories: natural organic
matters (NOM), organic matter caused by industrial
wastewater and domestic sewage, and organic matter
produced during water treatment. The latter two are
also called artificial synthesis. Synthetic organic
compounds (SOCs). NOM is mainly derived from
the intermediate products formed by animals and
plants in the natural circulation and metabolism. It is
the main component of organic matter in unpolluted
surface waters, also known as traditional organic
matter or natural environmental metabolites. SOCs
are organic compounds that have not been previously found in nature, using various chemical reactions, such as proteins, lipids, sugars, and nucleic acids that are frequently encountered in people's lives.
Various chemical substances used in industrial production such as nitrobenzene. , phenol, etc. and DDT
(Dichloro-diphenyl-trichloroethane), dioxins, organotin, etc. used in agricultural production, such organic matter is the main body of organic pollution of
water bodies [6].
In order to ensure the safety of drinking water
supply, the current treatment of drinking water is not
limited to suspended solids, colloids and pathogenic
microorganisms, but also to consider new problems

ABSTRACT
At present, the status of microbial pollution of
surface water sources is increasing. More and more
water plants use advanced treatment processes to
treat surface water. Activated carbon pools are one
of them. Microorganisms in the filter play an extremely important role in the degradation or transformation of pollutants. At present, there are still few
strains obtained by traditional isolation and culture
methods. This paper introduces a variety of molecular biology techniques for the analysis of bacterial
community structure in drinking water bio filters,
and summarizes the influencing factors of bacterial
community structure. In addition, the effects of different colony composition and concentration on the
purification of drinking water were compared, and a
combination scheme of the best purification effect
was proposed.

KEYWORDS:
Activated carbon, Bacteria community structure, Pathogenic bacteria, Drinking water purify

INTRODUCTION
Water plays an important role in economic development and human life. Water resources and water pollution have become the most important resource and environmental problems in the world today [1]. All countries in the world regard water as a
valuable resource for research, development, utilization and protection. This is also one of the major people's livelihood science and technology issues that
need to be solved urgently in the process of national
development. With the frequent social and economic
activities and the acceleration of urbanization in recent years, the problem of drinking water source pollution has become increasingly serious [2]. Generally speaking, the water source of human drinking
water is mainly groundwater and surface water. Due
to over-exploitation in recent years, the groundwater
level has dropped sharply, and in many places, serious problems such as ground subsidence have been
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such as various trace organic substances in water,
disinfection by-products, water quality stability, etc.
Study various new technologies for decontamination
to strengthen the control of various pollutants in the
water and ensure the safety of drinking water supply.
The traditional water purification processes of coagulation, sedimentation, filtration and chlorination of
water plants in many parts of China have been difficult to effectively remove organic matter and ammonia nitrogen pollution in raw water, and drinking
safety is facing challenges. The biological treatment
of drinking water has the advantages of low operating cost, convenient operation and management, and
good removal effect. Therefore, the application of
drinking water bio filter is highly valued at home and
abroad.

Fresenius Environmental Bulletin

process, a conventional treatment process, and an advanced treatment process. In the face of the increasingly serious problem of raw water quality pollution
and existing process defects, researchers at home
and abroad have carried out a lot of research on water treatment technology and achieved many results.
The treatment methods of the water treatment system include conventional treatment technology and advanced treatment technology. Advanced treatment technology refers to the removal of
contaminants or precursors of disinfection by-products that cannot be effectively removed by conventional treatment processes after a conventional treatment process, to improve and ensure the quality of
drinking water. A wide range of advanced treatment
processes include ozone-activated carbon combined
processes, membrane treatment processes, and the
like. The 03-BAC process is currently the most
widely used advanced treatment process, which
combines ozone chemical oxidation, ozone disinfection, activated carbon physicochemical adsorption,
and activated carbon microbial degradation. Ozone
oxidation can degrade some macromolecular organic
matter in drinking water into small molecules,
thereby improving the adsorption effect of activated
carbon. In addition, ozone oxidation provides sufficient dissolved oxygen to make the activated carbon
bed in aerobic state and strengthen the removal of
organic matter by activated carbon. The use cycle of
activated carbon is prolonged and the treatment effect is improved. The water supply pipe network system is connected to the water plant and the user,
which is the last link of the drinking water supply,
and is responsible for the delivery of the drinking
water to the user.

MATERIALS AND METHODS
Drinking water pollution and microbial reproduction. Urban water supply system. The water supply system refers to the total composition of
the water quality treatment and water distribution facilities in a certain way. Drinking water supply systems mainly include drinking water supply treatment
systems and drinking water supply network systems
[7]. Microorganisms are widespread in both systems
and pose a threat to the health and safety of drinking
water [8].
The feed water treatment system is a series of
water treatment systems for the purpose of removing
suspended solids, heavy metals, organic matter and
microorganisms in water. As shown in Figure. 1, the
feed water treatment system includes a pretreatment

Oxygenn
disinfection

Preoxidation

Pretreatment

Conventional
processing

Advanced
processing

Water
supply
network

x Coagulation, sedimentation, filtration
x Enhanced coagulation process
x Biofilter
x Biological contact
oxidation pond

x Ozone-bio-activated carbon oxidation process
x Membrane treatment process: microfiltration,
ultrafiltration, nanofiltration

FIGURE 1
Schematic diagram of the drinking water treatment process
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FIGURE 2
Processes related to microbial growth during drinking water distribution
tants of source water are permanganate index, ammonia nitrogen and total phosphorus, the concentration is 7.1-10.0 mg/L, 3.7-5.6 mg/L and 0.3-0.5
mg/L; heavy water content in source water, Fe>2.0
mg/L, Mn>0.2 mg/L; total bacterial count >1000
CFU/mL, and the number of thermophilic coliform
bacteria is 10-20 CFU/mL. According to the characteristics of water source water pollution, the water
plant adopts biological pretreatment, conventional
treatment and advanced treatment process. The raw
water is treated by biological oxidation tank, coagulation tank, sedimentation tank, sand filter tank,
ozone oxidation tank and carbon filter, and finally
chlorine. After disinfection, enter the pipe network
system.
The microbial community in the water supply
system was tested. As shown in Figure. 3, a total of
6 eukaryotic organisms were detected in 33 samples:
Ascomycetes, Basidiomycetes, Chytrid, Clostridium,
and Glomus And unknown bacteria, the abundance
of ascomycetes is 63%. There are differences in eukaryotic microbial communities in winter and summer. The ascomycetes are the dominant species in
winter, the proportion is as high as 93%, and the
other five bacteria are less than 7%. The diversity of
eukaryotic microbial communities in summer is

Temporal and spatial distribution of microbial communities in water supply systems. According to the distribution location, the bacteria in
the water supply pipe network system are mainly divided into free bacteria living in the water body and
biofilms attached to the pipe wall. During a certain
hydraulic retention time, the growth of free bacteria
in the pipe network is not only related to the growth
of bacteria in the water, but also to the adsorption of
bacteria in the biofilm of the wall. As shown in Figure. 2, when the biofilm of the tube wall is detached,
the free bacteria in the water is increased, and the
free bacteria can be adsorbed on the biofilm to increase the number of adsorbed bacteria.

RESULTS AND DISCUSSION
The distribution of colony in the water supply
system of a city is detected. The source water is the
river network water source, and the water quality belongs to IV. Class V water. Table 1 shows the results
of water quality survey in the past 5 years: water turbidity is 30-60 NTU, color is 30.60, and dissolved
oxygen concentration is <5.0 mg/L; the main pollu-

Water quality parameter
Turbidity
Chroma
Dissolved oxygen
Total Fe
Total Mn

TABLE 1
Water quality parameters of source water
concentration
Water quality parameter
30-60 NTU
Permanganate index
30-60
Ammonia nitrogen
<5.0 mg/L
Total phosphorus
>2.0 mg/L
Total number of bacteria
>0.2 mg/L
Number of thermophilic E. coli population
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Concentration
7.1-10.0 mg/L
3.7-5.6 mg/L
0.3-0.5 mg/L
>1000 CFU/mL
10-20 CFU/mL
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FIGURE 3
Relative abundance of eukaryotic main phylum in the drinking water treatment process
obviously increased, ascomycetes The abundance of
the door was reduced by 26%, the abundance of unknown bacteria was increased to 25%, and the abundance of Basidiomycetes and Phytophthora was 14%
and 7%, respectively. The difference between the
water and biofilm eukaryotic microbial community
in the winter water treatment system is not obvious.
The eukaryotic microbes from the source water to
the factory water and water are mainly ascomycetes
(93%). However, the eukaryotic microbial community in the summer water treatment system changed
greatly, the proportion of basidiomycetes in the water was higher (13%), and the proportion of basidiomycetes in the biofilm was lower (4%).
It can be seen that the bacterial community in
the drinking water treatment system has a spatiotemporal distribution pattern, and the biofilm bacterial
species is significantly higher than the water body.
The biofilm bacterial community diversity is not affected by the season, and the water bacterial community diversity is lower in winter than in summer. In
winter, the abundance of cyanobacteria is higher; in
the summer, the bacterial community of the water
body is dominated by Bacteroides, while the cyanobacteria are more abundant in the biofilm. The bio
oxidation cell biofilm Nitrospira has a high abundance (10-20%), the cyanobacteria in the sedimentation tank is high (25%), and the ozone community
has the lowest bacterial community diversity. Pseudomonas in the factory the ratio of sphingomonas to
serotonin can reach 5% to 10%.
The same study was conducted on the water
supply system, and the results obtained from the
door level are shown in Figure. 4.
At the level of biofilm bacterial community distribution, Figure 4 shows the distribution of species
at the biofilm bacterial community gate level. A total
of 26 gates were detected in 20 biofilm samples, of

which the Proteobacteria accounted for absolute superiority and the average abundance was 85.56%,
followed by Bacteroides (7.64%), cyanobacteria
(1.69%), thick-walled bacteria (1.33%) and actinomycetes (1.30%), above bacteria It is often detected
in biofilms in drinking water pipe network systems.
At the level of the door, there was no significant difference in bacterial community between the water
plant and the pipe network. However, the bacterial
community composition of biofilms in different tube
ages was significantly different. The biofilm bacterial community with tube age of 1 year was mainly
composed of Proteobacteria and Bacteroides, with
abundance accounting for 83.31% and 13.52%, respectively. The age-dependent biofilm bacterial
community has a dominant advantage (87.43%), and
the remaining door abundance is less than 3%.
Activated carbon filter treatment of drinking water. The production of biological activated
carbon (BAC) is based on the application of ozone
activated carbon in Europe to remove organic matter
in water. It is found that the surface of activated carbon is extremely prone to microbial growth. The activated carbon with microbial growth not only improves the effluent quality, but also prolongs the regeneration cycle of activated carbon. Therefore, in
the water treatment process, it is conscious to promote the growth of aerobic microorganisms on the
surface of granular activated carbon, and remove biodegradable organic matter to reduce the concentration of precursors of disinfection by-products and the
potential of bacterial regeneration in the pipe network. BAC can be considered as a water treatment
method that simultaneously utilizes the function of
microorganisms grown on the surface of activated
carbon and the function of activated carbon.
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FIGURE 4
Relative abundance of bacterial main phylum in biofilm
The development of modern biotechnology has
opened up a new direction for water quality treatment. Its application research in the field of water
treatment is a hot spot in the world. In some method,
activated carbon is used as a carrier for microorganisms because of its outstanding porosity, and its
treatment efficiency is much higher than other common filter materials such as sand or anthracite. Granular activated carbon can also carry larger density
bacteria than sand or anthracite. In the advanced
treatment of drinking water, for the pre-ozonized water, the number of fixed bacterial organisms recorded
in the literature: sand or anthracite 1.0 × 106 ~ 1.0 ×
107 / g, and activated carbon is 1.0 × 108 ~ 1.0 × 109
/ g Therefore, activated carbon becomes a good habitat for bacteria through three aspects and promotes
the growth of bacteria: providing an ideal place for

bacteria; regulating food supply; protecting bacteria
from biocides, insecticides and other toxins.
At present, there are many methods for characterizing the performance of activated carbon, but
mainly focus on several aspects: measuring the performance index of activated carbon, performing surface property analysis of activated carbon, conducting static adsorption and dynamic operation test of
activated carbon, and trying to establish comprehensive performance evaluation indexes of activated
carbon.
Through dynamic running experiments, we
compared the number and activity of microbes
grown in the upper and lower parts of the species
IBAC bed, as shown in Figure 5.

FIGURE 5
Comparison of biomass in activated carbon bed
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FIGURE 6
Comparison of biological activity in activated carbon bed
Figure 6 is a comparison of microbial activity.
It can be seen that the number and activity of microorganisms in the crushed carbon A bed is significantly higher than that of columnar carbon, the number of microorganisms in the upper part of the bed is
4.5×106 CFU/(g carbon), and the lower part is
3.8×106 CFU/(g carbon), and its unit volume The
rate of internal oxygen consumption is also the largest. The oxygen consumption rate of the upper bed
can reach 10.4×10-3 mg O2/(cm3·h), and the lower
part is 7.0×10-3 mg O2/(cm3·h). The average biomass
and oxygen consumption rate are columnar. The carbon height is 24.0% and 40.0%. The reason why the
amount of microorganisms in the broken carbon A is
large is that the A carbon has a large specific surface
area, and the adsorption to microorganisms is strong,
which can provide more space for the accumulation
of microorganisms; The diameter is small, the carbon surface is extremely irregular, so the roughness
is high, which can provide better hydraulic conditions for microbial growth and reduce the influence
of hydraulic shear force on microbial adhesion.
Therefore, we selected B carbon as the next experimental object.

body. The research on the application of microorganisms to remove ammonia nitrogen and nitrite from
water has been the focus of scholars at home and
abroad. The effects of different microorganisms in
the system have not been tested by placing the isolated microorganisms under circulating water conditions. The question is not completely answered. Nitrifying bacteria are the main force in removing ammonia nitrogen, which should be used on the surface
of biological activated carbon, and then applied to
drinking water purification tasks. After the separation and identification of ammonia-degrading microorganisms were completed in this experiment, they
were placed in a simulated bio filter to conduct experiments to further study the actual removal effect
of microorganisms.
Effect of different colony concentration on
treatment effect. The experiment was carried out in
a glass water tank with a water depth of 20 cm, a
water volume of 16 L, a water temperature of 25°C
± 1°C, and adjustment by a heating rod; oxygenation
for 24 h; an equal amount of brush filter was added
to each tank. The composition of the water to be
treated is shown in Table 2.
Two strains of bacteria (Labrenzia aggregate
and Acinetobacter venetianus, hereinafter referred to
as strain L, bacteria A) in the moiré-recycling aquaculture system were used for experiments. Before
the experiment, the appropriate amount of bacteria
was taken from the slant medium by the inoculating
loop, and enriched and cultured

The impact of biological activated carbon
colony changes. In some areas, drinking water is
polluted by ammonia, nitrogen and nitrite which are
produced by the decomposition of bait, feces and
carcasses in the process of aquaculture. It is the main
pollutant in water and has a toxic effect on the human

Component
Glucose
NaCl
K2HPO4
FeSO4Ь7H2O

TABLE 2
Analog sewage recipe
Ratio
Component
500 mg/L
MgSO4Ь7H2O
125 mg/L
MnSO4
52 mg/L
pH
2.5 mg/L
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FIGURE 7
Different concentrations of bacteria L ammonia nitrogen concentration changes

FIGURE 8
Different concentrations of bacteria L nitrite concentration changes
in the liquid enrichment medium for 10 days. The
enriched bacteria were counted by the maximum
likelihood method (abbreviated as MPN method),
and the number of bacteria was controlled. 2.5 x 108
cells/mL culture solution. The inspection cycle was
27 days, and the sewage in each group of water tanks
was sampled every two days, namely, 1 d, 3 d, 5 d, 7
d, 9 d... 27 d.
Two water quality indicators, ammonia nitrogen and nitrite, were selected for determination. The
monitoring methods were hypobromite oxidation
and spectrophotometry. Determination of ammonia
nitrogen and nitrite requires preparation of a standard use solution, drawing a standard curve, and calculating a regression equation.
5 ml, l0 ml and 20 ml of the L-activated culture
solution were separately added to the simulated bio
filter. The water quality monitoring time was 27 days,
and the curves of ammonia nitrogen and nitrite concentration in the sewage with time were as shown in
Figure 7 and Figure 8.
After adding 5 ml, l0 ml, and 20 ml bacterial
liquid L, the ammonia nitrogen in the water body
showed a downward trend as a whole, and the fastest
decline rate in the first 7 days. From the 9th day, the
speed became stable. At 27 days, the ammonia nitrogen concentrations in the three groups of water were

0.60 mg/L,0.52 mg/L, 0.46 mg/L, respectively, statistical analysis, there was no significant difference
in the final values of the three groups of ammonia
nitrogen (P> 0.05), the difference between the experimental group and the blank group was extremely
significant (P < 0 .01), indicating that the three concentrations of bacteria L have the same effect on the
final removal of ammonia nitrogen in water, and the
effect of the experimental group is better than that of
the blank group. However, the removal efficiency of
the 20 ml bacterial solution in the first 7 days was
significantly higher than the other two concentrations, so the use of 20 ml concentration under laboratory conditions is beneficial to quickly verify the
sewage treatment capacity of the bacteria. In actual
production, the concentration of 5 ml or 10 ml is
more suitable from the viewpoint of cost saving and
efficiency improvement.
After adding 5 ml, l0 ml, 20 ml bacterial liquid
L, the nitrite concentration rising trend is basically
exponential, the first 13 days of rising speed is slow,
then the speed is accelerated, and the speed reaches
the fastest in about 19 days. On the 27th day, the nitrite concentration in the three groups of water
reached the highest value in the monitoring period,
which were 1.22 mg/L, 1.65 mg/L, and 2.53 mg/L,
respectively. There was no significant difference between the three groups (P>0.05), and the difference
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FIGURE 9
Changes in concentration of ammonia in water after single and mixed broth added
between the experimental group and the blank group
was extremely significant (P<0.01). Seven days after
the addition of bacteria, ammonia nitrogen decreased
significantly, but the nitrite concentration did not increase significantly, indicating that ammonia nitrogen was not completely converted to nitrite at this
stage; the nitrite concentration increased and the
number of biofilm bacterial communities on the filter material increased. The trend is roughly the same.

CONCLUSIONS
In this paper, the related problems in the treatment of drinking water using biological activated
carbon filter were studied. By studying the accumulation of pollutants in the drinking water system and
the microbial reproduction, the purified bacteria for
the pollution in drinking water pipelines were selected. The principle and development of biological
activated carbon filter were introduced, and the fixed
activated carbon material with the highest biological
activity was selected. Finally, the ammonia nitrogen
and nitrite treatment experiments were carried out
for the selected dominant strains and activated carbon. By comparison, it was found that the best water
purification effects can be achieved by combining
different strains.

Effects of different strains on treatment effects. The activated bacteria L and B culture medium
were separately added to the three sets of simulated
bio filters, and the measurement was started after the
biofilm was stabilized for three days. The water
quality monitoring time was 19 days, and Figure 9
shows the ammonia nitrogen and nitrite concentrations in the water changed with time.
After adding the bacterial liquid L, the bacterial
liquid A and the mixed bacteria liquid of L and A,
there is a difference in the ammonia nitrogen concentration change curve between the single bacteria
and the mixed bacteria water, and the fastest decline
rate in the first 3 days after the biofilm is stable, and
then the ammonia nitrogen in the mixed bacteria water body. The downward trend was relatively stable.
The ammonia nitrogen in the two groups of singlebacteria waters first increased and then decreased.
The analysis was related to the effects of pre-microbial membranes and ammonia nitrogen in the air.
Both bacteria play a synergistic role in ammonia nitrogen removal. However, the single bacteria of bacteria L and bacteria A showed significant differences
in ammonia nitrogen removal, and the removal rate
of bacteria L was 32% higher than that of bacteria A.
The experimental results show that the purification of drinking water by using mixed strains can
obtain better purification effect.
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human activities, SOM demonstrates both high
spatial variability and certain temporal variability
[4]. Currently, many scholars at home and abroad
have conducted a series of studies on spatial or
temporal variability of SOM by geo-statistical
methods [5-6]. However, most of the research
objects are plain, basin, wetlandand other relatively homogenous non-karst regions [7-8]. There
are few researches at the watershed scale, especially those about the temporal variability of
SOM in the basin scale of karst regions. Current
studies mainly focus on the influence of some
single factor on SOM, but they fail to screen out
the key influencing factor based on the actual
conditions of the specific region [9]. SOM content and its dynamic spatial-temporal change
mainly depend on the dynamic balance between
SOM input and degradation [10]. The reason is
that its dynamic change leads to the uneven distribution of SOM, and any factor affecting the
accumulation and decomposition of SOM may
affect the spatial-temporal distribution of organic
matter [11]. In different regions, spatial-temporal
variability of SOM will be affected by different
factors. In particular, environmental factor, soil
properties, human interference and their comprehensive factors experience different spatial-temporal changes in the process of karst rock
desertification [12].
As a unique, fragile ecosystem, karst ecosystem differs from non-karst regions due to its
complex topography, geomorphic feature, hydrothermal regime, site conditions of vegetation
and degree of soil development, leading to small
environmental volume, weak resistance to interference, low stability and poor self-adjustment
capability in such region [13]. Because of its special dual hydrologic structure and complicated
geological and geomorphological conditions,
SOM presents high spatial heterogeneity in
karst-regions [14]. With the rapid increase in
population and the high-speed social economic
development in recent years, zero tillage, straw

ABSTRACT
In order to study the temporal and spatial
variation characteristics of soil organic matter in
a small Karst Basin, which provided a scientific
basis for estimating soil organic matter reserves
and selecting measures for soil carbon sequestration and accumulation in a karst region. Based
on field sampling, laboratory measurement, geostatistics and GIS, the temporal and spatial variability of soil organic matter and its influencing
factors during the past 1980-2015 years were
studied. The results showed that in 1980s, the
average content of organic matter in soil samples
was 37.89 g/kg, and the average content of soil
organic matter was 43.22 g/kg in 2015. From
1980 to 2015, the average content of soil organic
matter increased by 5.33 g/kg, with an increase of
14.07 %. 35 years to reduce structural characteristics of soil organic matter in the region decreased, correlation, spatial distribution tends to
be broken, two periods of soil organic matter was
greater than the East West, middle, West, North
South High low trend, but local variability, a
mosaic, mass distribution.
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INTRODUCTION
Soil organic matter (SOM) is an important
indicator to assess soil fertility, as well as one of
the soil values with the closest connection to soil
environment change [1]. SOM, which determines
the supply quantity and effectiveness of soil nutrients, is an important indicator of land use and
management instead of human activity [2-3]. Due
to the complicated process of natural soil formation and the increasingly strong influences of
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turnover, application of organic fertilizer and
other agricultural activities have been implemented [15-16]. The soil in karst regions has a
special mechanism of nutrient circulation [17].
Whether karst regions and non-karst regions
share the same increment law still remains to be
further studied [18]. Due to fragmented topography, complex and diversified landforms and varied soil types, karst soil mass is divided into
patches of different sizes, resulting in scattered
and staggered soil distribution, discontinuous soil
cover, exposed rocks, non-uniform soil thickness
and huge quantity of exposed rocks in soil, which
leads to extremely complicated spatial-temporal
distribution of SOM [19]. With highly heterogeneous small karst basin as the research object,
this paper discusses the spatial-temporal variability characteristics of SOM in highly heterogeneous karst region and its major governing factors,
and comprehensively and systematically analyzes
the key factors of the spatial-temporal variability
in small karst basin by using geo-statistical
methods and GIS technology, aiming to discuss
the scientific methods to analyze the spatial-temporal variability characteristics of soil
properties in highly heterogeneous karst region,
and provide scientific reference for soil fertility
assessment and soil fertility improvement and
management in karst region.
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MATERIALS AND METHODS
Study
region.
The
study
region
ƍƎ-ƍƎ( ƍƎ-ƍƎ1 
is located in Puding County in the central part of
Guizhou Province in south-western China, and it
covers an area of 75 km2. The elevation is between 1223.4 and 1567.4 m above sea level, and
the air pressure is between 806.1 and 883.8 pa.
Data source. In this study, the basic data
about the soil surface (0 to 20cm) in 1980 was
mainly obtained from the results of the Second
Soil Survey in Puding County. The spatial locations were determined according to the survey's
description on the sample locations, including the
major landmarks and environmental actors surrounding the sampling points. Based on the principle of consistency and approximation, a total of
23surface (0 to 20cm) sampling points were selected to determine the spatial location[20] . Data
from the project team measured data in 2015,
sampling plots were designed with a grid-based
sampling method and a total of 36 sampling grids.
The sampling sites were defined as the center of
each sampling grid (shown in Figure 1). The detailed information of sampling method could be
found in literature.

FIGURE 1
The distribution of sample sites in 2015 (a), in 1980 (b)
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From 1980 to 2015, the variation coefficient of
the organic matter content ranged from 55.58%
to 67.78%, and there was moderate variation
from 10% to 100%. In 1980, the coefficient was
increased, due to the fewer samples in this year.
The soil organic matter content in two years
showed a significant difference (p <0.05). From
1980 to 2015, the average soil organic matter
content posted a 14.07% increase by 5.33 g/kg,
indicating that the temporal scale had a greater
impact on the soil organic matter content.
According to the soil organic matter classification standard set forth in the second national
soil survey, the soil average organic matter content in 1980 was divided into 6 grades (Table 2).
The nutrient status was divided into 6 grades
from extremely rich to extremely insufficient.
The results showed that in 1980, the average organic nutrient was rich in the topsoil (0-20 cm)
samples in Houzhai River Basin, of which
73.92% of the samples were classified into the
first three grades, among which 26.09% were
classified into the first grade. The average organic matter content fell within 20.01 - 30.00 and
30.01 - 40.00 g/kg the most frequently, and the
number of samples exceeded 6, accounting for
26.09% of the total. The second frequency peak
happened to more than 40.00 g/kg, and the number of samples exceeded 5, accounting for
21.17% of the total. There was only one sample
with the average organic content of less than 6
g/kg, accounting for 4.34 % of the total.
After the classification system applied by
China's second soil survey was applied, the average organic matter content in the topsoil of
Houzhai River Basin in 2015 was divided into 6
grades (Table 2). The results showed that the
topsoil (0-20 cm) of the Houzhai River Basin was
extremely rich in the average organic matter
content, of which 90.70% of the soil samples
were classified into the first three grades, among
which 33.3% were classified into the extremely
rich grade(grade 1). Only 8.3% of the samples
were classified into the last three grades. According to the frequency statistics of organic
matter in the topsoil of the basin, the average
organic content of more than 40 g/kg appeared
the most frequently, and the number of samples

Sample treatment and determination
analysis. Both of the soil samples collected in
1980 and 2015 were air dried, ground and prepared for the specimen as required by the laboratory. The SOM was determined via a potassium
dichromate method. The soil acreage was calculated using GIS technology and surveying in the
field. The bulk density was measured layer by
layer from the top to the bottom of the soil profile
via a cutting-ring method. The soil thickness was
recorded in accordance with the type of ecological niche with an iron stick that was 60 or 120 cm
long, depending on the soil mass at different
depths. The bare rock rate was surveyed with a
line-transect method. Due to the complex landscape in a karst area, it would be more accurate
but less operable if the line transect was too long.
Therefore, the length of the line transect was set
at 10 m, and the grid cells with rock coverage
were surveyed via tape measure.
Data analysis. Statistical analyses were
performed using SPSS18.0 and Excel 2007. A
semi-variogram model, fitted with GS+ software,
was used for ordinary kriging interpolation in
ArcGIS 9.3 software, rendering an SOM spatial
distribution map.

RESULTS
Statistical analysis of soil organic matter
content. According to the conventional statistical
analysis (Table 1) of soil organic matter content
in Houzhai River Basin in 1980 and 2015, the
average organic matter content in soil samples in
the whole basin was 37.89 g/kg in 1980. The
variation range was 2.21-148.75 g/kg, and the
difference between the maximum value and the
minimum value was 146.54 g/kg, of which the
maximum value was 67.30 times higher than the
minimum value. In 2015, the average organic
matter content in soil samples was 43.22 g/kg.
The minimum value was only 2.78 g/kg, while
the maximum value reached 205.35 g/kg. The
difference was huge, namely 202.570 g/kg. The
maximum value was 73.97 times higher than the
minimum value, and there was strong variability.

Time
1980
2015
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TABLE 1
Descriptive statistical characteristics of soil organic matter content
Number of
Range
Mean
Standard error
Coefficient of
samples
˄g/kg˅
˄g/kg˅
˄g/kg˅
variation (%)
23
2.21~148.75
37.89a
25.69
67.78
36
2.78~205.35
43.22b
24.02
55.58

ᶭSOM
(g/kg)
5.33

1RWH 'LIIHUHQW OHWWHUV LQ WKH VDPH FROXPQ LQGLFDWH VLJQLILFDQW GLIIHUHQFH 3    ǻ620 LV WKH WRSVRLO a FP  VRLO
organic matter increment per unit area.
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TABLE 2
Classification of organic matter content in surface soil in 1980
Grading
1
2
3
4
5
6
Insuffi- Extremely insuffiNutrient status
Extremely rich Rich
Most suitable Suitable cient
cient
Standard /( g.kg-1)
1980
s

2015
s

> 40

30-40

20-30

10-20

6-10

<6

Frequency

5

6

Percentage

21.74

26.09

6
26.09

3
13.04

2
8.70

1
4.34

Cumulative percentage

21.74

47.83

73.92

86.96

95.66

100

Frequency

917

818

763

237

16

4

Percentage
Cumulative percentage

33.28

29.70

27.70

8.60

0.58

0.14

33.28

62.98

90.68

99.28

99.9

100

was 12, accounting for 33.28% of the total. The
second frequency peak happened to 30.01 -40.00
g/kg, and there were 11samples, accounting for
29.70% of the total. Compared with 1980, the
organic matter content of the samples in the first
three grades was increased by 16.76 percentage
points, of which the percentage of samples with
the organic matter content of more than 40 g/kg
was increased most by up to 11.54.

logical environment restoration and desertification control projects, such as returning farmland
to forest, artificial grass planting and artificial
afforestation. From perspective of farmland
management, implementation of zero tillage,
straw returning field, application of organic fertilizer and other measures could greatly increase
soil organic matter content. The combined effects
of these measures had a significant impact on the
spatial variation of soil organic matter in the
rocky desertification area. As a whole, after 35
years of development, the soil organic matter
content has been significantly increased, except a
few areas in the southeastern region where the
organic matter content was reduced. Through
field investigations, it has been found that, in the
vicinity of this area, construction of industrial
parks and deforestation in recent decades resulted
in a substantial loss of soil and a sharp decline in
soil organic matter content.

Spatial and temporal variation pattern of
soil organic matter. The spatial distributions of
soil organic matter in 1980 and 2015 were respectively plotted by the ordinary Kriging interpolation method (Figure 2), which could more
directly show the difference in spatial and temporal distribution pattern of soil organic matter in
different periods. As the density of soil organic
matter was affected by the geographical location,
climatic conditions, soil types, vegetation types
and land use patterns, there were complex spatial
variability. As seen from Figure 2, the study site
in both years showed a tendency that the organic
matter was higher in the east than in the west,
low in the middle part and high in the western
part and stepped down from the south to the
north. In 1980, the soil organic matter was distributed in a mosaic and mass manner, and
stepped down from east to west. A bit of high
values and low values were concentrated in the
east and west of the study site respectively.
In 2015, the distribution of soil organic
matter was relatively uniform with a bit of high
values appearing in the central and western parts
and a small fraction of organic matter appearing
in the northeast in a mosaic manner. 35 years ago,
land reclamation caused serious destruction of
woodland, further resulting into deteriorating
ecological environment, serious rocky desertification and a large loss of soil organic matter. In
the 1980s and 1990s, Guizhou started to control
rocky desertification, by implementing the eco-

Main influencing factors of temporal-spatial variability of soil organic matter.
Slope direction and slope position. Soil organic
matter content was significantly affected by
changes in slope direction and slope position
(Table 3). The organic matter distribution in different slope directions showed that the soil organic matter content in both years was ranged:
sunny slope > shady slope. The shady slope
showed an obvious difference between different
years; furthermore, in different slope positions,
the soil organic matter content was up to 45.62
g/kg in the upper- central part of slope in 1980
and lowest (20.01 g/kg) in the bottom of the
slope in 1980. The maximum value was 2.25
times higher than the minimum value. In 2015,
the soil organic matter content was up to 54.83
g/kg in the upper- central part of slope and lowest
(26.21 g/kg) in the bottom of the slope. There
was a value difference of 2.09 times. The difference in the soil organic matter content between
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(a)

(b)
FIGURE 2
Temporal and spatial distribution of SOM in the Houzai basin (a. the SOM spatial distribution in
1980; b. the SOM spatial distribution in 2015.)
TABLE 3
Soil organic matter content changes in slope direction and slope position
Slope direction
Slope direction
Time
1980
2015

Shady
slope
33.24
(0.25)a
41.57
(1.14)b

Sunny
slope
40.13
(1.59)d
44.12
(1.18)d

Bottom of
slope
20.29
(2.47)d
26.21
(1.16)c

Lower part
of slope
37.05
(1.74)c
40.23
(2.16)d

the surface layer and the section was small,
ranging from 1.17 to 21.10 g/kg. This difference
reached the minimum in the central part of slope
and the maximum at the top of the slope, indicating that the time factor had a great influence
on the top of the slope. Due to rocky desertification control in the karst region, hillsides were
closed to facilitate afforestation, contributing to
gradual restoration of vegetation on the top of
slope, and an increase of soil organic matter input.
In general, except the upper part of slope, there
was significant difference in soil organic matter
content between different slope positions at different times. In 1980, the size of the organic
matter in different slope positions decreased as
follows: upper part of slope > central part of
slope > lower part of slope > top of slope > bottom of slope. However, the sequence was: upper
part of slope > top of slope > lower part of
slope > bottom of slope.

Central part
of slope
42.08
(1.75)b
43.25
(1.14)c

Upper part
of slope
45.62
(1.84)a
54.83
(2.12)a

Top of
slope
29.62
(2.58) c
50.72
(2.45)b

mental factors were selected, such as slope, altitude, parent material, stone content, bulk density,
rock exposure, etc., to study their correlation with
changes of the soil organic matter. The results of
correlation analysis using SPSS software (Table 4)
showed that there was a very significantly positive correlation between changes of soil organic
matter and the slope and altitude, and the correlation coefficients were 0.635 and 0.696, respectively; There was a very significantly negative
correlation with the rock exposure, and the correlation coefficient r was -0.780. There was a
significant negative correlation with the bulk
density and the stone content, with the correlation
coefficients r of -0.702 and -0.539, respectively.
There was a significantly positive correlation
between slope and altitude, stone content and
rock exposure, with the correlation coefficient of
0.603, 0.627 and 0.718, respectively. The slope
had a significantly negative correlation with bulk
density, with a correlation coefficient of -0.532.
The correlation between altitude and stone content and rock exposure were positive, with a
coefficient of 0.515 and 0.601 respectively; The
parent material only had a positive correlation
with the bulk density, and the correlation coefficient was 0.601 and had no obvious correlation

Influence of the main environmental factors on changes of soil organic matter content.
There are many environmental factors that influence the soil organic matter content. In order to
deeply analyze the spatial-temporal variation of
soil organic matter content, the main environ-
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TABLE 4
Correlation analysis of soil organic matter change and main environmental factors
Slope
Altitude Parent materi-Bulk den-Stone content Rock expo-ǻSOM
Index
al
sity
sure
Slope
1.000
Altitude
0.603*
1.000
Parent material 0.123
-0.213
1.000
0.601*
1.000
Bulk density
-0.532* 0.243
*
*
Stone content
0.627
0.515
-0.406
-0.633*
1.000
Rock exposure 0.718*
0.601*
0.124
-0.456*
0.843**
1.000
ǻSOM

0.635**

0.696**

-0.91

-0.702*

-0.539*

-0.780**

1.000

1RWH 6LJQLILFDQWDWOHYHO 6LJQLILFDQWDWOHYHOǻ620LVFKDQJHRIWKHVRLORUJDQLF matter from 1980-2015.

with other environmental factors; The bulk density was negatively correlated with the stone
content and rock exposure, with a correlation
coefficient of -0.633 and -0.456, respectively;
Stone content was very significantly positively
related to rock exposure, with a coefficient of
0.843. On a whole, the slope, altitude and rock
exposure were the key factors affecting the
changes of soil organic carbon content.

peak clusters in the upper stream, there are very
few areas with high SOM content in the upper
stream at a level of over 80cm below the ground
surface, and these areas are rarely seen and
mainly distributed in the middle and lower
reaches.Houzhai River Basin, a typical plateau
small karst basin, is characterized by complex
topographies and landforms, diversified types
and extremely complicated temporal-spatial distribution pattern of various topographies and
landforms. In 1980, the SOM content in this basin ranges from 2.21 to 148.75 g/kg (range:
146.54 g/kg), and the maximum is 67.31 times of
the minimum. Then in 2015, the SOM content of
the samples collected ranges from 2.78 to 205.35
g/kg (with a wide range of 202.57 g/kg), and the
maximum is 73.87 times of the minimum. The
range of organic matter content in surface soil is
wide and shows high variability, indicating high
spatial variability of SOM in the basin within the
specified time window.

DISCUSSION
Spatial-temporal variability of SOM in
small karst basin. Spatial structure and distribution heterogeneity is a critical attribute in the
functions of ecological system. The functional
grading of ecological system would be groundless without spatial structure [21]. Spatial variability of soil properties is widely existed both in
basin scale and meso-micro scale. Geo-statistical
analysis is a powerful tool to quantitatively explore the above-mentioned problems [22]. The
spatial distribution of SOM involves in two considerations: first, the variance with soil depth in
the vertical direction; second, the variance with
different geological positions in the horizontal
direction. In general, the SOM content of Houzhai River Basin presents a fragmented, patchy
spatial distribution pattern [23]). This is because
that the staggered distribution of hoodoos, peak
clusters and small depressions in the upper
stream leads to the high SOM content in hoodoos
and peak clusters, while depressions have large
soil depths and contains less SOM content. Shallow soil, discontinuous soil cover, staggered distribution of multiple soil types and varying soil
depths causes the fragmented, patchy distribution
of SOM content. SOM content declines with soil
depth, while those areas with shallow soil reach
bedrocks but lack soil[24]. As a result, patch
fragmentation increases with soil depth. Due to
the shallow soil in the majority of hoodoos and

Governing factors of change of SOM
content in small karst basin. The factors affecting SOM content are very complicated. In
addition to spatial factors, temporal factors also
have important influences on SOM content and
its change [25]. SOM content has been greatly
decreased with the reclamation of extensive forest lands before 1990s. However, returning farmland to forests and closing hillsides to facilitate
afforestation after 1990s and especially in recent
years significantly increases vegetation coverage,
forest land soil develops in deep depth, and rotted
dry branches and fallen leaves on the land surface
enter soil to increase its organic matter content,
which is consistent with the results of previous
studies. Furthermore, since karst regions relatively lag behind and have less arable land, agricultural input, straw turnover, application of
farmyard manure and other artificial activities
increase the most active factors of SOM content,
and a large amount of external organic and inor-
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ganic materials are directly imported into farmland soil, which further improves the input speed,
quantity and quality of SOM [26]. The dynamics
of SOM in the basin mainly depend on the dynamic balance between carbon input and output.
Organic matter input primarily comes from dry
branches and fallen leaves, dead roots, artificial
fertilization and many other factors, while organic matter output is mainly realized via the decomposition of organic matter by soil microorganism [27]. All the influencing factors of SOM
accumulation and decomposition may affect the
spatial-temporal distribution of organic matter .
On the whole, SOM reserve is subject to the
combined effect of vegetation, topography (slope,
altitude and slope position), climate, soil properties (soil type), change of land use pattern and
other natural and human factors.
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[2] Balesdent, J., Mariotti, A. and Guillet, B.
(1987). Natural C-13 abundance as a tracer
for studies of soil organic matter dynamics.
Soil Biol. Biochem. 19, 25-30.
[3] Bingeman, C.W., Varner, J.E. and Martin,
W.P. (1953). The effect of the addition of
organic materials on the decomposition of an
organic soil. Soil Sci. Soc. Am. J. 17, 34-38.
[4] Qian, H., Joseph, R. and Zeng, N. (2010).
Enhanced terrestrial carbon uptake in the
northern high latitudes in the 21st century
from the Coupled Carbon Cycle Climate
Model Intercomparison Project model projections. Global Change Biol. 16, 641-656.
[5] Zhou, Y.C., Wang, S.J., Lu, H.M., Xie, L.
and Xiao, D. (2010). Forest soil heterogeneity and soil sampling protocols on limestone
outctops: example from SW China. Acta
Carsologica. 39, 115-122.
[6] Wei, J.B., Xiao, D.N., Zhang, X.Y. and Li,
X.Y. (2006). Spatial variability of soil organic carbon in relation to environmental
factors of a typical small watershed in the
black soil region, Northeast China. ? Environ.
Monit. Assess. 121, 597-613.
[7] Fontaine, S., Mariotti, A. and Abbadie, L.
(2003). The priming effect of organic matter:
a question of microbial competition? Soil
Biol. Biochem. 35, 837-843.
[8] Xiao, C.W., Janssens, I.A., Sang, W.G.,
Wang, R.Z, Xie., Z.Q, Pei, Z.Q., Yi, Y.
(2010). Belowground carbon pools and dynamics in China's warm temperate and
sub-tropical deciduous forests. Biogeosciences. 7, 275-287.
[9] Zhang, Z.M., Zhou, Y.C., Wang, S.J., Huang,
X.F. (2018). Spatial distribution of stony
desertification and key influencing factors on
different sampling scales in small karst watersheds. Int. J. Environ. Res. Public Health.
15, 743-747.
[10] Zhang, W.H., Parker, K.M., Luo, Y., Wan, S.,
Wallace, L.L., Hu, S. (2005). Soil microbial
responses to experimental warming and clipping in a tall grass prairie. Global Change
Biol. 11, 266-277.
[11] Xiao, C.W., Guenet, B., Zhou, Y., Su, J and
Janssens, I.A. (2015). Priming of soil organic
matter decomposition scales linearly with
microbial biomass response to litter input in
steppe vegetation. Oikos. 124, 649-657.
[12] Zheng, T., Wu, X.Q., Dai, E.F. and Zhao,
D.S. (2016). SOC storage and potential of
grasslands from 2000 to 2012 in central and
eastern Inner Mongolia, China. Journal of
Arid Land. 8, 364-374.

CONCLUSIONS
Average organic matter content of soil samples in the whole basin rose 14.07% by 5.33 g/kg
from 37.89 g/kg in 1980 to 43.22 g/kg in 2015.
The study site in both years shows a tendency
that the organic matter is higher in the east than
in the west, low in the middle part and high in the
western part and steps down from the south to the
north. In 1980, the soil organic matter was distributed in a mosaic and mass manner, which
gradually stepped down from east to west; small
peaks and valleys were concentrated in the east
and west of the study site respectively. The slope,
altitude and rock exposure are the key environmental factors that affect the changes of soil organic carbon.
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EVALUATION OF THE LEVELS OF PESTICIDE RESIDUES
IN WHEAT AND SOIL
Suheyla Tongur1,*=DE൴WOzcan2
.RQ\D7HFKQ൴FDO8Q൴YHUV൴W\'HSDUWPHQWRI(QY൴URQPHQWDO(QJ൴QHHU൴QJ&DPSXV.RQ\D7XUNH\

WHUPV RI D KHDOWK\ OLIH DQG WKH\ SDUWLFXODUO\ DIIHFW
HFRV\VWHPV ,I WKH QHFHVVDU\ SUHFDXWLRQV DUH QRW
WDNHQRXUIRRGZLOOFRQWLQXHWREHSRLVRQHGE\WKHVH
FKHPLFDOV FDXVLQJ LOOQHVVHV DQG HYHQ GHDWK ,Q
DGGLWLRQEHFDXVHRIWKHDGDSWDWLRQDQGUHVLVWDQFHRI
SHVWV WR FKHPLFDOV PRUH DQG PRUH FKHPLFDO
FRPSRXQGVPXVWEHXVHGHDFK\HDU7KLVLQFUHDVHV
WKH SURGXFWLRQ FRVWV DQG QHJDWLYHO\ DIIHFWV WKe
HQYLURQPHQW >@ 3HVWLFLGH DFWLYLW\ LV DOVR VWURQJO\
UHODWHGWRDGYHUVHHQYLURQPHQWDOFRQGLWLRQV8QGHU
YDULDEOHDPELHQWFRQGLWLRQVWKHUHPD\EHDGHFUHDVH
LQSHVWLFLGHVHQVLWLYLW\DQGGLUHFWSHVWLFLGHHIILFDF\
LQUHVSRQVHWRHQYLURQPHQWDOFKDQJHVZKHQSHVWLFLGH
GHWR[LILFDWLRQLQFUHDVHVLQKRVWSODQWV>@
7KH XVH RI VRPH KDUPIXO SHVWLFLGHV LV
IRUELGGHQ ZKLOH WKDW RI RWKHUV DUH UHVWULFWHG
KRZHYHU WKHVH UHVWULFWLRQV DUH LQVXIILFLHQW DQG DQ
DFWLRQ SODQ VKRXOG EH FUHDWHG DQG LPPHGLDWHO\
LPSOHPHQWHG WR SUHYHQW DGGLWLRQDO VRLO DQG IRRG
WR[LFLW\IURPSHVWLFLGHXVH<DGDYDWHO  KDYH
IRXQG WKDW GLFKORURGLSKHQ\OWULFKORURHWKDQH ''7 OLNHSHVWLFLGHVDOWKRXJKEDQQHGFRQWLQXHWREHXVHG
LQ,QGLDKDYHDGYHUVHHIIHFWVRQDLUZDWHUDQGVRLO
DQGFDXVHSUREOHPVZLWKWKHQHLJKERULQJFRXQWULHV
>@7KH QHFHVVDU\ SURFHGXUHV IURP WKH SURGXFWLRQ
DQG XVH RI SHVWLFLGHV WR WKH GLVSRVDO RI WKHLU
SDFNDJLQJ VKRXOG EH HIIHFWLYHO\ DGRSWHG WR SURWHFW
KHDOWKDQGWKHHQYLURQPHQW
,Q WKH OLWHUDWXUH SHVWLFLGH-UHVLGXH IRUPDWLRQ
DQGWKHKDUPLWFDXVHVKDYHEHHQH[DPLQHGLQIRRGV
DQGZLWKLQWKHHQYLURQPHQW DLUZDWHUDQGVRLO DQG
KDYHEHHQHYDOXDWHGZLWKLQDIUDPHZRUNRIVSHFLILF
VWDQGDUGV7KH QHFHVVDU\ VROXWLRQV IRU WKH SUREOHP
KDYHEHHQVXJJHVWHGDQGWKHPHFKDQLVPVE\ZKLFK
WR LPSOHPHQW WKHP KDYH EHHQ FUHDWHG KRZHYHU LQ
7XUNH\WKHVHZRUNVKDYHQRWEHHQDFFRPSOLVKHGLQ
D WLPHO\ PDQQHU DQG KDYH IUHTXHQWO\ EHHQ
LQDGHTXDWH 7KXV SHVWLFLGH UHVLGXHV LQ H[SRUWHG
SURGXFWV FRQWLQXH WR FDXVH SUREOHPV IRU IRUHLJQ
WUDGHDQGEULQJHFRQRPLFORVVHV
,QDVWXG\FRQGXFWHGLQ.RQ\D7XUNH\’VPRVW
LPSRUWDQW DQG ODUJHVW JUDLQ SURGXFWLRQ DUHD WKH
OHYHOV RI UHVLGXH RI RUJDQRFKORULGH SHVWLFLGH
FRPSRXQGVLQZKHDWZHUHLQYHVWLJDWHG7KHUHVXOWV
ZHUH HYDOXDWHG DFFRUGLQJ WR WKH (XURSHDQ 8QLRQ
(8 GLUHFWLYHVDQGWKH:RUOG+HDOWK2UJDQL]DWLRQ
:+2 )RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH
8QLWHG1DWLRQV )$2 7KHVDPSOHVXVHGLQWKH
VWXG\ZHUHREWDLQHGIURPIDUPHUVZLWKLQWKLVUHJLRQ

ABSTRACT
:H NQRZ WKDW WKH XVH RI VRPH W\SHV RI
SHVWLFLGHVLVUHVWULFWHGWKURXJKRXWWKHZRUOGEHFDXVH
RI WKHLU KDUPIXO HIIHFWV RQ WKH HQYLURQPHQW DQG
KHDOWK :LWKLQ WKH VFRSH RI WKH SUHVHQW VWXG\
SHVWLFLGHVXVHGLQ7XUNH\DQGWKHSRWHQWLDOIRUWKHLU
UHVLGXHVWRDFFXPXODWHLQWKHVRLOZHUHLQYHVWLJDWHG
7KHDPRXQWRIUHVLGXHLQZKHDWZDVGHWHUPLQHGDV
JNJ ZKLOH WKDW LQ WKH VRLO ZHUH GHWHUPLQHG DV
PJNJ 2Q DYHUDJH  PJNJ UHVLGXH ZDV
REVHUYHG LQ WKH VRLO$OWKRXJK ELSKHQ\O UHVLGXH LQ
ZKHDWZDVJNJLVRGULQUHVLGXHLQVRLO ZDV
PJNJ$OWKRXJKWKHYDOXHVGRQRWH[FHHGWKH
OLPLWVPDLQWDLQLQJOHYHOVFORVHWRWKHOLPLWVVKRXOG
EH FRQVLGHUHG 7KHVH KDUPIXO FRPSRXQGV FDQ
VXUYLYHIRUVHYHUDO\HDUVLQWKHHQYLURQPHQWZLWKRXW
GHJUDGLQJ 7KLV VXJJHVWV WKHLU SRWHQWLDO WR
DFFXPXODWH LQ WKH HFRV\VWHP DQG VXEVHTXHQWO\ LQ
WKHIRRGFKDLQWKHUHIRUHWKHVHWR[LFSROOXWDQWVPXVW
EH XVHG ZLWK GLVFUHWLRQ E\ FRQVFLHQWLRXV VFLHQWLVWV
ZKR DUH H[SHUWV LQ SHVWLFLGH XVH DQG WKHLU WR[LFLW\
:KHQXVHGLQDJULFXOWXUHWKRVHSHVWLFLGHVVKRXOGEH
FKRVHQ WKDW KDYH WKH OHDVW HQYLURQPHQWDO LPSDFW
1HFHVVDU\SUHFDXWLRQVVKRXOGEHWDNHQE\FRPSDULQJ
WKH DPRXQW RISHVWLFLGH UHVLGXH OHIW LQ WKH VRLO DQG
WKH FXOWLYDWHG SURGXFWV ZLWK OLPLWHG YDOXHV IRU
VSHFLILFSHULRGV
KEYWORDS:
:KHDW*&-06065HVLGXH3HVWLFLGH6RLO

INTRODUCTION
$V ZRUOG SRSXODWLRQV LQFUHDVH WKH QHHG IRU
IRRG DOVR LQFUHDVHV ZKLFK LQHYLWDEO\ LQFUHDVHV WKH
XVHRISHVWLFLGHVLQPRGHUQDJULFXOWXUH7KHLQFUHDVH
LQ SHVWLFLGH XVH QHJDWLYHO\ DIIHFWV WKH HQYLURQPHQW
DQGWKHKHDWKRIKXPDQVDQGRWKHUDQLPDOV$OWKRXJK
HQYLURQPHQWDOHOHPHQWVVXFKDVDLUVRLODQGZDWHU
DUHSROOXWHGSHVWLFLGHUHVLGXHVFDQDOVRDFFXPXODWH
ZLWKLQKXPDQVDQGRWKHUDQLPDOVUHVXOWLQJIURPWKHLU
DFWLYLWLHV ZLWKLQ WKDW HQYLURQPHQW 3HVWLFLGHV
DFFXPXODWLQJ ZLWKLQ WKH ERG\ RI OLYLQJ RUJDQLVPV
FDQUHDFKKHDOWK-WKUHDWHQLQJOHYHOVRIWR[LFLW\RYHU
WLPH 7KHVH FKHPLFDOV WKUHDWHQ KXPDQ DQG RWKHU
DQLPDOV DQG WKH HQYLURQPHQW LQ ZKLFK WKH\ OLYH
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&LV-FKORULGH DQG PHWKR[\FKORU UHVLGXHV ZHUH
GHWHFWHG LQ DOO RI WKH ZKHDW VDPSOHV 9DULRXV
FKORULQDWHG RUJDQLF SHVWLFLGHV ZHUH IRXQG DW OHYHOV
KLJKHUWKDQWKRVHLQGLFDWHGE\(&DQG:+2)$2DV
WKHPD[LPXPUHVLGXHOLPLWV 05/V $OGULQWUDQVFKORULGHDQGPHWKR[\FKORUH[FHHGHGWKH05/VVHW
E\(&RU:+2)$2LQRQHVDPSOHDQGR[\FKORULQH
H[FHHGHGWKHPLQHLJKWVDPSOHV>@
,W LV LQHYLWDEOH WKDW SHVWLFLGHV ZLOO EH XVHG LQ
WRGD\’V PRGHUQ DJULFXOWXUH KRZHYHU ZKHQ XVLQJ
WKHPWKHSURWHFWLRQRIFURSVDJDLQVWGLVHDVHSHVWV
DQGZHHGVDQGWKHLUQHJDWLYHHIIHFWVRQKHDOWK DQG
WKH HQYLURQPHQW VKRXOG EH MRLQWO\ HYDOXDWHG 7KLV
LQWHJUDWHGSHVWPDQDJHPHQW ,30 V\VWHPFDQKHOS
LQFUHDVH WKH TXDOLW\ DQG TXDQWLW\ RI DJULFXOWXUDO
SURGXFWV DQG FDQ LQFUHDVH VDIHW\ IRU IRRG DQG WKH
HFRV\VWHP ,Q DQRWKHU VLPLODU VWXG\ LQ 7XUNH\ WKH
XVH RI SHVWLFLGHV ZLWKLQ WKH (8 FRXQWULHV ZDV
FRPSDUHGZLWKWKDWWKURXJKRXWWKHUHVWRIWKHZRUOG
DQG WKH DGYDQWDJHV DQG GLVDGYDQWDJHV RI SHVWLFLGH
XVDJH DQG WKHLU HIIHFW RQ DJULFXOWXUDO HFRV\VWHPV
ZHUHGHWHUPLQHG,QDGGLWLRQLVVXHVVXFKDVWKHVDIH
DQGHIIHFWLYHDSSOLFDWLRQRISHVWLFLGHVDQGWKHOHYHOV
RI SRVVLEOH UHVLGXHV LQ SURGXFWV DQG WKH IDFWRUV
DIIHFWLQJWKHVHUHVLGXHVZHUHPHQWLRQHG7KHVWXG\
DOVR FRPSDUHG WKH VLWXDWLRQ RI FRXQWULHV WKDW
UHFHLYHG ZDUQLQJV LVVXHG E\ WKH (8 UDSLG DODUP
V\VWHPDERXW WKHOHYHOVRISHVWLFLGHUHVLGXHVLQIRRG
DQGVRLO>@
,QWKHFRQVXPSWLRQRISHVWLFLGHVLQIRRG
LQ7XUNH\ LQFUHDVHG E\  IURP WKDW LQ 
'HVSLWH WKLV LQFUHDVH SHVWLFLGH FRQVXPSWLRQ LQ
7XUNH\UHPDLQVORZFRPSDUHGWRWKDWLQGHYHORSHG
FRXQWULHV KRZHYHU FRQVXPSWLRQ LQ RWKHU UHJLRQV
VXFKDVWKH0HGLWHUUDQHDQDQG$HJHDQZKHUHWKHUH
LVLQWHQVLYHDJULFXOWXUHLVZHOODERYHWKHDYHUDJHRI
WKDW LQ 7XUNH\ $OWKRXJK IHZHU SHVWLFLGHV DUH
FRQVXPHGLQ7XUNH\LQJHQHUDOWKRVHPRVWKHDYLO\
FRQVXPHG EHDU VLJQLILFDQW ULVNV WR KHDOWK DQG WKH
HQYLURQPHQW7KHUHVXOWVRIWKHVWXGLHVRQSHVWLFLGHV
LQ7XUNH\VKRZORZHUOHYHOVRIUHVLGXHVFRPSDUHGWR
WKDWLQGHYHORSHGFRXQWULHV$FFRUGLQJWRWKHUHVXOWV
DOWKRXJK WKH QXPEHU RI KHUEDO SURGXFWV FRQWDLQLQJ
SHVWLFLGHUHVLGXHVDERYHWKHWROHUDQFHOHYHOVLVORZ
SHVWLFLGH UHVLGXH LV FRQVLGHUHG WR EH DQ LPSRUWDQW
LVVXHLQWKHSURGXFWVSURGXFHGLQRXUFRXQWU\WKDWDUH
WKHQ H[SRUWHG WR (8 FRXQWULHV$V ZLWK VWXGLHV RQ
SHVWLFLGH UHVLGXHV WKRVH RQ WKH GHFUHDVH LQ WKH
VXVFHSWLELOLW\ RI RUJDQLVPV WR SHVWLFLGHV DUH DOVR
LQVXIILFLHQW>@
,Q D VWXG\ FRQGXFWHG LQ $I\RQNDUDKLVDU
RUJDQRFKORULGH SHVWLFLGH UHVLGXHV LQ LWV GULQNLQJ
ZDWHUZHUHGHWHUPLQHG7KHVWXG\ZDVFRQGXFWHGRQ
VDPSOHVFROOHFWHGIURPWKURXJKIURP
12 VWDWLRQV WKDW ZHUH ZHOOV DQG SURPRWLRQ FHQWHUV
7KH SHVWLFLGHV ZHUH UHPRYHG XVLQJ OLTXLG–OLTXLG
H[WUDFWLRQ DQG UHDG RQ D JDV FKURPDWRJUDSK\HOHFWURQ FDSWXUH GHWHFWRU *&-(&'  (LJKWHHQ
GLIIHUHQW SHVWLFLGHV ZHUH LGHQWLILHG &RQFHQWUDWLRQV
RI -KH[DFKORURF\FORKH[DQH +&+   -DDT,
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HQGULQNHWRQHDQGPHWKR[\FKORUZHUHIRXQGWREH
KLJKHU WKDQ WKH (& DFFHSWDEOH OLPLWV IRU GULQNLQJ
ZDWHU–TXDOLW\VWDQGDUGVLQVRPHRIWKHSHULRGVIURP
WKURXJK ȝJ/
UHVSHFWLYHO\ $OGULQHQGRVXOIDQVXOIDWHKHSWDFKORU
HSR[LGHDQGHQGRVXOIDQOHYHOVZHUHIRXQGLQWUDFH
DPRXQWV>@
$QRWKHU VWXG\ LQ WKH .RQ\D UHJLRQ ZDV FRQ
GXFWHGWRGHWHUPLQHWKHUHVLGXHOHYHOVRISHVWL
FLGHVLQVDPSOHVRIWRPDWRHVSHSSHUVDQGHJJSODQWV
FROOHFWHGIURPORFDOPDUNHWVDQGVWRUHV/LTXLGFKUR
PDWRJUDSK\ ZLWK WDQGHP PDVV VSHFWURPHWU\ /&0606 DQG*&-06GHYLFHVZHUHXVHGWRDQDO\]H
WKHUHVLGXHV7KHUHVXOWVVKRZHGWKDWR[DP\OLQWR
PDWRHV 7XUNLVK)RRG&RGH[>7*.@WROHUDQFHOHYHO
ȝJNJ ZKLFKLVSURKLELWHGZDVDSSUR[LPDWHO\
VHYHQWLPHVWKHWROHUDQFHYDOXHRQHSHSSHUVDPSOH
FRQWDLQHG WZR GLIIHUHQW SHVWLFLGHV  ȝJNJ
HWKLRQ DQG  ȝJNJ WULD]RSKRV  DQRWKHU SHSSHU
VDPSOHFRQWDLQHGȝJNJEHQRP\O-FDUEHQGD]LP
ZKLFK ZDV DOVR DERYH WKH 7*. WROHUDQFH OHYHO RI
ȝJNJ,QWKHVDPSOHRIHJJSODQWVWKHOHYHO
RI R[DP\O ZDV DSSUR[LPDWHO\ -IROG KLJKHU WKDQ
WKH7*.WROHUDQFHOHYHODWȝJNJ,QDGGLWLRQ
LPLGLDFORSULG 7*.WROHUDQFHOHYHOȝJNJ ZDV
  DQG  ȝJNJ LQ WKUHH GLIIHUHQW HJJ
SODQWVDPSOHV>@
,QDVWXG\FRQGXFWHGLQWKH8QLWHG6WDWHVWKH
HIIHFWRIQDWXUDOSURGXFW–EDVHGSHVWLFLGHVLQWKH86
PDUNHWZDVH[DPLQHG,QWKLVVWXG\SHVWLFLGHVZHUH
GLYLGHGLQWRIRXUW\SHVDQGZHUHFRGHGDVELRORJLFDO
%  QDWXUDO SURGXFW 13  V\QWKHWLF 6  DQG V\Q
WKHWLFQDWXUDOGHULYHG 61' :KLOHH[DPLQLQJRQO\
WKH FXVWRPDU\ SHVWLFLGHV WKH 6 FDWHJRU\ PDGH XS
PRVWRIWKH1$,UHFRUGVDWIROORZHGE\61'
DW13DWDQG%DW7KHELRSHVWL
FLGHVZHUHGRPLQDWHGE\13VDWIROORZHGE\
%DW61'DWDQG6DW&RPELQLQJ
WUDGLWLRQDO SHVWLFLGHV DQG ELRSHVWLFLGHV 13V PDGH
XSPRVWRIWKH1$,UHFRUGVDW6FRQVWLWXWHG
%DQG61''HVSLWHWKHZLGH
VSUHDGSHUFHSWLRQWKDWQDWXUDOSURGXFWVPD\QRWEH
WKHEHVWVRXUFHVIRU1$,DVSHVWLFLGHVLWLVEHOLHYHG
WKDWERWKWUDGLWLRQDODQGELRSHVWLFLGHVDUHDQDO\]HG
FROOHFWLYHO\DQGWKDW1361'DQG%KDYHRULJLQVLQ
QDWXUDOSURGXFWUHVHDUFK7KHHIIHFWFRPELQHGZLWK
WKH 86 (QYLURQPHQWDO 3URWHFWLRQ $JHQF\ (3$ 
DFFRXQWHGIRURIDOO1$,UHFRUGVIURP
WR>@
:KHQWKHVHVWXGLHVDUHDQDO\]HGEDVHGRQUH
VHDUFKWKHLUUHVXOWVKHOSWRH[SRVHDQHQYLURQPHQWDO
ULVNXVLQJUHVLGXHDQDO\VLVDQGDFRPSDULVRQRIWKH
LPSDFWV RQ WKH HQYLURQPHQW DQG KHDOWK EDVHG RQ
VWDQGDUG YDOXHV 6HYHUDO VWXGLHV KDYH LQYHVWLJDWHG
SHVWLFLGHUHVLGXHOHYHOVKRZHYHUIHZKDYHLQYHVWL
JDWHGSHVWLFLGHWR[LFLW\
7KHSUHVHQWVWXG\LQYHVWLJDWHGWKHSUHVHQFHRI
UHVLGXDOSHVWLFLGHVLQZKHDWDQGVRLODQGWKHLUOHYHOV
RIWR[LFLW\:LWKLQWKHVFRSHRIWKHVWXG\RUJDQR
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FIGURE 1
0DSWKHUHJLRQZKHUHWKHVWXG\VDPSOHVZHUHFROOHFWHG
FKORULGHSHVWLFLGHV-'HVWHUIORUDVXODPDQGGHO
WDPHWKULQ ZHUHXVHGDVWKHWDUJHWFRPSRXQGVDFFRUG
LQJWRWKH%DQQHG3HVWLFLGHV'LUHFWLYH((&
DQG WKH 3HVWLFLGH $XWKRUL]DWLRQ 'LUHFWLYH
((& EHFDXVH RI WKHP EHLQJ HFRWR[LFRORJL
FDOO\KD]DUGRXV
7KHDLPRIWKHSUHVHQWVWXG\ZDVWRSURYLGHLQ
VLJKWIRURWKHUVLPLODUVWXGLHVWREHFRQGXFWHGRQUHV
LGXHVLQGLIIHUHQWZKHDWW\SHVDQGSHVWLFLGHWR[LFLW\
,QDGGLWLRQWKHSUHVHQWVWXG\DLPHGWRGUDZDWWHQWLRQ
WRSHVWLFLGHGDPDJHWRWKHHQYLURQPHQWDQGKHDOWK

MATERIALS AND METHODS

GC-0606 $QDO\VLV *&-0606 LV PRUH
FRPSUHKHQVLYH IRU DVVHVVLQJ UHVLGXHV WKDQ *&-MS
DQGZDVSUHIHUUHGEHFDXVHLWDOVRSURYLGHVWKHUHVXOWV
LQORZFRQFHQWUDWLRQVDQGZLWKLQDZLGHUSDUDPHWHU
*&-0606LVDSRZHUIXODQDO\WLFDOWHFKQLTXHWKDW
SURYLGHV D PHWKRG E\ ZKLFK WR GHWHFW WDUJHW
FRPSRXQGVLQFRPSOH[PDWULFHVDWWUDFHOHYHOV7KLV
PHWKRGLVGHVLJQHGWRSURYLGHDEHWWHUDQDO\VLVIRU
ZHDN YHU\ ZRUQ RU ROGHU VDPSOHV 0606 LV D
KLJKO\ VHOHFWLYH PDVV VSHFWURPHWULF WHFKQLTXH
WKHUHIRUH WKH WDUJHW DQDO\WHV DUH LQGHSHQGHQWO\
GHWHFWHGIURPWKHVDPSOHPDWUL[RUMRLQWLQWHUDFWLRQV
,Q PDQ\ *&-0606 DSSOLFDWLRQV WKH PDWUL[ LV
QHDUO\FRPSOHWHO\HOLPLQDWHG

7KH WZR RUJDQRFKORULGH SHVWLFLGHV VHOHFWHG
ZLWKLQ WKH VFRSH RI WKLV VWXG\—-' HVWHU 
IORUDVXODP DQG GHOWDPHWKULQ—ZHUH DVVHVVHG DV
UHVLGXHVLQZKHDW7KHVHOHFWHGZKHDWVDPSOHVZHUH
GHWHUPLQHGDFFRUGLQJWRWKHLUW\SHV HJ0LU]DEH\
%D\UDNWDUDQG%H]RVWDMD )LJXUHVKRZVDPDSRI
WKH VWXG\ DUHD 7KH ZKHDW ZDV DQDO\]HG XVLQJ WKH
7KHUPR 7UDFH  *&-0606 GHYLFH ,Q
SUHSDUDWLRQ WKH VDPSOHV ZHUH PDGH KRPRJHQHRXV
E\EHLQJEURNHQDQGH[WUDFWHG

5HVLGXH DQDO\VLV LQ ZKHDW 5HVLGXHV LQ WZR
VDPSOHV RI %D\UDNWDU DQG 0LU]DEH\ ZKHDW ZHUH
H[DPLQHG XVLQJ WKH *&-0606 V\VWHP ZLWK WKH
$VVRFLDWLRQ RI 2IILFLDO $JULFXOWXUDO &KHPLVWV
$2$&   DQDO\VLV PHWKRG $2$&
,QWHUQDWLRQDO $VVRFLDWLRQ 6WDQGDUG 0HWKRG 
6DPSOHVZHUHREWDLQHGIURPWKH%DúNX\X'LVWULFWRI
.RQ\D ,Q SUHSDULQJ WKH VDPSOHV WKH PDQXDO
VDPSOLQJPHWKRGZDVXVHGDFFRUGLQJWRWKH2(&'
V\VWHPDQG,67$UXOHV
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WKH DFWLYH VXEVWDQFHV LQ WKH VHOHFWHG UHDFWLRQ
PRQLWRULQJ 650  PRGH WKH FDOFXODWLRQ DQG
YHULILFDWLRQ LRQV UHVXOWLQJ IURP LW DQG WKH
SHUFHQWDJHVRIWKHVHLRQVZHUHGHWHUPLQHGE\VWXGLHV
XVLQJ SXUH DFWLYH VXEVWDQFH VWDQGDUGV 7KH UHVXOWV
REWDLQHGZHUHFRPSDUHGZLWKWKHUDWLRVRILRQVLQWKH
SXUH DFWLYH VXEVWDQFH UHVXOWV7KH FRPSDULVRQ ZDV
PDGHDFFRUGLQJWRWKH7DEOH

(TXLSPHQW FDOLEUDWLRQ DQG SUHSDUDWLRQ RI
VWDQGDUGV 6WDQGDUG VROXWLRQV ZHUH SUHSDUHG DW
FRQFHQWUDWLRQV GHWHUPLQHG IURP DQ LQWHUPHGLDWH
VWRFNVROXWLRQRIJ/7RFUHDWHWKHFDOLEUDWLRQ
WDEOH EODQN      DQG  J/
VWDQGDUGV ZHUH SUHSDUHG DQG XVHG WR FDOLEUDWH WKH
HTXLSPHQW DQG WKH DUHD FRUUHVSRQGLQJ WR WKHVH
FRQFHQWUDWLRQV DQG WKHLU UHWHQWLRQ WLPHV ZHUH
GHWHUPLQHG $ FDOLEUDWLRQ FXUYH ZDV FUHDWHG E\
GUDZLQJWKHDUHDFKDUWDJDLQVWWKHFRQFHQWUDWLRQ7KH
FDOLEUDWLRQ FRQWURO ZDV FUHDWHG XVLQJ D VWDQGDUG
SUHSDUHG IRU PDWUL[ PDWFKLQJ DQG WKH UHVXOWV ZHUH
UHFRUGHG7KLVFRQWUROZDVFUHDWHGEHIRUHWKHVWXG\
RQWKHSUHSDUHGPL[,IWKHVWDQGDUGVZHUHUHDGDWD
 GLIIHUHQWLDO DFFRUGLQJ WR WKH FRQFHQWUDWLRQ
YDOXH  IRU WKH VWDQGDUGV FRQVLGHUHG WR EH
SUREOHPDWLF WKDWOHYHOPL[ZDVSUHSDUHGDJDLQIURP
WKH LQWHUPHGLDWH PL[ VWDQGDUG DQG DQRWKHU UHDGLQJ
ZDVGRQH:KHQWKHUHVXOWVZHUHGLIIHUHQWIURPWKH
WKHFDOLEUDWLRQJUDSKZDVUHQHZHG

'HWHUPLQLQJ WKH GHWHFWLRQ OLPLWV RI WKH
SHVWLFLGHV7KHGHWHFWLRQOLPLWLVWKHORZHVWDPRXQW
WKDW FDQ EH PHDVXUHG LQ D VDPSOH EXW FDQQRW EH
SUHFLVHO\TXDQWLILHG,QRWKHUZRUGVLWLVWKHORZHVW
DPRXQW WKDW FDQ EH UHDG DV D VLJQDO :KHQ
FDOFXODWLQJ WKH GHWHFWLRQ OLPLW WKH SHDN KHLJKW 6 
DQG QRLVH 1  RI WKH FKURPDWRJUDP REWDLQHG IURP
WKHVWDQGDUGVROXWLRQDUHPHDVXUHGDQGWKH61UDWLR
LVFDOFXODWHGDVIROORZV (T  :
$FFRUGLQJ WR WKH FDOLEUDWLRQ WDEOH IRU *&0606 WKH UHDGLQJ RI WKH VDPSOH DQDO\]HG ZDV
UHSRUWHG DV WKH UHDO YDOXH$ FRUUHFWLRQ IDFWRU ZDV
DSSOLHG WR WKH VDPSOH DFFRUGLQJ WR WKH DPRXQW RI
ZDWHUDGGHGEDVHGRQZDWHUFRQWHQW'HWHFWLRQOLPLWV
ZHUHFDOFXODWHGDFFRUGLQJWRWKHYDOXHVEURXJKWE\
WKH )RRG &KHPLFDOV &RGH[ DQG DFFUHGLWDWLRQ 7KH
FKURPDWRJUDPDQGZRUNLQJFRQGLWLRQVRIWKHWDUJHW
FKORULQDWHGSHVWLFLGHVDUHSURYLGHGLQ)LJXUe 

6DPSOHSUHSDUDWLRQ7KHVDPSOHZDVEURNHQ
XS XVLQJ D VKUHGGHU WR FUHDWH D KRPRJHQHRXV
PL[WXUH8VLQJDVHQVLWLYHVFDOHZHSODFHG
JKRPRJHQL]HGVDPSOHLQWRD-P/SRO\SURS\OHQH
33 WXEH,IWKHZDWHUUDWLRRIWKHVDPSOHZDV
ZDWHU ZDV DGGHG WR WKH VDPSOH WR HTXDO D -J
VDPSOHDQG-JVDPSOHZKHQWKHLQFUHDVHG
ZDWHUUDWHZDVXVHG

GC-0606 FRQGLWLRQV 7KH *&-0606
FDOLEUDWLRQVZHUHDVIROORZVGHWHFWRUWKHUPR 
(92  GHWHFWRU FROXPQ JDV FKURPDWRJUDSK\
7KHUPR7UDFHJDVFKURPDWRJUDSK\7*-5 MS,
P PP PILOPWKLFNQHVVLQMHFWLRQ
VSOLWOHVV GHWHFWRU WHPSHUDWXUH & LQOHW
WHPSHUDWXUH & FDUULHU JDV KHOLXP 
SXULW\ DQGJDVIORZUDWHP/PLQFRQVWDQWIORZ
WDNHQIURPWKHGHYLFHXVLQJ“DXWRWXQH” WRFKHFNWKH
SHUIRUPDQFH RI WKH *&-0606 SDUDPHWHUV DQG
FRPSDUHZLWKWKHRULJLQDOSDUDPHWHUV

([WUDFWLRQ 7R WKH SUHSDUHG VDPSOHV  P/
DFHWLFDFLGDFHWRQLWULOH YY ZDVDGGHG7KHWXEH
ZDV YLJRURXVO\ VKDNHQ E\ KDQG IRU  PLQ DIWHU
ZKLFKJ0J62 DQGJ1D$FZHUHDGGHGWRWKH
WXEH7KHWXEHZDV YLJRURXVO\VKDNHQE\KDQGDJDLQ
IRUPLQDIWHUZKLFKLWZDVFHQWULIXJHGDWUSP
7RDVHFRQG-P/33WXEHJSRO\PHUVHFRQGDU\
DPLQH 36$ DQGJ0J62 ZHUHDGGHG7RWKLV
WXEHP/WDNHQIURPWKHXSSHUSKDVHIRUPHGLQ
WKH FHQWULIXJHG VDPSOH ZDV DGGHG 7KH WXEH ZDV
YLJRURXVO\ VKDNHQ E\ KDQG IRU  VHF )RU
H[WUDFWLRQV LQ ZKLFK JUDSKLWL]HG FDUERQ EODFN ZDV
DGGHG WKLV WLPHIUDPH ZDV LQFUHDVHG WR  PLQ DQG
WKHQFHQWULIXJHGDWUSPIRUPLQ7KHXSSHU
SKDVHWKDWZDVIRUPHGZDVUHPRYHGDQGSODFHGLQWR
DYLDOWREHXVHGIRUDQDO\VLV
,QWKH*&-0606HTXLSPHQWWKHPDLQLRQRI

$QDO\VHVRIVRLOUHVLGXH7KHSHVWLFLGHUHVLGXH
LQWKHVRLOVDPSOHVZDVH[DPLQHGXVLQJWKH6R[KOHW
H[WUDFWLRQ DQG *&-(&' DQG WKH (3$  &(3$
 % DQDO\VLV PHWKRG 7KH ]LJ]DJ PHWKRG ZDV
XVHGDFFRUGLQJWR76IRUVRLOVDPSOLQJ

'HWHFWLRQOLPLW JJ  VWDQGDUGFRQFHQWUDWLRQ JJ  61 î

(T 

TABLE 1
&RPSDULVRQRIGDWDRQLRQVRIDFWLYHVXEVWDQFHVLQWKHVDPSOHV
*DVFKURPDWRJUDSK\WDQGHPPDVV
5HODWLYHGHQVLW\ PDLQSHDNSHUFHQWDJH
VSHFWURPHWU\
!

>20–

>10–
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FIGURE 2
&KURPDWRJUDPRIVWDQGDUGSSEFKORULQDWHGSHVWLFLGHPL[FRPSDUHGZLWKVWDQGDUGJDV
FKURPDWRJUDSK\WDQGHPPDVVVSHFWURPHWU\
GHWHUPLQHG LQ WKH %D\UDNWDU ZKHDW VDPSOH XVHG LQ
WKH VWXG\ 5HVXOWV RI UHVLGXH DQDO\VHV LQ WKH ZKHDW
DUHSURYLGHGLQ7DEOHVDQG7KHFKURPDWRJUDPV
IRU WKH UHVLGXDO SHVWLFLGH UHVXOWV DUH VKRZQ LQ
)LJXUHV  DQG  7KH OHYHOV DUH TXLWH FORVH WR WKH
OLPLWVSURYLGHG(YHQLIWKHSHVWLFLGHUHVLGXHOHYHOV
LQ ZKHDW GLG QRW H[FHHG WKH OLPLWV LW PXVW EH
UHFRJQL]HGWKDWWKH\FDQDFFXPXODWHLQWKHVRLODQG
HQWHURUJDQLVPVWKURXJKWKHIRRGFKDLQ

RESULTS AND DISCUSSION
$QDO\VHVRIWKHSHVWLFLGHUHVLGXHVLQZKHDW
7KHUHVXOWVRIRXUDQDO\VHVRIWKHSHVWLFLGHUHVLGXHV
LQ WKH ZKHDW VDPSOHV ZHUH GHWHUPLQHG DW
FRQFHQWUDWLRQV RI JNJ 7KH 05/ OHYHO LQ WKH
7XUNLVK IRRG FRGH[ LV  PJNJ $ UHVLGXH
FRQFHQWUDWLRQ RI  JNJ IRU ELSKHQ\O ZDV

FIGURE 3
*HQHUDOFKURPDWRJUDPFUHDWHGIURPWKHDQDO\VHVRISHVWLFLGHUHVLGXHLQ%D\UDNWDUZKHDW

TABLE 2
5HVXOWVRIWKHDQDO\VHVRIWKHSHVWLFLGHUHVLGXHLQWKH%D\UDNWDUZKHDWVDPSOH JNJ 
3HVWLFLGH
%LSKHQ\O
6XOSURIRV
3LSHURQ\OEXWR[LGH
0HIHQS\U-GLHWK\O
,SURGLRQH
%URPRSURS\ODWH
%LIHQWKULQ
0HWKR[\FKORU
7HWUDGLIRQ

&RQFHQWUDWLRQ6'










1RWH'DWHRIDQDO\VHV0DUFK



5HWHQWLRQWLPH PLQ
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FIGURE 4
5HVXOWVRIWKHSHVWLFLGHUHVLGXHDQDO\VHVLQWKH0LU]DEH\ZKHDWVDPSOHDQG
WKHJHQHUDOFKURPDWRJUDPFUHDWHG
TABLE 3
5HVXOWVRIWKHDQDO\VHVRISHVWLFLGHUHVLGXHVLQWKH0LU]DEH\ZKHDWVDPSOH JNJ 
3HVWLFLGH

&RQFHQWUDWLRQ6'

5HWHQWLRQWLPH PLQ

3HEXODWH
&KORUWKDO-GLPHWK\O GDWFKDO







6XOSURIRV





3\UDIOXIHQ-HWK\O





3LSHURQ\OEXWR[LGH

± 



0HIHQS\U-GLHWK\O





,SURGLRQH





%URPRSURS\ODWH





%LIHQWKULQ





0HWKR[\FKORU





1RWH'DWHRIDQDO\VHV0DUFK

TABLE 4
5HVXOWVRIWKHSHVWLFLGHUHVLGXHDQDO\VHVLQWKHVRLOVDPSOHV PJNJ 
3HVWLFLGHV
&RQFHQWUDWLRQ6'
5HWHQWLRQWLPH PLQ
Į-+&+


Ȗ-+&+


,VRGULQ


މ- ''(


1RWHV'DWHRIDQDO\VHV0DUFK+&+KH[DFKORURF\FORKH[DQH''(

3HVWLFLGHUHVLGXHLQWKHVRLO7KHUHVXOWVRIWKH
DQDO\VHVRIWKHSHVWLFLGHUHVLGXHVVKRZHGDOHYHORI
PJNJLQWKHVRLOVDPSOH )LJXUH DQG7DEOH

7KHIROORZLQJDUHWKHOLPLWV IRUWKHUHJXODWLRQ
RIVRLOSHVWLFLGHUHVLGXHVSURYLGHGLQ7DEOH
PJNJ IRU Į-+&+  PJNJ IRU Ȗ-+&+ DQG 
PJNJ IRU ''( DQG WKH 05/ IRU LVRGULQ
LQGLYLGXDOO\LVPJNJ,WLVQRWHZRUWK\WKDWWKH
YDOXHVLQ7DEOHDUHEHORZWKHUHJXODWLRQOLPLWVEXW
DUHGHWHUPLQHGDWWKHOHYHORIPJNJ
,Q WKH SUHVHQW VWXG\ SHVWLFLGH OHYHOV WKDW
DSSURDFKHGWKHQDWLRQDODQGLQWHUQDWLRQDOVWDQGDUGV
ZHUH IRXQG LQ ERWK WKH ZKHDW DQG VRLO VDPSOHV
:KLOH HYDOXDWLQJ WKH UHVXOWV LQ WKH VRLO VDPSOHV LW
ZDV TXLWH UHPDUNDEOH WKDW SHVWLFLGH UHVXOWV ZHUH
GHWHUPLQHG DW VXFK OHYHOV RI FRQFHQWUDWLRQ HYHQ
WKRXJKWKHVRLOVDPSOHGKDGEHHQIDOORZIRUD\HDU
,WLVEHOLHYHGWKDWLIWKHVHYDOXHVDUHDSSOLHGWRWKH
ODQGHYHU\\HDUWKHUHVLGXHVPD\H[FHHGWKHOLPLWV
3HVWLFLGHVFDQUHPDLQLQWKHHQYLURQPHQWIRUGHFDGHV
EHFDXVH RI WKHLU VWUXFWXUH ZKLFK LV ZK\ LW LV

LQHYLWDEOHWKDWWKH\FRQWDPLQDWHWKHIRRGFKDLQDQG
DFFXPXODWH LQ WKH VRLO IRU \HDUV WR FDXVH
WR[LFRORJLFDOHIIHFWV
,WLVEHOLHYHGWKDWWKHODUJHQXPEHURILUULJDWLRQ
ZHOOVWKDWVXUURXQGWKHVHOHFWHGVWXG\DUHDDQGWKDW
FDQ EH XVHG E\ WKH SXEOLF FDQ DOVR OHDG WR KHDOWK
SUREOHPVIRUWKHORFDOFRPPXQLW\7KHVHVKRXOGEH
SHULRGLFDOO\PRQLWRUHGWRHYDOXDWHWKHPIRUGULQNLQJ
DQGXVDJHE\WKHSXEOLFDQGLIQHFHVVDU\DVXSSO\ RI
ZDWHUVKRXOGEHSURYLGHGIURPGLIIHUHQWVRXUFHV
7KHUHVXOWVRIWKHSUHVHQWVWXG\FRLQFLGHZLWK
WKRVHRIVLPLODUVWXGLHVIRUWKH.RQ\DSURYLQFH>@
6FKLSSHU   FRQGXFWHG D VWXG\ LQ WKH
1HWKHUODQGVLQZKLFKGULQNLQJ-ZDWHUZHOOVZHUH
DVVHVVHG 3HVWLFLGH UHVLGXHV ZHUH IRXQG LQ  RI
WKHVH ZHOOV DQG WKH\ H[FHHGHG WKH OLPLWV E\ 
7KHUHVXOWVRIWKDWVWXG\DOVRVXSSRUWHGWKHQHHGIRU
SHULRGLF PRQLWRULQJ RI GULQNLQJ ZDWHU UHVRXUFHV
>@$QRWKHUVWXG\ZDVFRQGXFWHGWRGHWHUPLQHWKH
UHVLGXHOHYHOV RIVRPHRUJDQRFKORULGHSHVWLFLGHVLQ
WKHGRPHVWLFGULQNLQJZDWHULQ.D\VHULSURYLQFH
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FIGURE 5
*HQHUDOFKURPDWRJUDPIRUPHGIURPWKHDQDO\VHVRISHVWLFLGHUHVLGHQWLQWKHVRLOVDPSOH
>@ :DWHU ZDV VDPSOHG IURP ILYH ZDWHU VWRUDJH
IDFLOLWLHV WKDW SURYLGH GULQNDEOH ZDWHU DQG WKH
VDPSOHVZHUHDQDO\]HGXVLQJ*&-(&'1RSHVWLFLGH
UHVLGXHVZHUHIRXQGLQWKHZDWHUVDPSOHV
,Q WKH FURS-SURGXFWLRQ SURFHVV IDUPHUV DUH
RIWHQVORZWRDGRSWQHZWHFKQLTXHVDJDLQVWSHVWVDQG
GLVHDVHV 7KHUH DUH YDULRXV IDFWRUV WKDW DIIHFW WKH
LPSOHPHQWDWLRQ RI UHIRUPV ,Q WKLV VWXG\ PXOWLSOH
FRUUHVSRQGHQFHDQDO\VHVZHUHXVHGWRLQYHVWLJDWHWKH
VRXUFHVRILQIRUPDWLRQRQSHVWLFLGHXVHLQWKHFHQWUDO
$QDWROLDQUHJLRQZKHUHPRVWRIWKHZKHDWLQ7XUNH\
LVSURGXFHG$FFRUGLQJWRWKHUHVXOWVREWDLQHGIURP
WKLV VWXG\ PRVW IDUPHUV KDYH JUDGXDWHG IURP
SULPDU\ VFKRRO DUH ! \HDUV ROG DQG KDYH QR
DFFHVV WR LQIRUPDWLRQ DERXW WKH HQYLURQPHQW RU
KXPDQ KHDOWK 7KH UHVXOWV LQGLFDWHG WKDW WKH
DJULFXOWXUDO HQJLQHHUV ZKR ZRUN DW SURYLQFLDO DQG
FRXQW\ EUDQFKHV RI WKH $JULFXOWXUH )RRG DQG

$QLPDO+XVEDQGU\0LQLVWU\SOD\DQLPSRUWDQWUROH
LQLGHQWLI\LQJGLVHDVHVDQGSHVWVWRLQVWUXFWIDUPHUV
RQWKHFRUUHFWGRVHVRISHVWLFLGHVIRUWKHLUUHJLRQV
0RUHRYHU DV WKH OHYHO RI HGXFDWLRQ LQFUHDVHV
IDUPHUVDSSO\ORZHUPRUHFRUUHFWGRVHVRISHVWLFLGHV
LQ DFFRUGDQFHZLWK SHVWLFLGHUHWDLOHUV’ UHFRPPHQGGDWLRQV>@,QDVWXG\FRQGXFWHGLQ0XúSURYLQFH
WKH HIIHFWV RI SHVWLFLGHV DQG ZRRG YLQHJDU RQ
HQ]\PHV LQ ZKHDW SURGXFWLRQ ZHUH FRPSDUDWLYHO\
H[DPLQHG >@ 6SHFLILF DPRXQWV RI SHVWLFLGHV DQG
ZRRGYLQHJDUZHUHXVHGDQGIL[HGDFFRUGLQJWRWKH
UDQGRPEORFNWHVWSDWWHUQXVLQJIRXU UHSOLFDWHVLQWKH
ZLQWHUZKHDWILHOGXQGHU0XúHFRORJLFDOFRQGLWLRQV
'LIIHUHQW GRVHV RI SHVWLFLGH DQG ZRRG YLQHJDU
DSSOLFDWLRQV ZHUH HIIHFWLYH RQ WKH DONDOLQH
SKRVSKDWDVH DQG ȕ-JOXFRVLGDVH DFWLYLWLHV RI WKH
HQ]\PHV LQ WKH VRLO 7KLV VXJJHVWHG WKDW ZRRG
YLQHJDU GRHV QRW DGYHUVHO\ DIIHFW WKH DFWLYLWLHV RI
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WKHVH HQ]\PHV HYHQ ZLWK WKH LQFUHDVLQJ HQ]\PH
DFWLYLWLHVLQVRPHDSSOLFDWLRQV
,Q D VWXG\ FRQGXFWHG LQ .RQ\D SHVWLFLGH
UHVLGXHV ZHUH H[DPLQHG LQ ZKHDW DQG VRLO VDPSOHV
>@ 7KH UHVXOWV LQGLFDWHG WKDW ERWK UHVLGXH OLPLWV
ZHUHH[FHHGHGDQGWKDWEDQQHGSHVWLFLGHVZHUHXVHG
''7ZDVIRXQGZLWKLQWKHUDQJHRI20–QJJLQ
JUDLQ ZKLFK LQGLFDWHG XQKHDOWK\ OHYHOV LQ WKH
FRQWDPLQDWHGZKHDWXVHGDVIRRG7KHUHVXOWVRIWKH
VWXGLHVWKDWZHDVVHVVHGVXSSRUWHGRXU ZRUNDQGZH
VXJJHVW WKDW IDUPHUV PXVW EH HGXFDWHG WR HVWDEOLVK
SHVWLFLGH-IUHHFURSV DQGVRLOV
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>@ 'HOHQ, 1 'XUPXúR÷OX, (, Güncan, $,
*QJ|U 1 7XUJXW, &, 9HWFK $  
3HVW൴F൴GH 8VH ൴Q 7XUNH\ 5X൴QV DQG VHQV൴W൴Y൴W\
'HFUHDVH ൴Q RUJDQ൴VPV 3UREOHPV 7XUNH\
$JU൴FXOWXUDO(QJ൴QHHU൴QJ7HFKQ൴FDO&RQJUHVV
7XUNH\-
>@ %XOXW6(UGR÷PXú6), .RQXN0&HPHN
0   2UJDQRFKORU൴QDWHG 3HVW൴F൴GH 5HV൴GXHV ൴Q $I\RQNDUDK൴VDU 'U൴QN൴QJ :DWHUV
dHYNRU -
>@ (UVR\ 1, 7DWOÕ g, g]FDQ 6, (YF൴O (,
&RúNXQ/ù, (UGR÷DQ(  'HWHUP൴QDW൴RQ
RI3HVW൴F൴GH5HV൴GXHV൴Q6RPH9HJHWDEOH7\SHV
E\/&-0606DQG*&-066HOoXN-RXUQDORI
$JU൴FXOWXUHDQG)RRG6F൴HQFHV -
>@ &DQWUHOO&/'D\DQ)(, 'XNH62  
1DWXUDOSURGXFWVDVVRXUFHVIRUQHZSHVW൴F൴GHV
J Nat3URG -
>@ 6FK൴SSHU 31, 9൴VVHUV 0-, 9DQGHU /$0
  3HVW൴F൴GHV ൴Q JURXQGZDWHU DQG GU൴QN൴QJ
ZDWHU ZHOOV RYHUY൴HZ RI WKH V൴WXDW൴RQ ൴Q WKH
1HWKHUODQGV :DWHU 6F൴ 7HFKQRO  
>@ 7XQoE൴OHN$ù, 7൴U\DN൴2, *HG൴NO൴6  
'HWHUPÕQDWÕRQ 2I 2UJDQRFKORUÕQH 3HVWÕFÕGH
5HV൴GXHV,Q'UÕQNÕQJ:DWHU2I.D\VHUÕ7XUNH\
)UHVHQ (QY൴URQ %XOO   -1
>@ g]HU22  $QDO\V൴VoI7KH)DFWRUV7KDW
$IIHFW 7KH ,QIRUPDWÕRQ 6RXUFHV IRU :KHDW
)DUPHUV 8VÕQJ 3HVWÕFÕGHV ,Q 7XUNH\ )UHVHQ
(QY൴URQ %XOO   -
>@ .Ro , <DUG൴P ( 1 $NFD 0 2 1DPO൴ $
 ,PSDFWRI3HVWÕFÕGHV$QG:RRG9ÕQHJDU
8VHG,Q:KHDW$JUR-(FRV\VWHPV2Q7KH6RÕO
(Q]\PH$FW൴Y൴t൴HV)UHVHQ (QY൴URQ%XOO   
-
>@ %HGXN)$\G൴Q0(, $\G൴Q6, 7HN൴QD\$,
%DKDG൴U0  3HVWÕFÕGH3ROOXWÕRQ,Q6RÕO
$QG:KHDW5ÕVN$VVHVVPHQW2I&RQWDPÕQDWHG
)RRG &RQVXPSWÕRQ )UHVHQ (QY൴URQ %XOO
  -

CONCLUSION
$OWKRXJK WKH SHVWLFLGH UHVLGXHV ZHUH DW
FRQFHQWUDWLRQVRIJNJLQRXUDQDO\VLVWKHDYHUDJH
FRQFHQWUDWLRQ LQ WKH VRLO ZDV  PJNJ ,Q
DGGLWLRQRXUUHVXOWVLQGLFDWHGWKDWWKHWR[LFLW\OHYHOV
RI WKH SHVWLFLGHV ZHUH KLJK :H VXJJHVW WKDW
SHVWLFLGHVEHXVHGFRQVFLRXVO\EHFDXVHRIWKHLUYHU\
WR[LF VWUXFWXUH DQG LI SRVVLEOH WKRVH WKDW DUH OHVV
KDUPIXOWRWKHHQYLURQPHQWVKRXOGEHSUHIHUUHG ,Q
DGGLWLRQSHVWLFLGHVVKRXOGEHDSSOLHGLQDFRQWUROOHG
PDQQHU ZKHUH XVHG QHDU ZDWHU VRXUFHV DQG
SURWHFWLRQ]RQHVLQWKHVHDUHDVKRXOGEHUHVSHFWHG
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ABSTRACT

INTRODUCTION

Drought is crucial abiotic stress that limits
growth and causes a yield reduction in wheat. So, the
identification of susceptible and tolerant wheat cultivars to drought is critical for breeders. In this study,
physiological and biochemical responses against
drought stress were investigated in wheat varieties,
Siyez (Triticum monococcum), Kiziltan-91 (Triticum turgidum) and Yüregir-89 (Triticum aestivum)
possessing different ploidy levels. Some growth,
physiological parameters (membrane permeability,
malondialdehyde +ၷ2ၷ proline and ascorbic acid)
DQGDQWLR[LGDQWHQ]\PHDFWLYLW\ 62'&$7$3;
DQG*3; DQDO\ses were performed. The first effect
of drought was the increase in root lengths for all
species. Ascorbic acid and proline amount raised in
roots and shoots at a maximum in Yüregir-89 and at
a minimum in Siyez. An iQFUHDVHLQWKH&$7DFWLYLW\
was observed in the roots of Yüregir-89 and in the
leaves of Kiziltan-91. Similar defensive patterns of
62'DQG*3;HQ]\PHVZHUHPRQLWRUHGLQYüregir89 and Kiziltan-91 tissues. Genotypic variation
arisen from ploidy level contributed by various parameters was also determined by principal compoQHQW 3&$ DQDO\VLVXQGHUGURXJKWVWUHVVAs a result
of all analyses, Kiziltan-91 and Yüregir-89 wheat varieties could be considered as resistant to drought
and Siyez wheat was susceptible to drought. The
possible explanations for this might be strong enzymatic and non-enzymatic antioxidant defense mechanisms and high ploidy levels mechanisms in Kiziltan-91 and Yüregir-89 varieties. This study has the
potential to become a reference source for studies of
the identification of wheat species with a high survival rate under drought in the future.

While wheat has affected human life, human
beings have influenced the evolution of wheat as
well. For example, the hexaploid bread wheat (Triticum aestivum) was used by early farmers 7000 to
9500 years ago [1] and its domestication was initiated from that time [2]. Aegilops and Triticum are
crucial genera for the domestication of wheat cultivars due to the presence of different species with various polyploidy levels. Through allopolyploidization
of diploid species of wheat, different tetraploid and
hexaploid wheat species have been domesticated [3].
The tetraploid wheat species, Triticum turgidum (2n
= 4x = 28, AABB) created after hybridization incident which happened 0.5 to 3 million years ago between T. monococcum ssp urartu (2n=14, AA, donor
of the A genome) and Sitopsis (close to Ae. speltoides, 2n=14, BB, donor of the B genome). T. aestivum, (2n = 6x = 42, AABBDD) was derived from
polyploidization incident occurred between early domesticated tetraploid T. turgidum ssp dicoccum and
Ae. tauschii (2n=14, DD, donor of the D genome)
[3]. Because of these complicated hybridization
events, wheat species with different polyploidy levels have been utilized for cultivation for many years
all around the world.
Although the development of modern wheat
varieties causes a reduction in usage of ancestral
wheat varieties, they are still priceless for genetic resource and wheat breeding research. Because of being the third most important cereal grain and utilization of human food and livestock feed [4], the demand for wheat and its products have been mainly
increased and day by day. Therefore, well-established wheat breeding programs have been continued
to produce high yield capacity and abiotic/biotic
stress resistant wheat cultivars. However, wheat cultivation is impaired by drought and heat stresses
which leads to yield losses of up to 40% and 60% in
the field, respectively [5]. For example, the major
wheat cropping regions including Mediterranean climate zones, Australia, southern Europe, and the
northwest of the United States is mainly affected by
water shortage stress combined with high tempera-
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ture [6, 7]. Drought stress triggers responses associated with biochemical, physiological, morphological, and molecular levels in plants as well in wheat
[8]. For instance, proline, the first free amino acid
accumulated after drought stress application, is an
important parameter measured in experimental conditions to determine that plants are in water shortage.
$VFRUELF DFLG 9LWDPLQ &  LV WKH PRVW IRXQG DQG
strongest non-enzymatic antioxidant in the cell that
plays a role in preventing damage caused by reactive
R[\JHQVSHFLHV 526 [9, 10](OLPLQDWLRQRI526
is achieved by antioxidants enzyme mechanisms
ZKLFKLQFOXGHFDWDODVH &$7 DVFRUEDWHSHUR[LGDVH
$3; JOXWDWKLRQHSHUR[LGDVH *3; DQGVXSHUR[
LGH GLVPXWDVH 62'  &$7 LV UHVSRQVLEOH IRU WKH
breakdown of hydrogen peroxide and provides a
EUHDNGRZQRI+ၷ2ၷKDUPIXOIRUWKHFHOOWR+ၷ2DQG
22 [11]$3;LVPRUHHIIHFWLYHDJDLQVWK\GURJHQSHU
R[LGHWKDQ&$7 [12, 13]62'ZKLFKFRQYHUWVXSHU
oxide anion to hydrogen peroxide, is another antioxidant enzyme [14] *3; LQDFWLYHV +ၷ2ၷ DQG OLSLG
peroxides. At the physiological stage, to deal with
drought stress, various changes such as the closing
of stomata, development of deep root systems and
over-production of osmoprotectants are performed
by drought-resistant plants [15, 16].
In our previous studies, it was indicated that the
degree of influence of the wheat plant from drought
stress changed depending on the genotype by examination at the genomic level [8, 17]. So, screening
studies including genomics, biochemical and physiological levels for wheat has played a significant role
to obtain resistant wheat cultivars against environmental stress condition as well as drought stress. In
this study, the effect of drought stress on wheat species with different ploidy levels was investigated to
figure out their response against adverse water shortage conditions. Because of the presence of a high
ploidy level in Kiziltan-91 and Yüregir-89, they
could be regarded as drought-resistant varieties. Examination of the biochemical and physiological situations in modern wheat varieties and ancient einkorn
wheat may provide crucial information to better understand the roles of protection mechanisms in
breeding research.
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were grown in 10-inch pots in peat soil in a plant
JURZWK URRP DW   & ZLWK -h light and 8-h
GDUNSKRWRSHULRGDWDOLJKWLQWHQVLW\RIȝPROPí2
sí1. After the seeds were sown, the pots that were reserved both for control and drought stress were irrigated with 200 mL of water every day. In addition,
all pots were watered twice a week with 200 mL of
Hoagland solution [18]. Drought stress application
was started at the end of the 6th week. As in similar
studies in the literature [19, 20], plants were not irrigated but followed during drought stress. Samples
were taken from the plants at the point where it was
difficult or not to get water from the soil by the roots,
that is, when the plants reached the fading point. To
determine this specific point, the pots exposed to
drought stress were equalized with water on the first
day of stress, and then irrigation was not done until
the end of drought stress. Weight measurements of
all pots were recorded every 3 days after starting the
stress application. The weights of the pots exposed
to drought stress were equalized after 10 days. &RQ
trol group pots were watered as mentioned above.
The collected samples were stored at -&IRUXVH
in subsequent analysis.
Plant Growth Analysis. Fresh weight measurements were made on the stem and shoots in both
the control group and the plants under stress. Dry
weight determination was carried out by keeping the
fresh weights of the root and shoot samples in the
RYHQDW&IRUK5RRWDQGshoot lengths of the
plant samples that were applied control and stress
were recorded.
Membrane Damage Determination. Membrane permeability was measured by the determination of electrolyte leaked from shoots and roots tissues from control and stress treatments. Based on the
Nanjo et al. [21] method, shoots, and roots of 3
whole plant were sunk in 0.4 M mannitol solution at
room temperature with gentle shaking for 3 h. Then,
the first conductivity of the solution was recorded
with a conductivity meter (Mettler-Toledo 03&
&RQGXFWLYLW\0HWHU&ROXPEXV86$ /DVWOy, samples were boiled for 10 m and the total conductivity
was measured. The final conductivity percentage
was calculated by the initial conductivity over the total conductivity.
Lipid peroxidation was monitored by determination of malondialdehyde (MDA) content based on
WKHPHWKRGRI2KNDZDHWDO[22]. A total of 200 mg
fresh tissue was homogenized with liquid nitrogen
DQG  PO RI  WULFKORURDFHWLF DFLG 7&$  ZDV
added. After centrifugation at 10000 g for 15 m, the
supernatant was removed. Equal amount of supernatant and freshly prepared 0.5% thiobarbituric acid
7%$ LQ7&$ZHUHPL[HGLQQHZHSSHQGRUI
WXEHV DQG LQFXEDWHG IRU  P DW  & 7KH WXEHV
were transferred in an ice bath and re-centrifuged at
8000 g for 5 m. The absorbance values at 532 and

MATERIALS AND METHODS
Plant Materials and Stress Treatment. In this
study, Kiziltan-91 (Triticum turgidum durum), Yüregir-89 (Triticum aestivum cv.) and Siyez (Triticum
monococcum) wheat varieties were used as plant material. 7KHVHHGVZHUHNLQGO\SURYLGHGIURP&HQWUDO
5HVHDUFK,QVWLWXWHIRU)LHOG&URSV$QNDUD 7XUNH\ ,
Eastern Mediterranean Agricultural Research Institute Adana (Turkey) and Ihsangazi Municipality
Kastamonu (Turkey).
Seeds surface sterilization was achieved as described in our previous study [8]. The wheat plants
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0.25 mM ascorbate and 1 mM H222) was used for
the initiation of the enzymatic reaction. The reduction in the absorbance of ascorbate was controlled
for 90 s at 290 nm at room temperature. Nanomole
ascorbate consumed per min was defined as one unit
RI$3;
*OXWDWKLRQHSHUR[LGDVH *3; activity was deWHFWHG XVLQJ *3; $VVD\ .LW &D\PDQ &KHPLFDO
Ann Arbor, MI, USA,) method. Samples containing
 J SURWHLQ ZHUH XWLOL]HG DQG *3; DFWLYLW\ ZDV
monitored by decrease in absorbance 340 nm. FiQDOO\*3;DFWLYLW\ZDVFDOFXODWHGDV QPROPLQ 
ml
'HWHUPLQDWLRQ RI FDWDODVH &$7  DFWLYLW\ ZDV
SHUIRUPHGXVLQJWKHPHWKRGRI&KDQFHDQG0DHKO\
[28]. Samples having 100 μg protein were mixed
with Tris–+&O VXVSHQVLRQ VROXWLRQ  P0 S+
7.8.). Then, assay medium (50 mM potassium phosphate, 10 mM H222) was added to start the enzymatic reaction. The reduction of the absorbance was
monitored for 90 s at 240 nm. Nanomole hydrogen
peroxide consumed per min was defined as one unit
RI&$7
6XSHUR[LGHGLVPXWDVH 62'  DFWLYLW\ ZDV GH
WHUPLQHG E\ WKH 62' $VVD\ .LW 62' 'HWHUPLQD
tion Kit, 19160, Sigma-$OGULFK0286$ $WRWDO
of 20 μg protein for sample was used and the procedure was followed based on the manufacturer's directions. The absorbance values at 450 nm were recRUGHGDQG62'DFWLYLW\ZDVFDOFXODWHGDVRf inhibition rate.

600 nm were read for determination absorbance of
supernatant and correction of non-specific turbidity,
respectively. MDA contents were calculated by the
formula shown below.
MDA(nmol/ml-1)=[(A532-A600)/155000]*1000000
Determination of Hydrogen Peroxide (H2O2)
Content. For the determination of H222 content in
control and stress treatment tissues, Bernt and Bergmeyer [23] method was utilized. Approximately 500
mg of tissue was crushed with liquid nitrogen and
suspended in 1.5 ml of 100 mM potassium phosphate
buffer. After centrifugation at 18000 g for 20 m at 4
&POVXSHUQDWDQWDQGPOSHUR[LGDVHUHD
gent (83 mM potassium phosphate buffer, 0.005 %
(w/v) o-dianizidine, 40 μg peroxidase/ml) were
mixed to initiate enzymatic reaction. To stop the reaction, 0.25 ml of 1 N perchloric acid was added and
centrifuged at 5000 g for 5 m. Measurement of the
absorbance was conducted at 436 nm and an extinction coefficient of 39.4 mM-1 cm-1 was used for determination of H222.
Proline Content. 3UROLQHFRQtents were determined based on slightly modified method of Bates et
al [24]. Approximately 300 mg tissue samples were
ground in liquid nitrogen and homogenized with 3%
sulfosalicylic acid. After centrifugation, 0.1 ml of supernatants were mixed with 0.2 ml acid ninhydrin,
0.2 ml 96% acetic acid and 0.1 ml 3% sulfosalicylic
DFLG$IWHULQFXEDWLRQDW&IRUKPOWROXHQH
was added and further centrifuged at 1000 g for 5 m
DW&7KHXpper phases were removed and measured its absorbance at 520 nm. The total amount of
proline was calculated using a proline standard curve
whose extinction coefficient was 0.9993 mM-1 cm-1.

Statistical Analysis. Statistical analysis was
carried out by MINITAB 18 program (MINITAB
Inc., USA). All analyses were performed with 5 replicates (n = 5) which composed of completely randomized design. The data obtained from the scanning process were analyzed by one-way analysis of
YDULDQFH $129$ 7XNH\WHVWZDVXWLOL]HGWo indicated statistically different means. VKRZV3
** 3 DQG 3 Multivariate principal
FRPSRQHQW DQDO\VLV 3&$  ZDV SHUIRUPHG XVLQJ
MINITAB 18 program (MINITAB Inc., USA) to
cluster all wheat varieties between all evaluated
traits under drought stress conditions. The matrix
plots were created by the same statistical program to
make a graph that scores for a pair of items on the x
and y axes.

Determination of Ascorbic Acid Amount.
The method described by MukKHUMHHDQG&KRXGKXUL
[25] was used for the determination of ascorbic acid
content in tissues. A total of 100 mg tissue was susSHQGHGLQPO7&$DQGPL[HGZLWKGLQLWUR
phenyl hydrazine (2 ml) followed by the addition of
1 drop of 10% thiourea solution (in 70% ethanol).
After boiling of the mixture for 15 m, it was cooled
and 5 ml of 80% (v/v) H2624 were added to the mixture. The absorbance of the solution was read at 530
nm.

RESULT AND DISCUSSION

Determination of The Antioxidant Enzyme
Activities. According to Bradford method [26], the
protein amounts in shoot and root tissues were calculated using bovine serum albumin as a standard.
$VFRUEDWH SHUR[LGDVH $3;  DFWLYLW\ ZDV GH
termined based on the method of Wang et al [27].
Samples possessing 100 μg protein were dissolved
in 1 ml of suspension buffer (50 mM Tris–+&O S+
 393P0('7$DQGP0DVFRUEDWH 
Assay medium (50 mM potassium phosphate buffer,

Growth Parameters. When the plants need
water and fail to provide it by their roots, plants are
faced with drought stress. So, they try to get rid of it
by reducing water losses or increasing water intake
[29]. Among the first physiological responses to
drought stress is the enhancement of roots for the
search of water [30]. After the application of drought
stress, the root length of all wheat species increased

10538

© by PSP

Volume 29 – No. 12/2020 pages 10536-10545

(Figure 1). The highest and lowest root lengths increment was observed in Yüregir-89 and Kiziltan91, respectively. Shoot lengths were reduced in Yüregir-89 and Siyez cultivars, which mostly spend
their energy on increasing root length. This result is
consistent with studies on drought-stressed plant's
more orientation to root development [31, 32]. There
was a correlation between length and fresh weight of
roots in Yüregir-89 and Siyez cultivars. After
drought application, Yüregir-89 indicated the highest augmentation for root weight. In contrast, Kiziltan-91 showed the highest raise in shoot fresh
weight. As a result of physiological analyses, wheat
cultivars who experience an increase in fresh root
weight after drought stress, shoot fresh weights deFUHDVHG2SSRVLWHWRWKLVWKRVHFXOWLYDUVZKRKDGDQ
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increment in shoot fresh weight experienced a reduction in root fresh weights. It was clearly seen that
fresh root tissues for Yüregir-89 and fresh shoot tissues for Kiziltan-91 did not affect from drought (Figure 1). These results are in accord with recent study
indicating that drought-tolerant wheat plants possessed less reduction in water content, membrane
stability, and photosynthetic activity [33]. The shoot
and root dry mass significantly reduced in all wheat
cultivars after drought treatment. Similar finding
was also reported by [34] who reported that drought
stress in wheat is associated with morphological and
physiological features, and this stress factor negatively affects the amount of dry matter.

FIGURE 1
The effect of drought stress application on a) length b) fresh weight and c) dry weight in Triticum monococcum cv. (Siyez), Triticum aestivum cv. (Yüregir-89) and Triticum turgidum cv. (Kiziltan-91)
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Membrane Integrity Parameters. When
plants are exposed to stress conditions, disruption of
cell membrane phospholipids occurs and malondialdehyde, an indicator of lipid peroxidation, is formed.
Measurements of MDA levels in tissues indicated
that MDA content was significantly raised in all
wheat cultivars in all stress-treated root and shoot tissues. &RPSDUHGWRRWKHUFXOWLYDUVWKHLQFUHPHQWRI
MDA levels in roots and shoots was very low in Kiziltan-91 after drought stress (Table 1). These findings agree with Abid’s (2016) findings which
showed that MDA level was significantly higher under drought stress treatments in a winter wheat hexaploid cultivar, Yangmai-16 [33]. &RPSDULVRQRIWKH
findings with those of our previous studies in different plant species such as peanut [35], sunflower [36]
and melon [30] confirms relationships between
drought and MDA level. Although different plant
species were anatomically or physiologically less influenced by drought stress, lipid peroxidation was
observed after drought stress.
Ion leakage from the cytoplasm into the apoplastic fluid is the indicator of membrane which is
damaged due to drought stress. Like MDA results,
root and shoot tissues from all wheat cultivars displayed significant ion leakage after drought stress
application. Root tissues of Kiziltan-91indicated the

lowest ion leakage after stress treatment (Table 1).
There are correlations between MDA level and ion
OHDNDJHIRUDOOZKHDWFXOWLYDUV2QHLQWHUHVWLQJILQG
ing was obtained from Abid’s (2016) studies in
which membrane stability declined under drought
stress conditions in shoot tissues of Yangmai-16
[33]. However, re-watering caused great recovery in
the shoot cell membrane of drought-stressed wheat
plants. Although the design of our experiment did
not contain recovery of plantlets, root and shoot tissues of Kiziltan-91, which exposed to long term
harsh drought stress, was less affected compared to
other wheat cultivars including Yangmai-16.
The drought stress at the cellular level mainly results
LQWKHSURGXFWLRQRI526ZKLFKOHDGVWRLQMXU\WRWKH
whole organism as well as the cell membrane. The
DPRXQWRI+ၷ2ၷRQHRIWKHVHUDGLFDOVLQFUHDVHGLQ
root and shoot tissues in all wheat types. Although
all wheat VSHFLHVSURGXFHG+ၷ2ၷWKHPRVWDIIHFWHG
one was Siyez for both tissues (Table 1). It can thus
be suggested that Siyez could be considered as a
drought-sensitive wheat cultivar. This result is supported by the studies that the amount of hydrogen
peroxide increases under stress conditions and this
increase is an important criterion in determining tolerant and sensitive species [37, 38].

TABLE 1
The effect of drought stress on the membrane permeability parameters and H2O2, proline and ascorbic
acid accumulation amount in root and shoot tissues of all wheat cultivars.
Cultivar
Stress

MDA
(nmol/ml)

Ion leakage
(%)

H2O2
(nmol/grFW)

Proline
(μmol/grFW)

Ascorbic Acid
(μmol/gr FW)

Siyez
Control Root
Drought Root
Control Shoot
Drought Shoot

0.018 ± 0.006

51.03 ± 6.1

1508.30 ± 88.2

1.06 ± 0.04

36.59 ± 4.5

0.023 ± 0.002*

72.82 ± 3.2*

3791.67 ± 94.4**

2.86 ± 0.06**

228.65 ± 18.2***

0.198 ± 0.04

34.55 ± 6.1

676.27 ± 25.6

2.22 ± 0.03

94.67 ± 8.5

0.298 ± 0.07**

53.96 ± 5.6*

2710.28 ± 22.5**

2.38 ± 0.02

128.82 ± 12.3*

Yuregir-89
Control Root
Drought Root
Control Shoot
Drought Shoot

0.024 ± 0.003

64.09 ± 3.6

1220.00 ± 83.8

3.00 ± 0.09

173.94 ± 13.5

0.070 ± 0.005**

109.26 ± 8.7*

2089.99 ± 108.4**

7.50 ± 0.07**

361.14 ± 15.1**

0.048 ± 0.002

36.42 ± 3.5

803.80 ± 78.1

2.59 ± 0.2

140.98 ± 19.4

0.158 ± 0.003***

64.54 ± 4.6*

2020.51 ± 88.3***

9.68 ± 0.3***

267.38 ± 16.8**

Kiziltan-91
Control Root
Drought Root
Control Shoot
Drought Shoot
VKRZV3

0.022 ± 0.0003

57.06 ± 4.2

1121.67 ± 62.5

2.24 ± 0.18

151.85 ± 11.3

0.025 ± 0.002

66.07 ± 8.3

1225.25 ± 72.3

5.34 ± 0.43**

320.58 ± 22.7**

0.147 ± 0.017

15.06 ± 3.8

597.11 ± 49.2

0.84 ± 0.05

144.03 ± 5.9

0.242 ± 0.01**

33.50 ± 4.4

1139.76 ± 52.7**

3.82 ± 0.08***

157.88 ± 7.8

3DQG

3
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species except for the root tissue of Siyez (Table 2).
([FHVVLYHDFFXPXODWLRQRI+ၷ2ၷRFFXUUHGLQWKHIRO
low-up of increased lipid peroxidation due to the
weak antioxidant enzyme response of ascorbate peUR[LGDVH $3; DIWHUGURXJKWWUHDWPHQW [45]. This reVXOW PD\ SUHGLFW WKDW WKH GHFUHDVH LQ $3; HQ]\PH
activity after the drought stress applied can be comSHQVDWHGE\WKHLQFUHDVHLQ*3;HQ]\PHDFWLYLW\
*3;SRVVHVVHVDFUXFLDOUROHLQWKHUHPRYDORI
526 IURP SODQW FHOO E\ WKH UHGXFWLRQ RI +222 and
RWKHU RUJDQLF K\GURSHUR[LGHV ,Q WKLV VWXG\ *3;
played an important antioxidative defense role in
drought-stressed Yüregir-89 and Kiziltan-91cultiYDUVIRUERWKWLVVXHV*3;DFWLYLW\RQO\GHFUHDVHGLQ
root and shoot tissues of Siyez (Table 2). This result
is similar to studies indicating that the amount of
*3;HQ]\PHLQFUHDVHVXQGHUVWUHVVFRQGLWLRQVDQG
KLJK*3;DFWLYLW\LVREVHUYHGLQUHVLVWDQWZKHDWVSH
cies [46]. In a different study, three spring wheat cultivars (Triticum aestivum L.), Gonbad, Morvarid and
Tirgan, were investigated their response against soil
lead pollution. It was found that *3;DFWLYLW\UDLVHG
in both shoots and roots tissues after stress application [47].
&$7 LV WKH NH\ UHVSRQVLEOH HQ]\PH LQ SKR
torespiration in shoots of drought-stressed plants and
provides elimination of photorespiratory H222
which produced after severe drought stress [48]. This
was consistent with our findings in which all wheat
VSHFLHV VKRZHGKLJK &$7 DFWLYLW\ LQ WKHLU GURXJKW
stress exposed shoots (Table 2). This result overlaps
ZLWKWKHVWXG\LQZKLFKWKH&$7HQ]\PHDFWLYLW\LQ
creased with stress in shoots and resistant species
KDGPRUH&$7DFWLYLW\WKDQRWKHUV[49]. In contrast
to &$7SURWHFWLRQDFWLYLW\LQshoots, Yüregir-89 was
WKHRQO\FXOWLYDUWKDWLQGLFDWHGVLJQLILFDQW&$7DF
WLYLW\LQURRWV7KHH[SODQDWLRQIRU&$7DFWLYLW\GH
cline in root tissue could arise from harsh and long
drought stress which could result in a decrease in enzyme synthesis, or the modification of the enzyme
subunit composition, or the activation of peroxisome
proteases [50].
Superoxide radicals which are produced after stress
in plant tissues are converted into hydrogen peroxide (H2O2) by the SOD enzyme. Although SOD enzyme activity augmented in the root tissue of all
wheat varieties, increment SOD activity in shoot tissues were only observed in Yüregir-89 (Table 2).
These results match those observed in earlier studies. In one study, Dong et al [51] examined the response of tolerant and sensitive Chinese wheat cultivars against (PEG)- induced drought stress. They
found WKDWJUHDWHUOHYHOVRI62'DFWLYLW\ZHUHLGHQ
tified in drought-tolerant cultivar Jinmai47, compared with the drought-sensitive cultivar Shiluan021. In a different study, an LQFUHDVHLQ62'DFWLYLW\
was reported in Aegilops tauschii, Triticum dicoccoides and cultivated wheats under irrigated and
rain-fed conditions [52]. These findings suggest that

Proline and Ascorbic Acid Accumulation.
The backlog of free proline under abiotic stress situations is associated with stress tolerance in many
plant species and higher proline levels can be generally considered as stress-tolerant as opposed to
stress-sensitive plants [39]. In this study, all wheat
cultivars indicated an identical significant increase in
proline level response to severe drought stress in
both tissues (Table 1). This result is in parallel with
study stating that the amount of proline increased unGHU 3(*-mediated drought stress conditions and
plays a protective role in spring wheat (Triticum aestivum /7& >@7KHDOWHUDWLRQLQRVPRWLFEDO
ance varies from genotypes. The capacity of proline
amassing in reaction to drought stress depends on the
genotype. The hereditary variety of such osmatic
changes may be exceptionally valuable in making
drought tolerance in wheat and barley in selection
programs. The hereditary variety of such osmatic
changes may be exceptionally valuable in making
drought tolerance in wheat and grain in selection
programs (e.g., selecting the genotypes having a better proline beneath drought stress than typical conditions) [41]. In our study, although the increment of
proline amount was observed in Siyez, this was
lower than other cultivars' proline production rates.
It can, therefore, be assumed that Yüregir-89 and Kiziltan-91might be considered as drought-tolerant
wheat cultivars due to high proline accumulation rate
which is one of the indicators for drought resistance
in many plants.
Ascorbic acid, which is one of the non-enzymatic antioxidants, plays a crucial role in the plant's
defense mechanisms against stress. Like the proline
accumulation pattern, the ascorbic acid level was
raised in all wheat cultivars for root and shoot tissues. Roots and shoots of Yüregir-89 and Siyez possessed the highest and the lowest increase in ascorbic
acid content under drought stress application, respectively (Table 1). This result overlaps with studies that the amount of ascorbic acid increases under
stress conditions and this increase is due to the defense against stress [42, 43].
Antioxidative Enzyme Parameters. In addition to non-enzymatic defense mechanisms against
oxidative stress, plants have enzymatic antioxidant
systems such as VXSHUR[LGHGLVPXWDVH 62' FDWD
ODVH &$7 DVFRUEDWHSHUR[LGDVH $3; DQGJOXWD
WKLRQH SHUR[LGDVH *3;  Although many types of
antioxidant enzymes work together to scaYHQJH526
LQYDULRXVZD\V62' &$7 $3;DQG *3;KDYH
been well known and studied in different plant species [44]. Therefore, these enzymes were selected to
indicate the response of drought stress in wheat cultivars as the representative for the antioxidant defense mechanisms in this study. $3; GLPLQLVKHV
H222 utilizing ascorbate as an electron donor in the
ascorbate–glutathione cycle $3; HQ]\PH DFWLYLW\
appears to be decreased in all tissues and all wheat
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TABLE 2
The effect of drought stress on the activities of APX, GPX, CAT and SOD enzymes in root and shoot tissues of all wheat cultivars. * shows P < 0.1, ** P < 0.05 and *** P < 0.01
Cultivar
Stress

APX
μmole/Asc/min/mg

GPX
nmol/min/ml

CAT
μmole/H2O2/min/mg

SOD
% Inhibition

0.190 ± 0.02
0.215 ± 0.01*
0.542 ± 0.05
0.244 ± 0.08*

0.021 ± 0.001
0.016 ± 0.003**
0.075 ± 0.002
0.020 ± 0.001*

0.112 ± 0.006
0.048 ± 0.003**
0.022 ± 0.01
0.049 ± 0.007**

92.25 ± 1.87
95.17 ± 2.82*
101.69 ± 3.1
96.60 ± 2.4*

0.468 ± 0.04
0.251 ± 0.01*
0.361 ± 0.08
0.210 ± 0.09*

0.021 ± 0.001
0.044 ± 0.003*
0.064 ± 0.008
0.081 ± 0.007*

0.041 ± 0.001
0.201 ± 0.01**
0.023 ± 0.008
0.035 ± 0.005**

89.87 ± 4.7
94.73 ± 2.6*
108.41 ± 2.1
125.62 ± 8.3**

0.282 ± 0.04
0.132 ± 0.03*
0.240 ± 0.02
0.164 ± 0.01*

0.007 ± 0.0002
0.016 ± 0.003*
0.006 ± 0.0001
0.020 ± 0.004*

0.126 ± 0.02
0.081 ± 0.017
0.014 ± 0.003
0.057 ± 0.001**

93.06 ± 1.2
96.81 ± 1.9*
101.82 ± 1.3
99.55 ± 2.1

Siyez
Control Root
Drought Root
Control Shoot
Drought Shoot
Yuregir-89
Control Root
Drought Root
Control Shoot
Drought Shoot
Kiziltan-91
Control Root
Drought Root
Control Shoot
Drought Shoot

LQJHQHUDOWKHDPRXQWRI62'HQ]\PHLQFUHDVHGXQ
der stress conditions and this raise is an important
criterion in determining tolerant and sensitive wheat
species.

stress conditions (Figure 2b). These results match
with those of Suneja et al [52] who also conducted
3&$DQDO\VLVWRSURYLGHEHWWHUYLVXDOL]DWLRQDQGXQ
derstanding of highly dimensional data sets. In our
VWXG\ 3&$ FOXVWHULQJ DQG PDWUL[ SORWV DQDO\VLV
clearly and statistically indicated differences between drought-tolerant and sensitive wheat cultivars
based on growth, physiological and biochemical activities.

PCA Analysis. A multivariate principal comSRQHQW 3&$  DQG GHQGURJUDP DQDO\VHV ZHUH SHU
formed on the all growth parameters, membrane integrity parameters, proline and ascorbic acid accumulation and enzyme activities to illuminate statistically the discrimination of drought stress tolerance
for all wheat cultivars. So, genotypic variation arisen
from ploidy level contributed by various parameters
(the length, fresh weight, dry weight, MDA, ion
leakage, H222, SUROLQH DVFRUELF DFLG $3; *3;
62'DQG&$7 indicated high similar responses between Yüregir-89 (Triticum aestivum) and Kiziltan91 (Triticum turgidum). The loading plot shows the
effect of the coefficients of each variable for the first
and second components. According the loading plot
graph, Yüregir-89 and Kiziltan-91 wheat cultivars
were discriminated from Siyez (Figure 2a). 3RVVLEOH
explanations for this might be the effect of the presence of strong antioxidant enzyme mechanisms and
high accumulation rate of proline and ascorbic acid
in these cultivars. This result was supported by genotype clustering analysis in which Yüregir-89 and
Kiziltan-91 displayed high similarity ratio based on
performed all parameters under control and drought

CONCLUSION
There are many studies which characterized
drought tolerance in various wheat genotypes using
different methods including transcriptomic analysis
[8], antioxidant enzyme analysis [52] molecular
markers analysis [53], physiological analysis [54]
and vegetative and yield trait analysis [55]. To the
best of our knowledge, this study is the first comprehensive investigation for the identification of
drought tolerance in wheat species with different
ploidy levels. Severe and long-term drought stress
could trigger nonenzymatic and enzymatic antioxidant mechanisms in drought-tolerant cultivars, Triticum aestivum cv. (Yüregir-89) and Triticum turgidum cv. (Kiziltan- ([FHSW$3;WKHOHYHOVRI
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FIGURE 2
Multivariate principal component analysis (PCA) of all analysis in all wheat cultivars. a) The loading plot
graphs and b) dendrogram analyses were created based on all measurable data
DQWLR[LGDQWHQ]\PHVLQFOXGLQJ62'&$7DQG*3;
increased in root and shoot tissues of these cultivars
after stress application. These findings were also
confirmed with morphological and physiological
analyses such as increment of root length and
weights and high accumulation of proline and ascorbic acid as well. In addition, we have examined expression profiles of crucial transcription factor genes
which provides valuable information for determination of drought-tolerant and susceptible wheat cultivars in our previous study [8]. These findings have
significant implications for the understanding of
drought tolerance and sensitive mechanisms in diploid Triticum monococcum, tetraploid Triticum turgidum and hexaploid Triticum aestivum.

[3] &KDQWUHW, N., Salse, J., Sabot, F., Rahman, S.,
Bellec, A., Laubin, B., Dubois, I., Dossat, &.,
Sourdille, 3., Joudrier, 3., Gautier, M.F.&DWWRO
ico, L., Beckert, M., Aubourg, S., Weissenbach,
J., &DERFKH, M., Bernard, M., Leroy, 3.&KDO
houb, B. (2005) Molecular Basis of Evolutionary Events That Shaped the Hardness Locus in
'LSORLGDQG3RO\SORLG:KHDW6SHFLHV 7ULWLFXP
DQG$HJLORSV 3ODQW&HOO. 17(4), 1033-1045.
[4] 3HQJ, J.H.H., Sun, D.F., Nevo, E. (2011) Domestication evolution, genetics and genomics in
wheat. Mol. Breeding. 28, 281-301.
[5] Zampieri, M.&HJODU, A., Dentener, F., Toreti,
A. (2017) Wheat yield loss attributable to heat
waves, drought and water excess at the global,
national and subnational scales. Environmental
Research Letters. 12(6), 1-11.
[6] Gbegbelegbe, S. &DPPDUDQR, D., Asseng, S.,
Robertson, R.&KXQJ, U., Adam, M., Abdalla,
2. 3D\QH, T., Reynolds, M., Sonder, K.,
Shiferaw, B., Nelson, G. (2017) Baseline simuODWLRQ IRU JOREDO ZKHDW SURGXFWLRQ ZLWK &,0
MYT mega-environment specific cultivars.
)LHOG&URSV5HVHDUFK. 202, 122-135.
[7] Toreti, A. &URQLH, 2., Zampieri, M. (2019)
&RQFXUUHQW FOLPDWH H[WUHPHV LQ WKH NH\ ZKHDW
producing regions of the world. Sci. Rep. 9, 1-8.
[8] Baloglu, M.&., Inal, B., Kavas, M., Unver, T.
(2014) Diverse expression pattern of wheat transcription factors against abiotic stresses in wheat
species. Gene. 550(1), 117-122.
[9] Foyer, &.H., Souriau, N.3HUUHW, S., Lelandais,
M., Kunert, K.J.3UXYRVW, &., Jouanin, L. (1995)
2YHUH[SUHVVLRQRIJOXWDWKLRQHUHGXFWDVHEXWQRW
glutathione synthetase leads to increases in antioxidant capacity and resistance to photoinhibiWLRQ LQ SRSODU WUHHV 3ODQW 3K\VLRO. 109, 10471057.
[10] Athar, H.R., Khan, A., Ashraf, M. (2008) Exogenously applied ascorbic acid alleviates salt-induced oxidative stress in wheat. Environmental
and Experimental Botany. 63(1-3), 224-231.
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Electrostatic spinning is one of the effective methods
to prepare nano-fiber materials. Fiber materials with
unique structures can be obtained through electrostatic spinning, which has been partially applied in
the fields of medicine, biology, etc. [5]. As antibacterial materials prepared by electrostatic spinning
technology have many advantages such as higher
liquid absorption [6], better air permeability [7],
stronger controllability and biological simulation [8]
compared with traditional antibacterial materials, so
nano-fiber materials by electrostatic spinning have
gradually received widespread attention in the preparation of antibacterial materials, and the preparation
of nano-fiber antibacterial materials has also become
a research hotspot [9].
As a natural inorganic antibacterial agent from
soil, Ag can act on more than 650 kinds of pathogenic bacteria, and it also has the ability to kill resistant bacteria, with an antibacterial rate of over
99.9% [10]. In addition to broad-spectrum antibacterial properties, Ag antibacterial agents also have the
characteristics of high safety and long antibacterial
duration [11]. Compared with other heavy metal or
precious metal materials, Ag can express antibacterial property only at a trace concentration, which not
only has less harm to human body, but also can obtain better antibacterial effect [12]. Therefore, it is of
great significance to combine Ag into the preparation of nano-fiber antibacterial materials [13]. However, due to the weak binding ability of metal and
organic materials, the development of Ag nano-fiber
materials with good stability is still one of the difficulties. PVA is a water-soluble polymer obtained
from hydrolysis of polyvinyl carbonate, which has
good fiber forming property and excellent adhesion
and solvent resistance [14]. Therefore, nano-Ag particles and PVA can be constructed into nano-fiber
polymer composite by sol-gel method, so as to
achieve the preparation of Ag/PVA nano-fiber antibacterial material [15]. Based on response surface
methodology, this paper systematically studies the
influence law of three main process parameters, including solution concentration, electric field voltage
and injection speed, on the antibacterial properties of

ABSTRACT
Compared with traditional materials, nano-materials show more new functional characteristics,
thus attracting extensive attention in the research
field. Electrostatic spinning is one of the effective
methods to prepare nano-fiber materials. Nano-antibacterial fiber materials with unique structures can
be obtained by electrostatic spinning. Therefore, Ag
nano-particles and PVA nano-fiber materials are organically combined by sol-gel method to obtain
Ag/PVA nano-fiber materials, and the antibacterial
properties of Ag/PVA nano-fiber materials are systematically studied based on response surface methodology. In addition, the preparation process of
Ag/PVA nano-fiber antibacterial materials is optimized according to response surface analysis results
for the three main synthesis parameters of solution
concentration, electric field voltage and injection
speed. The results show that the influence law of
synthesis parameters on antibacterial properties of
the materials is electric field voltage (B) > solution
concentration (A) > injection speed (C).

KEYWORDS:
Ag/PVA, Response surface, Composite, Nano-materials,
Polymer

INTRODUCTION
Nano-materials are new materials with special
properties, and their appearance has opened people's
mesoscopic view of matter [1]. Nano-materials can
be divided into multiple dimensions by space angle.
When the obtained material reaches nanometer level
in one dimension, it is considered as one-dimensional nano-material [2], so fiber material with diameter in nanometer range is also called nano-fiber [3].
Nano-fibers have attracted extensive attention in the
research field because they have the relevant characteristics of nano-materials and show more new functional characteristics than traditional materials [4].
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Ag/PVA nano-fibers, and optimizes the preparation
process of Ag/PVA nano-fiber antibacterial materials according to the results of response surface analysis.

Property Evaluation Method. The antibacterial properties of AgNPs/PVA composite nano-fiber
membrane were evaluated by absorption and turbidimetry methods. (1) The absorption method for determining the antibacterial property of AgNPs/PVA
composite nano-fiber membrane is a semi-quantitative test method [16]. The specific methods are as
follows: first, 15 mg of AgNPs/PVA composite
nano-fiber felt was added into a 50 mL conical flask,
placed under the ultraviolet lamp for 5h, and the
tested sample was sterilized; then, 100 ȝ/ of bacterial suspension was taken by a micropipettor and inoculated on the tested sample, and cultured in a constant temperature incubator at 37°C for 10-12 h; next,
the cultured bacteria was eluted with 20 mL broth
medium for 4 times in total, and the eluent was
mixed evenly; three samples from the eluent were diluted according to different dilution times, and transferred to the medium to culture in a constant temperature incubator at 37 °C for 10-12 h. After culturing,
the colonies on the medium were counted by colony
counter. (2) The turbidimetry method for determining the antibacterial property of AgNPs/PVA composite nano-fiber materials is a qualitative test
method [17]. The specific methods are as follows: 5
mg AgNPs/PVA composite nano-fiber felt was cut
into small pieces, added to 10 mL aseptic test tube,
and sterilized by ultraviolet irradiation for 5 h. Then
20 ȝ/ bacterial suspension was added to the test tube,
as well as 4 mL broth medium. The broth medium
mixed with bacterial suspension was cultured in a
constant temperature shaking table at 37°C for 12 h,
and finally the absorbance value of the sample was
measured at 600 nm by ultraviolet spectrophotometer.

MATERIALS AND METHODS
Material Preparation. Synthesis of Ag NPs
Modified by PVP. 0.272 g of PVP was dissolved in
90 ML deionized water. After completely dissolved,
the PVP was mixed with 2.4 mmol/L tannic acid of
100 ML in two flasks, and stir by magnetic force until the color of the mixed solution turned light yellow.
Ammonia water was used to adjust the pH to 8. After
1.0 h of stirring, 120 mmol/L AgNO3 was slowly
poured into two flasks until the color of the solution
changed to brownish red. With 1.0 h of stirring, the
quality of AgNO3 was recorded. Finally, 50 ML acetone was added to the mixed solution by acetone
precipitation, and then the Ag nano-particles were
precipitated completely after standing for 0.5 h, separated by centrifugation, and washed repeatedly with
acetone and deionized water to pH 7. The obtained
precipitates were dried in a vacuum drying oven for
24 h to obtain the PVP-modified Ag nano-particles.
Preparation of PVA and Ag NPs/PVA Spinning Solution. Firstly, PVA aqueous solutions with
different concentrations (6-10%, w/v) were prepared.
Taking 8%PVA solution as an example, 0.004 gSDS
was added into 20 mL distilled water, magnetic stirring was used for dissolution, and then 1.60 gPVA
was added. The solution was gradually heated to
95~98°C, condensed and refluxed, and stirred magnetically for 2 h until the solution became transparent,
finally stored in a 60°C oven to reserve. Preparation
of Ag/PVA spinning solution: the synthesized Ag
nano-particles modified by PVP were added to PVA
solution according to the concentration ratio, dispersed for 0.5 h by magnetic stirring assisted ultrasound, and then the mixed PVA solution was carried
out electrostatic spinning. Ag/PVA materials with
different properties can be obtained by changing the
concentration ratio of Ag nano-particles.

Response Surface Analysis Method. Single
Factor Test Setting for Antibacterial Property.
Firstly, the solution concentration, electric field voltage and injection speed were investigated to evaluate
the antibacterial property of Ag/PVA nano-polymer
matrix composite. The single factor test level of selected factors is listed in Table 1, and the basic parameter range of synthetic materials can be determined through single factor test.

TABLE 1
Single factor tests for antibacterial properties selection
Num.

Ag concentration/%

Voltage/V

Injection speed/mL·min-1

1
2
3
4
5
6
7

1
2
3
4
5
6
7

12
14
16
18
20
22
24

0.005
0.010
0.015
0.020
0.025
0.030
0.035
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the voltage increases further, the diameter of electrospun fibers will not decrease further, but will increase. As for the selection of injection speed, it can
be seen from Figure 1(c) that when the injection
speed is too slow, the supply of electrospinning solution is insufficient, so the fiber sample is not easy
to be stretched to form a continuous and uniform
structural system, while when the injection speed is
too fast, the supply of electrospinning solution is excessive, so the fiber sample is easy to form a stacked
particle structure, which also leads to the failure to
form a uniform fibrous structural system [20].

Box-Beheken Test on Antibacterial Property.
According to the single factor test results, the levels
that have great influence on antibacterial property,
solution concentration (A), electric field voltage (B)
and injection speed (C) were selected as the variable
values of response variables. The levels of variables
were expressed as -1, 0, 1, and the data offset was
taken as the response value. The response surface
test was designed by using software Expert. A threefactor and three-level response surface model was
established, and the design parameters of Box-Beheken test are shown in Table 2.

RESULTS AND DISCUSSION
Single Factor Test Analysis on Antibacterial
Properties of Ag/PVA Nano- materials. Single
factor test was conducted to analyze the antibacterial
properties of Ag/PVA nano-polymer matrix composites from three aspects of solution concentration,
electric field voltage and injection speed. The results
are shown in Figure 1. From Figure 1(a), it can be
found that with the increase of the solution concentration, the number of colonies in the culture medium
decreases first and then increases. When the solution
concentration is 6, the number of colonies is the lowest of 0, which is because with the increase of Ag
content, its antibacterial property is affected by Ag
nano-particles. In the dispersed fiber structure, Ag
nano-particles can dissociate Ag+ so as to destroy
enzyme protein molecules in bacteria. Therefore, the
increase of Ag concentration can promote more Ag+
precipitation, so as to improve the antibacterial property of nano-materials. However, with the further increase of Ag content, the antibacterial property of
nano-materials decreases, for the reason that Ag
nano-particles are dispersed in PVA fibers during the
preparation process. When the Ag particles increase
to a certain extent, the Ag nano-particles dispersed
on the surface cannot form an effective antibacterial
system. That is, Ag particles will show aggregate
phenomenon, which leads to the decrease of effective utilization rate of Ag nano-particles. Therefore,
further increase of Ag content will lead to the decrease of antibacterial property [18]. From Figure
1(b), it can be seen that the number of colonies in the
culture medium first decreases and then increases
with the increase of electric field voltage, which is
because when the voltage is high enough to overcome the effect of solution surface tension, a stable
jet may be formed [19], indicating that the obtained
fiber structure has a stable diameter, while the higher
the applied voltage is, the amount of net charge on
the jet surface increases, resulting in the increase of
pressure, and spinning fibers with smaller diameter
can be prepared, which is also conducive to the dispersion and adhesion of Ag particles. However, as

(a) Ag concentration

(b) Voltage

(c) Injection speed
FIGURE 1
Changes in antibacterial properties of composites obtained with different parameters
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field voltage has greater influence on test accuracy.
This result is consistent with the result of variance
analysis. In addition, it is worth noting that in Figure 2 (a,c,e), elliptical projection is shown in the interactive contour map, which indicates that there is
obvious interaction between the factors, among
which AB, AC and BC all show obvious interaction,
that is, there is obvious interaction between the three
factors selected, which may be due to the fact that
the antibacterial properties of Ag/PVA nano-materials is mainly related to the distribution of Ag nanoparticles [22]. The solution concentration determines
the number of Ag nano-particles, the electric field
voltage determines the diameter of the fiber structure,
and the injection speed is related to the uniformity of
the fiber structure. Therefore, the three will lead to
the dispersion of Ag nano-particles in the fiber system. According to the results of response surface,
Ag/PVA nano-materials with better antibacterial
properties can be obtained when the solution concentration is 6%, the electric field voltage is 16V, and
the injection speed is 0.020 mL·min-1.

Response Surface Analysis of Antibacterial
Properties of Ag/PVA Nano-materials. In order to
better analyze the influence of solution concentration,
electric field voltage and injection speed on the antibacterial properties of Ag/PVA nano-polymer matrix composites, and further optimize the synthesis
parameters, a three-factor and three-level response
surface analysis model was established, and the results are shown in Table 3. The regression model
equation between each factor and response value is:
R=0.36-0.21A-0.29B+0.15C-0.43AB-0.25AC0.45BC+1.18A2+1.68B2+ 1.26C2. The P value of the
model is 0.0258, which indicates that the regression
model established by this method is significant; the
decision coefficient of the regression model is
0.9858, indicating that the influence of synthesis
conditions on the antibacterial properties of the
nano-materials can be predicted by this model; the P
value of the quadratic term in the model is less than
0.01, so the influence of the three indexes on the antibacterial properties of the nano-materials is extremely significant (P<0.01), which also shows that
there may be interaction between different factors,
not a single linear relationship [21]; the influence of
each factor on the response value can be evaluated
by the F value in the variance analysis, the greater
the F value, the more significant the influence on the
response value, so the order of influence of the selected factors on the test accuracy is: electric field
voltage (B) > solution concentration (A) > injection
speed (C). In order to further analyze the interaction
between factors, contour map and response surface
are obtained as shown in Figure 2.
Contour is the horizontal projection of the response surface. The interaction between factors can
be observed through the contour projection. When
the contour shape changes from circular to oval,
there is interaction between factors, and the interaction tends to be significant as the long axis of oval
increases. The response surface results in Figure 2b
show that the slope in the direction of axis A is
smoother than that in the direction of axis B, indicating that the influence of electric field voltage on the
antibacterial properties of Ag/PVA nano-materials is
greater than that of solution concentration. The response surface results in Figure 3d show that the
slope of axis C is smoother than that of axis A, which
also shows that the influence of solution concentration on the antibacterial properties of Ag/PVA nanomaterials is greater than the injection speed. Further
comparing BC two factors, it can be seen from Figure 3f that compared with injection speed, electric

CONCLUSION
In this paper, electrostatic spinning technology
is applied to the preparation of antibacterial materials. Ag/PVA nano-fiber materials are prepared by
combining Ag nano-particles with PVA nano-fiber
materials, and the antibacterial properties of
Ag/PVA nano-fiber materials are systematically
studied. The three factors that have important influence on antibacterial properties, namely solution
concentration, electric field voltage and injection
speed, are screened respectively, and the change
rules of antibacterial properties of Ag/PVA nano-fiber materials prepared under different conditions are
investigated. The results show that the solution concentration, electric field voltage and injection speed
on the antibacterial properties of Ag/PVA nano-fiber
materials follow the following rules: electric field
voltage (B) > solution concentration (A) > injection
speed (C). When the solution concentration is 6%,
electric field voltage is 16V, and injection speed is
0.020 mL·min-1, Ag/PVA nano-materials with better
antibacterial properties can be obtained by sol-gel
method, and no obvious colony growth is found after
colony culture.
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TABLE 2
Factors and levels of Box-Beheken test in antibacterial properties
Num.

Ag concentration/%

Voltage/V

Injection speed/mL·min-1

-1

5

14

0.015

0

6

16

0.020

1

7

18

0.025

a.AB interactive influence contour map

b. AB interaction impact response surface

c.AC interactive influence contour map

d. AC interaction impact response surface

e.BC interactive influence contour map

f. BC interaction impact response surface

FIGURE 2
Contour map and response surface of the influence of interaction between factors on antibacterial properties of composites
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Source
Model
A-A
B-B
C-C
AB
AC
BC
A^2
B^2
C^2
Residual
Lack of Fit
Pure Error
Cor Total
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TABLE 3
Response surface variance analysis of antibacterial properties of materials
df
Mean Square
F Value
p-value Prob > F
Sum of Squares
30.2255
9
3.358389
54.10523
< 0.0001
0.36125
1
0.36125
5.819908
0.0466
0.66125
1
0.66125
10.65305
0.0138
0.18
1
0.18
2.899885
0.1324
0.7225
1
0.7225
11.63982
0.0113
0.25
1
0.25
4.027618
0.0848
0.81
1
0.81
13.04948
0.0086
5.887605
1
5.887605
94.8521
< 0.0001
11.91918
1
11.91918
192.0237
< 0.0001
6.658132
1
6.658132
107.2656
< 0.0001
0.4345
7
0.062071
0.3825
3
0.1275
9.807692
0.0258
0.052
4
0.013
30.66
16
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ABSTRACT

INTRODUCTION

With the rapid development of society and
economy, the natural environment has gradually deteriorated, and it is imperative to propose and develop the concept of green ecology. Facing the gradual promotion of ecological concepts worldwide, the
discussion of the physical education teaching model
of colleges and universities in the Internet environment based on the principles of constructing ecological sports has gradually become the focus of research and discussion in academic circles at home
and abroad. Starting from the concept of ecological
sports and focusing on the macro perspective, this
study believes that the teaching model of physical
education is not only a decisive indicator of the effectiveness of physical education curriculum, but
also a standardized process of development under
the guidance of physical education ideology. It aims
to achieve the established learning goals. Only by
adopting the correct model of physical education, we
can improve the quality and effect of physical education, ensure that the development of physical education curriculum is not hindered, and finally realize
a new, dynamic and sustainable ecological sports
system. Implementing the guiding principles of
"health first" and "eco-sports" and checking the
physical education teaching model of colleges and
universities in the Internet environment is an important way to improve the comprehensive literacy
of talents in our country, build a healthy living environment, and continuously strengthen the country's
comprehensive strength. The study analyzes the
physical education teaching model and its evolution
trend in colleges and universities under the Internet
environment based on ecological sports, which has
good research value and practical significance.

As for the physical education teaching model,
the definition at home and abroad is as follows: relevant organizations, such as colleges and universities, establish standardized procedures based on the
students' physical exercise goals in order to achieve
the prescribed learning goals and promote the
healthy and sustainable development of students'
physical fitness [1-3]. The physical education teaching model includes a scientific and reasonable physical education process structure and a physical education teaching method system. The structural elements of the physical education teaching model are
shown in Figure 1 below, and the physical education
teaching model classification system is shown in
Figure 2. As a key research content in the sports
world, the physical education teaching model began
in 1970 [4-5]. A definition of "learning mode" was
proposed in the book "Learning Mode", which is a
plan and a paradigm that combines learning materials and controls learning activities by combining
courses [6-7]. Then, some teachers in China began
to study learning models and determine the value of
learning models [8-10]. In these definitions, it can be
divided into two categories: First, the training system belongs to the category of the learning process,
which refers to a more stable teaching mode that
must be followed during the learning process according to objective teaching rules and specific training
guidelines. The strategic system of the training process and implementation method is another type. It
believes that the training mode belongs to the category of training structure. This is a more typical and
stable training plan, which is created under the guidance of certain teaching ideas. Regardless of whether
the above studies determine the training mode from
the perspective of the learning process or the structure of training, or from the perspective of systems
science, their general point is: use the training mode
as a bridge, combine theory with practice, and simplify complex learning process for practical training
programs [11].

KEYWORDS:
Internet environment, ecological sports, colleges and universities, teaching mode, healthy life
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FIGURE 1
Structural elements of the physical education model.
Ecological sports teaching mode refers to the
flexible and changeable teaching methods according
to different seasons and changes in the climate and
environment, which greatly improves the organic
contact between people and the natural ecology, and
achieves physical and mental dual exercise. The ecological physical education teaching model not only
enables students to draw on the spiritual power of
nature, but also tempers their confidence and courage, and ultimately effectively improves students'
ability to adapt to the ecological environment and
their ability to survive. The ecological sports teaching model has five characteristics: First, it has universal characteristics [12-13]. The physical education teaching mode reflects some teaching ideas and
teaching theories in the learning process. It covers
the purpose, content, procedures, nature, and relationships of many factors. For example: method, not
only represents a teaching method or a simple combination of several teaching methods, but also represents the structure of the educational process, and reflects the relationship between teaching ideas, methods, conditions and assessment. The general characteristics of the teaching model are obvious [14]. The
second is related features. Each type of training is
based on specific learning ideas and theories, and has
its own specific goals, conditions and areas. The
third is performance. The training mode is not an
empty theory, but a special program that is easy to
use, because physical exercise is carried out at certain stages, and physical education is a simplified
training program with practical sexual behavior. The
fourth is the practical characteristics: the physical
education model is a theoretical implementation plan,
which elaborates the theoretical basis and the most
important implementation points, defines the training plan, and forms a relatively stable structure of the
learning process and teaching method system. Fifth,
excellent characteristics can only achieve sustainable development if they have excellent learning effects and can be recognized and used by most physical education teachers [15].

In the early 1990s, some scientists in China began to study the teaching model of physical education based on the research results of physical education models in foreign academic circles. In recent
years, colleges and universities have proposed sports
health and lifelong sports teaching guidelines related
to the development and reform of higher education
sports [3, 16]. According to the content and goals of
college physical education, some college physical
education teachers are using some new college physical education models and applying them to college
physical education to change the traditional physical
education model. Through the introduction of advanced models and experience at home and abroad,
it has played an active role in physical education in
Chinese universities and effectively improved the effectiveness of physical education.

MATERIALS AND METHODS
This article studies the physical education
teaching model and its evolution trend in colleges
and universities under the Internet environment
based on the principles of ecological sports. The
main research materials are Internet tools, literature
and books. The research methods used are: (1) literature research method, through the literature search
channels to collect and sort out literature works
based on this research topic at home and abroad, and
lay a theoretical foundation for the follow-up research of the paper; (2) qualitative research method.
Before conducting research, the author first studies
the research elements and related theoretical foundations, such as the elements and levels of the physical
education teaching model, the premise of constructing the physical education teaching model, etc., to
clarify the research points and research clues for subsequent research. Colleges and universities' physical
education teaching model and its evolutionary trend
pave the way, innovate the research structure, and
enhance the value, novelty, and significance of subject research.
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FIGURE 2
Classification system of ecological physical education teaching model.
complementary and interrelated. The first level of
sports thinking includes the theoretical foundation,
functional goals and scope. The second level is the
process of physical exercise. In addition to defining
operational goals and conditions, workflow is more
important. The third layer is the structure of the corresponding teaching method and learning process
system. The training mode is a comprehensive application of multiple teaching methods in physical education. The structure of the education process mainly
includes descriptions of different forms of learning
rules, not just the combination of different elements
in the education process. The fourth layer is the conditions for achieving the sports goals, including
sports equipment and requirements for teachers and
students [19-20].

Elements and levels of physical education
teaching model. The physical education teaching
model is a controlled and open system, which includes teaching concepts, teaching materials, teachers and students, teaching methods, equipment and
structural procedures (Figure 3) [17]. Place each element in a specific situation to study its connections
and changes, make it a part of physical education,
and optimize its combination to make it a scientific
and effective whole. According to the principles of
system science and the conceptual characteristics of
the physical education model, the elements that constitute the physical education model can be divided
into four main parts, the physical education method,
the structure of the physical education system and
the educational process, and the achievement of the
physical education goal [18]. The four levels are

FIGURE 3
Elements of Physical Education Model.
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Prerequisites for Constructing Ecological
Sports Teaching Model. (1) The construction of
physical education teaching model must be a
combination of theory and experience. Physical
training courses are a combination of systematic
methods of developing, organizing and regulating
physical activities, guiding practice with mature theories, and enriching theories with mature experience.
Therefore, when establishing a physical education
teaching model, it is necessary to be guided by physical education theory, the law of students' cognitive
skills, the law of motor skills, the law of physical activity, and the law of emotional experience [21]. We
must follow inductive deduction and subtract the
corresponding process of the form. These actions
can promote the structure of physical education
models and prove their scientificity through experimental learning. Because of this characteristic of the
motion model, it can better serve as a bridge and intermediary between theory and experience, so as to
achieve efficient learning effects.

Fresenius Environmental Bulletin

(1) Physical Education Teaching Mode of
Colleges and Universities in Internet Environment: "Parallel" Physical Education Teaching
Mode. The characteristics of this training method,
from the perspective of sports guiding principles,
should pay attention to mobilizing the enthusiasm of
students for physical exercise, which helps the development of students' physical ability, and attaches
great importance to individual differences and training according to their ability [18- 19]. Its advantage
is that it attracts different attitudes to students with
different sports foundations and teaches according to
their skills, which can meet the needs of students of
different sports levels, thereby helping to motivate
students [24].
(2) Physical Education Teaching Mode of
Colleges and Universities in the Internet Environment: "Three Stages" Physical Education Teaching Mode. The characteristics of this method of
physical education are as follows: From the main
point of view of physical education, students' physical education funds are raised, physical skills are developed, and their habits of physical exercise are developed. The organization of training includes dividing the university's physical education curriculum
into three parts: the first basic course, the second special course, and the third elective course [14, 25].
Their advantage lies not only in laying a good foundation for students 'physical exercise, but also in cultivating students' physical ability and habits.

(2) The construction of physical education
teaching mode should be operable and relatively
stable. In order to facilitate teachers' work, the structured physical education teaching model should ensure that the physical education content and the
structure of the educational process have operability
and stability characteristics. With a scientific and
feasible teaching method system, the physical education teaching process will be more efficient [2223]. If the applied physical education teaching model
is to be widely promoted throughout the country, the
requirements for operability and stability of the
physical education teaching model will also increase,
depending on the application.

(3) Physical Education Teaching Model of
Colleges and Universities in the Internet Environment: "Club-type" Physical Education Teaching
Model. The characteristics of this kind of sports are
as follows: from the perspective of sports ideology,
it focuses on developing students' sports interests
and improving their sports abilities. The training organization includes the provision of first- and second-class special elective courses. Training is in the
form of a sports club. The advantage of this training
method is that it can make full use of the students'
subjective initiative [26]. Because the sports club
system can take into account the interests of students
and their sports abilities, it helps to mobilize students
'sports awareness and enthusiasm, which helps to
improve students' sports skills.

RESULTS
Main Physical Education Teaching Modes of
Colleges and Universities in the Internet Environment. At present, the basic status of the physical education model of ordinary schools in China is shown
in Table 1.

TABLE 1
Basic status of physical education teaching mode in ordinary colleges and universities in China
Sports
HierarTwoInteThreeThreeClub
Parallel
superchical
level
grated
base
stage
/
type
type
market
type
type
type
type
type
N
0
2
2
2
4
1
5
4
%
0
10
10
10
20
5
25
20
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FIGURE 4
The evolution of physical education teaching mode in colleges and universities under the Internet
environment.
not help stimulate students' interest in sports and the
ability to exercise independently [9, 15]. Therefore,
when evaluating the impact of physical education,
we must not only evaluate the effects of improving
physiological functions from a biological perspective, but also comprehensively evaluate the benefits
of physical education from a psychological and social perspective. The three-dimensional comprehensive assessment of sports reflects the fact that sports
is a multifunctional and multipurpose system. From
the perspective of three-dimensional comprehensive
evaluation, the effect of physical education is not
only the biological transformation of the student's
body, but also the transformation of the comprehensive effects of three aspects of physiology, psychology and society.

Evolvement Trend of Physical Education
Teaching Mode in Colleges and Universities in the
Internet Environment. At present, most of the
physical education teaching modes are traditional biological teaching modes, but it turns out that the old
teaching modes obviously cannot adapt to the development of teaching in the Internet environment, nor
can it achieve the goal of completing school physical
education teaching faster and better. Therefore, it is
necessary to diversify physical education teaching
models and organically combine multiple teaching
methods in order to complete teaching tasks more effectively. The evolution trend of physical education
teaching mode in colleges and universities under the
Internet environment is shown in Figure 4.
(1) Development to Active Learning. The traditional PE teaching model is centered on teachers.
Students are always in a state of passive learning. In
order to enhance students' understanding of problems, physical education teachers should often ask
questions in the classroom, encourage students to
ask questions, and allow students to take action to
learn how to learn, that is, actively ask questions,
continuously develop problems, and then think independently, learn independently, and create self-actualization, to achieve the ability to master sports skills
to the required level. The modern physical education
model requires students to be able to learn independently.

(3) Development towards a lifelong sports
model. With the passage of time, physical education
in China has paid more and more attention to the biological transformation of students' bodies and the
physiological regulation achieved. Therefore, modern physical education critically absorbs historical
experience and emphasizes the development of students' physical ability. First, students are required to
build sports interests to achieve the development of
lifelong sports. At the moment, only students who
are interested in sports will carry out sports activities
in daily life. Those students who are not interested in
sports will have their attitude towards sports as a
goal, which will have a particularly adverse effect on
students' physical and mental health. Therefore, relevant organizations should help students develop
physical exercise habits and hobbies, so that students
develop habits of lifelong sports, which is also one
of the current sports work plans of many universities.

(2) Development towards a mental model. In
the old biology teaching model, physical exercise
was used as an objective indicator of physical exercise, and the students' various psychological factors
were never fully considered. It does not take into account changes in the laws of mental activity and does
not consider the student's psychological stress and
psychological barriers. It is believed that this does

(4) Development of student participation
models. In the old teaching model, teachers were
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managers and students were managed objects. The
student participation model refers to the participation of students in the management of the educational process in order to enhance their organizational ability, cultivate their awareness and further
enhance their motor skills. That is, students are involved in a sense of commitment to teaching and
learning. Under the leadership of sharing exchange
ideas, let students take the initiative to participate in
exercises and interpersonal interactions, actively
think and generate a desire for active learning, so that
each student actively participates in physical education. Teachers need to know when students are involved, choose what is appropriate for student participation, and each teaching session should be carefully designed to enable students to participate as
much as possible. At the same time, attention should
be paid to multi-level learning [17, 26-27]. Opportunities for participation of different students should
vary from person to person in order to consider both
integrity and level at the same time, so as to
strengthen their sense of participation. In order to
cultivate students 'awareness of participation, attention should also be paid to enhancing students'
awareness of collaboration, that is, students should
cultivate awareness of actively seeking partners for
training and joint investigation of issues. The continuous communication and cooperation, language,
emotions and thoughts communicate with each other
and respect each other helps students to continuously
enhance their organizational and communication
skills.
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(2) The research of ecological sports teaching
model in colleges and universities has the characteristics of cutting-edge, high-end, sustainable and systematic. College physical education is currently in a
state of coexistence of multiple physical education
models. The use of club-based ecological sports education mode for training can greatly enhance the
sports consciousness of college students and the
habit of regular physical exercise, and also enhance
the enthusiasm of students in physical exercise, so
that they can maintain physical exercise habits. The
system development of ecological sports teaching
should have the principles of development, openness,
and pluralism. Finally, it can realize the harmonious
unity between "people-natural ecology-sports", and
provide reliable support for the construction of the
overall ecological teaching system in colleges.
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Guangxi. It is a kind of authentic wild woody vegetable, which grows in the gap between the dense forest of river valley or stone crevices. From March to
August every year, people pick its tender stems and
leaves to make soup, fry or pickle. It has a fresh and
refreshing taste, and it has been loved by the people
all the time. Malillana not only can eat, but also has
rich nutrients and active chemicals, It also has high
medicinal value and is used to prevent cardiovascular and cerebrovascular diseases, diabetes, hypertension and so on [3]. The content of amino acids, main
active substances and mineral elements in the fresh
stems, leaves and fruits of the Champereia malillana
collected from the karst area of Guangxi Province
were determined, and evaluated, in order to find out
the most nutritious parts for more valuable development and utilization.

ABSTRACT
The content of amino acids, main active substances and mineral elements in stems, leaves and
fruits of the Champereia manillana, a traditional
Chinese medicine and edible plant in karst area of
Guangxi Province, were determined according to the
national standards for the determination of its nutritional components, and the most nutritious part was
found through comparative evaluation. The results
showed that the nutritional value of the young leaves
was the highest among the stems, leaves and fruits.
The contents of Asp, Glu, Gly and Ala in the young
leaves were 0.55, 1.00, 0.32 and 0.35 g/100 g, respectively. The total amount of the fresh amino acids
accounted for 38% of the total amino acids,the origin
of the delicious taste of the characteristic wild vegetables was verified. In addition, the young leaves had
the characteristics of high potassium and low sodium,
and the potassium content was about 4 times of the
sodium content, The crude protein content is 9.33
g/100 g, which is 11.24, 6.57, 3.73, 2.97, 3.08 and
5.94 times of lettuce, mustard, cabbage, sweet potato
leaf, wolfberry leaf and pumpkin seedling. It is a rare
forest woody vegetable with high nutrition.

MATERIALS AND METHODS
Materials and instruments. Materials: Fresh
young stems, leaves and fruits of the Champereia
malillana were collected from Chongzuo, China in
April 2019, as shown in Figure 1.
Instruments: Automatic Kjeldahl nitrogen analyzer (Jinan Haineng), L-8900 amino acid analyzer,
electronic balance (Mettler), high-speed freezing
centrifuge (Hitachi, Japan), high performance liquid
chromatography system (waters, USA), double
beam scanning ultraviolet visible spectrophotometer
(thermoelectricity, USA), x7series plasma mass
spectrometer (thermoelectricity, USA),Tu-1810 ultraviolet visible spectrophotometer (Beijing spectral
analysis), etc.

KEYWORDS:
Champereia manillana BL., Stems, Leaves and fruits, Nutritional components, Nutritional evaluation

INTRODUCTION
The Champereia malillana BL. is a shrub or
small evergreen tree of Champereia Griff. family
(Opiliaceae), named for rooting on the stems [1]. It
is mainly distributed in the tropics, south subtropics
and central subtropics, and vertically distributed in
the altitude of 800-1700m, mixed in the evergreen
broad-leaved forest [2]. China is mainly distributed
in the southeast of Yunnan and the southwest of

Detection method and data processing. Determination of nutrients. The amino acid content
was determined by Hitachi L-8900 automatic amino
acid analyzer (Hitachi, Japan) (GB/T 5009.1242016). Total sugar was determined by phenol sulfate
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FIGURE 1
The stem, leaf and fruit of the Champereia malillana
compared, aai is the content of some essential amino
acids per gram of nitrogen in the sample protein
(mg/g N); AAI is the content of the same essential
amino acids in the egg protein (mg/g N).

method (GB 5009.8-2016), crude protein by
Kjeldahl method (GB 5009.5-2016), crude fat by
Soxhlet extraction method (GB T5009.6-2016),
crude fiber and ash by weight method (GB/T 83102013, GB5009.4-2016), and vitamin C by HPLC
method (GB/T 5009.86-2016). K, Ca, Mg, Na, Fe,
Mn, Cu, Zn, P and Se were determined by inductively coupled plasma mass spectrometry (ICP-MS)
(GB 5009.268-2016).

RESULTS AND DISCUSSION
Amino acid composition and content. About
17 amino acids were detected, and the results are
shown in Table 1. The comparison of amino acid
content with common vegetables is in Table 2.
It can be seen from Table 1 that the contents of various amino acids in the young stems, leaves and fruits
of the malillana are different. In terms of the total
amount of amino acids, leaves>fruits>young stems
(P<0.05). Except for Asp, Pro, Met and Arg, the contents of other amino acids in the leaves are significantly higher than those in the other two parts. In the
three parts, the content of Glu is the highest, then Asp
and Met are the least. In medicine, Glu is mainly
used in the treatment of hepatic coma, but also to improve the intellectual development of children. Asp
can regulate the metabolism function of brain and
nerve, and it is used in the treatment of heart disease,
liver disease and hypertension. It has the function of
preventing and recovering fatigue. It can make ammonia antidote, liver function promoter and fatigue
recovery agent. In food industry, monosodium glutamate

Evaluation of amino acid nutritional value.
The amino acid score (AAS), chemical score (CS)
and essential amino acid index (EAAI) were calculated according to the amino acid scoring standard
mode proposed by FAO/WHO (1973) and the amino
acid mode of whole egg protein; the branch / aromatic value (F value) of amino acid was calculated
according to Brett method [4].
AAS = content of certain amino acids per gram
of nitrogen in the test sample (mg/g N) / content of
the same amino acids in the FAO scoring mode
(mg/g N)
CS = content of certain amino acids per gram
of nitrogen in the test sample (mg/g N) / content of
the same amino acids in egg mode (mg/g N)
Val + Leu + Ile
=ܨ
Phe + Tyr
aai 1/ n
u100
AAi
In this formula, n is the number of amino acids
EAAI



n

i 1
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TABLE 1
Amino acid content of stems, leaves and fruits of the manillana
Amino Acid (g/100 g)
Stems
Leaves
Aspᶭ
0.49f0.033a
0.55f0.037b
Thrƿ
0.12f0.008a
0.24f0.016b
Ser
0.14f0.009a
0.25f0.017b
Gluᶭ
0.67f0.042a
1.00f0.063c
Pro
0.14f0.009a
0.23f0.015b
Glyᶭ
0.15f0.010a
0.32f0.021c
Alaᶭ
0.20f0.014a
0.35f0.024b
Cys
0.07f0.005a
0.16f0.011b
Valƿ
0.18f0.011a
0.35f0.022c
Metƿ
0.02f0.001a
0.09f0.005b
Ileƿ
0.12f0.007a
0.27f0.016c
Leuƿ
0.21f0.012a
0.47f0.028c
Tyr
0.09f0.005a
0.21f0.012b
Pheƿ
0.13f0.007a
0.31f0.018c
Lysƿ
0.26f0.015a
0.53f0.030c
HisŸ
0.09f0.005a
0.14f0.008b
ArgŸ
0.18f0.010a
0.36f0.019b
TAA
3.26f0.231a
5.83f0.414c
EAA
1.04f0.055a
2.26f0.120c
HEAA
0.27f0.015a
0.50f0.027b
NEAA
1.95f0.101a
3.07f0.160c
DAA
1.51f0.077a
2.22f0.113c
DAA/TAA
0.46f0.023b
0.38f0.019a
EAA/TAA
0.32f0.020a
0.39f0.024a
EAA/NEAA
0.53f0.033a
0.74f0.046c
F
2.32f0.141b
2.10f0.128a

Fruits
0.60f0.041b
0.16f0.011a
0.19f0.013a
0.89f0.056b
0.20f0.013b
0.22f0.014b
0.27f0.019a
0.09f0.006a
0.27f0.017b
0.07f0.004b
0.19f0.011b
0.34f0.020b
0.10f0.006a
0.23f0.013b
0.37f0.021b
0.11f0.006a
0.33f0.018b
4.63f0.329b
1.63f0.086b
0.44f0.024b
2.56f0.133b
1.98f0.101b
0.43f0.021b
0.35f0.022a
0.64f0.039b
2.42f0.148b

Note: Ⴄ: fresh amino acids, ყ: essential amino acids, Ⴃ: semi essential amino acids

is a common food freshener, the main component is
sodium glutamate [5]. Asp is a good nutritional supplement, which is added to all kinds of cool drinks.
The content of these is high, which indicates that the
malillana can be used as a cool wild vegetable as a
substitute of salt to prevent diseases caused by high
salt diet. In addition, the F value of amino acids in
the three parts of the malillana is more than 2.0, the
normal F value of human body is 3-3.5, and when
the liver is damaged, it is reduced to 1.0-1.5. The
high branch, low aromatic amino acids and their
mixtures have liver protective effects, the lower F
value, the more significant it is to reduce liver cirrhosis, hepatitis and liver damage. And the comprehensive expression of F value is leaves< stems <
fruits.
It can be seen from Table 2 that the total amount
of amino acids in the malillana is significantly
higher than that in common vegetables, among
which the total amount of amino acids in tender
leaves is 5.83 g/100 g, which are 2.07, 2.70, 3.33,
3.76, 3.88, 2.87, 3.31, 4.07, 4.77, 8.32, 5.77 times of
the sweet potato, fennel, chrysanthemum coronarium, garric bolt, Tona sinensis bud, spinach, leek,

water spinach, Chinese cabbage, celery and cabbage
[6].
Evaluation of amino acid nutritional value. The
nutritional value of food proteins largely depends on
the amount and proportion of essential amino acids
they provide for the synthesis of nitrogen-containing
compounds in the body [7]. Compared with the
amino acid patterns of FAO/WHO and egg protein,
it was found that the content of essential amino acids
in the young leaves of the malillana was similar to
that of FAO/WHO, but lower than that of egg. The
overall performance was egg pattern>leaves ุ
FAO/WHO pattern>fruits>stems. From the score
data, we can see the essential ammonia in the young
leaves of the malillana except Thr, the AAS of the
base acid is greater than 1, the CS value is greater
than 0.8, and the comprehensive score is leaves >
fruits > stems. In addition, the AAS and CS of essential amino acids in the leaves of the malillana are the
least of Met + Cys, following is Thr, so they are the
first and second limiting amino acids in the leaves of
the malillana, and the EAAI is 86.41.
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TABLE 2
Comparison of total amino acids in the leaves of the manillana and common vegetables (g/100 g)
Category
Total amino acids
Category
Total amino acids
Sweet Potato
2.81
Water Spinach
1.43
Fennel
2.16
Chinese Cabbage
1.22
Chrysanthemum Coro1.75
Celery
0.70
narium
Garlic Bolt
1.55
Cabbage
1.01
Toona Sinensis Bud
1.50
Stems of the Champereia
3.26
Spinach
2.03
Leaves of the Champereia
5.83
Leek
1.76
Fruits of the Champereia
4.63
TABLE 3
Comparison of essential amino acids in leaves of the manillana with FAO/WHO mode and
egg pattern (mg/g N)
Essential amino acid
Stem
Leaf
Fruit
FAO/WHO
Egg mode
AAS
CS
AAS
CS
AAS
CS
(mg/g N)
(mg/g N)
Thr
0.48
0.41
0.96
0.82
0.64
0.55
250
292
Val
0.58
0.44
1.13
0.85
0.87
0.66
310
411
Ile
0.48
0.36
1.08
0.82
0.76
0.57
250
331
Leu
0.48
0.39
1.07
0.88
0.77
0.64
440
534
Tyr+Phe
0.58
0.39
1.37
0.92
0.87
0.58
380
565
Met+Cys
0.41
0.23
1.14
0.65
0.73
0.41
220
386
Lys
0.76
0.59
1.56
1.20
1.09
0.84
340
441
Total
3.77
2.82
8.30
6.14
5.73
4.25
2190
2960
EAAI
39.00
86.41
59.60
According to the FAO/WHO recommendation
model, 40% of the total amino acids are essential
amino acids, the ratio of essential amino acids to non
essential amino acids is more than 60%, which is
high-quality protein. While 39% and 74% of the two
data in the young leaves of the malillana are close to
the index. At the same time, the AAS of most essential amino acids in the young leaves was close to 1,
and CS was greater than 0.8. It is worth noting that
the score of Tyr + Phe in the young leaves of the malillana is relatively high. Tyr can be used as a nutritional supplement for the treatment of myelitis, tuberculoencephalitis, hyperthyroidism and other diseases, as well as for the manufacture of L-dopa diiodine tyrosine. After the reaction of amino carbonyl
with carbohydrates, special flavor compounds can be
formed. Phe can improve the flexibility and vitality
of the body, which shows that the malillana has high
nutritional value (Table 3).

Lycium and Pumpkin seedlings respectively; the
crude fat content is 4.24, 6.55, 4.50, 9.00, 0.57, 10.29
times of the Lettuce, Mustard, Water spinach, Sweet
potato, Lycium and Pumpkin seedlings respectively.
The content of vitamin C was 6.32, 1.95, 6.65, 6.70,
3.30 and 4.87 times of the Lettuce, Mustard, Water
spinach, Sweet potato, Lycium and Pumpkin seedlings respectively(Table 4). It can be seen that the
content of total sugar, total acid and crude fat in the
three parts of stems, leaves and fruits were the highest, the content of vitamin A or C and crude protein
were the highest in the young leaves, and the content
of crude fiber and carbohydrate is the highest in the
young stems(Table 5). In this study, the content of
crude fat in the tender leaves of the malillana (0.72
g/100 g) was lower than that in the leaves of Lycium
(1.27 g/100 g), but higher than that in the other five
vegetables. The content of these main nutrients of the
malillana is higher than that of common vegetables,
which may be related to its special environment or
species.

Composition and content of main nutrients
and active substances. The content of vitamin,
crude fiber and crude protein in the stems, leaves and
fruits of the malillana and the comparison with the
content of common vegetables.
The content of most active substances in young
leaves of the malillana is higher than that of common
vegetables, in which the crude protein content is
11.24, 6.57, 3.73, 2.97, 3.08 and 5.94 times of the
Lettuce, Mustard, Water spinach, Sweet potato,

Mineral element content. The detection results of the main mineral elements in the stems,
leaves and fruits of the malillana and the comparison
with the mineral elements in common vegetables are
Table 6 and Table 7.
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TABLE 4
Comparison of the content of main active substances in leaves of the manillana and common vegetables
Active substances
Leaves of
Lettuce Mustard
Water
Sweet Po- Lycium Pumpkin
the ChamSpinach
tato
Seedpereia
lings
Water content (g/100
83.7
96.0
96.0
94.5
93.1
90.3
96.5
g)
Ash content (g/100
2.31
0.75
0.72
0.88
1.10
1.20
0.86
g)
Vitamin C (mg/100
79.3
12.54
40.66
11.92
11.83
24.01
16.29
g)
Crude protein (g/100
9.33
0.83
1.42
2.50
3.14
3.03
1.57
g)
Crude fiber (g/100
2.89
2.83
2.00
4.08
3.99
5.27
2.95
g)
Crude fat (g/100 g)
0.72
0.17
0.11
0.16
0.08
1.27
0.07
TABLE 5
Content of main active substances in stems, leaves and fruit sof the manillana.
Active substances
Stems
Leaves

Fruits

Water content (g/100 g)
Ash content (g/100 g)
Total sugar (g/100 g)
Total acid (g/Kg) (Calculated by citric acid)
Carbohydrate (g/100 g)
Vitamin A (ȝg/100 g)
Vitamin C (mg/100 g)
Crude protein (g/100 g)
Crude fiber (g/100 g)

69.4f4.65a
2.49f0.14b
0.53f0.03a
0.62f0.03a
22.2f1.42b
3.64f0.22b
13.4f0.83a
5.29f0.31a
14.8f0.9b

83.7f5.61b
2.31f0.13b
0.4f0.02a
0
3.94f0.25a
4.01f0.24b
79.3f4.92b
9.33f0.55c
2.89f0.18a

86.9f5.82b
1.28f0.07a
2.36f0.13b
4.85f0.26b
3.94f0.25a
1.04f0.06a
74.7f4.63b
6.7f0.4b
3.31f0.2a

Crude fat (g/100 g)

0.61f0.03a

0.72f0.04a

1.18f0.06b

It can be seen that the tender leaves of the malillana are rich in many kinds of mineral elements,
and the contents of K, Ca, P and Na are relatively
high (Table 6), reaching at 563, 426, 174 and 141
mg/100 g respectively; the contents of Na, Ca, Fe,
Zn and P are much higher than those of the Lettuce,
Mustard, Water spinach,
Sweet potato, Lycium and Pumpkin seedlings.
It is worth noting that the tender leaves have the

Elements
K
Na
Ca
Cu
Fe
Mn
Zn
P

characteristics of high K and low Na. The K content
is about 4 times of the Na content. K can promote the
kidney to excrete more sodium, thus buffering the
side effects of sodium salt on hypertension. And the
research also found that the food with high K and
low Na has the effect of detumescence and diuresis,
which is not only effective to alleviate the panda's
eyes and swollen eyes, which often appear late at
night, but also the food with high K and low Na is

TABLE 6
Contents of mineral elements in leaves of the manillana (mg/100 g)
Leaves of the
LetMusWater
Sweet PoLeaf of the
Champereia
tuce
tard
Spinach
tato
Lycium
563
22.8
222
323
249
412
141
11.4
31.2
8.8
27.2
23.5
426
31.6
174
39.6
48.8
146
55
4.15
8.72
1.75
11.3
12.5
121
0.49
0.80
0.70
1.17
2.22
65.4
67.9
15.8
39.3
82.4
56.0
130
0.22
0.24
0.11
0.43
0.44
174
20
25
47
32
31
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Pumpkin Seedlings
316
3.23
34.6
9.21
1.64
40.9
0.42
37
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TABLE 7
Content of mineral elements in stems, leaves and fruits of the manillana
Elements
K
Na
Ca
Mg
Cu
Fe
Mn
Zn
P
Se

Stems
586f29.3a
342f13.68c
548f32.88c
126f8.82b
39.6f1.98a
139f11.12b
65.4f4.58b
50f2.25a
73.1f3.44a
0.1f0.005a

Leaves
563f28.15a
141f5.64a
426f25.56b
154f10.78c
55f2.75b
121f9.68b
65.4f4.57b
130f5.85c
174f8.18c
0.27f0.013c

a very good regular diet for three high diseases,
which can reduce blood pressure, help prevent complications, and appropriately eat more food with K
has the protective effect on cerebral blood vessels [8].
It can be seen that the content of Ca, Mg, Fe and Mg
in the stems and leaves is significantly higher than
that in the fruits(Table 7). The content of K and Na
in the tender stem is the highest, but three locations
all have the characteristics of high K and low Na.
The content of Cu, Zn, P and Se in the stems is the
lowest, and the content in the leaves is the highest.
Se is the main component of antioxidants in body, so
it will greatly improve the anti-cancer ability of body
and its own immunity. It is an essential trace element
of body [9]. The Se content in the leaves of the malillana is higher than that in the stems and fruits.
The malillana is a kind of multi-functional
healthy forest characteristic wild vegetable with high
content of crude protein, crude fiber and crude fat,
rich in various amino acids including 7 kinds of essential amino acids and various mineral elements. It
is delicious and has both food and drug value, which
has a good development prospect.
The flavor of food mainly depends on the content of free amino acids with fresh taste [10]. Therefore, it is generally believed that the content of free
amino acids can be used as an evaluation index or an
important influence index of food freshness [11, 12].
Yoshie et al. [13] pointed out that the higher the content of free amino acids and the more delicious
amino acids, such as Ala, Asp, Gly and Glu, the more
delicious and sweet they are. The results showed that
the content of Asp, Glu, Gly and Ala were 0.55, 1.00,
0.32 and 0.35 g/100g respectively, which accounted
for 38% of the total amino acids. This result verified
the origin of its delicious taste as a characteristic
wild vegetable. In addition, the content of Glu and
Asp is high in the data of amino acid content. It can
be used as a cool wild vegetable instead of salt to
prevent heart disease, liver disease, hypertension and
other high-risk diseases. The total amount of amino
acids in the young leaves of the malillana is 5.83
g/100g, which is 2.07, 2.70, 3.33, 3.76, 3.88, 2.87,
3.31, 4.07, 4.77, 8.32, 5.77 times of that in Sweet Potato, Fennel, Chrysanthemum Coronarium, Garlic

Fruits
545f27.25a
262f10.48b
45.7f2.75a
45f3.15a
50.8f2.54b
79.6f6.37a
36.4f2.55a
83.2f3.74b
113f5.31b
0.17f0.008b

Bolt, Toona Sinensis Bud, Spinach, Leek, Water
Spinach, Chinese Cabbage, Celery, Cabbage, respectively. It can be seen that its value as a characteristic
wild vegetable of forest is much higher than that of
ordinary vegetables.
At present, people emphasize the development
and utilization of protein resources. Protein is an essential nutrient of human body and the material basis
of life, while vegetable is a protein source that can
not be ignored by human beings. The protein provided for human body accounts for about 8% - 10%
of the actual dietary demand [14]. The crude protein
content in the young leaves of the malillana was
9.33g/100g, which was 11.24, 6.57, 3.73, 2.97, 3.08
and 5.94 times that of the Lettuce, Mustard, Water
spinach, Sweet potato, Lycium and Pumpkin seedlings, and the content of crude fiber, crude fat and
vitamin C were also higher than that of common vegetables.
The essential inorganic elements in human
body include K, Na, Ca, Cu, Mn, Fe and Zn, which
are beneficial to human health. As the essential elements to maintain the acid-base balance inside and
outside the cells, K and Na are mainly involved in
the metabolism of carbohydrate and protein. The
leaves of the malillana have the characteristics of
high K and low Na, which is helpful to the reduction
of high blood pressure to protect the heart.
Through comprehensive comparison, it can be
seen that, as a kind of forest characteristic woody
wild vegetable, the nutritive value of young leaves
of the malillana is the highest among its stems,
leaves and fruits, but its wild resources are very
scarce, its young leaves are rare delicious food materials, and they have certain medicinal value. On the
one hand, it is necessary to strengthen the protection
of wild germplasm resources, prevent over picking,
on the other hand, it can increase its pharmacology,
dosage form and other aspects. Finally, we should increase the progress of artificial breeding, promote directional cultivation, promote the effective development and utilization of resources and local economic
development.
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[6] Jiang, Y.Y., Chen, X.L., Liu Z.H. (2012) Analysis on nutritional component of familiar vegetables in Guangxi province. Food, Nutrition in
China. 18(7), 71-74.
[7] Liu, S.L., Wang, B., Liu, Z.H., Xie, L.P., Jiang,
M.J. (2009) Nutrition analysis, evaluation of
starry flounder Platichthys stellatus. Progress in
Fishery Sciences. 30(6), 18-24.
[8] Ma, J., Sun, B., Xue, S.L., Xia, X., Tian, Y.X.,
Zhang, F., Wang, H. (2016) Analysis of main nutrients,bioactive compounds, antioxidant capacities inpea tip. Food, Machinery. 32(4), 47-51.
[9] Xu, L.L., Xu, Y.M. (2016) Study on trace element selenium, human health. Agricultural
Technology Service. 33(6), 85-86.
[10] Yang, J., Tong H., Jia, L.R. (2002) Principal
Composition Analysis of Sensory, Physiochemical Quality of Fermented Bean Curd. Transactions of the CSAE. 2, 131-135.
[11] Zhu, X.F., Yang, S.Y., Zhang, P.P. (2005) Analysis of free amino acids in glutinous rice wine
brewed by angel rhizopus sp., traditional xiaoqu.
Food Science, Technology. 1, 77-80.
[12] Zheng, P., Su, J.X., Wang, Y.B., Zhou, W., Song,
J.J., Su, Q.M., Reeves-McLaren, N., Guo, S.W.
(2020) A High-Performance Primary Nanosheet
Heterojunction
Cathode
Composed
of
Na0.44MnO2 Tunnels and Layered Na2Mn3O7 for
Na-Ion Batteries. ChemSusChem. 13(7), 17931799.
[13] Yoshie, Y., Suzuki, T., Shirai, T. (1993) Free
amino acids, fatty acid composition in dried nori
of various culture locations, prices. Nippon
Suisan Gakkaishi. 59(10), 1769-1775.
[14] Wu, Z.S., Wang,Y.H. (2005) Analysis of the nutritional components of the young stem, leaf of
the Yunnanopilia longistaminea. Journal of
Plant Resources, Environment. 1, 60-61.

CONCLUSIONS
The content of amino acids, main active substances and mineral elements in stems, leaves and
fruits of the Champereia manillana, a traditional
Chinese medicine and edible plant in karst area of
Guangxi Province, were determined according to the
national standards for the determination of its nutritional components, and the most nutritious part was
found through comparative evaluation. The results
showed that the nutritional value of the young leaves
was the highest among the stems, leaves and fruits.
The contents of Asp, Glu, Gly and Ala in the young
leaves were 0.55, 1.00, 0.32 and 0.35 g/100 g, respectively. The crude protein content is 9.33 g/100 g,
which is 11.24, 6.57, 3.73, 2.97, 3.08 and 5.94 times
of lettuce, mustard, cabbage, sweet potato leaf, wolfberry leaf and pumpkin seedling. It is a rare forest
woody vegetable with high nutrition.

ACKNOWLEDGEMENTS
Thanks for co-first author Chenghao Zhu and
Prof. Wei Xiao Laborious collected test materials in
the field . This work was supported by the Autonomous research project of Guangxi Key Laboratory of
Plant Functional Substances Research and Utilization (ZRJJ2018-9), Guangxi science and technology
foundation and talent project (Gui Ke AD17129022),
Guangxi
natural
science
foundation
(2017JJB130027 and 2020GXNSFAA259029) and
basic business of Guangxi Botanical Research Institute Funds (Gui Zhiye 18013, 18014, 19002) co-financed.

REFERENCES
[1] Qin, H.N., Liu, Y. (2010) A checklist of vascular
plants of Guangxi. Science Press, Beijing.
[2] Yang, C.B. (2008) Experiment on technique for
growing artificial seedlings of urobotrya
latisquema, bionic cultivation. Forest Inventory,
Planning. 33(4), 133-135.
[3] Zhu, C.H., Tang, J.M., Gao, L.M., Zou, R., Shi,
Y.C., Wei, X. (2019) Study on the edible, medicinal value, development status of the Champereia manillana BL. Journal of Guangxi Academy of Sciences. 35(1), 26-30.
[4] Brett, J.R., Groves, T.D.D. (1979) Physiological
Energetic. Fish Physiology. 8, 279-352
[5] Chen, D.K. (1995) On the function of monosodium glutamate. Chemical World. 4, 221-223.

Received:
Accepted:

03.06.2020
08.08.2020

CORRESPONDING AUTHOR
Rong Zou
Guangxi Institue of Botany, Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences,
Guangxi Key Laboratory of Functional
Phytochemicals Research and Utilization,
Guilin 541006 – China
e-mail: weixiao889991@163.com

10566

© by PSP

Volume 29 – No. 12/2020 pages 10567-10574

Fresenius Environmental Bulletin

STUDY ON THE POLYUNSATURATED FATTY ACID
CHANGES IN OVIDUCTUS RANAE
Jingmeng Sun, Zhuoming Wang, Lumei Tong, Weiyu Zhang*
College of Pharmacy, Changchun University of Chinese Medicine, 1035 Boshuo Road, Changchun, Jilin 130117, China

ABSTRACT

INTRODUCTION

The freeze-tolerant Rana chensinensis (R.
chensinensis), is one of few vertebrate organisms
that can tolerate freezing. Physiologically, R.
chensinensis show no signs of muscle movement,
breathing, heartbeat, or brain activity for several
weeks or months at a time but emerge unharmed
upon thawing. Given that R. chensinensis cannot receive polyunsaturated fatty acids (PUFAs) from the
environment during freezing, the involvement of the
level of PUFAs plays a very important role in maintaining cell structure, membrane fluidity and enzyme
activity in response to freezing is of interest. Oviductus Ranae is the fallopian tube of R. chensinensis
female frog, and is the main medicinal part of R.
chensinensis. Because it is not easy to find the R.
chensinensis during the deep hibernation period, we
collected R. chensinensis in five periods from awakening period to diaspora hibernation. Two years of R.
chensinensis were collected, and it was found that
the content of PUFAs in Oviductus Ranae gradually
increased and reached the highest during the diaspora hibernation period. AAH73571.1 is a key enzyme gene for fatty acid desaturase (FAD) in Oviductus Ranae. It’s expression results were consistent
with the results of PUFAs content, showing a gradual
increase pattern, and also reached the highest in the
diaspora hibernation period. The change law of the
PUFAs content in Oviductus Ranae at different
growth stages of R. chensinensis was clarified. It was
confirmed that during the hibernation of R.
chensinensis, in order to ensure that it can survive
the hibernation period, the expression of key FAD
enzyme genes in Oviductus Ranae increased,
thereby increasing the amount of PUFAs synthesis.
The cold-resistance mechanism of R. chensinensis
was explained from the regularity of PUFAs changes
in Oviductus Ranae.

R. chensinensis is a cold-tolerant and variable
temperature vertebrate amphibian [1]. In winter,
Rana chensinensis undergo a hibernation period of
about six months [2]. The main farming area of R.
chensinensis is located in the Changbai Mountain,
Jilin Province, Northeast China [3]. Winters here are
long and cold, and the snow is deep. The average annual temperature is about 3°C, and the extreme minimum temperature can reach -44.1°C. Some of the R.
chensinensis will frostbite or die during hibernation.
Oviductus Ranae is the fallopian tube of R.
chensinensis female frog, and is the medicinal part
of R. chensinensis. Oviductus Ranae contained in the
Chinese Pharmacopoeia. Oviductus Ranae is rich in
nutrients, including essential amino acids, vitamins,
PUFAs, hormones, phospholipids, nucleic acids and
sterols [4]. Oviductus Ranae contains of fatty acids,
of which PUFAs account for 40% of the total fatty
acids [5].
We believe that the biological characteristics
of cold-tolerant animals have high research value.
Because during hibernation, maintaining the fluidity
of the cell membrane in a low-temperature environment ensures that the membrane performs its normal
physiological functions [6]. Fluidity of the cell membrane is closely related to fatty acid composition [7].
PUFA are more fluid than saturated fatty acids [8].
Therefore, in the cell membrane, the level of PUFA
plays a very important role in maintaining cell structure, membrane fluidity and enzyme activity [9]. It
has been reported in the literature that the rainbow
trout's PUFA biosynthesis is significantly higher than
normal temperature at low temperature [10]. The
composition of fatty acids in Tetrahymena thermophila has an important role in the growth, development and reproduction of the body under low temperature conditions [11]. The significant increase in
PUFAs can increase membrane fluidity to compensate for the effects of low temperatures, and is critical to the survival of the Nanorana parkeri during hibernating [12]. The temperature-changing animal or
the constant-temperature animal can adapt to the
change of the external environmental temperature by
adjusting the saturation degree of fatty acids in the
cell membrane, and this adaptive ability is mainly

KEYWORDS:
Rana chensinensis, Polyunsaturated fatty acids, Oviductus
Ranae, Hibernation, Fatty acid desaturase
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achieved through FAD catalysis of fatty acid desaturation [13]. Morais [14] demonstrated the presence
of fatty acid elongase and ǻ-FAD in the marine vertebrate, and found that the low temperature environment will cause the ǻ-FAD gene expression to be
up-regulated, and the PUFA content on the cell membrane will increase significantly to maintain the fluidity of the membrane to adapt to cold water environment. This has been proven in a variety of fish
[15]. Because during the hibernation period, animals
cannot receive PUFA from the environment. Therefore, it is the basis for the selection of this experiment
to explore how the R. chensinensis can safely cross
the hibernation period and its PUFA production
mechanism. We make assumptions that the PUFA
enriched in Oviductus Ranae are due to an increase
in the expression of FAD in vivo under the hibernation period, and thus the synthesis of PUFA is increased. It has an important role in the safe wintering
of R. chensinensis and the study of the pharmacodynamic substances of Oviductus Ranae.

and spinned to dry. KOH-methanol solution was
added, the samples were sealed, heated at 100°C, and
maintained at room temperature. Deionized water
and petroleum ether were added, and the samples
were vortexed and centrifuged. Petroleum ether was
added to the lower solution, and the samples were
vortexed and centrifuged, and the upper layer was
obtained. This process was repeated once and the obtained upper layers were combined. Deionized water
was added, the samples were shaken and centrifuged,
and the lower solution were aspirated. Deionized water was added to the upper layer the samples were
shaken and centrifuged, and the lower solution were
aspirated. The upper layer is washed to a pH of 5.0
to 6.0. Anhydrous sodium sulfate was added to the
upper layer solution, and the mixture was maintained
at room temperature for two hours. The liquid was
tremoved and the samples were dried through centrifugation. Subsequently, n-hexane was added to resuspend and dilute the samples to 1 mL, The samples
were analyzed using gas chromatography.
Gas chromatographic conditions. Gas chromatography(GC) was performed using a
GC7890b(Agilent Technologies, CA, U.S.A.). Chromatographic separation was done by SPTM-2560column (100 m×0.25 mm×0.2 μm, Supelco, U.S.A.).
The relative content of each fatty acid was analyzed
using StatView software in the United States. The internal standard methyl heptadecanoate reference solution. The standard is 37 component fame
mix(Supelco, U.S.A.).

MATERIALS AND METHODS
Animals and treatments. The Oviductus
Ranae was removed from the R. chensinensis, placed
in diethyl pyrocarbonate water treated eppendorf
tubes, and stored in liquid nitrogen. All tissue samples were maintained at í80°C for cryopreservation.
All procedures involving the handling of R.
chensinensis in this study were approved by the Animal Care and Welfare Committee of Changchun
University of Chinese Medicine, Changchun, China.

Determination of collection site and sampling time of Rana chensinensis. In November
2017, we collected third instar (The sexual maturity
time of R. chensinensis is two years. The gonad of a
one-year-old female R. chensinensis is in a bud. A
two-year-old female R. chensinensis can produce an
egg cluster with about 1,300 frog eggs. The threeyear-old female R. chensinensis lays 1800 eggs on
average.), strong and healthy female R. chensinensis
from the Jilin Province, China (i.e., Wangqing,
Huichun, Ji'an, Jingyu, Huadian, Linjiang, Antu, and
Jiaohe) and North Korea. Six samples from each location were obtained to determine the content of
PUFAs in Oviductus Ranae.

Extraction of fatty acids from Oviductus
Ranae. The Oviductus Ranae was weighed and the
following reagents were added: pyrophenol, 0.9%
sodium chloride solution, internal standard methyl
heptadecanoate, methanol, and chloroform. The
samples were homogenized, and placed in a test tube.
After centrifugation, the supernatants were removed
and the lower solution were obtained. Cehloroform
and physiological saline were added, vortexed, centrifuged, and the lower solution were combined.
Cehloroform and normal saline were added, the samples were vortexed, the lower solution were removed,

Period

TABLE 1
Rana chensinensis at different stages of the year
Stage

December to February

Deep hibernation

March to May

Awakening period and spawning period

June to September

Predation growth period after landing

October to December

Diaspora hibernation
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The R. chensinensis samples were collected
from March 2018 to November 2019. Third instar female R. chensinensis were collected. The content of
PUFAs in Oviductus Ranae was continuously measured for two years, and six samples were obtained at
each collection time. The annual growth stages of the
R. chensinensis are shown in Table 1.
From May to August, the metamorphosis period of the young frog is completed. Thus, it is difficult to collect samples. R. chensinensis are not easy
to collect during deep hibernation. Due to climate
differences, the periods of sample collection were
slightly adjusted.
Extraction of RNA from Oviductus Ranae.
The Oviductus Ranae was placed in a pre-cooled
mortar and ground to a powder using liquid nitrogen.
The sample was placed in a 1.5 mL RNA-specific
centrifuge tube. Subsequently, 1 mL of Trizol was
added, and the samples were vortexed and placed on
crushed ice for five minutes to allow complete lysis.
Chloroform ( ȝL ) was added, and the samples
were shaken, and maintained for five minutes on
crushed ice. Subsequently, the samples were centrifuged at 12,000 rpm for 15 minutes at 4°C. The supernatants were obtained, an equal volume of isopropanol was added the samples were mixed through inversion, and maintained on crushed ice for 10
minutes. After centrifugation at 12,000 rpm for 10
minutes at 4°C, the supernatants were discarded and
the RNA was allowed to settle at the bottom of the
tube. Ethanol 75% (1 mL) was added and the precipitate was washed. The samples were centrifuged at
12,000 rpm for five minutes at 4°C and the supernatants were discarded. The samples were allowed to
dry at room temperature or vacuum for 3–5 min. The
RNA samples were dissolved in 20 ȝL of diethyl pyrocarbonate water.

Fresenius Environmental Bulletin

The total concentration and quality of RNA
were measured using a NanoDrop 2000 ultra-micro
UV-visible spectrophotometer (Thermo Scientific,
U.S.A.). The integrity of total RNA was detected
through 1.0% agarose gel electrophoresis. The preparation of the agarose gel was as follows: 0.24g agar,
plus electrophoresis buffer 0.5 ×Tris/Borate/EDTA
20mL, heated to dissolve, and  ȝL of the nucleic
acid dye. The mixture was mixed, and poured into
the electrophoresis plate for gelation. Subsequently,
the rubber plate was placed in the electrophoresis
tank. The first well of the gel was injected with RNA
Marker, followed by the samples. The voltage was
150V, the current was 4 mA, and electrophoresis was
performed for 15min.
Oviductus Ranae total RNA reverse transcription to cDNA. Genomic DNA was extracted
using the SYBR Green method. The reaction system
was prepared as follows: 5×gDNA Eraser Buffer 2.0
μL, gDNA Eraser 1.0 μL, RNA 1.0 μL, and Rnasefree water 6.0 μL. The mixture was incubated at
42°C for two minutes, and stored at 4°C for subsequent use.
The samples were reverse transcribed using the
PrimeScriptTM RT reagent Kit with gDNA EraserPerfect Real Time kit (Code No. RR047A). The reaction system was prepared as follows: Reaction solution 10.0 ȝ/, 5×PrimeScript buffer 2 4.0 ȝ/,
PrimeScriptTM RT Enzyme Mix I 1.0 ȝ/, ȝ/57
primer mixˈand Rnase-free deionized water 4.0 ȝ/.
The total volume waVȝ/. The reaction was performed as follows: 37°C, 15 min; 85°C, five seconds;
4°C. The obtained cDNA was stored at í20°C.

FIGURE 1
The long chain 3-oxoyl CoA reductase gene is involved in the synthesis of PUFAs.
The red-labeled portion is the specific location of the long-chain 3-oxoyl CoA reductase gene expressed during synthesis.
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60°C, 60s; 95°C, 15s.

Fluorescent PCR. In the early stage of the experiment, we performed transcriptome sequencing
on Oviductus Ranae, and searched the key enzyme
genes of PUFA synthesis in Oviductus Ranae
through the generated database and KEGG database.
Final selection of long chain 3-oxoyl CoA reductase
gene ( NCBI : AAH73571.1). Its action position in
the polyunsaturated fatty acid synthesis pathway
map of Oviductus Ranae is shown in Figure 1. Participate in the second step of the reduction reaction
in the fatty acid carbon chain elongation reaction.
That is, ȕ-ketoacyl CoA is reduced to long-chain 3oxoyl CoA.
The identified gene sequences were compared
and analyzed. A conserved region of the amino acid
sequence was found in the fatty acid dehydrogenase
gene. The design of primers for the fatty acid dehydrogenase gene was performed based on the gene
sequence of the conserved region [16]. All primers
were synthesized by Suzhou Jinweizhi Biotechnology Co., Ltd. (Suzhou, Jiangsu Province, China.) .
Five commonly used reference genes Į-TUA, ACT,
GAPDH, Į-TUB and EF1-Įwere screened for stability [17], and finally EF1-Įwas selected as the best
reference gene.
This experiment was performed using the
SYBR Premix EX TaqTM (Tli RNaseH Plus) kit
Takara (Takara, China). The quantitative part of the
analysis was performed on the Mx3000PTM RT-PCR
machine (Agilent Technologies, CA, U.S.A.). Using
the operating system Stratagene (Mx3000P) (Agilent
Technologies, CA, U.S.A.). Three replicates and
negative controls were prepared for each sample.
The optimized reaction system was as follows:
cDNA 2 ȝL, PCR forword primer (10 ȝm) 0.4 ȝL,
PCR reverse primer (10 ȝm) 0.4 ȝL, 2×Trans
Start TopGreen qPCRSuperMix 10 ȝL, Passive Reference Dye (50×) 0.4 ȝL, and old water 6.8 ȝL. The
standard procedure for the two-step PCR amplification was as follows: Pre-denaturation at 95°C, 30s;
PCR reaction 95°C, 5s; 60°C, 15s; 40 cycles. The
dissolution curve was produced as follows: 95°C, 5s;

RESULTS AND DISCUSSION
Determination of the collection sites of Rana
chensinensis. According to the data shown in Figure
2, the PUFAs% content of Oviductus Ranae in the
Jingyu, Linjiang, and Huadian regions was significantly higher than those reporting in the other examined areas. Notablyas these three areas are interconnected, and the composition area is southeast of Jilin
Province Minister of the Changbai Mountain region.
It has been demonstrated that the primary area of R.
chensinensis production is the Changbai Mountain
range in the southeast of the Jilin Province. Of note,
the PUFAs% content of R. chensinensis in the
Changbai Mountain region of China was higher than
that observed in the region of North Korea. Therefore, the preferred location for the collection of the
R. chensinensis in this study was the R. chensinensis
breeding plant base of Sandaohu Town, Jingyu
County.
Determination of the PUFA content in Oviductus Ranae using GC. For this experiment, samples of Rana chensinensis were collected between
2018 and 2019. Six samples were selected for each
period to determine the content of PUFAs in Oviductus Ranae. The contents of arachidonic acid (AA),
eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) at different periods were calculated.
It can be seen from the results of Figures 3 and
5 that the content of PUFAs% increased gradually,
and reached the highest when the R. chensinens lived
in the scattered hibernation period. From Figures 4
and 6, in the spawning period of R. chensinens, we
found that the content of AA, EPA and DHA in Oviductus Ranae sharply increased. The content of AA
is 10 times and 50 times that of the scattered hibernation in 2018 and 2019, respectively. The EPA content is three times and 29 times. The DHA content is
13 times and 54 times.

FIGURE 2
PUFAs% content in Oviductus Ranae at different locations of sample collection. The abscissa represents
the different locations where R. chensinensis was collected.
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FIGURE 3
PUFAs% content in Oviductus Ranae at different periods (2018)

FIGURE 4
Content of AA, EPA and DHA in Oviductus Ranae at different periods (2018)

FIGURE 5
PUFAs% content in Oviductus Ranae at different periods (2019)
the qRT-PCR, the expression level gradually increased, reaching the highest when the R. chensinensis lived in the scattered hibernation period. The results are shown in Figures 7 and 8.
According to the present results, we found that the
expression level reached the highest in the scattered
hibernation period of R. chensensis, which was the
same as the PUFAs% content. This also confirms our
previous hypothesis that since hibernation R.

Extraction of RNA from Oviductus Ranae.
The A260/A280 ratio was 1.8-2.0. Electrophoresed
is of the extracted RNA was performed. The strips
were clear, the quality was excellent, and there was
no obvious degradation. The RNA was stored í80°C
for subsequent use.
Fluorescent PCR. According to the results of
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chensensis cannot obtain food from outside, PUFAs
can maintain the fluidity of the cell membrane and
maintain normal body signs.Therefore, the expression of FADs in the Oviductus Ranae increases during hibernation, thereby increasing the content of
PUFAs and ensuring the safety of the R. chensensis
during the hibernation period. It has been reported
that the fatty acid composition of crustaceans has important effects on the growth, development and reproduction of the organism. This has been confirmed
in related studies such as the Chinese mitten crab
[18], and Macrobrachium nipponense [19]. Studies
have shown that the fatty acid composition of Scylla
serrata is closely related to low temperature. Studies
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by Gui-zhong Wang and others found that at 5°C in
crustacean Scylla serrata, PUFAs in the cell membrane increased and the saturation index decreased,
thereby maintaining the fluidity of the cell membrane and performing normal physiological functions [20]. Freshwater fish, such as trout, have the
ability to convert C18 fatty acids into PUFAs [21]. It
has been reported in the literature that the low temperature environment will cause the up-regulation of
ᶭ9-FAD gene expression, and at the same time, the
PUFAs on the cell membrane will increase significantly to maintain the fluidity of the membrane to
adapt to the cold water environment [22]. This has
been proven in a variety of fish [23.24].

FIGURE 6
Content of AA, EPA and DHA in Oviductus Ranae at different periods (2019)

FIGURE 7
Results of the expression of Oviductus Ranae at different periods (2018)

FIGURE 8
Results of the expression of Oviductus Ranae at different periods (2019)
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According to the present results, we also found
that the content of AA, EPA and DHA in the Oviductus Ranae sharply increased during the spawning
period. Because AA, EPA and DHA are essential
PUFAs for new life [25]. Therefore, we infer that AA,
EPA and DHA increase in the spawning period of R.
chensensis, which is to ensure the survival and other
ecological signs of young R. chensinensis. The results of this experiment reveal the mechanism by
which R. chensinensis can safely pass through hibernation. It also shows the physiological indicators of
the survival of young R. chensinensis. This result can
provide reference for the research of R. chenensis in
the future and has important significance.
Determination of PUFAs in Oviductus Ranae
from different collection sites in Jilin Province,
China. It was found that Jingyu was the head, and the
contents of the three producing areas of Linjiang and
Huadian were significantly higher than those of
other producing areas. The three regions are connected to each other to form the Changbai Mountain
region of the southeastern Jilin Province. The test results show that the main producing area of R.
chenensis is the southeastern Changbai Mountain
area of Jilin Province, China. And compared with the
fake species North Korea region R. chenensis. The
results showed that the content of PUFAs in Oviductus Ranae in China's Changbai Mountains was
higher than that in North Korea.
The content of PUFAs in Oviductus Ranae was
determined by GC, and it was found to be the highest
in the scattered hibernation period. Real-time quantitative PCR was used to determine the expression
level of key enzyme gene AAH73571.1 in Oviductus
Ranae, and it was found that the expression level was
the highest in the scattered hibernation period. It is
proved that when the R. chenensis hibernates, the expression level of key enzyme genes in the Oviductus
Ranae increases, thereby increasing the synthesis
amount of PUFAs. Ensure the fluidity of the cell
membrane and various ecological signs to ensure
that the R. chenensis can safely pass the hibernation
period.
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PUFAs synthesis. The cold-resistance mechanism of
R. chensinensis was explained from the regularity of
PUFAs changes in Oviductus Ranae.
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formed by studying the theory and practice of sustainable development, penetrating into many fields
such as politics, economy, technology, management,
ethics, culture and philosophy [3, 4]. The core idea
of sustainable development is to protect resources
and improve the environment while developing
economy. Moreover, the essence is to solve the contradiction between the increasing demand of human
beings and the limited supply capacity of nature. The
2000 edition of ISO9000 family standard defines
quality as a set of inherent characteristics in product,
system, procedure and its ability to meet the requirements of customer and interested parties [5]. Quality
management refers to the coordinated activities related to quality which can guide and control the organization [6]. The 21st century is the century of
quality, so the quality management will and must be
associated with ecology. The traditional quality
management theory is examined and evaluated to establish the ecological quality concept from the perspective of sustainable development. It is not only an
inevitable requirement for era development to study
ecological quality management and green quality
management, but also it is a hot spot to manage scientific research [7]. Aiming at providing theoretical
support for the sustainable development of ecological environment, this study established a universal
concept model of management technology, applied
to the study field, proposed an overall framework
and technical route of the ecological environment
quality management technology model.

ABSTRACT
Taking sustainable development theory and
ecological economic theory as guidance, this research introduced the background and idea of the establishment of the technical model of ecological environment quality management, put forward the
technical route, discussed the structure, elements,
driving relationship, management scheme and management system of the management model. This
study provided theoretical support for analyzing existing problems and reasons of ecological environment and proposed measures for ecological environment protection to improve environmental management ability and promote regional sustainable development.

KEYWORDS:
Sustainable development, Ecological theory, Ecological
environment quality, Management technology model

INTRODUCTION
With the rapid development of global industrialization and urbanization, human beings have created tremendous material wealth. But at the same
time, natural resources have been excessive exploited and utilized and the "revenge" of nature on
human beings have been emerged [1]. Environmental problems, such as air pollution, climate change,
water pollution, soil erosion, depletion of fresh water
resources, depletion of ozone, deforestation, land
degradation, desertification and biodiversity loss
have resulted in enormous losses to human beings
[2]. China highly values ecological environment deterioration, puts management of ecological environment into an essential strategic position and regards
ecological balance and fulfillment of socioeconomic
sustainable development as the basic task of future
development and considered improvement of the
comprehensive national strength as the basic content. At present, a huge green theoretical system is

MATERIALS AND METHODS
Management Technology Model. Background of Model Establishment. The development
mode of human society includes the development
and utilization of natural resources, the production
and consumption which is based on the productivity
and formed by social development, and the self-development of human reproduction, education and
training [8]. With the rapid development of human
society, the impact of human exploitation of resources on the ecological environment is getting
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more and more severe. The deterioration of ecological environment is the result of human activity, so
the sustainable development of human society is
taken into consideration. The controllable factors of
human activity includes human factors and non-human factors. The method to intervene human activities, coordinate natural environment and goal of human society development is environmental management [9]. Figure 1 is the background of the conceptual model.
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the feedback and coordination mechanism [13]. Figure 2 is the overall design route of the conceptual
model.
Technical Route of Model Establishment.
Ecological environment quality management technology model is based on ecological economics and
sustainable development. Accurately, objectively
and systematically analyzes the existing environmental and economic problems. In addition, after organically integrating human society and ecological
environment, the model analyzes the interactions between human socioeconomic activities and ecological environment quality. Besides, it adopts the principles and methods of environmental information
theory, system theory and cybernetics to study and
establish the ecological environment quality management model [14, 15]. What’s more, the model
combines many disciplines such as computer technology, land information system technology and remote sensing technology together, which is particularly significant for the development of ecological
environment quality management system. It can offer accurate, objective and convenient auxiliary
means for ecological environment quality management [16]. Figure 3 is the technical roadmap of the
technical model of ecological environment quality
management.
g

Idea of Management Technology Model.
Ecological environment quality management technology model is based on the whole eco-economic
system of human activity and self heating environment. It begins with the systematicness and integrity
of eco-economic system, follows the requirements of
sustainable development and analyzes the components, structure and function of eco-economic system. It also analyzes the material flow, information
flow and energy flow of eco-economic system according to the theoretical method of system dynamics [10-12]. In accordance with the cybernetics, the
model clarifies the mechanism and relationship between the various elements in the system and the environments outside the system, as well as establishes

FIGURE 1
Background
of the Conceptual
Model
g
p

FIGURE 2
General Framework of Management Technology Model
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FIGURE 3
Technical Roadmap of Technical Model of Ecological Environment Quality Management
RESULTS AND DISCUSSION

Element of Ecological Environment Quality
Management Model. Environmental management
model elements include status and problems, goals
and standards, background and scenario, measures
and strategies, and analysis and evaluation [19]. The
elements of management model can embody the
structure of management model and reflect the components and functions of the model [20]. The status
and problems are description and evaluation of the
current social development level and existing problems. It standardizes human activities, alleviates the
adverse influence on socioeconomic activity. At the
same time, experience can be summed up to provide
decision-making reference, which can promote the
sustainable development of society. Goals and standards are not only the accordance of decision-making
and but also they are the means to manage human
and environment, economy and ecology. The goals
of decision-making are comprehensive, multi-element, complex and multi-level, and the standards are
the methods to judge the quality of goals. The standards can fulfill the implementability of the evaluation goals and select the best scheme to achieve the
goals [21]. Background and scenario are the basis of
management model design, embodying the status

Study on Ecological Environment Quality
Management Model. Structure of Ecological Environment Quality Management Model. Ecological environment quality management model evaluates the sustainable development of a region by studying the influence of social and economic activities
on the natural environment system and researching
the advantages and disadvantages of the ecological
environment quality on the development of human
society [17]. Human socioeconomic activities are divided into two parts by the model of ecological environment quality: the mode of social and economic
growth and the strategy on regional development.
The management model embodies the management
idea of multi-level sustainable development of human-environment-ecology-human system [18]. It
clarifies the interrelationships between levels and
factor level in each level and establishes network relationship structure of ecological economic system
which is interrelated, interacted and mutually restricted.
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FIGURE 4
Qualitative Identification Diagram of System Factors
and trend of human society development. The background consists of economic society, environmental
resources, culture and education, science and technology and legal system in the history. Background
and scenario are the basis of management model design, reflecting the current situation and trend of human society development. The background consists
of economic society, environmental resources, culture and education, science and technology and legal
system, exerting an important effect on the emergence, development and change of human society.
Scenarios are controlled by many factors, and it
adopts methods or measures to achieve changes to
different degrees. The design of scenario is a purposeful and limited design and synthesis of scenario
factors [22]. Strategies and measures are the fundamentals of determining, controlling human activities, managing models to design future schemes and
adopting strategies for human society. Measures are
conducted according to the status, but the strategies
are plans, the outcome after organizing and coordinating the measures. Analysis and evaluation are the
decision-making of scheme of human socioeconomic activities to be implemented. It explains the
essential of the scheme of human social development, and provides a scientific and objective fundamental for the decision-making of managers.

For example, in the evaluation index system,
the comprehensive results of ecological environment
quality (EQ) are calculated by taking ecological environment quality, air environment, land quality,
vegetation quality, water environment and environmental quality as indexes and adopting the basic idea
and principle of comprehensive evaluation method
[23]. Atmospheric environment, land quality, vegetation quality, water environment and environmental
quality, the five first-class indexes, are represented
by 1, 2, 3, 4 and 5 respectively. So it can assume that
WKHFRUUHVSRQGLQJLQGH[YDOXHVDUHH[SUHVVHGE\Ȥ1,
Ȥ2, Ȥ3, Ȥ4 DQGȤ5 DQGȤ1, Ȥ2, Ȥ3, Ȥ4 DQGȤ5 are maximal
index values. The weight of atmospheric environment, land quality, vegetation quality, water environment and environmental quality in the eco-enviURQPHQWDO TXDOLW\ HYDOXDWLRQ LQGH[ V\VWHP DUH Ȧ1,
Ȧ2, Ȧ3, Ȧ4 DQGȦ5 respectively. The calculation formula of the comprehensive results of ecological environment quality is as follows:

EQ

¹1·1 ¹2·2  ... ¹5·5
¹1 ¹2  ... ¹5

or
2

EQ

2

¹1·1 ¹2·2  ... ¹5·5
¹1 ¹2  ... ¹5

2

Each index in the model is maximal index. The
economic significance of calculating the comprehensive result of ecological environment quality by the
above formula is: the larger the comprehensive result
of ecological environment quality is, the better ecological environment quality is, and the higher the
level of ecological environment is; otherwise, the
smaller the comprehensive result of ecological environment quality is, the worse the ecological environment quality is, the lower the level of ecological environment is.

Ecological Environment Quality Management Model. The structure and elements of eco-environmental quality management model is analyzed,
and system factors at all levels of the management
model is determined. The model qualitative analyzes
interactions and management between the factors in
the system and masters the relationships of information flow, energy flow and material flow between
the factors in the system and the external environment. In addition, it establishes the driving relationship model of ecological economic system, also
known as the qualitative identification diagram of
system factors. The diagram is shown in Figure 4.
The ecological economic driving relationship of
management model plays a role of simulation, transmission and feedback.

Application of Model. The study of environmental quality assessment was initially started in
1960s and developed rapidly in 1970s. The United
States was the pioneer to come up with Green's air
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pollution index, Babcock's air pollution index, abhorrent pollutant content index and pollutant standard index and apply diverse indexes to water environment quality assessment and air quality assessment. In 1969, the United States initially proposed
the implementation of the environmental impact assessment system in the "national environmental policy law". Subsequently, the United Kingdom, Sweden, Canada, Japan and other countries successively
introduced the environmental impact assessment
system, making the scope, object and status, breadth
and depth of assessment can be greatly improved
[24].
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CONCLUSION
Ecological environment system is a complex
system, and it is complicated to evaluate and measure ecological environment quality. This paper analyzed ecological environment quality and environmental quality, discussed the connotation of ecological environment quality, constructed the evaluation
model of ecological environment quality and provided the theoretical basis for improving and upgrading the ecological environment quality.
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EVALUATION OF THE FISHERY ENVIRONMENT STATUS
IN THE IRTYSH RIVER
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and a high specificity, and have important scientific
value, economic value and social value [1-3].
Xinjiang has abundant hydropower resources
which are unevenly distributed spatially and temporally. As Xinjiang’s economy booms in recent decades, a lot of water conservancy projects and hydropower projects have been established successively.
These projects have played an important role in
meeting the regional demand for water supply, improving the energy structure and promoting the economic development, but have also imposed a serious
negative effect on the ecological environment. They
have divided the original river ecosystem into discontinuous ecological units, changed the original hydrologic process and physicochemical property of
the river, damaged the living environment necessary
for fishes to complete their life histories, and exerted
a serious impact on the growth, inhabitancy and reproduction of aquatic organisms [2-6]. The dams
have built up physical partitions which hinder and
delay the breeding migration of fishes, result in habitat fragmentation, and affect the genetic structure of
population. As the typical fishes in Xinjiang, salmonidae, sculpins and schizothoracinae generally live
in the rapids of mountain rivers. The large-scale construction of water conservancy projects and hydropower projects have turned river courses into reservoirs, directly threatening the survival of these
unique fishes and the sustainable utilization of resources.
As human activities and engineering constructions increase along the Irtysh River in recent years,
the environment there has changed a lot, and the fishery resources have declined dramatically. As a result,
it becomes particular important to grasp the living
history and the habitat environment status of major
fishes and analyze their variation tendency, in order
to protect the diversity of aquatic organisms and the
stocks of fish in Xinjiang and to maintain the ecosystem health of waters. The researches are made to find
out the fishery environment status of the Irtysh River,
get an understanding of the temporal and spatial pattern for environmental change, and evaluate the influence of major projects on the Irtysh River’s water
environment, so as to provide data support and scientific basis for the decision-making of government
sectors.

ABSTRACT
To study the water environment status of the Irtysh River, water samples from 11 points of the Irtysh River’s trunk stream were collected for three
times (spring, summer and autumn) in 2019. Some
water indexes, such as permanganate index, total
phosphorus, total nitrogen, ammonia nitrogen, petroleum, heavy metal and so on, were tested. Combined
with the population density along the Irtysh river and
other factors, the influence of human activity on water quality was analyzed. The results showed that in
2019, the pH value ranged from 7.10 to 8.14, and the
dissolved oxygen ranged from 3.02 to 10.3 mg/L,
reaching a low level in spring and autumn. The hardness ranged from 28.4 to 303.9 mg/L, the alkalinity
from 19.21 to 156.5mg/L, the water suspensions
from 0.2 to 73.5mg/L, and ammonia nitrogen from 0
to 1.210 mg/L. In the lower reaches of the Irtysh
River where there are large populated areas such as
Altay City, Fuhai County, Burqin County and so on,
water quality declined sharply. As this area is
densely populated, it can be found out that the fishery environment of the Irtysh River is significantly
related to human activity.

KEYWORDS:
Irtysh River, Fishery Environment, Evaluation

INTRODUCTION
Originating in the southwest slope of China’s
Altai Mountains, the Irtysh River has two branches
in the mountains, including the Kaert River and the
Kuert River. The two converge to form the Irtysh
River, flowing out of China from the southeast to the
northwest, then into Kazakhstan, and ending up in
the Arctic Ocean via Russia’s Ob River in the north.
Being 4,248 kilometers long, the river has a length
of 546 kilometers and a basin of 57,000 square kilometers in the borders of China, with the annual runoff up to 11.1 billion cubic meters. In China, the Irtysh River is the only cross-border river running
from the east to the west and into the Arctic Ocean.
Fishes in the Irtysh River feature a great diversity
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TABLE 1
Longitude and Latitude of Sampling Sites
Longitude and Latitude
East longitude
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ

North latitude
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ
ƍƎ

FIGURE 1
Sketch Map of Sampling Sites
analysis procedures. Metallic elements are analyzed
with the inductively coupled plasma mass spectrometry (ICP-MS), petroleum with infrared spectroscopy,
total phosphorus, total nitrogen and ammonia nitrogen with spectrophotometry, and polychlorinated biphenyl, polyaromatic hydrocarbon, organo-chlorine
pesticide and plasticizer with the gas chromatographic method [7-9].

MATERIALS AND METHODS
Study Areas and Sampling Sites. Based on
the development of agriculture and the construction
of hydropower projects, roads and bridges along the
Irtysh River (Figure 1), and combined with the distribution of spawning grounds and feeding grounds
of fish, 11 sampling sites (St.1 ~ St.11) are selected
from the east to the west (north latitude, east longitude to north latitude, east longitude, 11 sampling
sites in total, Table 1).
The sampling sites(Sampling points from left to
right are the St.11 to the St.1)cover the lower reaches
of the environmental sensitive area, as shown in Figure 1. The sample is a mixture of surface water, midwater and bottom water. The water samples collected
are evenly blended. The samples for the test of heavy
metal and other metallic elements are stored in 60mL
polyethylene bottles, while those for the test of petroleum, permanganate index, total phosphorus, total
nitrogen and ammonia nitrogen are stored in glass
bottles.

RESULTS AND DISCUSSION
pH Value. As a major index in the water quality
test, pH value could affect the physiological status of
organism and the chemical composition of water, as
well as the existence form and the change of chemical ions in water. When pH value is at a low level,
the pH value in fish blood will go down accordingly,
and the oxygen-transport ability will decline, thus
weakening the respiratory function of fish. As a result, fish fails to use the oxygen dissolved in water,
which will result in the slowdown of metabolism, decline of bodily function and the failure to absorb the
nutrition in water. A high level of pH value will corrode the operculum, scales and bones, damage the

Test Method.For the reason that the Irtysh
River is clear, there is a little interference for the
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fleshy tissue, result in the dysfunction of fish, and
inhibit the biomass in waters. For this reason, pH
value should be controlled at a proper level. The pH
value suitable for the living of fish is required to
range between 7.0 and 8.0. In 2019, the pH value of
water in the trunk stream of the Irtysh River was
tested to range from 7.10 to 8.14, not exceeding the
prescribed range 6~9 (water quality standard for
fisheries). From the lower reaches of Reservoir 635
(Sampling Site 6), the pH value of water rose significantly, which was caused by a high pH value of
Ulungur Lake and salt ponds that flew into the river.
The highest pH value was 8.14, from the sample collected in Regimen 185 in autumn. From 1999 to
2001, the range of pH value was from 7.2 to 8.5,
slightly higher than the value monitored this year.
These data suggest the pH value of the Irtysh River

changes dramatically with seasons. In autumn (October), pH value stays much higher than that in summer and spring (Figure 2).
Dissolved Oxygen (DO). In 2019, the dissolved oxygen in the trunk stream of the Irtysh River
was tested to range from 3.02 to 10.3 mg/L. In spring
and autumn, the content of dissolved oxygen stayed
at a low level but went higher than the Class IV level
of surface water, and varied greatly with sampling
sites. In contrast in summer, the content of dissolved
oxygen was higher than the Class III level of surface
water, and varied slightly with sampling sites. From
1999 to 2001, the dissolved oxygen in the Irtysh
River was tested to range from 6.5 to 13.0 mg/L, significantly higher the content in this sample (Figure
3).
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FIGURE 2
pH Values Test Result for the Trunk Stream of the Irtysh River
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FIGURE 3
Dissolved Oxygen (DO) Test Result for the Trunk Stream of the Irtysh River (mg/L)
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the river. The peak value of alkalinity in the trunk
stream was 90.29, from the sample collected in Regimen 185 in summer. The variation tendency of alkalinity remained consistent with that of pH value,
showing that Irtysh River has been tending to alkalinize from the upper reaches to the lower reaches
(Figure 5).

Hardness (Measured in Calcium Carbonate).
In 2019, the water hardness in the trunk stream of the
Irtysh River was tested to range from 28.4 to 303.9
mg/L. The water hardness in autumn went remarkably higher than that in spring and summer. In spring
and summer, the water hardness varied slightly with
sampling sites, but greatly in autumn. From 1999 to
2001, the highest water hardness of the Irtysh River
was tested to be 218 mg/L, lower than 303.9 mg/L,
the value of this sample (Figure 4).

Suspended Solids. The content of suspended
solids is a major index for water loss and soil erosion.
In case there are excessive suspended solids, they
may become adsorbed on the gill of fish, causing
breathing difficulties. What’s worse, suspended solids will reduce the pellucidness of waters, weaken
the photosynthesis of phytoplankton, and reduce the
oxygen dissolved in the water. In 2019, the content
of suspended solids in the trunk (Figure 6)

Alkalinity. In 2019, the alkalinity of the trunk
stream of the Irtysh River was tested to range from
19.21 to 156.5 mg/L. From the lower reaches of Reservoir 635 (Sampling Site 6), the alkalinity rose remarkably, which was caused by a high alkalinity
level of Ulungur Lake and salt ponds that flew into
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FIGURE 4
Water Hardness Test Result for the Trunk Stream of the Irtysh River (mg/L)
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FIGURE 5
Alkalinity Test Result for the Trunk Stream of the Irtysh River (mg/L)
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FIGURE 6
Suspended Solids Test Result for the Trunk Stream of the Irtysh River (mg/L)
stream of the Irtysh River was tested to range from
0.2 to 73.5 mg/L. The way to determine whether the
content of suspended solids goes out of limits is to
add 10mg/L to the background value. During the period of sampling, the average content of suspended
solids was 40 mg/L, and the peak value reached 70
mg/L. From 1999 to 2001, the content of suspended
solids was tested to range from 0 to 100 mg/L,
slightly higher than the value monitored this year.
The content of suspended solids varied slightly in
summer, but greatly in spring and autumn and in tributaries.

Total Phosphorus. Phosphorus is an indispensable element for the growth and reproduction of
phytoplankton, and also serves as the foundation for
the primary productivity of water environment and
for the food chain. The concentration of phosphorus
in water is mainly affected by water movement, runoff along the bank, biological effect and so on. A
proper amount of phosphorus is beneficial to phytoplankton, while excessive phosphorus may cause eutrophication of waters under suitable conditions. For
national standard Class III surface water, the concentration of total phosphorus is less than or equal to 0.2
mg/L. In 2019, the content of total phosphorus in the
trunk stream of the Irtysh River was tested to range
from 0 to 0.307 mg/L. The maximum value 0.307
was obtained from the sample collected at Fuyun
Dam in spring. The total content in spring was
greater than that in summer and autumn. In spring,
the variation was great between sampling sites (Figure 8).

Ammonia Nitrogen. Total nitrogen (TN) and
ammonia nitrogen (NH4+-N) are the two major existing forms of nitrogen in water ecosystem. Excessive
input of nitrogen will result in water acidification,
eutrophication, toxicity and so on, thus threatening
the health of water ecosystem. In natural surface waters and underground waters, the element nitrogen
mainly takes the form of nitrate nitrogen (NO3), and
that exists in the form of free ammonia (NH3) and
ammonia ion (NH4+) is referred to as ammonia hydrate, also known as nonionic ammonia. Nonionic
ammonia is the major factor that poisons the aquatic
organisms, while ammonia ion is basically nontoxic.
For national standard Class III surface water, the
concentration of nonionic ammonia nitrogen is less
than or equal to 1.0 mg/L. In 2019, the content of
nonionic ammonia in the Irtysh River was tested to
range from 0 to 1.210 mg/L, while from 1999 to
2001, this range was from 0 to 0.50 mg/L, lower than
the value tested this year. In summer, the content of
ammonia nitrogen was high. In summer, the water
collected from the Sampling Site 8 (downstream in
Fuhai County) was rated as Class IV according to the
national standard for surface water quality (Figure 7).

Permanganate Index. Permanganate index
(CODMn) refers to the amount of oxygen consumed
by the organic and inorganic reducing substances
contained in permanganate oxidation water samples
under certain conditions and calculated based on the
permanganate consumed. It is expressed with the
concentration of oxygen (mg/L). As one of the major
indexes to measure the degree of surface water contamination in China, permanganate index comprehensively reflects the degree of contamination by organics and reducing inorganics [10-12]. In 2019, the
content of total phosphorus in the trunk stream of the
Irtysh River was tested to range from 0 to 5.68 mg/L.
The maximum value 5.68 mg/L was obtained from
the sample collected at the sampling site in Kalasuke.
In spring, the content of permanganate index was
high. In autumn, this figure varied slightly between
sampling sites (Figure 9).
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FIGURE 7
Ammonia Nitrogen Test Result for the Trunk Stream of the Irtysh River (mg/L)
0,350
0,300
0,250
0,200

Ꮨ

Ꮨ

0,150

ኟᏘ
ኟᏘ
⛅Ꮨ
⛅
Ꮨ

0,100
0,050
0,000
1

2

3

4

5

6

7

8

9

10

11

FIGURE 8
Total Phosphorus Test Result for the Trunk Stream of the Irtysh River (mg/L)
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FIGURE 9
Permanganate Index Test Result for the Trunk Stream of the Irtysh River (mg/L)
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TABLE 2
Table for the Test Results of Metallic Elements in the Irtysh River (mg/L)
Mercury (mg/L)
Cadmium (mg/L)
Cuprum (mg/L)
Plumbum (mg/L)
Sum AuSpri Sum
AuSpri SumAuSprin SumAuSpring
mer tumn
ng
mer
tumn
ng
mer
tumn
g
mer
tumn
N.D N.D N.D N.D
N.D
N.D 0.320
N.D
N.D
N.D
N.D
0.016
N.D
0.01
N.D
N.D
0.00
N.D N.D N.D
0.02 0.003
0.023
0.017
9
1
N.D
N.D N.D N.D N.D
N.D
N.D
N.D
N.D 0.008
N.D
0.014
N.D
0.01 N.D 0.00 N.D
N.D
N.D
N.D
0.00
0.004
0.014
0.004
4
2
1
N.D
0.01 N.D N.D N.D
N.D
N.D
0.006
0.001
0.015
N.D 0.005
3
N.D
N.D N.D N.D N.D 0.082 N.D
N.D
N.D
N.D 0.050
0.021
N.D
N.D N.D N.D N.D
N.D
N.D
N.D
N.D 0.009
N.D
0.024
N.D
0.01 N.D N.D N.D
N.D
N.D
0.00
0.016
0.001
0.018
0.006
2
2
N.D
0.00 N.D N.D N.D
N.D
N.D
0.029
0.002
0.029
N.D 0.012
6
N.D
0.01 N.D N.D N.D
N.D
N.D
0.00
0.006
0.004
0.001
0.016
1
2
N.D
0.00 N.D 0.00 N.D
N.D
N.D
0.00
N.D
0.001
0.015
0.006
9
1
2
TABLE 2
Continued Table for the Test Results of Metallic Elements in Irtysh River (mg/L)
Zinc (mg/L)
Chromium (mg/L)
Iron (mg/L)
Manganese (mg/L)
AuSpri SumAuSpri
SumAuSpri SumAuSprin Sumtum
ng
mer
tumn
ng
mer
tumn
ng
mer
tumn
g
mer
n
N.D
N.D
0.19 N.D
N.D
N.D
N.D
N.D
N.D
N.D
4.906
0.256
8
N.D
N.D
N.D
0.23 N.D
0.01
0.044
1.02
0.070
0.004
0.008
N.D
3
7
N.D
N.D
0.10 N.D
N.D
N.D
N.D
N.D
N.D
N.D
1.056
0.073
1
N.D
N.D
N.D
0.06 N.D
0.02
0.1126 0.608
0119
0.004
0.001 18.94
2
4
N.D
0.09 N.D
N.D
0.00
N.D
0.022
0.002
0.1492 0.311
0.005 0.052
5
6
N.D
N.D
0.13 N.D
N.D
N.D
N.D
N.D
N.D
N.D
0.527
0.044
5
N.D
N.D
0.17 N.D
N.D
N.D
N.D
N.D
N.D
N.D
4.349
0.216
5
N.D
0.22 N.D
N.D
0.00
N.D
0.008
0.003
0.2542 1.246
0.009 0.042
0
8
N.D
0.18 N.D
N.D
N.D
0.005
0.004
N.D
0.345
2.772
0.013 0.164
8
N.D
N.D
0.13 N.D
N.D
0.00
0.2542 1.093
0.009 0.023
0.008
0.003
9
6
N.D
0.15 N.D
N.D
0.01
N.D
0.011
0.002
0.1445 0.504
0.009 0.001
6
7

Metallic Element. Metallic element is a special substance in water environment, and will accumulate in aquatic organisms. Some heavy metal elements, such as cadmium (Cd), mercury (Hg), arsenic
(As) and plumbum (Pb), are harmful to living bodies,

and have carcinogenic effects to some extent. Some
heavy metal elements, such as cuprum (Cu) and zinc
(Zn), are beneficial to living bodies when they exist
in proper amounts, but are harmful to living bodies
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when they exist in excessive amounts. Some elements are necessary to living bodies, and play an indispensable role in the vital activities of living body.
For example, the iron element is necessary for the
transport of oxygen in living body. For some other
elements such as strontium (Sr), their biological significance remains unknown. Existing in the geological background and sediments of rivers, such elements will migrate between river waters and sediments. In the mountain rivers like the Irtysh River,
the contents of such elements should attract our attention [13, 14]. he test result for the Metallic element in the Irtysh River is shown in Table 2.

Fresenius Environmental Bulletin

and may cause potential hazards to human health and
ecological environment. Being highly fat-soluble
and liable to accumulate in living bodies, these contaminants will become biologically amplified in living bodies with the trophic level in the process of
their delivery by food chain. This will cause the content of contaminant in the living body of high trophic
level to exceed the content of contaminant in environmental medium, thus to threaten human health.
The test result for the contaminants in the Irtysh
River, such as polychlorinated biphenyl, is shown in
Table 3. In spring and summer, more polychlorinated
biphenyl is detected, for the reason that the Irtysh
River’s rainy seasons fall in spring and summer
when organic contaminants in soils such as PCBs
will be washed into the water environment with the
rainfall.

Persistent Organic Pollutants (POPs). The
pollution caused by organic contaminants, such as
polychlorinated biphenyl, polyaromatic hydrocarbon, organo-chlorine pesticide and plasticizer, is persistent, bioaccumulative and long-distance migratory,

TABLE 3
Table for the Test Results of PCBs in the Irtysh River (ȝg/L)
Item

PCB1

Item

PCB29

PCB47

1

N.D

Summer
N.D

2

30.44
N.D

16.56
N.D

N.D
N.D

4

27.9

N.D

N.D

1.05

N.D

5

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

1.12
N.D

N.D

N.D

1.22
N.D

N.D

6

33.95
N.D

N.D

N.D

N.D

N.D

N.D

7

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

8

27.76

2.41

N.D

0.63

N.D

N.D

0.23

N.D

N.D

N.D

N.D

N.D

N.D

0.63

N.D

N.D

0.6

N.D

N.D

N.D

N.D

N.D

0.42

N.D

N.D

0.4

N.D

N.D

N.D

N.D

N.D

0.93

N.D

N.D

0.34

N.D

N.D

N.D

N.D

N.D

Spring

3

Sampling
Site

PCB5
Autumn
N.D

Sprin
g
N.D

Summer
N.D

Autumn
N.D

Sprin
g
N.D

Summer
N.D

Autumn
N.D

Sprin
g
N.D

Summer
N.D

Autumn
N.D

0.69
N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

1.89

N.D

N.D

N.D

N.D

N.D

9

31.5

10

30.71

0.84
N.D

N.D

31.61

N.D

N.D

11

TABLE 3
Table for the Test Results of PCBs in Irtysh River (Continued) (ȝg/L)
Item

PCB98

Season

Sa
mp
lin
g
Sit
e

PCB154

PCB171

Sprin
g
N.D

Summer

Autumn

N.D
0.71
N.D

PCB200

Spring

Summer

1

N.D

N.D

Autumn
N.D

2

N.D

0.39

N.D

N.D

3

N.D

N.D

N.D

N.D

4

N.D

18.45

N.D

N.D

N.D

N.D

N.D

5

N.D

N.D

N.D

N.D

N.D

6

N.D

15.81
N.D

N.D
N.D

N.D

N.D

N.D

N.D

4.40
N.D

N.D

N.D

N.D

N.D

7

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

8

N.D

N.D

N.D

N.D

N.D

N.D

N.D

3.95

N.D

N.D

N.D

N.D

Summer

Autumn

N.D

Sprin
g
N.D

N.D

N.D

N.D

N.D

Summer

N.D

Sprin
g
N.D

3.85

N.D

N.D

N.D

N.D

N.D

N.D

N.D

1.69
N.D

1.94

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

Autumn
N.D

N.D

9

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

10

N.D

N.D

N.D

N.D

N.D

N.D

N.D

9.54

N.D

N.D

N.D

N.D

11

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

N.D

1.24

N.D
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higher than the background value of soil in general.
Besides, the content of heavy metal in the Irtysh
River sediments differs slightly from China’s crustal
abundance, but goes below the global crustal abundance on the whole [16-18].

CONCLUSION
Influence of Human Activity. Based on the
test result obtained in 2019, the Irtysh River water
was rated as Class რ-სVXUIDFHZDWHUDFFRUGLQJWR
the GB3838-2002 Environmental Quality Standard
for Surface Water. The characteristic pollution factors were ammonia and CODMn, and the main areas
that caused pollution included Fuhai, a city located
along the river, and the downstream of Burqin.
Human life will usually impose great pressure
on water environment. Especially after the industrial
revolution, human interference in coastal zones has
approached or exceeded natural change. Today, human activity has become the third biggest factor affecting the earth surface system, next only to solar
power and earth system internal energy. Under the
long-term influence of human activity, rivers have
become the most threatened ecosystem. Some countries and regions have protected river environment
through legislation. For example, EU Water Framework Directive [15] mainly focuses on the prevention of river water environment degradation. Human
activity has exerted a great influence on the output
of river ecosystem such as nitrogen and metallic element, and human production and life have greatly
changed the circulation of these substances. Animal
husbandry is highly developed along the Irtysh River,
but will discharge plenty of sewage containing nitrogen and phosphorus, which is then washed into rivers by rainfall and by discharge activity. In the areas
where there are human settlements and developed
animal husbandry along the Irtysh River (St.2, St.4,
St.8, St.9 and St.10), the levels of total phosphorus,
total nitrogen and permanganate index are tested to
be higher than those in other areas, indicating that
human settlements and animal husbandry development have exerted influence on the water quality of
the Irtysh River.
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where a large number of vehicles gather; this indicates a high frequency of filling operation and therefore the high probability of the occurrence of an accident. Figure 1(b) depicts a van that has exploded
near an oil and gas station, and the fire is very close
to the tank. Considering that the operation areas of
oil and gas stations are relatively concentrated and
narrow, this poses a severe challenge to emergency
rescue once an accident occurs. Therefore, the safety
of oil and gas stations is an important issue of urban
security and stability.

ABSTRACT
Oil and gas stations are indispensable elements
to modern human life. However, the rapid increase
in the number of oil and gas stations in urban areas
has introduced a serious threat to public safety and
assets. Although different methods have been developed for the risk analysis of oil and gas stations, a
comprehensive methodology for risk assessment that
considers multi-dimensional factors is still needed.
This paper presents a three-dimensional model for
the semi-quantitative risk assessment of oil and gas
stations. The model enables the assessment of risk
from the dimensions of the possibility that an accident will occur, the severity of the accident, and the
average social sensitivity. Both empirical and statistical data are used to determine the possibility that an
accident will occur, the combination of the explosion
radius and property loss are employed to assess the
severity of the accident, and the social sensitivity is
determined by governmental and industry regulations. The results are presented in terms of a threedimensional display, which intuitively indicates the
degree of influence of each aspect. Benefitting from
the structured analysis of various factors that influence the safety of oil and gas stations, the proposed
method is demonstrated to realize classified risk
management.

(a)

KEYWORDS:
Oil and gas stations, Three-dimensional risk model, Classified risk management

INTRODUCTION
With the rapid development of road network
construction, the number of oil and gas stations has
continued to increase in recent years, and some of
the stations are located in densely populated areas.
Considering that the main business products of oil
and gas station are gasoline and diesel, both of which
are flammable liquids [1, 2], they could easily ignite
and explode as a result of an open fire. Figure 1(a)
depicts an oil and gas station close to a busy street

(b)
FIGURE 1
Oil & gas station close to a busy street(a), A van
exploded near oil & gas station(b)
Because the factors that affect the safety of gas
stations are complex, the risk assessment of oil and
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gas stations is a comprehensive and detailed task.
The research on the risk assessment of gas stations
can be roughly divided into two categories: qualitative analysis and semi-quantitative analysis. The
qualitative methods mainly include a safety checklist
and a failure modes and effects analysis (FMEA).
These methods are easy to understand and carry out,
and are suitable for studying problems at the overall
system level. The quantitative methods mainly include Dow’s Fire and Explosion Index and hazard
and operability analysis. These semi-quantitative
methods are relatively complex and tedious as compared with the qualitative methods. However, semiquantitative methods can reveal the root causes of
accidents and be used to determine pointed preventive measures. Because no single analysis method
can capture all levels of knowledge in a system, is
necessary to optimize and blend these classical
methods to solve the actual risk analysis problem.
Compliance checks on oil and gas stations are
carried out daily according to the related standard requirements to maintain the safety of working operation [3, 4]. The results of these checks are used to
discover non-compliance items; thus, non-compliance items should be corrected to meet both government and industry requirements. To develop a dynamic equipment inspection strategy, the progress of
abnormal events occurring in a gas station has been
modeled by the combination of fault tree analysis
and an event sequence diagram [5]. Accumulated information about process failures recorded through
FMEA provides very specific knowledge for future
equipment maintenance and process designs [6]. The
risk matrix was advanced by the purchase group of
the American Air Force Electron System Center in
April 1995 [7]. The risk matrix is a method based on
classification, and is described via qualitative description or a quantitative index. The risk matrix has
been developed as a widely-used risk assessment
method, and provides detailed historic records for
further search.
The causes of accidents are various and complex, also they play different roles in the occurrence
and development of accidents. To establish a comprehensive, structured and logical analysis method
aimed at identifying and assessing hazards of complex systems, Fuzzy Fault Tree Analysis (FFTA) is
developed to recognizing potential hazards of fire,
explosion and toxic gas releases in petrochemical
process industry [8]. Based on hazards classification,
Jian presents a risk evaluation for oil storage tank
zones. By identifying and analyzing the two types of
hazards (inherent hazards, controllable hazards) in
oil tank zones are identified, the comprehensive risk
rank of oil storage tank zones, constituted by the coupling effect of inherent hazards and controllable hazards, is assessed by the developed risk matrix, which
provides related standards for risk classification [9].

Fresenius Environmental Bulletin

In addition to the probability and severity of influencing factors, many investigations have indicated that the probability and severity of accidents at
different times or places are varied, i.e., both time
and space have sensitive impacts on accidents. Even
gas stations of the same size may have different risk
levels due to different geographic positions and population densities [10]. Additionally, the process of
safety evaluation is a description of a complex system. Only by comprehensively evaluating various
risk factors and reasonably quantifying those factors
can a scientific, reasonable, and objective conclusion
be drawn. Zhao et al. developed a three-dimensional
quantitative ranking model to achieve the classification and supervision of major hazards, and provided
the classification and supervision of the major hazards of tanks to the government [11]. Therefore, to
fully characterize the factors that affect the safety of
gas stations, and inspired by related qualitative risk
calculation methods, a three-dimensional model for
risk assessment is developed in this paper. The model
enables the multidimensional consideration of risk
information by evaluating the possibility that an accident will occur, the severity of the accident, and the
average social sensitivity.
The remainder of this paper is organized as follows. Section 2 presents an introduction to the proposed model. Section 3 demonstrates the analysis
and calculation processes of the possibility that an
accident will occur, the severity of the accident, and
the average social sensitivity. Section 4 presents a
case study based on the proposed method. Finally,
the paper is concluded in Section 5.

MATERIALS AND METHODS
Description of the proposed method. The
schematic structure of the proposed approach is intended to be used as a step-by-step guidance tool for
risk assessment and safety evaluation. In general,
three basic steps are included, as presented in Figure
2.
Step one. Risk is normally defined as probability times consequence [12]. However, in the proposed three-dimensional model, the term “severity”
simply refers to the consequence caused by the inherent hazards of substances without considering the
interferences from the surrounding environment or
other external factors. It is designed to make the horizontal comparison of different severities more objective. Moreover, social sensitivity, which acts as an
index of measuring the surrounding environment, is
separated as the third evaluation index. In this way,
the evaluation results are relatively more accurate,
and a comparison of the impacts of external factors
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Establishment of the three-dimensional risk framework

The possibility of accident

The severity of accident

Technology related factors

The social sensitivity

Explosion radius

Urban function

Management related factors
Usage related factors

Personnel density

Property loss

Calculation of the three-dimensional risk model

SMART rules

KPI theory

Delphi method

3E & 4M

Weight distribution for the three dimensionals

Risk level identification

FIGURE 2
Flowchart of the proposed three-dimensional model for risk assessment of gas station.
on the size of risk can also be made. Therefore, analysis from the three dimensions is more conducive to
the development of accurate risk control measures in
terms of both inherent and external hazards.
The overall risk value R of a gas station is as
follows:
R g P,L,S
Pu Lu S
(1)
where R is the risk value of the gas station, P is
the possibility that an accident will occur, and the
larger the value of P, the more likely an accident is
prone to happen, L is the severity of the accident, and
the larger the value of L, the greater the damage
caused by the accident, and S is the social sensitivity,
which indicates the time- or space-sensitive degree
of the accident, and refers to the severity of the consequences of an accident at a specific time or in a
specific geographic community.

The weight assignment of the index system is
carried out based on AHP.
¾ Hierarchical analysis is carried out on different kinds of indexes, thus forming an orderly hierarchical structure.
¾ A judgment matrix is established by the
pairwise comparison of each target layer, and the
weight of the secondary index in the hierarchy can
then be obtained.
Eq. (1) can be further decomposed as follows:

R

n

m

l

i 1

j 1

k 1

¦ diZi x ¦ d jZ j x ¦ dkZk

rp u rj u rk (2)

where di, dj, and dk represent the scores of indexes i, j, and k, respectively, Ȧi, Ȧj, and Ȧk respectively represent the weights of indexes i, j, and k on
the first level of the index, and n, m, and l respectively represent the number of indexes of the possibility that an accident will occur, the severity of the
accident, and the social sensitivity.

Step two. The risk evaluation indexes for the
proposed three-dimensional analysis model are developed based on SMART rules (specific, measurable, attainable, realistic, time-based), KPI theory
(key performance indicator), and 3E (engineering,
enforcement, education) and 4M (men, machinery,
medium, management) analyses [13-16].
¾ The possibility that an accident will occur
is determined by literature research and an on-site
visit.
¾ The severity of the accident is determined
by the steam cloud explosion model [17].
¾ The social sensitivity is determined by local laws and industry regulations.
Step three

RESULTS AND DISCUSSIONS
The three-dimensional model for risk assessment. Analysis of the possibility that an accident
will occur. Index system for calculating the possibility that an accident will occur. Based on the theory
of the two types of hazards, controllable hazards are
defined as the foundation on which to establish the
index system for calculating the possibility that an
accident will occur.

10593

© by PSP

Volume 29 – No. 12/2020 pages 10591-10601

Fresenius Environmental Bulletin

Inadequate Safety education and training A11
Inadequate monitoring and inspection A12
Management system A1

Improper emergency plan A13
Inadequate safety sings A14
Improper maintenance strategy A15

Smoking A21
Violation of operating instruction A22
Human behaviors A2

Without anti-static clothing A23
Without anti-static clothing A24
Parking without extinguishing A25

Probability of
the accident A
Failure of filling machine seal A31
Failure of filling machine anti-explosion A32
Breakage of oil transportation pipes A33

Device of filling zones A3

Filling machines impacted by vehicles A34
Emerging electrostatic spark A35

No antistatic device A41
Leakage of unloading pipes A42
Device of unloading zones A4

Failure of liquid level measurement A43
Failure of oil tank seal A44
Failure of combustible gas alarm A45

The target-level
The first-level index

The second-level index

FIGURE 3
The evaluation index system of the possibility of accident.

Goal

A

TABLE 1
Recommended values for the evaluation index system of the possibility of accident.
FirstSecond-level inRisk degree of the index
level index
4
3
2
1
dex
A1
A1i (ię1,…5)
CompliMost-compliPartial-compliNo- compliance
ance
ance
ance
A2
A2i (ię1,…5)
Usually
Sometimes
Occasionally
Never
A3
A3i (ię1,…5)
Totally fail
Major fail
Minor fail
Smoothly
A4
A4i (ię1,…5)
Totally fail
Major fail
Minor fail
Smoothly

Considering that factors that impact the safety of a
gas station are multitudinous, they are divided into
two types. The first type is human-related factors,
and specifically refers to the management system
and human behavior. The second type is equipmentrelated factors, and refers to equipment failure and
facility failure. Considering that outstanding risk

features mostly originate from the work zone of the
oil filling zone and unloading area, as well as humanrelated factors, the final index framework for evaluating the possibility of an accident is presented in
Figure 3.
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TABLE 2
1–9 scales for pair-wise comparisons in the AHP.
Importance intensity
Definition
1

Equal importance

3

Moderate importance of one over another

5

Strong importance of one over another

7

Very strong importance of one over another

9

Extreme importance of one over another

Based on the SMART rules and KPI theory, Table 1 exhibits the recommended values for each level
of the evaluation indexes. For the management system indexes (A1), the risk degree is identified according to degree that A1i (ię1,…5) corresponds to
the condition of the represented worst case. For example, for a concrete evaluated object, if there are
absolutely no safety and training records, the risk degree is 4. If there are some records of safety and
training, but low levels both in terms of quality and
quantity, 3 is recommended for the risk degree.
If there are records of safety and training, but
shortcomings exist, the risk degree is 2. If the safety
and training work completely conforms to relevant
regulations, the risk degree is 1.

ANALYSIS OF
THE SEVERITY OF THE ACCIDENT
The combination of the explosion radius and
property loss indicates the severity of the accident
[18]. The combustion explosion caused by flammable gas is the most serious type of accident that can
happen at a gas station. Therefore, the steam cloud
explosion model is adopted to calculate the injury radius of a gas station [19].
The reason for the occurrence of a steam cloud
explosion is that the concentration of the mixture of
combustible gas and air reaches the explosion limit,
and an open fire is also needed. The TNT equivalency method is adopted in this study to determine
the impacting radius of a steam cloud explosion [20].

Weight distribution of the index system for
the possibility that an accident will occur. Figure
3 represents the factors that impact on the likelihood
that an accident will occur. This AHP system assigns
the twenty factors indexes into 3 layers: the targetlevel, the first-level and the second-level. Therefore,
there are two levels of judgment matrix. That is the
first-level judgment matrix A and the second-level
judgment matrix (B1, B2 B3, B4). Table 2 describes
their comparison results. The pair-wise comparisons
between each two of the indexes can be conducted
by ask the decision maker or expert questions such
as, “which index is more important?”. Then the judgment matrix can be obtained based on the answers.
By solving the eigenvalue of the judgment matrix,
the corresponding eigenvector can be obtained, and
after normalization, the weight vector obtained is the
relative weight of different indexes.
In order to measure the reliability of the judgment, the consistency index should be calculated.
The greater the value of consistency index, the
greater deviation of the judgment matrix from a full
consistency. Usually, if the consistency index is less
than 0.1 the judgment matrix is supposed to have an
acceptable consistency.
The weight value of each risk factor can be
given by the product of the weight of each first-level
index to the target level and the second-level index
to the corresponding first-level index.

(1) The maximum storage quality of the oil tank
Wf is calculated as:

:I

UQ

(3)

where ȡis the liquid density and v is the maximum storage.
(2) The TNT equivalent at the time of the storage tank explosion is as follows:

WTNT

1.8

DW f Q f
QTNT

(4)

where 1.8 represents the ground burst coefficient, Į is the equivalent coefficient of the steam
cloud and is usually taken as 0.04, Qf is the explosion
heat of the gasoline and is taken as 44000 kJ/kg, and
QTNT is the explosion heat and is taken as 4500 kJ/kg.
(3) The death radius (R1) and serious injury radius (R2) are respectively calculated as follows:

R1 13.6(WTNT 1000)0.37
R2

'P2
°
®
°
¯

(5)

0.137 Z 3  0.119 Z 2  0.269 Z 1  0.019
Z 2 R2 / ( E / P0 )1/3
'P2 'Ps / P0

(6)
where ƸPs is the value of the shock wave peal
leading to serious injuries and is taken as 44000 Pa,
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Target goal

The severity
of the accident

TABLE 3
Scales for the severity of the accident consequences.
First-level index
Measure unit
Scale
0̚50 meter
4
Explosion radius
50̚100 meter
3
100̚200 meter
2
(B1)
>200 meter
1
0̚1 million CNY
4
Property loss
1̚5 million CNY
3
5̚10 million CNY
2
(B2)
>100 million CNY
1

P0 is the environmental pressure and is taken as
101300 Pa, and E is the total energy of the explosion,
and is the product of WTNT and QTNT.
The minor injury radius (R3) is calculated as follows:

R3

13

Z 3 R3 E P0
'P3 'Ps' P0 0.4344

(7)
where ƸP s is the value of the shock wave peal
leading to minor injuries and is taken as 17000 Pa.
’

(4) The property loss radius (Rp) is calculated
as follows [21]:
Rp

K WTNT 1/3

1  3175 WTNT

2 1/6

Construction of the three-dimensional
model for risk assessment. The values of the dimensions of the possibility that an accident will occur, the severity of the accident, and the social sensitivity of the accident that are calculated by Eq. (1)
are divided into four levels (respectively assigned as
1, 2, 3, and 4), as presented in Figure 4. Eq. (1) is
used to calculate the entire risk level of the gas station. Starting from the maximum of 64 to the minimum of 4, four classifications are identified. Different colors represent different risk ranks. Based on
where the calculated value falls in the zone, the risk
level of the evaluated object can be identified.
Values ranging from 1 to 12 refer to the fourth
type of risk zone. If the risk assessment value of a
gas station is located in this zone, it indicates that
there is a small possibility of an accident happening,
and even if an accident were to happen, the consequences would not be serious. Suggestions for these
gas stations are to continue maintaining the current
safety management measures. The risk level is low.
Values ranging from 13 to 32 refer to the third
type of risk zone. If the risk assessment value of a
gas station is located in this zone, it indicates that
there is a small possibility of an accident happening,
but if an accident happens, the consequences might
be serious. Attention should be paid to the accident.
For these gas stations, it is necessary to strengthen
the safety management measures and monitoring
system, and emergency plans should be regularly assessed. The risk level is medium.

(8)

where KȆ is the second-level damage coefficient of the buildings and is taken as 5.6.
(5) The property loss is calculated as follows:

N

3.14 U1 R p

Value
1
2
3
4
1
2
3
4

quickly evacuated to a safe area if an accident happened, and whether there are high buildings that
would impede timely evacuation.
¾ The probability of population exposure;
this is indicated by the number of people exposed in
the area involved in the accident.
Based on the these aspects and the requirements
of the China State Administration of Work Safety regarding the management of hazardous chemicals, the
functional zones with the same acceptable risk requirements are put into the same class and serve as
one index. Additionally, the population characteristics and density are also chosen as another index (Table 4). AHP is still used to calculate the weights of
these two evaluation indexes.

0.137 Z 3  0.119 Z 2  0.269 Z 1  0.019

'P3
°°
®
°
°̄
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(9)

where ȡ1 is the average property density of the
damaged zone.
The injury radius and property loss are used as
the indexes by which to evaluate the severity of an
accident, and an expert scoring method and AHP are
used to calculate the weights of these two evaluating
indexes. The values of 1, 2, 3, and 4 are assigned to
the two indexes (from grade 4 to grade 1), as presented in Table 3.
Analysis of the social sensitivity of the accident. The estimation of the surrounding social environment is the key to determining social sensitivity
[22].Therefore, different city zones must be established, and the process is subjected to the following
considerations.
¾ Whether there are significant sources of
hazards in the zone.
¾ The vulnerability of the population. For
example, whether the personnel in the zone can be
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Target goal

The social sensitivity of the
accident
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TABLE 4
Scales for the social sensitivity of the accident.
First-level index
Measure unit
Scale
0̚50 meter
4
Functional zones
50̚100 meter
3
100̚200 meter
2
(C1)
>200 meter
1
Low person-density
4
Population characHigh person-density
3
High person- vulnerability
2
ter (C2)
High person-exposure
1

5

5
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Values ranging from 33 to 52 refer to the second
type of risk zone. If the risk assessment value of a
gas station is located in this zone, it indicates that
there is a high possibility of an accident happening,
and if an accident happens, the consequences could
be serious. Much attention should be paid to the accident. For these gas stations, it is necessary to
strengthen the safety management measures and
monitoring system, and emergency plans should be
regularly assessed. The risk level is high.
Values ranging from 53 to 64 refer to the first type of
risk zone. If the risk assessment value of a gas station
is located in this zone, it indicates that there is a very
high possibility of an accident happening, and if an
accident happens, the consequences could be very
serious. These gas stations need to stop operation for
correction. In addition, emergency preparation
should be extended to the nearby masses. The risk
level is very high.

Value
1
2
3
4
1
2
3
4

·
¸
¸
 ¸¸
¸
¸
¹
·
¸
¸
 ¸¸
¸
¸
¹

·
¸
¸
 ¸¸
¸
¸
¹

oil and gas station. The chosen oil and gas station is
located in an area with a concentrated population,
and is surrounded by residential quarters and schools.
The oil and gas station has two buried 40m3 storage
tanks respectively used to store gasoline and diesel.
It covers an area of 200 square meters, and 20 employees work there. Based on the safety checklist,
explosion-proof equipment is used.
Calculation of the possibility that an accident will occur. A multi-factor fuzzy evaluation matrix was established according to the failure probability statistics, safety checklists, and expert scoring.
The evaluation matrixes can be written as above.
In the evaluation matrixes, R represents the
pairwise comparison results of each of the two indexes in target level Ai, and Ri represents the pairwise
comparison results of each of the two of indexes in
target level Aij. The judgment matrix of each comparison matrix meets the consistency validation. Table 5 presents the weight distribution of the lower index level to the higher index level. Also, based on

Case study. The three-dimensional model presented in Section 3 was applied to a case study of an
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Table 1, an evaluation score is adopted for each second index level. Therefore, the product of each score
and its corresponding weight is 2.25, which is the
value representing the possibility that an accident
will occur.

Fresenius Environmental Bulletin

Considering that the volume of the gasoline storage
tank is 40 m3 and the density of #93 gasoline is 0.735
g/ml, the maximum storage Wf and TNT equivalent
are calculated as follows.
Wf = 40 × 735 = 29400 (kg)
WTNT = 1.8 × 0.04 × 29400 × 44000/4500 =
20697.6 (kg)

Calculation of the severity of the accident. A
combustion explosion was considered to determine
the explosion radius and accident consequences.

FIGURE 4
The three-dimensional model for risk assessment.

FIGURE 5
The three-dimensional model for risk assessment.
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TABLE 5
Calculation of the possibility of the accident.
First-level index
Weight
Second-level index
A11
A12
A1
0.45
A13
A14
A15
A21
A22
A2
0.22
A23
A24
A25
A31
A32
A3
0.22
A33
A34
A35
A41
A42
A4
0.11
A43
A44
A45

Based on Eqs. (5-7), the death radius (R1) is
41.7 m. The serious injury radius (R2) is 76.75 m.
The minor injury radius (R3) is 150.29 m. By combining Eqs. (8) and (9), the total economic loss is determined to be 3701 million CNY.
Based on the principle of maximum risk, the explosion radius is determined by R3 and the value is
determined to be 3. The property loss is on scale 1;
therefore, 4 is assigned for the specific value of property loss. Using AHP analysis, the weight values for
the explosion radius and property loss are determined to be 0.534 and 0.466, respectively. The product of the score and weight of the two indexes (the
explosion radius and property loss) is 3.446, which
is the value representing the severity of the accident.

Weight
0.36
0.30
0.21
0.13
0.08
0.39
0.27
0.20
0.14
0.08
0.24
0.32
0.27
0.17
0.11
0.28
0.35
0.24
0.14
0.09

Score
2
1
3
3
2
1
2
2
3
2
2
2
3
2
2
2
3
2
2
3

an accident will occur is 2.25, the value of the severity of the accident is 3.446, and the value of the social sensitivity of the accident is 3.478. Based on Eq.
(2), the overall risk value is 26.97. Referring to Figure 2, the risk level of the oil and gas station is of the
third kind, and the specific location is shown in Figure 5.
Because the three-dimensional model conveys
the risk level from three aspects, improvement
measures can be pertinently recommended from the
three aspects to promote the safety of oil and gas stations.
To decrease the possibility that an accident will
occur, it is necessary to take the weight order of the
risk factors into account. The priority of prevention
strategies is given to risk factors with higher weights
(see Table 5), as these risk factors can impact the final calculation results and have more importance as
compared with other risk factors.
In terms of the dimension that considers the severity of the accident considered in the case study,
the explosion radius is 150.29 m, and therefore affects a large scope. Thus, two suggestions for this
case are given. First, it is necessary to establish an
emergency plan and conduct regular drills. Secondly,
the mechanism of effective emergency handling
measures should be deeply researched.
In terms of the dimension that considers the social sensitivity of the accident, considering that the
oil and gas station of the case study is surrounded by
residential quarters, the establishment of a risk communication mechanism is encouraged. Emergency

Calculation of the social sensitivity of the accident. Considering that there exist residential quarters, the functional zone is on scale 2, and the value
of 3 is recommended. Because the oil and gas station
is located in an area with a concentrated population,
the population character is on scale 2, and the value
of 3 is recommended. Additionally, based on the expert scoring method and AHP, the weight values for
the functional zone and population character are determined to be 0.529 and 0.471, respectively. The
product of the score and weight of the two indexes
(the functional zone and population character) is
3.478, which is the value representing the social sensitivity of the accident.
In summation, the value of the possibility that
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response columns and related safety propaganda also
need to be established to improve the safety awareness of nearby people. Additionally, for oil and gas
stations located in important functional zones, it is
necessary to mitigate the risk of public opinions in
the event of an unexpected incident to avoid negative
social effects.

Fresenius Environmental Bulletin

state and the actual system condition.
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CONCLUSIONS
The present study has proposed a model for the
risk assessment of oil and gas stations that evaluates
risk from three dimensions: the possibility that an accident will occur, the severity of the accident, and the
social sensitivity of the accident. The application of
this approach provides a risk-based method for the
identification of the risk level of oil and gas stations.
The following conclusions can be drawn from the results of this study.
1) A structured and modeled risk assessment
approach is presented. It is used to categorize the risk
factors into three aspects and calculate the respective
risk level of each aspect. The products are then used
to intuitively define the risk levels of oil and gas stations. This is important for the better understanding
of the influences of different types of risk factors on
oil and gas stations.
2) An evaluation index system is constructed
for each risk dimension, and AHP is used to determine the weight distribution. Accordingly, the degree to which every risk factor impacts the final result can be obtained, which can provide more insight
for safety managers. Among the three aspects, the severity and social sensitivity of an accident have been
identified as the most probable consequences for oil
and gas stations. In terms of the possibility of an accident occurring, the management system was determined to be the factor that contributes the most to
regulator system failure.
The potential hazards that impact the safety of
oil and gas stations are multi-faceted. This manuscript established a comprehensive, structured, and
logical analysis method aimed at identifying and assessing these hazards from three dimensions, and,
based on the assessment results, the overall risk level
of an oil and gas station can be visually presented. It
presents a comprehensive overview that can be used
to estimate the risk levels of oil and gas stations. This
method can also be effectively translated for use in
other process industries. Additionally, details on the
calculation methods for the specific values of each
dimension of analysis were provided. It is expected
that the display of each dimension will help industrial managers to gain a better understanding of how
existing hazards contribute to the overall risk level,
thus aiding them in carrying out targeted strategies
to bridge the existing gaps between the desired safety
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IS RAW SPRING WATER SAFE FOR DRINKING? A CASE
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investigated the elemental composition of drinking
water [3,5], groundwater [6], hot springs [7],
springs [8], and rivers [9]. Besides, other studies
investigated the radiological status in different
drinking water sources in Jordan such as tap water
[10,11], hot springs [12,13], and groundwater [14].
Recently, Jordan populations are increased, so there
is a demand for more exploitation of natural resources as well as protection. The demand for highquality drinking water is really increased, although
the average domestic water consumption is less
than 100 liters/capita/day, which is one of the lowest rates in the world [15]. In Jordan, stress on
groundwater resources is related to two factors: 1)
Water has traditionally been scarce due to climatic
conditions such as low rainfall and high evaporation. 2) Excessive groundwater withdrawal has
caused the severe lowering of groundwater table by
more than 2m/year in some fields in the central and
northern areas of Jordan [16].
Several diseases could affect people due to
drinking water containing high concentrations of
elements. High levels of Pb can cause decreased IQ
in children, hypertension, and damaged red blood
cell production. Elevated levels of U cause kidney
diseases and decreased fertility, while high Ba
concentrations cause intestinal and cardiovascular
diseases. On the contrary, elements, like Ca in
drinking water, may decrease the negative health
effects of a toxic element, so it should not be eliminated [17]. The potentially toxic elements (PTE's)
such as Cr and Pb can lead to both noncarcinogenic and carcinogenic effects such as mental diseases, skin lesions, liver and kidney problems, abdominal pain, and cancer [18,19]. Also,
exposure to heavy metals such as Ba, Cr, Ni, and
Pb can induce cardio-vascular sicknesses, kidneyrelated disorders, and cancer [5,20]. Additionally,
the impacts of Pb exposure include various neurodevelopmental effects, impaired renal function,
hypertension, reduced fertility, and adverse pregnancy outcomes and mortality [20]. Although taste
and odor of drinking water are related to Cu levels
in the water, many symptoms in humans result from
excess levels of Cu such as gastrointestinal illness

ABSTRACT
Spring water is considered as the purest form
of water on earth. Springs are spread in several
regions in Jordan, which serves as sources for
drinking, by localized people for many years. Although, scarcity of water is one of the major problems in Jordan, no governmental control from the
associated authorities has existed on springs. So,
detailed investigations for the quality of that water
were conducted. Gross alpha and beta activity concentrations were determined by using the Liquid
Scintillation Counter, whereas, the concentrations
of 13 elements (Ag, Ba, Bi, Cr, Cu, Fe, Mn, Mo,
Ni, Pb, Ti, U, and V) were determined by using
Inductively Coupled Plasma Mass Spectroscopy.
The activity concentrations of gross alpha and beta
were <0.045-0.769, and 0.270-3.758 Bq L-1, respectively. Besides, the concentrations of Ba, Cr, Cu,
Fe, Mo, Ni, Pb, Ti, U, and V in spring water samples were 24.436-57.698, 1.724-4.948, 0.867-2.353,
110.810-379.915,
0.611-1.774,
1.481-2.811,
<0.012-0.035, 0.518-1.644, 0.945-3.364, and 3.307ȝJ/-1, respectively. The results showed that
all spring waters are safe for drinking except at
Jerash, which may pose a threat to consumers. Due
to the lack of studies about springs in Jordan, this
study could be valuable for future works.

KEYWORDS:
Drinking water, Gross alpha and beta activity concentrations, heavy elements, Jordan, Spring water.

INTRODUCTION
Water is essential for humans and other living
organisms. Recently, natural waters including surface water (freshwater, lakes, and rivers) and
ground waters (borehole water and springs) are
received many pollutants from natural processes
and anthropogenic activities. Several studies determined the concentrations of elements and radioisotopes, to draw an overall picture of the status of
water sources [1-4]. In Jordan, many researchers
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(nausea, abdominal pain, vomiting, and diarrhea)
[20].
Recently, the quality of drinking water is of
great interest by people in Jordan, which is one of
the poor countries by water sources [21-23]. Therefore, monitoring of water sources in Jordan is highly recommended. Natural water sources may have
high levels of trace, heavy elements, and radioisotopes or other pathogens. Therefore, consuming
raw water directly by people from any water source
is undesirable. Generally, spring water is known as
the purest form of natural water on earth, since it
has the perfect balance of minerals and other essential elements. The absolute faith in the natural
spring water that it is the fountain of health over the
years by humans produces malpractice affects
negatively on their health. In fact, many people
prefer to drink raw spring water because its taste is
much better than other water sources such as tap
water. Tap water is often subjected to contaminations through different means such as tanks and
pipes. Generally, tap water contains many useful
elements and minerals, but in some cases, high
levels of some elements are found. As the spring
water keeps on flowing and passes through many
hurdles during its journey, it constantly gets agitated by every obstacle and the minimum amount of
impurities can be expected in this water form.
However, filtration of water from impurities is
expected due to the natural purification process, as
the spring water keeps seeping and passing through
different rock types, which lead to a natural purification process. This technique is being used effec-
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tively by many companies making bottled mineral
water. In Jordan, many water springs are found in
the capital Amman and other governates. The importance of these spring waters has been linked to
the fact that they have high water flow all year.
The aim of this study is to assess the quality of
spring water by determining the radiological status
and the elemental composition of drinking water
samples from Amman and neighboring locations.
Gross alpha and beta activity concentrations and
most of the widely recognized elements (Ag, Ba,
Bi, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Ti, U, and V) will
be analyzed to evaluate the quality of spring water.
In addition, selected physico-chemical parameters
were analyzed (Total Dissolved Solids (TDS), Electrical Conductivity (EC), and pH). To our
knowledge, few studies investigated the quality of
spring water in terms of radionuclides, trace and
heavy elements to decide if it is safe for drinking
and other domestic uses.

MATERIALS AND METHODS
Study area. Jordan is an arid to semi-arid
country, with a land area of approximately 90,000
km2. The mean annual rainfall in Jordan ranges
between 50 mm in the desert region to about 600
mm in the eastern mountains adjacent to the Jordan
valley. The total annual rainfall in Amman and its
areas was varied between 150 mm and 300 mm
[24].

FIGURE 1
Land cover categories in Jordan classified from Landsat 8 OLI images [26].
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FIGURE 2
The selected locations of natural springs in Jordan
1:SN1, 2: SN2, 3: SN3, 4: SM, 5: SB, 6: SA, 7: SH, 8: SJ, and 9: SY

The main aquifers in the study area are
Kurnub Sandstone aquifer (K), Nau'r aquifer (A1/2)
and Hummar aquifer (A4). The Kurnub aquifer
consists of massive, white and varicolored sandstones with a thickness of 300 m [25]. The Na'ur
aquifer consists of limestones interbedded by thick
sequences of marl and overlies the Kurnub sandstone aquifer, and the Hummar aquifer comprises a
karstified dolomitic limestone, light to dark grey in
color, hard, crystalline, coarse-grained and highly
fractured. The geologic map of Jordan is shown in
Figure 1. The geology in the area for each water
spring is a sedimentary rock composed of limestone, marl, chert, marly limestone, and chalky
limestone. Generally, the geological nature and
rock's type govern the natural radioactivity levels.
The capital Amman and nearby cities are popular with springs. Nine different springs are chosen
to represent the study area (Figure 2): Abu NseirVillage (SN1), Abu Nseir-Housing (SN2), Abu
Nseir-Al Habraj (SN3), Moubes (SM), Ein Al Basha-Abu Jalal (SB), Al Adaseya (SA), Marj Al
Hamam- Al Bahath (SH), Jerash-Thaghret Asfour
(SJ), Yajouz (SY).

ter. Physico-chemical parameters including TDS,
EC, and pH were determined directly using standard procedures. A known volume of each water
sample (50 mL) was evaporated until dryness and
then the residue with the glass was weighed after it
was weighed alone. The TDS is determined from
the difference between both weights. The pH meter
and conductivity meter were used easily to determine the pH and conductivity of water samples,
respectively. Also, chloride and sulfate ions were
determined by Ion Chromatograph (Model; Prominence LC-20A Series) from Shimadzu Corporation.
Gross alpha and beta activity concentrations. All samples were prepared for measurement
according to ASTM D7283–17 method [27]. An
amount of 100 mL of each water sample was evaporated to dryness under infrared (IR) lamp, the
residue was transferred to a glass scintillation vial,
washed with 5 mL of 1 M HNO3, transferred to a
liquid scintillation counter (LSC) vial, and evaporated under IR lamp to dryness. The residue was
dissolved in 1 mL of 1M HNO3 and then 15 mL of
Ultima GoldTM AB scintillation cocktail was added
to the vial. After mixing and set in the dark for
approximately an hour, it was cleaned with ethanol
before counting; each water sample was counted for
500 min. Gross alpha and beta activity concentrations were performed using LSC from Perkin Elmer
Tri-Crab 3170TR/LS analyzer which is equipped
with a pulse shape analyzer. The system was calibrated using certified standard solutions of Am-214

Sample collection and preparation. A total
of 24 samples of spring water were collected from
nine locations as shown in Figure. 2. The spring
water samples were collected at the source of the
spring, using polyethylene bottles (1 L). These
bottles were rinsed several times in spring water at
each site during sampling and then filled with wa-
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and Sr-90. This test method has been ISO-17025
accredited since 2012 at the Jordan Atomic Energy
Commission laboratories.

8.20, respectively. Additionally, the concentrations
of chloride and sulfate in springs were 48.96115.88, and 16.99- 45.36 mg L-1, respectively.

Elemental analysis. According to the recommended method in EPA 200.8, water samples were
filtered WKURXJKȝPILOWHUDWWKHWLPHRIFROOHF
tion and then acidified with HNO3 (2%) to pH< 2,
to preserve metals and to avoid precipitation [28].
(DFK VDPSOH ZDV VSLNHG ZLWK  ȝJ /-1 of indium.
The levels Ag, Ba, Bi, Cr, Cu, Fe, Mn, Mo, Ni, Pb,
Ti, U, and V were measured using the Inductively
Coupled Plasma Mass Spectrometer (ICP-MS)
from Perkin Elmer Sciex Company, USA/Canada.
Each sample was analyzed with three replicates
from which the mean concentration, standard deviation (SD), and relative standard deviation (RSD)
were evaluated. It is worth mentioning that the
instrument (ICP-MS) has been ISO-17025 accredited since 2012.

Gross alpha and beta activity concentrations. The mean values of gross alpha and beta
activity concentrations in spring water samples are
summarized in Table 2. Their ranges were <0.0450.769, and 0.270-3.758 Bq L-1, respectively.
Concentrations of elements. The levels of 13
elements in spring water are summarized in Table
3. The concentration ranges of Ba, Cr, Cu, Fe, Mo,
Ni, Pb, Ti, U, and V were 24.436-106.626, 1.7245.246, 0.580-2.353, 110.810-379.915, 0.611-1.906,
0.351-2.811, <0.012-0.315, 0.518-1.644, 0.9453.364, and 3.307- ȝJ /-1, respectively. Besides, the levels of Ag, Bi, and Mn were below
detection limits (BDL's) for all samples. The detection limits (DLs) IRU$JDQG%LZHUHȝJ/-1,
ZKLOHLWZDVȝJ/-1 for Mn.
Discussion. The TDS in natural waters consists mainly of carbonates, bicarbonates, chloride,
sulfate, calcium, magnesium, sodium, and potassium, while dissolved metals and dissolved organic
matter represent a small percentage [20]. In this
study, the TDS content in spring waters varied from

RESULTS
Physico-chemical analysis and anions. The
mean values of TDS, EC, and pH were determined
for all spring water samples (Table 1). Their ranges
were 425-776 mg L-1, 714-ȝ6FP-1, and 7.11-

TABLE 1
Information, physico-chemical parameters, and ions in spring water samples.
Sample ID
TDS (mg L-1)
(& ȝ6FP-1)
pH
Cl- (mg L-1)
SO4-2 (mg L-1)
SN1
616
1026
8.17
88.96±8.90
28.50±2.85
SN2
702
1173
8.06
91.97±9.20
26.97±2.70
SN3
444
739
8.20
94.95±9.50
28.06±2.81
SM
425
714
7.11
90.00±9.00
29.40±2.94
SB
776
1292
7.59
115.88±11.59
31.83±3.18
SA
460
770
7.65
48.96±4.90
19.82±1.98
SH
580
996
7.56
85.54±8.55
71.25±7.12
SJ
578
946
8.10
55.47±5.55
52.07±5.21
SY
498
837
8.02
63.99±6.40
16.99±1.70
Max.
776
1292
8.20
115.88±11.59
71.25±7.12
Min.
425
714
7.11
48.96±4.90
16.99±1.70
TABLE 2
Gross alpha/beta activity concentrations (Bq L-1) for spring water samples.
Sample ID
Gross alpha
Gross beta
SN1
0.068±0.021
0.270±0.039
SN2
0.051±0.021
0.712±0.063
SN3
< 0.045
0.639±0.060
SM
< 0.045
0.744±0.055
SB
0.080±0.023
0.543±0.047
SA
< 0.045
0.412±0.043
SH
0.048±0.011
0.390±0.030
SJ
0.769±0.022
3.758±0.068
SY
< 0.045
0.725±0.054
Max.
0.769
3.758
Min.
< 0.045
0.270
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TABLE 3
Concentrations of elements (ȝJ/-1) expressed as mean value, SD and RSD in spring water samples.
Sample
Ba
Cr
Cu
Fe
Mo
Ni
Pb
Ti
U
V
ID
Mean
57.698 3.523 0.867 305.886 1.774 1.847 <0.012 0.901 1.914 3.307
SN1
SD
0.432
0.146 0.027
4.491
0.010 0.049
0.123 0.010 0.079
RSD%
0.749
4.142 3.134
1.468
0.565 2.634
13.653 0.523 2.379
Mean
40.395 2.704 1.099 340.610 0.634 2.811 <0.012 1.257 1.628 7.719
SN2
SD
0.225
0.040 0.004
3.428
0.007 0.085
0.132 0.017 0.107
RSD%
0.556
1.496 0.381
1.006
1.100 3.027
10.544 1.028 1.391
Mean
56.793 4.125 1.501 356.123 1.208 2.456 <0.012 1.151 1.943 5.339
SN3
SD
0.178
0.166 0.013 23.016 0.007 0.072
0.177 0.009 0.141
RSD%
0.314
4.013 0.863
6.463
0.596 2.931
15.377 0.445 2.642
Mean
52.382 3.661 1.108 379.915 0.973 2.613 <0.012 1.192 1.838 6.060
SM
SD
0.404
0.163 0.004
8.801
0.009 0.042
0.184 0.024 0.125
RSD%
0.772
4.443 0.404
2.317
0.921 1.599
15.401 1.299 2.069
Mean
53.185 4.948 1.402 352.241 1.177 2.616 <0.012 1.380 2.334 7.917
SB
SD
0.381
0.255 0.033
8.722
0.006 0.090
0.148 0.009 0.131
RSD%
0.716
5.159 2.342
2.476
0.507 3.423
10.705 0.384 1.659
Mean
72.368 3.987 0.580 110.81 0.911 0.351 0.315
0.954 1.351 5.349
SA
SD
1.297
0.175 0.025
8.53
0.004 0.057 0.006
0.197 0.011 0.166
RSD%
1.792
2.178 4.369
7.7
0.445 2.582 1.906 20.637 0.789 3.099
Mean 106.626 5.246 0.668 270.57 1.906 0.843 0.109
0.712 2.391 3.738
SH
SD
1.288
0.227 0.016
20.29
0.038 0.218 0.003
0.183 0.017 0.017
RSD%
1.208
2.229 2.402
7.5
1.976 5.582 2.814 25.694 0.692 0.466
Mean
24.436 1.724 2.353 281.180 0.948 2.404 0.035
0.518 3.364 23.016
SJ
SD
0.269
0.130 0.026
6.031
0.017 0.084 0.001
0.088 0.052 0.440
RSD%
1.102
7.527 1.115
2.145
1.747 3.503 2.860 17.053 1.559 1.913
Mean
52.359 2.302 0.891 288.718 0.611 1.481 <0.012 1.644 0.945 14.029
SY
SD
0.558
0.082 0.015
8.984
0.007 0.087
0.069 0.017 0.297
RSD%
1.066
3.540 1.735
3.112
1.150 5.882
4.189 1.785 2.114
Max.
106.626 5.246 2.353 379.915 1.906 2.811 0.315
1.644 3.364 23.016
Min.
24.436 1.724 0.580 110.810 0.611 0.351 <0.012 0.518 0.945 3.307
RSD: Relative standard deviation.

425 up to 776 mg L-1. These variations in TDS
values mainly depends on the solubility of minerals
in different geological areas [20]. On the contrary,
pH values ranged between 7.11 and 8.20, which
indicate that all investigated spring waters were
alkaline. Besides, such pH values point toward the
identity of having spring water with dissolved metals raised the pH in comparison with ultra-pure
water (ASTM I) which has a pH value of 5.5. However, TDS and pH values for all investigated samples were lower than both Jordanian and WHO
guidelines, which are 1000 mg L-1 and 6.5-8.5,
respectively [29,30]. Electrical conductivity (EC) is
a measure of the ions present in water, but it does
not tell us what specific ions are present. This property is useful for determining the number of treatment chemicals that could be added to a water sample [20]. No threshold value was found for EC
(Table 4). Although the permissible levels for chloride and sulfate concentrations by the Jordanian
guidelines are double WHO recommended levels,
all chloride and sulfate concentrations in this study
were much lower than both legislations.
The results showed that gross alpha and beta
activity concentrations were below the recommend-

ed values (0.5 and 1.0 Bq L-1) except for SJ. Hammouri and El-Naqa found that Jerash area is subjected to contaminants due to the disposal of domestic wastewater and uses of fertilizers for agriculture [31]. So, more investigations for the soil in
that area is recommended to determine the main
reason/reasons for high radioactivity concentrations
in Jerash. No elevated concentrations of gross alpha
and beta were found in other spring waters from all
sites, which revealed that there is no adverse health
effect on people who use spring waters for drinking
and domestic uses. However, further analysis is
recommended for all spring water sources before
using any of them for drinking and cooking.
The concentration values of 13 elements in
spring waters were lower than the national and the
international recommended limits as shown in Table 4 [29,30]. Based on the results, it is not expected that drinking spring water could cause any
health problems for humans. But it is highly recommended to analyze samples from springs periodically to ascertain that they are safe for drinking and
free from potentially toxic elements (PTEs). Comparisons between the present study and other studies are also summarized in Table 4. Generally, the
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concentrations ranges found in the present study
were within the values reported by other local or
international studies except for Cu, Fe, Mn, and Pb.
These variations depend on the natural and/or anthropogenic activities that may affect the area of
springs. But, gross alpha and beta activity concen-
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trations from this study were higher than other
reported studies for only one spring (SJ). Unfortunately, no available data is found for either elements or radioisotopes content in the selected
springs.

TABLE 4
Comparisons between spring waters from the present study and other studies.
Parameter

Ag
ȝJ/-1)
Ba
ȝJ/-1)
Bi
ȝJ/-1)
Cr
ȝJ/-1)
Cu
ȝJ/-1)
Fe
ȝJ/-1)
Mn
ȝJ/-1)
Mo
ȝJ/-1)
Ni
ȝJ/-1)
Pb
ȝJ/-1)
Ti
ȝJ/-1)
U
ȝJ/-1)
V
ȝJ/-1)
TDS
(mg L-1)
EC
ȝ6FP-1)
pH

Turkeyspring
water

Turkeyspring
water

Serbiaspring
water

JordanMa’in
hot
springs
water

JordanYarmouk
Basin
springs

JordanShoubak
basin

JISM
Guidelines

WHO
Guidelines

The
present
study

---

---

NM

NM

NM

NM

100

100 a

<0.040

---

---

NM

NM

NM

NM

1000

700

24.436106.626

---

---

NM

NM

NM

NM

ND

ND

<0.040

---

---

571 ±
59

NM

2.0-5.3

50

50

---

---

<0.211.57
0.283.00

70 ± 23

3.2-6.0

2.5-23.5

2000

2000

---

---

NM

4.3-5.4

66.0193.0

1000

ND b, c

---

---

0.0325.56

124 ±
30
169 ±
16

0.3-6.0

3.5-20.5

400

400 c

<0.115

---

---

NM

NM

NM

NM

90

70 d

---

---

58 ± 20

NM

7.5-18.5

70

70

NM

1.0-15.0

17.547.0

10

10

0.6111.906
0.3512.811
<0.0120.315
0.5181.644
0.9453.364
3.30723.016

<0.303.52
0.210.91

---

---

---

---

NM

NM

NM

NM

ND

ND

---

---

NM

NM

NM

NM

ND

30

---

---

NM

NM

NM

NM

ND

ND

---

---

---

---

---

1000

1000

---

---

---

---

300-1199

---

---

---

---

---

7.8

7.01-7.87

6.5-8.5

6.5-8.5

500

250

500

250

0.5

0.5

1.0

1.0

[30]

[29]

Cl-

276.16768
4321200
7.527.76
51.1163.8
71.04235.68

----------(mg L-1)
-2
SO4
----------(mg L-1)
*URVVĮ
0.030.005--------(Bq L-1)
0.360
0.771
*URVVȕ
0.040.013--------(Bq L-1)
1.940
0.707
Reference
[32]
[33]
[34]
[7]
[35]
[8]
no.
a: Available data inadequate to permit derivation of health-based guideline value [29].
b: No guideline value for iron in drinking-water is proposed [29].
c: Not of health concern [29].
d: Occurs in drinking-water at concentrations well below those of health concern [29].
ND: Not determined
NM: Not measured
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1.7245.246
0.5802.353
110.810379.915

425-776
7141292
7.118.20
48.96115.88
16.9945.36
<0.0450.769
0.2703.758
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TABLE 5
Pearson correlation coefficients among elements, SO4-2, Cl-, TDS, EC, and pH in spring water
Ag

Ba

Ag

1

Ba

-0.64

1

Bi

Cr

Cu

Fe

Mo

Mn

Ni

Pb

Tl

U

V

TDS

EC

pH

Cl-

Bi

0.88

-0.61

1

Cr

-0.30

0.78

-0.29

1

Cu

0.98

-0.72

0.85

-0.46

1

Fe

0.34

-0.34

0.48

-0.01

0.37

1

Mo

-0.21

0.64

-0.28

0.64

-0.23

0.02

1

Mn

-0.43

0.89

-0.49

0.57

-0.48

-0.43

0.57

1

Ni

0.61

-0.71

0.70

-0.28

0.64

0.86

-0.28

-0.69

1

Pb

-0.35

0.47

-0.44

0.25

-0.43

-0.93

0.03

0.52

-0.82

1

Tl

-0.26

-0.15

-0.08

-0.01

-0.29

0.33

-0.52

-0.44

0.24

-0.34

1

U

0.73

-0.20

0.48

-0.01

0.74

0.19

0.36

0.11

0.31

-0.17

-0.73

1

V

0.66

-0.67

0.44

-0.76

0.75

-0.02

-0.50

-0.34

0.24

-0.19

-0.16

0.44

1

TDS

0.13

-0.15

0.01

0.12

0.16

0.24

0.12

-0.06

0.34

-0.30

0.05

0.31

0.05

1

EC

0.09

-0.10

-0.04

0.16

0.11

0.24

0.15

-0.02

0.31

-0.29

0.06

0.29

0.01

0.99

1

pH

0.25

-0.38

0.39

-0.48

0.31

-0.01

-0.06

-0.33

0.13

-0.24

-0.07

0.04

0.3

0.168

0.14

1

-

0.07

0.07

0.18

0.55

0.01

0.76

0.32

-0.13

0.59

-0.60

0.34

0.09

-0.48

0.51

0.525

-0.16

1

0.2

0.41

0.03

0.28

0.21

0.03

0.61

0.70

-0.13

0.02

-0.71

0.74

0.12

0.19

0.21

-0.15

0.04

Cl

SO4

-2

SO4-2

1

Bold font means P values below 0.050.

The Pearson correlation coefficients between
concentrations of elements in spring water are
summarized in Table 5. The correlation matrix
revealed strong positive correlations (P<0.05%)
between Ag-Bi, Ag-Cu, Ba-Cr, Ba-Mn, Bi-Cu, BiNi, Cu-U, Cu-V, Fe-Ni, Fe-Cl-, Mn-SO4-2, and USO4-2. Also, a strong positive correlation was found
between TDS and EC as expected. Positive correlation coefficients result when each pair of elements
increase together, indicating a similarity in their
natural or artificial sources. Conversely, strong
negative correlations (P<0.05%) were found between Ba-Cu, Ba-Ni, Cr-V, Fe-Pb, Mn-Ni, Ni-Pb,
Tl-U, and Tl-SO4-2. It can be seen that Ag, Bi, and
Mn were reported with values less than the detection limits. Hence, a positive trend of elements in
comparison with Ag, Bi, and Mn would show a
positive correlation and vice versa. Therefore, the
redox cycling and dissolution or precipitation processes might affect the behavior of elements. Also,
the variation in element concentrations among the
spring waters is strongly related to the proportion of
terrestrial recharge contributing to spring water
sources. Furthermore, adsorption onto sediments in
the route of spring water could highly impact the
elements' concentrations. Moreover, it is worth
mentioning that the seasonal hydrologic events
would dilute the spring water sourced metals and
flush metals from sediments alongside the spring
water passages.

CONCLUSIONS
Clean water is essential for a healthy human
life. Since natural water sources including groundwater are subjected to pollution, risk assessment
and monitoring are highly required to prevent many
diseases such as cancer. Gross alpha and beta activity concentrations, as well as concentrations of
heavy elements, were determined in the present
study. The results revealed that all investigated
spring waters are radiologically safe for drinking
and domestic uses except SJ at Jerash, due to high
gross alpha and beta concentrations. Besides, all
elements in spring waters were below the recommended limits by national and international legislations. Generally, people are not advised to drink
water directly from springs without analyzing that
water at laboratories. However, the quality of
spring waters is generally very good. Extra analyses
are recommended for other elements to ensure that
spring waters are free from any kind of toxins,
impurities, and pathogens. It is also to study the
microbiological status in the future. Also, studying
other springs in Jordan should be conducted especially since they are out of governmental control by
the water authority.
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pledged to peak carbon dioxide emissions around
2030, and to strive to achieve more than 20 percent
of non-fossil energy as a share of disposable energy
consumption by 2030 on China-U.S [1-5]. China
has taken many steps to mitigate these issues recent
years. It is important for future policy design to
assess the effectiveness of what China has done to
coordinate economy growth and ecological development. We investigate the carbon footprint and the
ecological carrying capacity of all regions to build
an effective Environmental protection measures,
which can accelerate the formation of a green lowcarbon cycle, and promote the sustainable development of green economic growth as well as the
ecological civilization construction. Measuring the
carbon footprint and the ecological carrying capacity of all regions, which can enable clear the ecological pressure and carbon footprint situation in different regions under different economic development stage [6-7]. The study can provide reference
for China to take practical and feasible policy actions to fulfill its carbon emission reduction commitments, at the same time, the study can provide
reference for China to actively shoulder the international responsibilities in the United Nations
Framework Convention on Climate Change (UNFCCC) and the Paris Climate Agreement to establish China's reputation as a responsible great country in the international scope.
The United Nations Intergovernmental Panel
on Climate Change (IPCC), in its fifth assessment
report on climate change, noted that global average
WHPSHUDWXUHV KDG ULVHQ E\ ႏ LQ WKH ODVW 
years, and the excessive emissions of carbon dioxide had been the main contributor to the warming
effects of the world. Carbon dioxide emissions
caused by industrialization far exceed the change
brought by natural factors of nearly 600,000 years.
Annual Review of Low-Carbon Development in
China (2018) indicates that by 2020, the intensity of
carbon emissions per unit GDP in China has fallen
by more than 50 percent compared to 2005, and
based on that both the ratios of non-fossil energy to
one-time energy consumption and the forest volume
had exceeded the commitments given by the Copenhagen Climate Conference, China needs to

ABSTRACT
We use Intergovernmental Panel on Climate
Change (IPCC) carbon emission model to investigate the carbon footprint intensity and ecological
pressure index of China’s provinces and urban
areas. We explore the spatial-temporal evolution
law and influence factors of carbon footprint intensity, and measure ecological pressure index from
the perspective of low-carbon economy. The results
show that, the central region has the largest carbon
footprint, while the western region has the lowest
one in the last 11 years. The average carbon footprint intensity rises in order is the east, middle and
west. Carbon footprint intensity indexes of the three
regions all present a similar inverted "U" shaped
development trend, and in descending order, the
decline rate of this index was the east, the middle,
the west. and the slowest in the middle. The spatial
distribution pattern of ecological pressure index is
consistent with the intensity of carbon footprint,
which shows the increasing trend in order of the
east, middle and west, and according to the spatial
and temporal evolution law of regional carbon
footprint intensity and ecological pressure index,
the impact of regional low-carbon economic development on resources and environment is analyzed,
and the influence factors of regional carbon footprint intensity and ecological pressure index are
analyzed.

KEYWORDS:
Low-carbon economy, Carbon footprint strength, Temporal-spatial evolution, Ecological pressure

INTRODUCTION
With 40 years’ reform and opening up, China
has made remarkable achievements in economic
growth. However, these achievements are companied by server problems of resources shortage and
environment pollution. which has also accumulated
a severe problem of resource shortage and environmental pollution. In November 2014, China
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gradually lower down the GDP energy intensity and
CO2 intensity to accelerate the transition to a lowcarbon economic model and to achieve the goal of
energy structure optimization [8-10]. Thus, to realize the completed decoupling of economic and
social sustainable development from CO2 emissions, boost the promotion of comprehensive competitive strength of low-carbon economy and advanced energy technology development, ensure that
the transformation of energy structure forces technological innovation, thus transforming the kinetic
energy of economic growth, and finally realize the
low-carbon transformation of Chinese energy and
economy.
At present, more than 10% of the added value
of Chinese industry comes from the consumption of
natural resources and the cost of carbon loss. Chinese energy consumption already accounts for more
than 20% of the world's total energy consumption,
of which coal accounts for more than 70%. With
the acceleration of urbanization and industrialization, Chinese carbon emissions have become the
first in the world, but in terms of per capita carbon
emissions, Chinese per capita carbon emissions are
below the world average level, far below that of
developed countries [11-14].
To sum up, whether it is the international external environment or domestic, with the increasingly serious pollution phenomenon in China, carbon emissions have increasingly become the center
of our focused environmental issues, and carbon
emissions reflect the quality level of energy structure, industrial structure and economic growth in a
region [15-16]. Therefore, it is necessary to judge
the development trend of ecological carrying capacity by studying the resource and environment problems brought by the regional economic growth.
Finally, this article provides a theoretical reference
for the coordinated development of resource environment and regional economy.
The assessment of environment policy has
been investigated at the province level in terms of
the trend of carbon emission, footprint and emission
density. Chinese scholars have analyzed the development trend of carbon emission, carbon footprint
and carbon emission density of different type land
in Jiangsu Province, they pointed out that all kinds
of carbon emission indicators in Jiangsu Province
are gradually rising. These indicators are gradually
increasing, and residential areas, transportation land
and industrial and mining land are the main sources
of carbon emission growth. Based on the analysis
of energy consumption in six regions of China and
data processing by GIS software, some scholars
find out that the spatial-temporal distribution characteristics of carbon footprint in China, and find
that the intensity of carbon footprint in the most
developed East China is obviously higher than that
in other regions [17-19]. The research shows that
the spatial transference of carbon emissions is
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formed between regions through cooperative links
between industries.
The constant equation put forward by Japanese scholars Yoichi Kaya at the IPCC seminar
decomposes the regional carbon emissions into
factors such as carbon emission intensity, energy
efficiency, per capita income, population size and
energy structure, thus comprehensively explaining
the main influencing channels and factors of carbon
emissions, and the result is generally accepted by
the academic circles. The inequality on international per capita carbon emissions is mainly due to the
difference in per capita income level, and the impact of energy carbon emission intensity on the
equality is very small, especially the difference
between China and India. Since foreign scholars put
forward the inverted "U" relationship between economic development level and environmental pollution, the relationship between economic growth and
pollution has become the focus of scholars' attention, and the research in this field has been constantly improved and supplemented [20-21]. Moreover, scholars have carried out in-depth research on
the driving factors of carbon emissions, emission
response effects, spatial distribution patterns and
spatial spillovers, and analyzed the influence mechanism of pollution emission intensity based on
regional models [22-23]. According to the relationship between economic growth and environmental
pollution in various regions of China, scholars put
forward the opinion that there is no Positive interaction and correlation between environmental quality
and economic growth in China at this stage, and the
correlation between pollution and economy varies
according to region, also it is found that population
and economic activities promote pollution agglomeration positively. In addition, it is found that population and economic activities have a positive role
in promoting pollution agglomeration. Under different spatial scales and economic development
stages, pollution emissions represented by carbon
dioxide show the development characteristics of
alienation [11, 24].
This paper is organized as follows: Section 2
introduces the basic theories related to the assessment of carbon policy. Section 3 focuses on the
methodology used in this paper. Empirical analysis
is carried out in Section 4. Section 5 concludes.

MATERIALS AND METHODS
Carbon emission is measured by carbon footprint and carbon footprint intensity, while ecological development is assessed in terms of ecological
carrying capacity and ecological pressure.
Carbon footprint and carbon footprint intensity. The carbon footprint reflects the total emissions of direct or indirect carbon dioxide gases and
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carbon dioxide equivalents converted from other
types of greenhouse gases from the production of a
particularly category products throughout the life
cycle, and which can reflect the environmental
pressures on the natural ecology of an economic
production or consumption activity. The carbon
footprint index indicates the whole process of carbon emission from the source of product life cycle.
The indicator is represented by the geographical
area with biological productivity which can absorbs
carbon emission, it reflects the ecological carrying
capacity of the region.
Carbon footprint intensity can reflect the relationship between economic development and carbon emission in a region comprehensively and
objectively. This index is the ratio of total carbon
footprint to the GDP of the region. The higher the
index value, the more backward the production
mode is, the weaker the technological innovation
ability is, and the lower the energy utilization efficiency is. The smaller the index value is, the higher
the regional production efficiency is, the stronger
the technological innovation ability is, and the
higher the energy utilization efficiency is.
At present, the view of research on carbon
footprint includes micro and macro. Micro view
focus on individual, family, enterprise and other
organizations, the research objects of macro view
includes all kinds of industries, such as industry,
transportation, construction, water supply, power
supply and medical treatment [14, 25]. From the
geographical point of view, the research includes
provincial, municipal and national views, but the
relevant research in China is still in its infancy.
From the point of view of space, the sources of
carbon emissions in this paper mainly include
transportation, production and consumption of
products, energy use and other aspects. The calculation methods of carbon footprint mainly include the
following four methods:
The first method is product life cycle assessment methodology (LCA), which uses bottom-up
approach to measure the carbon footprint of a product from its generation to extinction throughout its
life cycle. The second one is the total summation of
greenhouse gas emissions from combustion of fossil energy fuels consumed in production, based on
the greenhouse gas inventory guidelines prepared
by the Intergovernmental Panel on Climate Change
(IPCC). The third is the input-output method (IO),
which is calculated from a top-down calculation
method using the input-output table, but the results
are relatively rough and imprecise. The fourth is the
Kaya carbon emission identity method, which is
linked to the carbon dioxide generated by economic
activities through the decomposition of mathematical formulas into factors such as economy, policy
and population.
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Ecological carrying capacity and ecological
pressure. Ecological carrying capacity refers to the
maximum ecological service capacity provided by
nature for human survival and development under
certain ecological environment conditions, and
refers to the supply capacity of resources and environment. The ecological carrying capacity is often
measured by the ecological footprint, which refers
to the total area of biological productive space
owned by a region without compromising the
productivity and functional integrity of the ecosystem concerned. For socio-economic systems, the
ecological carrying capacity is often characterized
by objectivity, variability and hierarchy. From the
view of socio-economic system of ecological carrying capacity, ecological carrying capacity usually
refers to the economic scale and population that the
existing ecosystem can maintain [26]. The connotation of ecological pressure is based on the concept
of ecological footprint, which reflects the relative
relationship between the pollution degree of ecological environment in the regional ecological carrying
capacity. The index adopts the ratio relationship
between ecological footprint and ecological carrying capacity, and it reflects that ecological pressure
index which can measure the healthy and sustainable development degree of resources and environment.
As the highest proportion of pollution sources,
this paper selects air pollution in soil, water and air
pollution as the pollution proxy index, and we use
carbon ecological carrying capacity and carbon
pressure index for statistical analysis and trend
interpretation, which can fully reflect the pollution
and ecological environment health and sustainability degree in China.
Research methodology. Based on the IPCC
carbon emission model and the greenhouse gas
inventory guidelines, this paper calculates the carbon emissions generated by the combustion process
of 10 representative fossil energy fuels consumed in
different region each year, and we convert the carbon footprint into carbon footprint according to the
land structure of different regions. We compare the
carbon footprint with the regional GDP, and calculates and analyzes the ecological carrying capacity
of carbon footprint according to the carbon sink in
different regions, and deeply explores the relationship between carbon footprint and carbon ecological carrying capacity. We obtain the evolution law
of carbon pressure index in China. The abovementioned carbon emission indicators are analyzed
by statistical analysis, trend analysis and space-time
evolution comparative analysis to find out the inherent evolution law and a series of carbon footprint indicators’ trend in China. At last, we find out
the economic, technological, resource, environmental and other influencing factors that affect the development of China's low-carbon economy.
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Reform Commission's Department of Climate
Change.
At present, scholars at home and abroad have
different interpretations of the carbon footprint the
emission, some scholars measure the carbon footprint in terms of greenhouse gas emissions such as
carbon dioxide, methane and nitrogen oxides produced in the production and life process, and some
scholars use the area of biological productive land
and vegetation in the process of absorbing carbon
emissions to measure it. The second measure is
used in this paper. The carbon footprint calculation
assumes that the land and vegetation area for which
greenhouse gases are absorbed depends primarily
on the carbon sequestration capacity of land and
vegetation, which is expressed mainly by the net
carbon accumulation remaining in living plants and
land, i.e. net ecosystem production (NEP) which the
units is the amount of carbon absorbed by vegetation in an average 1 hm2 per year. The total amount
of bio-productive land area required to absorb
greenhouse gases generated in social production
activities, which is called the carbon footprint. The
formula of the carbon footprint is as follows [17]:

RESULTS
Because the carbon footprint index can grasp
the root of carbon emissions, so this paper uses
carbon footprint to analyze pollution, the higher the
index, the greater the ecological cost brought by
economic production.
Data sources. In the process of carbon footprint calculation, the consumption data of fossil
energy fuels are derived from the China Energy
Statistics Yearbook (2008-2018), the land use structure data comes from statistical bulletin on land
resources and survey report on land use change of
Chinese provinces. The China’s Land and Resources Statistics Yearbook (2008-2018). The economic and social development data of the provinces
and municipalities are derived from the China Statistical Yearbook (2008-2018).
Carbon emissions and carbon footprint
modeling analysis. In this paper, carbon emissions
are calculated based on the energy consumption
data of the energy balance table in every province
statistical year books. The energy types include raw
coal, coke, briquette, clean coal, crude oil, gasoline,
kerosene, diesel, natural gas, liquefied petroleum
gas, coke oven gas, refinery dry gas, petroleum
products, coking products and other more than 10
fossil energy sources. Then, the calculation formula
of regional energy carbon emissions is as follows
[7, 15]:

CF

¦ Qp

i

u P u NCVi u Cf i u Vco

i 1

Cf i

CE u (

Per f
NEPf



Perg
NEPg

)

(3)
Among the above, CF is the carbon footprint
based on carbon emissions (104hm2), Perf represents the share of forest carbon sinks, about 82.7%,
Perg represents the proportion of grassland carbon
sink which is about 17.3%. The carbon sink of
farmland crops occupies a certain proportion, but
the relative effect is relatively small, which can be
ignored here. The NEP values of grassland and
forest were calculated, the NEPf value of grassland
and the NEPg value of forest are 3.810 t/hm2 and
0.949 t/hm2. According to the above models, the
total carbon footprint of China's provinces and
cities (excluding Tibet due to lack of data) from
2008 to 2018 is calculated and summarized as the
trend of change in the three regions of East, Central
and West, as shown in Figure 1.
By comparing the development trend of carbon footprint in each of the above regions, we
found that from 2007 to 2017, China’s overall carbon footprint shows the development trend of rising
and then falling, and the rising speed increases fast
first and then gradually stabilizes. Before 2012, the
carbon footprint in descending order was east, central and west, and after 2012, the order change to
middle, east and west, mainly due to the accelerated
technological innovation in the eastern region at the
last 5 years, which led to the improvement of energy efficiency and the conservation effect of resources and environment [18]. Although the growth
rate of carbon footprint in the central region is decreasing from the perspective of time series, compared with the technological progress in the east
and the natural resource endowment in the west, the

n

CE
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2

(1)

CC i u COFi u V

(2)
The CE represents the total amount of carbon
emissions in energy consumption in unit of billions
of tons; n is the number of fossil energy species,
this paper selects the above 10 representative fossil
energy sources; Qpi is the terminal consumption of
the ith energy source in unit of billions of tons; is
the unit conversion coefficient from Kj to Tj; NCVi
is the net energy emission per unit for the ith energy
source, Cfi is the default CO2 emission factor;
Vco2 is the carbon content of carbon dioxide , normally take 12/44 with unit as Tj/Gg; CCi is the
carbon content per unit calorific value of the ith
energy source; COFi is the carbon oxidation rate
of the ith energy; V is the coefficient 3.67, which is
the rate of carbon conversion to carbon dioxide.
The total amount of carbon emissions in China's
provinces and municipalities (excluding Tibet due
to lack of data) from 2008 to 2018 was calculated
based on the above model and data, using the index
of "Guidelines for the Preparation of Provincial
Greenhouse Gas Inventories (GB/T2589-2008)"
compiled by the China National Development and
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total carbon footprint in the central region remains
high in the three regions.
Carbon footprint strength analysis. To eliminate the price impact and the comparability of carbon footprint intensity between regions, the GDP of
this paper is converted from 2007 as the base period, and the results are shown in Table 1.
Through comparison of the economic growth
and carbon footprint intensity of each region in
Figure 2 and Figure 3, we find that from 2007 to
2017, the economic growth rate of each region in
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China is relatively fast, and China’s carbon footprint intensity shows an inverted "U" growth trend.
The average carbon footprint intensity of China in
the past 11 years is 1.485, which indicates that the
improvement of Chinese technological innovation
ability leads to the reduction of carbon emissions
per unit GDP by pushing up the total factor productivity. From the spatial dimension, the intensity of
carbon footprint in ascending order is the lowest in
the east region, the second in the middle and the

TABLE 1
Carbon Footprint Strength in China's Provinces and Cities 2007-2017.
Area

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Beijing
Tianjin
Hebei
Shanxi
Neimengg
u
Liaoning
Jilin
Heilong
jiang
Shang
hai
Jiangsu
Zhe
jiang
Anhui
Fujian
Jiangxi
Shan
dong
Henan
Hubei
Hunan
Guang
dong
Guang
xi
Hainan
Chong
qing
Sichuan
Guizhou
Yunnan
Shanxi
Gansu
Qinghai
Ningxia
Xinjiang
mean
Standard
deviation
Eastern
Region
Central
Region
Western
Region

0.578
0.855
1.591
2.132
2.948
1.610
1.567
1.254

0.608
0.755
1.534
4.899
3.329
1.509
1.590
1.207

0.572
0.686
1.479
4.617
3.104
1.397
1.483
1.243

0.525
0.800
1.468
4.495
3.183
1.324
1.457
1.412

0.475
0.763
1.444
4.659
3.666
1.251
1.501
1.364

0.447
0.643
1.357
4.719
3.503
1.183
1.343
1.279

0.375
0.603
1.285
7.601
3.193
1.062
1.110
1.095

0.359
0.522
1.145
7.502
3.046
0.986
1.032
0.999

0.314
0.203
1.098
6.913
2.645
0.924
0.904
0.939

0.265
0.397
0.988
6.430
2.470
0.960
0.828
0.929

0.232
0.388
0.817
6.373
2.408
0.933
0.787
0.849

Average
0.432
0.601
1.292
5.485
3.045
1.195
1.236
1.143

0.510
0.796
0.866
1.103
0.580
0.899
1.405
1.338
0.886
0.992
0.543

0.510
0.748
0.817
1.192
0.546
0.855
1.362
1.000
0.787
0.853
0.536

0.465
0.699
0.780
1.199
0.575
0.766
1.285
1.286
0.760
0.802
0.541

0.478
0.698
0.744
1.083
0.560
0.770
1.208
1.388
0.796
0.765
0.542

0.467
0.705
0.724
1.064
0.583
0.739
1.145
1.415
0.805
0.789
0.555

0.429
0.648
0.645
1.071
0.519
0.674
1.077
1.072
0.700
0.724
0.498

0.429
0.609
0.602
1.055
0.457
0.677
0.921
1.071
0.517
0.636
0.465

0.346
0.545
0.550
1.003
0.468
0.630
0.895
0.923
0.469
0.559
0.438

0.334
0.513
0.510
0.902
0.439
0.595
0.874
0.821
0.433
0.504
0.404

0.306
0.490
0.471
0.633
0.375
0.566
0.847
0.759
0.402
0.495
0.382

0.283
0.451
0.463
0.773
0.372
0.527
0.792
0.731
0.392
0.476
0.377

0.414
0.627
0.652
1.007
0.498
0.700
1.074
1.073
0.632
0.690
0.480

0.716
1.230
0.978
0.902
2.963
1.397
2.420
2.249
1.696
6.710
2.321
1.535
1.195

0.678
1.160
1.119
0.916
3.261
1.384
2.438
2.188
1.921
6.641
2.459
1.627
1.373

0.682
1.103
1.108
0.926
3.402
1.357
2.049
1.951
1.926
7.601
2.724
1.619
1.481

0.731
1.130
0.960
0.842
3.277
1.288
2.101
2.036
1.749
7.237
2.765
1.594
1.424

0.841
1.190
0.899
0.724
3.102
1.207
2.062
2.116
2.079
8.135
2.935
1.647
1.585

0.840
1.117
0.784
0.664
2.920
1.112
2.148
1.925
2.165
7.205
3.053
1.549
1.478

0.750
0.974
0.628
0.579
2.840
0.993
2.306
1.814
2.363
6.531
2.774
1.544
1.698

0.669
1.016
0.587
0.573
2.607
0.881
2.186
1.657
1.910
6.287
2.746
1.451
1.659

0.584
1.047
0.529
0.452
2.414
0.772
2.137
1.500
1.244
5.767
2.613
1.311
1.531

0.573
0.928
0.488
0.413
2.322
0.733
2.214
1.340
1.390
5.234
2.631
1.242
1.421

0.568
0.846
0.401
0.351
2.059
0.719
2.200
1.326
1.186
5.789
2.677
1.218
1.473

0.694
1.067
0.771
0.667
2.833
1.077
2.206
1.827
1.784
6.649
2.700
1.485
1.421

0.960

0.917

0.871

0.862

0.846

0.778

0.707

0.661

0.605

0.583

0.541

0.757

1.271

1.548

1.520

1.521

1.542

1.448

1.720

1.640

1.501

1.380

1.364

1.496

2.300

2.394

2.439

2.379

2.524

2.393

2.252

2.104

1.878

1.801

1.789

2.205
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FIGURE 1
Statistical Characteristics of Carbon Footprint in China from 2007 to 2017.

FIGURE 2
Chart of Real Economic Growth in China from 2007 to 2017.

FIGURE 3
Statistical Characteristics of Carbon Footprint Strength in China from 2007 to 2017.
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FIGURE 4
Trend Chart of China's Carbon Footprint Pressure Index from 2007 to 2017.
CA is the sum of carbon absorbed by different
land types, that is, carbon sink capacity in different
regions; Aerai refers to different types of land area
in units of hm2. Consider only the area of forest
and grassland in each area. NEPi Represents net
carbon accumulation in forests and land, take a
value of 3.810 t/hm2, 0.949t/hm2. On the basis of
regional carbon sink capacity, the formulas to
measure carbon ecological carrying capacity (CC)
and carbon ecological pressure index (CPE) are as
follows [15, 19]:

highest in the west. The intensity of carbon footprint in the east has declined continuously in the
past 11 years because of the strong technological
innovation ability and the popularization of environment protection consciousness. At the same
time, the variation rate of carbon footprint intensity
among the three regions is also quite different. In
the past 11 years, the average carbon footprint intensity in the eastern region was 0.757, down by
43.65%. The average carbon footprint intensity in
the central region was 1.496, the carbon footprint
intensity increased 7.32%. The average carbon
footprint intensity in the western region was 2.205,
down by 22.22%. Among them, the rapid decline of
carbon footprint intensity in the east and west leads
to the gap in the central and western regions decreasing year by year, and the gap between the
central and eastern regions is increasing year by
year.

CC

CPE

2

¦ Aera u NEP
i

i 1

Per f
NEPf

CF / CC



Perg
NEPg

)
(5)
(6)

The average carbon footprint pressure index in
China decreased by 31.03% from 0.535 in 2007 to
0.369 in 2017, indicating that the overall technological progress in China has been relatively fast in the
past 11 years, and the effect of optimizing the energy structure and industrial structure is remarkable,
which promotes the coordinated symbiosis between
the low-carbon economic growth mode and the
resource environment. From the spatial dimension,
the scale of energy consumption, economic growth
rate and structure, land structure between regions
will affect the index. The higher pressure index in
the western region is related to its traditional industrial structure and energy structure, while the pressure index in the central and eastern regions decreases faster and lower than the national average.
The reason is that the technological innovation and
environmental protection regulation in this region
are strengthened. Resource-dependent cities in the
central region are gradually transforming to get rid
of their high dependence on low-cost coal consumption, thus promoting the improvement of environmental quality and residents' welfare.

Measurement of carbon ecological capacity
and carbon pressure index based on carbon sink
capacity. In terrestrial ecosystems, the main
sources of carbon sinks include the amount of carbon deposited by fossil fuels and decomposed by
plant photosynthetic actinides. Only the amount of
carbon absorbed by plant photosynthetic actinides
is considered. Based on the analysis of carbon cycle
in IPPC ecosystem and others, it is concluded that
grassland and forest are the main carbon sinks, the
common carbon decomposition of the two is more
than 90%, the proportion of the two in carbon decomposition is 82.7% and 17.3%. The carbon decomposition of fields and crops is ignored, so the
calculation formula of carbon sink is as follows
[15]:

CA

CA u (

i

(4)
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emission. From the perspective of carbon footprint
intensity index, the fluctuation of China’s carbon
footprint intensity and carbon footprint intensity
present inverted "U-shaped" development trend.
The index is arranged in the western, central and
eastern region in descending order. This phenomenon is related to the strong technological innovation
ability of eastern regions, which further promotes
the input-output efficiency of production factors.
Carbon footprint intensity showed regional characteristics of "high-high" agglomeration in developed
and “low-low” agglomeration in undeveloped, the
developed technological innovation, complete infrastructure, high human capital agglomeration
degree lead to the developed areas’agglomeration
phenomenon, and the intensity of carbon footprint
presents the characteristics of the agglomeration,
gradient distribution characteristics.
(2) from the view of the carbon footprint intensity dynamic changes law, in the last 11 years, it
presents a positive correlation between GDP and
the carbon footprint. The carbon footprints grew
faster than economic development, the growth rate
of national carbon footprint strength showed first
increasing and then decreasing developing trend,
the carbon footprint intensity of three areas have the
same trend as the whole nation , carbon footprint
intensity of the east drops fastest followed by the
central region, the decreasing speed is the slowest
in the western region, the phenomenon is great
relevance with the implementation of low carbon
economy development.
(3) From the perspective of the variation trend
of ecological stress index, all regions have the same
M-type development trend. The western region’s
ecological stress index is the highest, exceeding the
national average value, while the central and western regions are both lower than the national average
value. This is largely related to the limited technological capacity of the western region, it is difficult
to transform the mode of production and industrial
structure. From the dynamic point of view, the
carbon pressure index drops the fastest in the eastern region, followed by the central region, and the
slowest is the western region.

DISCUSSION
As one of the largest countries in carbon dioxide emissions, China must assess the effectiveness
of environment policy. This paper investigates
carbon footprint and its intensity of different regions in China, and analyze their relations with
economic growth in terms of ecological carrying
capacity and ecological pressure. It is necessary to
truly and accurately understand the characteristics,
sources and trends of carbon dioxide emissions in
various regions, and analyze the inner logical relationship between carbon emissions and economic
growth. Based on the IPCC carbon emission accounting method, the quantitative measurement and
spatial statistical analysis of carbon footprint intensity can more comprehensively and accurately reflect the interaction between economic development and carbon emission in various regions of
China, and coordinate the relationship between
resource environment and economic growth based
on the internal influence mechanism between them.
The energy structure of some resource-based
cities in the eastern and central regions is still dominated by coal combustion 㸪which lead to the high
level carbon footprint index in the west. The coalfired power plants, cement plants and refineries
concentrated are concentrated in the middle region
cities,which results in higher carbon emissions. But
the high economic growth rate due to the faster
technological progress in the eastern region has
resulted in the lowest carbon footprint intensity and
ecological pressure index in the eastern region. At
the same time, the central region is represented by
the northeast region, the industrial structure dominated by heavy industry and the single ownership
structure in the region cause the local technology
upgrading speed slowly, the production efficiency
is lower, the unit GDP produces the higher carbon
emission, so the carbon footprint intensity and ecological pressure in the central part are all in the
middle. Natural resource endowments in the western region can absorb more carbon emissions, but
the insufficient technological innovation capacity
has Pulled down the overall carbon footprint of the
western region, and its ecological pressure is the
greatest in China, which is related to local investment-driven economic development patterns, and
the highly dependence on traditional energy.
Meanwhile, the lower concentration of various
innovative elements in the western region increases
the difference with the other regions.
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ACCUMULATION AND HEALTH RISK ASSESSMENT OF
HEAVY METALS IN VEGETABLES GROWN IN AMIK
PLAIN, ANTAKYA, TURKEY
Sema Karanlik*, Necat Agca, Kemal Dogan
Hatay Mustafa Kemal University, Faculty of Agriculture, Department of Soil Science and Plant Nutrition, 31060, Antakya, Hatay, Turkey

properties of the livings. The heavy metal content of
soil is affected by mineralogical pattern of the parent
material and its weathering process [4], along with
mining activities, inorganic fertilizers, pesticides, industrial wastes, hydrocarbon products, urban wastes,
and sewage sludge applications [5].
Heavy metals negatively influence plants`
physiological and biochemical processes, prevent
photosynthesis, impair cell membranes, and transpiration [6], reduce contents of chlorophyll [7, 8], disrupt protein synthesis, influence enzyme activities
and result in increments in lipid peroxidation [9].
Vegetables are an indispensable food category in human nutrition. Humans are exposed to heavy metals
by consuming vegetables, grown in contaminated
soil [10]. Heavy metal accumulation in human body
and their toxic effect, even at low levels, may cause
major health problems [11, 12] and have carcinogenic effects [13]. For example, Nickel (Ni) can
cause cancer and some complications on heart vessels and central nervous system [14]. Researchers
found that some other heavy metals are related to
health issues, such as lung tumors, allergy, high
blood pressure, and brain and kidney complications,
which are associated with Cr, Cd, and Pb [15, 16].
Heavy metal contaminated food can also reduce
some essential nutrients in the human system [17].
Islam et al. [18] indicated that the consumption of
heavy metal contaminated vegetables, grains, and
fruits poses potential risks for humans. The maximum allowable limits (MAL) of heavy metals in
food and soil have been reported by the Food and
Agriculture Organization (FAO), World Health Organization (WHO) and the US Environmental Protection Agency [19, 10].
Amik Plain is located in Hatay province of Turkey and is surrounded by Kizildag ophiolite, containing serpentine minerals, in which the soil is rich in
terms of Ni, Cr and Co [20, 21]. Karanlik et al. [22]
found that the total Ni concentration of this soil was
four times higher than MAL. They also found that
the Cd and Pb concentrations were about 14.3% of
the total concentration. High bioavailability of the
metals in soil suggests the high accumulating capacity of these heavy metals in plants which can transfer
easily to humans and animals via food chain. In this
research the accumulations of eight heavy metals in

ABSTRACT
The concentrations of Zn, Fe, Cu, Mn, Cd, Ni,
Cr and Pb were determined in the edible parts of onion, lettuce, parsley, spinach, carrot, and potato
grown in Amik Plain. Average Zn, Fe, Cu, Mn, Cd,
Ni, Cr and Pb concentrations were found to be 20.8,
101.8, 7.23, 32.9, 1.23, 1.82, 1.48, and 0.85 mg kg-1,
respectively. Zn, Fe, Cu, Mn and Ni levels were
found within the maximum allowable limits (MAL)
identified by WHO/FAO, whereas Cd in all vegetable samples, Pb in 83% and Cr in 27% of the samples
were determined to be higher than MAL. Health risk
assessment was carried out by using Daily Intake of
Metals (DIM) and Health Risk Index (HRI). The
highest DIM value was found in the consumption of
spinach followed by parsley, lettuce, onion, carrot,
and potato respectively. However, all of the estimated DIM values for Zn, Fe, Cu, Mn, Cd, Ni, Cr
and Pb were found to be much lower than the oral
reference doses (RfD). The HRI values were found
to be lower than the values for heavy metals. It can
be assumed that heavy metal intake due to vegetable
consumption in the region does not pose any significant risk for human health currently. Considering
that people consume not only vegetables in nutrition,
HRI values should be determined for each food
group and evaluated together.

KEYWORDS:
Heavy metals, health risk index, daily intake of metals,
vegetable, Antakya

INTRODUCTION
Cr, Cd, Ni, Pb, Co, Al, Se and Br are major
heavy metals causing soil pollution. Also, Zn, Cu,
Fe, Mn, Co, Ni, Cr and Mo are heavy metals, but
these are necessary nutrients for plants and humans
in low concentrations. Nevertheless their elevated
concentrations can be toxic for living organisms [1,
2]. The use of contaminated soils is the main responsible factor for heavy metal bioaccumulation in
plants, animals and humans [3], with varying levels
depending upon metal type, level and also genetic
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minimum, maximum, standard deviation and variance values, using a statistics software (SPSS version: 17.0). The results were compared with the maximum allowable limits (MAL), determined by the
FAO/ WHO [23]. Health risk assessments were
made by determining of Daily Intake of Metals
(DIM) and Health Risk Index (HRI).
The following equation from Khan et al. [24]
was used to calculate DIM values:

six vegetables, cultivated in Amik Plain, were determined and the results were compared with MAL.
Daily Intake of Metals (DIM) and Health Risk Index
(HRI) values were also used for the assessment of
health risks for consumers.

MATERIALS AND METHODS
The Amik Plain is situated in Hatay province in
Turkey between 36º 12' 15" - 36 º 35’ 00” west longitudes and 36º 12' 50" - 36º 30' 59" north latitudes
in the Eastern Mediterranean Region. The geographical coordinates of the sampling areas were obtained
by using a hand-held GPS receiver (not shown). The
sampling locations are presented at Table 1. Six different vegetables (onion n=24, lettuce n=12, parsley
n=16, spinach n=11, carrot n=7 and potato n=7),
which are commonly consumed by local people,
were sampled during the harvest periods of the plants
(March, April and May, 2017) in Amik Plain. A total
of 77 vegetables samples were sampled by harvesting edible parts of the plants (leaves of the onions,
lettuces, parsleys and spinaches, roots of the carrots
and tubers of the potatoes). The samples were preserved at 4°C and were washed with tap water and
afterwards with ultrapure water to remove residues.
Carrot and potato samples were sliced using a stainless knife before drying. Leafy samples were dried
for 48 h at 70°C, while potato and carrot samples
were dried for 72 h at 70°C in different drying cabinets and then all samples were grounded. Ground
samples were digested in a microwave sample burning apparatus (Miles Stone) using H2O2 and HNO3.
Using an atomic absorption spectrometer Zn, Fe, Cu,
Mn, Cd, Ni, Cr and Pb concentrations were determined on dry weight base (mg kg-1). Statistical parameters were calculated including mean, median,

DIM =

େ୫ୣ୲ୟ୪ ୶ େୟୡ୲୭୰ ୶ ୈ୭୭ୢ ୧୬୲ୟ୩ୣ
ୟ୴ୣ୰ୟୣ ୵ୣ୧୦୲

(Eq.1)

In this equation, Cmetal shows the heavy metal
concentration of plants (mg kg-1). Average heavy
metal concentrations of the vegetables were used
when calculating the DIM value. Cfactor (0.085) was
used to convert fresh vegetable weight to dry weight.
Dfood intake represents the average daily vegetable intake, calculated to be 0.345 kg person-1 day-1 for
adults and 0.232 kg person-1 day-1 for children. Baverage weight shows the average body weight, which was
considered as 63.9 kg person-1 for adults and 32.7 kg
person-1 for children [25, 26].
The health risk index (HRI) values for the vegetable samples were assessed based on DIM and the
reference oral dose (RfD) values of the metals, using
the following equation (Eq. 2) used by Khan et al.
[24].
HRI =

ୈ୍

(Eq.2)

ୖୈ

In case of HRI <1, it was assumed that the exposed people are not at risk. According to US EPA
[27], oral reference doses (RfD) for Zn, Fe, Cu, Mn,
Cd, Ni, Cr and Pb were given as 0.3, 0.7, 0.04, 0.14,
0.001, 0.02, 1.5, 0.0035 mg (kg day)-1, respectively.

TABLE 1
Locations of the different vegetables sampling areas in Amik Plain

Locations

Onion
5H\KDQOÕ
5H\KDQOÕ
Harabali 1
Harabali2
Catal Hoyuk
Cilvegozu1
Cilvegozu2
Arpahan1
Arpahan2
Serinyol1
Gulderen
Bakras

.ÕUFÕRJ
.ÕUFÕRJ
Kuml-.ÕU
khan
Alaattin
6XYDWOÕ
TutuncuC
Karaali
$OD]Õ
$QD\D]Õ
Alahan
Serinyol1
Serinyol2

Lettuce

Carrot

Potato

Spinach

Parsley

Arpahan
5H\KDQOÕ
5H\KDQOÕ
Cilvegozu
6XYDWOÕ
TutuncuC
Karaali
$OD]Õ
$QD\D]Õ
Alahan
Serinyol1
Serinyol2

.ÕUÕNKDQ
.ÕUÕNKDQ
.ÕUÕNKDQ$QW
Karadurms1
Karadurms2
7RSERJD]Õ
Karadurms

7RSERJD]Õ
.ÕUÕNKDQ
.ÕUÕNKDQ
5H\KDQOÕ
5H\KDQOÕ
5H\KDQOÕ<
5H\KDQOÕ<

Karadurms1
Karadurms2
Alattin
6XYDWOÕ
TutuncuC
Alazi
Arpahan
$QD\D]Õ
Alahan
Serinyol
$NÕQFÕODU

Arpahan
Karadurmus
Doguayranc
Cilvegozu
Kumlu
Alaattin
Demirkopru
Hatay
TutuncuC
Demirkopru
Karaali
Alazi
$QD\D]Õ
Alahan
Serinyol
Tahtakopru
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of available Fe was reported to be the highest (7.06
mg kg-1) followed by Mn, Ni, Cu, Pb, Zn and Cd
(3.30, 2.87, 2.55, 0.56, 0.30 mg kg-1and 21.2 μgr kg1
respectively), [22, 31].
Accumulation of certain heavy metals by specific species cause a significant health risks [32].
Among the vegetables grown in Amik Plain, spinach
(n=11) was found to have accumulated the highest
amount of Zn, Fe and Cu levels (on average 40.82,
136.10, 9.44 mg kg-1 respectively, Table 5), while the
maximum concentration of Mn was determined in
parsley (n=16), (average, 43.83 mg kg-1, Table 4).
Large leaf surface, high transpiration, and rapid
growth determine the level of metal uptake in leafy
vegetables [33]. In this research, the highest concentrations of Cd, Ni, Cr and Pb (averagely, 1.36, 2.61,
1.85, 1.16 mg kg-1 respectively, n=7) were recorded
in carrot (Table 6). Similar findings were reported by
Xue et al. [34]. Adversely, some researchers reported
that metal accumulation of leafy vegetables was
higher than those of the leafless vegetables [35, 34].
The maximum allowable limit (MAL) values of Zn,
Fe, Cu, Mn, Cd, Ni, Cr and Pb were reported to be

RESULTS AND DISCUSSION
Heavy metals concentrations of vegetables.
Heavy metals can be absorbed together with essential nutrients by plants. So, vegetables, particularly
tuber plants (carrots, potatoes and onions) are an important source of heavy metals [28]. Detection of
heavy metal accumulation in vegetables is important
in terms of revealing the risks on human health [29].
Within the scope of this research, heavy metal concentrations of six different vegetables cultivated in
different locations of the Amik plain were determined. The heavy metal concentrations of onion, lettuce, parsley, spinach, carrot, and potato samples
showed large variations and shown in Tables 2-7.
Among 77 vegetable samples, the heavy metal
with the lowest concentration was found to be Pb,
and the highest was Fe. Average heavy metal concentrations of the vegetable samples (n=77) had the
order of Fe>Mn>Zn>Cu>Ni>Cr>Cd>Pb, while a
similar trend was also reported by Khan et al. [30].
Relatedly, in soils of Amik Plain the concentration

TABLE 2
Descriptive statistical analysis of heavy metal concentrations (mg kg-1) inonion samples
Onion
Zn
Fe
Cu
Mn
Cd
Ni
Cr
Pb
24
24
24
24
24
24
24
24
n (Valid)
0
0
0
0
0
0
0
0
Missing
14.96
93.44
7.12
34.29
1.24
1.69
1.59
0.82
Mean
12.75
72.80
5.95
23.80
1.28
1.64
1.72
0.87
Median
4.74
81.98
3.24
29.39
0.20
0.68
0.88
0.50
Std. D.
22.49
6719.89
10.50
864.01
0.04
0.46
0.78
0.25
Variance
8.60
46.00
3.90
7.70
0.92
0.78
0.32
0.06
Minimum
28.20
457.10
17.20
123.60
1.58
3.73
3.01
1.97
Maximum
TABLE 3
Descriptive statistical analysis of heavy metal concentrations (mg kg-1) inlettuce samples
Lettuce
Zn
Fe
Cu
Mn
Cd
Ni
Cr
Pb
12
12
12
12
12
12
12
12
n (Valid)
0
0
0
0
0
0
0
0
Missing
17.85
124.58
6.55
39.80
1.18
1.64
1.25
0.70
Mean
18.80
124.40
6.35
36.45
1.14
1.55
1.08
0.79
Median
6.08
35.76
2.46
16.83
0.20
0.91
0.76
0.45
Std. D.
36.92
1278.56
6.03
283.14
0.04
0.83
0.57
0.21
Variance
7.60
77.20
4.00
17.10
0.97
0.42
0.21
0.18
Minimum
27.40
204.60
11.70
64.70
1.58
3.64
2.36
1.63
Maximum
TABLE 4
Descriptive statistical analysis of heavy metal concentrations (mg kg-1) inparsley samples
Parsley
Zn
Fe
Cu
Mn
Cd
Ni
Cr
Pb
16
16
16
16
16
16
16
16
n (Valid)
0
0
0
0
0
0
0
0
Missing
22.96
123.11
8.08
43.83
1.21
1.91
1.50
0.90
Mean
20.35
101.60
8.35
42.45
1.20
1.96
1.45
0.91
Median
8.58
60.64
1.63
12.49
0.23
0.70
0.91
0.48
Std. D.
73.64
3677.54
2.64
156.06
0.05
0.49
0.83
0.23
Variance
11.40
59.30
5.10
28.70
0.93
0.69
0.21
0.29
Minimum
39.90
306.60
10.40
69.10
1.60
3.07
2.58
1.85
Maximum
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TABLE 5
Descriptive statistical analysis of heavy metal concentrations (mg kg-1) inspinach samples
Spinach
Zn
Fe
Cu
Mn
Cd
Ni
Cr
Pb
11
11
11
11
11
11
11
11
n (Valid)
0
0
0
0
0
0
0
0
Missing
40.82
136.10
9.44
36.88
1.25
1.39
1.58
1.00
Mean
33.40
125.50
9.20
35.50
1.34
1.27
1.61
0.91
Median
14.75
30.92
1.62
12.96
0.25
0.38
0.86
0.45
Std. D.
217.61
956.09
2.63
168.03
0.06
0.14
0.74
0.20
Variance
26.90
96.40
7.40
13.60
0.95
0.87
0.25
0.40
Minimum
66.90
192.60
12.60
59.40
1.71
1.99
2.68
1.85
Maximum
TABLE 6
Descriptive statistical analysis of heavy metal concentrations (mg kg-1) incarrot samples
Carrot
Zn
Fe
Cu
Mn
Cd
Ni
Cr
Pb
7
7
7
7
7
7
7
7
n (Valid)
0
0
0
0
0
0
0
0
Missing
17.33
55.99
4.87
11.39
1.36
2.61
1.85
1.16
Mean
16.50
51.00
4.60
11.00
1.39
2.71
1.93
1.19
Median
4.27
17.37
1.45
2.37
0.16
0.53
0.76
0.47
Std. D.
18.25
301.53
2.09
5.62
0.03
0.28
0.57
0.22
Variance
12.80
35.60
3.30
8.80
1.09
1.53
0.64
0.18
Minimum
24.10
85.60
7.30
14.90
1.58
3.25
2.90
1.63
Maximum
TABLE 7
Descriptive statistical analysis of heavy metal concentrations (mg kg-1) inpotato samples
Potato
Zn
Fe
Cu
Mn
Cd
Ni
Cr
Pb
7
7
7
7
7
7
7
7
n (Valid)
0
0
0
0
0
0
0
0
Missing
13.39
34.13
5.77
6.34
1.16
2.21
0.98
0.57
Mean
12.00
34.10
6.70
6.20
1.11
2.21
0.64
0.52
Median
3.45
2.54
2.00
1.03
0.18
0.45
0.91
0.29
Std. D.
11.92
6.47
4.00
1.07
0.03
0.20
0.83
0.08
Variance
10.20
30.30
3.20
4.80
0.97
1.67
0.10
0.29
Minimum
20.20
36.90
7.80
7.80
1.53
2.93
2.36
1.12
Maximum
100, 425, 73, 500, 0.2, 68, 2.3, 0.30 mg kg-1 (dry
weight) respectively for vegetables [23]. Data obtained in this research were compared to the MAL
(FAO/WHO) and it was found that the Zn, Fe, Cu,
Mn and Ni concentrations were within the safe limits. On the other hand, Cd, Pb, and Cr levels were
higher than the MAL in all samples. Average Pb and
Cd concentrations of 77 vegetable samples were
found to be about 3-fold and 6-fold higher than the
MAL, respectively.
Vegetables have higher heavy metal concentrations when cultivated on contaminated soil, due to
vigorous relation between the abundant elements of
soil and highly accumulated elements in plants [36,
37, 24]. These present research results are in conformity with the results obtained by Karanlik et al.
[22]. They found that the plant available Ni content
was quite low while the Cd and Pb contents were

levels in recent years. High Cd and Pb levels found
in the current research may also be attributed to the
excessive phosphorus fertilization in Amik Plain. It
is well known that superphosphate fertilizers include
also Cd, Pd and Hg in addition to essential nutrients.
Heavy metal accumulation by vegetables due to
phosphate fertilization was also reported by Oyedele
et al. [39].
Zinc (Zn). For all living organisms, Zn is an
essential nutrient [40]. It influences quantity and
quality of the yield because of its effect on protein
and carbohydrate synthesis, activation of enzyme,
photosynthesis, respiration and membrane stability.
Plant Zn concentrations range from 5 to 100 mg kg1
. Toxicities are generally observed at concentrations
higher than 400 mg kg-1 and may result in decreased
root and shoot growth, inhibition of cell growth, degradation of cell organelles, and decreased chlorophyll synthesis. Previously, intensive Zn deficiency
was identified in Amik Plain [22]. In the present research, Zn concentrations in 77 vegetable samples
varied between 7.60-66.90 mg kg-1, with an average

quite high (Ă14.3% of the total). That means Cd and
Pb can easily be uptaken by plants and transferred to
other living organisms by food chain. Soil metal content is also affected by chemical fertilizer and pesticide applications [38], which reached extreme usage
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of 20.84 mg kg-1 (n=77). Among the vegetables,
spinach was determined to have the highest amount
of Zn nutrition, with a range between 26.90-66.90
mg kg-1 and with a mean of 40.82 mg kg-1 (n=11, Table 5), which is sufficient for many plant species.
Similarly, Khan et al. [30] found the highest Zn level
(78.34 mg kg-1) in spinach. In spite of the low soil
Zn content, spinach had high Zn uptake capability
which may be related to the presence of mechanisms
lowering the rhizosphere pH. Potato and onion samples had the lowest Zn concentrations with an average of 13.39 (n=7) and 14.96 (n=24) mg kg-1, respectively, (Table 2 and Table 7) among the vegetables
studied. Zn concentrations in most of the onion samples were less than the sufficiency level (22-32 mg
kg-1) reported by Bennett [41]. Also, in the carrot
samples, the average Zn concentration (17.33 mg kg1
, n=7, Table 6) was below the sufficient value (20
mg kg-1) reported by Bennett [41]. Zn is mostly
transported by xylem, thus, it can be stated that leafy
vegetables are more efficient in Zn accumulation
than tuberous plants. Similarly, several researchers
found the highest metal content in leafy vegetables,
followed by tuberous plants and fruity vegetables
[42, 43]. In contrast to our results, Ngole [44] reported that leafy vegetables mostly have high levels
of Cd and Pb, while tuberous plants have higher Zn
concentrations as compared to other metals. Ali et al.
[45] reported that some leafy vegetables had the
highest metal concentrations, such as parsley with
543.2 mg kg-1 Fe and 0.048 mg kg-1 Hg, jews mallow
with 94.12 mg kg-1 Mn and 33.22 mg kg-1 Zn and
spinach with 4.13 mg kg-1 Cd. In this study, none of
the 77 vegetable samples had Zn concentration
above the MAL (100 mg kg-1) established by
FAO/WHO [23].
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excessively and this may lead to soil pollution in
near future. It was determined that leafy vegetables
(spinach, lettuce and parsley) had higher Fe concentrations than tuberous plants (carrot, potato). This
can be attributed to the presence of mechanisms lowering the rhizosphere pH and transporting in xylem
resulting in the accumulation of nutrients in the leaf
through the transpiration of leaves. Similarly, Arora
et al. [17] stated that mint and spinach had the highest Fe and Mn concentrations, while the carrot samples had the highest Cu and Zn concentrations. Al
Jassir et al. [46] reported that leafy vegetables accumulate higher levels of metals due the absorbance
through the leaves from contaminated soil, when
compared to the uncontaminated soil. In this research, none of the 77 plant samples had Fe levels
above the MAL (425 mg kg-1 in vegetables) [23].
Copper (Cu). Copper is an essential nutrient
and takes part in enzyme activation, carbohydrate
and lipid metabolism but high concentrations of copper have a negative impact on plant physiology [47].
Sources of high Cu levels in soil include extreme agrochemical utilization [48], besides atmospheric,
coal, and mine residues. Although Cu is a necessary
nutrient for humans, high levels of Cu can lead to
serious health problems [49]. In this study we determined that Cu concentrations of vegetable samples
changed from 3.20 to 17.20 mg kg-1, with a mean of
7.23 mg kg-1. The maximum Cu concentration was
found in spinach samples, with a mean of 9.44 mg
kg-1 and changed between 7.40 and 12.60 mg kg-1
(n=11, Table 5), which were higher than the results
(3.58 to 6.72 mg kg-1) found by Khan et al. [30], but
lower than the findings (15.9-17.4 mg kg-1) by Arora
et al. [17]. Similarly, Singh et al. [50] found higher
Cu concentration in spinach than in the other five
leafy vegetables. Higher levels of Cu (22.19-76.50
mg kg-1) in leafy vegetable species, compared to
non-leafy vegetables, were also reported by Demirezen and Aksoy [51], who attributed the high Cu
level of leafy vegetables to the high chlorophyll content. The mean Cu concentrations were found to be
7.12, 6.55, 8.08, 9.44, 4.87 and 5.77 mg kg-1 for the
onion, lettuce, parsley, spinach, carrot, and potato
samples, respectively (Table 2 to Table 7). In all
samples, Cu levels were found to be within the safe
limits. The MAL for Cu is 73.3 mg kg-1 for vegetables [23]. This means that for vegetables grown in
Amik Plain there is no toxicity risk related to Cu.
However, Cu deficiency was detected in some of the
samples. Almost half of the carrot samples were
found to be within the deficiency limit.

Iron (Fe). Mean Fe concentrations in six vegetables ranged from 30.3 to 457.0 mg kg-1 (n=77).
Arora et al. [17] also found similar Fe concentrations
(111–378 mg kg-1) in vegetables, while Khan et al.
[30] determined higher Fe levels (305 to 1375 mg kg1
). Spinach samples were found to have the highest
average Fe concentration, with 136.10 mg kg-1
(n=11, Table 5) and the lowest Fe concentration was
found in potato samples, with 34.13 mg kg-1 (n=7,
Table 7), followed by carrot, with 55.99 mg kg-1
(n=7, Table 6) which are close to the deficiency
limit. Iron concentrations of the 24 onion samples
varied between 46.0 and 457.0 mg kg-1, with a mean
of 93.44 mg kg-1. Sufficient Fe level for onion was
reported as 29-50 mg kg-1, whereas the toxic Fe level
as 780 mg kg-1, by Bennett [41]. It was concluded
that there was no problem in Fe nutrition of onion
samples cultivated in Amik plain. Fe concentrations
in lettuce and parsley were within the range of 77.2204.6 mg kg-1 (n=12) and 59.3-306.6 mg kg-1 (n=16),
respectively (Table 3 and 4). Plant Fe concentrations
above 100-150 mg kg-1, found in some locations of
the Amik plain, indicated that Fe fertilizer was used

Manganese (Mn). Mn is an important element
in the human diet, but high Mn levels cause various
health problems, including neurotoxicity [52]. Because of its redox features and its function in the carbohydrate and protein metabolism, Mn is an essential element for plant growth [53]. High Mn levels
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hinder growth and limit yield, particularly in acid
soil. Mn uptake is stimulated also by high soil temperatures and affected by texture, pH and organic
matter [54]. Plant species require a varying range of
Mn, and a concentration of 20 mg kg-1 in dry matter
is often sufficient for several species. In the present
study the Mn concentrations in the vegetable samples varied from 4.80 to 123.60 mg kg-1 (n=77).
These values were found to be higher than the results
(11.97-22.09 mg kg-1) determined by Ahmad and
Goni [55]. In this study, among the six analyzed vegetables, parsley was found to have the maximum average Mn concentration (43.83 mg kg-1, n=16, Table
4), followed by lettuce (39.80 mg kg-1, n=12,), (Table 3) and spinach (36.88 mg kg-1, n=11), (Table 5),
whereas the potato samples had a minimum Mn concentration (6.34 mg kg-1, n=7) (Table 7). According
to the WHO the maximum allowable Mn level for
vegetables is 500 mg kg-1. In this study, all vegetable
samples had Mn concentrations lower than the MAL
value. The results of this research also showed that
tuber plants accumulated less Mn than leafy vegetables. Despite of the low content of heavy metals in
soil, especially leafy vegetables can absorb and accumulate high metal levels due to their continuous
uptake and translocation capacity, thus leafy vegetables have higher metal concentrations than non-leafy
species [38, 56]).
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that country, 15-20% of the potatoes were detected
having higher Cd than the MAL value. Chang et al.
[63] stated that among the five heavy metals, Cd had
the highest transmission capacity from soil to plant.
In human diet, vegetables have a significant proportion thus, the elevated Cd levels in vegetables pose a
great danger for health. Baldantoni et al. [64] stated
that different fertilizer applications in leafy vegetables induced distinct Cd accumulation rates in
leaves. The Cd problem is usually attributed to the
phosphorus-based fertilizers [65]. Intensive agriculture in Amik Plain is likely to cause a high level of
Cd, due to excessive P fertilization. Oyedele et al.
[39] found ȝJg-1 accumulation of heavy metals
in vegetables, depending on the application of heavy
doses of single superphosphate fertilizer. Reducing
the P fertilization may be a solution to minimize contamination. The heavy traffic around Amik Plain,
surrounded by international roads to other Middle
East countries, is another reason for high Cd levels
in soil. It was reported that each year 0.2-1.0 mg m-2
Cd is added to roadside soil by sedimentation [66].
Nickel (Ni). Excess Ni levels may lead to detrimental effects on DNA, cell structures [67], heart
vessels, nervous system and may cause cancer, eczema and allergic reactions, and also damage the respiratory tract [14]. Toxic Ni levels cause nutrient uptake inhibition, nutrient deficiency, chlorosis, necrosis and yield decrease, impairing of plant metabolism
and reducing in molecular nitrogen fixation capacity
[68]. In the present research, the ranges of the Ni
concentrations in vegetable samples were found to
be 0.78-3.73, 0.42-3.64, 0.69-3.07, 0.87-1.99, 1.533.25 and 1.67-2.93 mg kg-1 in onion, lettuce, parsley,
spinach, carrot and potato, respectively (Table 2 to
7). The maximum Ni level was detected in carrots
(2.61 mg kg-1, n=7, Table 6), followed by potatos
(2.21 mg kg-1, n=7, Table 7). None of the Ni concentrations of the 77 vegetable samples exceeded the
MAL value (67 mg kg-1) for vegetables, established
by FAO/WHO [23]. Frieke et al. [69] found lower
Ni content in spinach (0.9-0.11 mg kg-1) and much
higher levels in potatoes (26.9-28.8 mg kg-1), as
compared to the results of this study. In Amik Plain,
the total Ni content of the soil was reported to be four
times higher than the MAL, while the plant available
Ni content was determined to be fairly low, due to its
slight mobilizing capacity at high pH and mainly being in the residual fraction [22].

Cadmium (Cd). Cd is toxic for plants, animals,
and humans due to its high solubility in water [57,
58]. Cd enters the human body mainly with food and
causes tubular dysfunction [59]. Heavy metal levels
in various vegetables followed the order of Cd <Cu
<Cr <Zn <Pb in the research investigated by Farooq
et al. [60]. In the current research, Cd concentrations
ranged between 0.92-1.58, 0.97-1.58, 0.93-1.60,
0.95-1.71, 1.09-1.58 and 0.97-1.53 (mg kg-1) for onion, lettuce, parsley, spinach, carrot and potato, respectively (Table 2 to 7). The average Cd concentrations (mg kg-1) of the vegetable samples were in an
order of: carrot (1.36, n=7), spinach (1.25, n=11), onion (1.24, n=24), parsley (1.21, n=16), lettuce (1.18,
n=12) and potato (1.16, n=7). A similar Cd distribution trend in vegetables was reported by Bergman
[54] and Jinadasa et al. [61]. They determined that
potato, carrot, lettuce, onion, radish, cabbage, and
beet were the highest Cd accumulating plants. In the
present research, all of the vegetables samples contained Cd levels higher than the MAL value (0.2 mg
kg-1) of vegetables [23]. Six-fold higher Cd concentrations than the MAL were found in 77 vegetable
samples on average. These results are compatible
with the results of Karanlik et al. [22], who found
high levels of Cd concentrations in soil of Amik
Plain. This means that Cd can be easily absorbed by
plants from the soil and passed to humans and animals along with the feeding chain. Also, McLaughlin et al. [62] found high levels of Cd in vegetables,
particularly in potatoes in Australia. Additionally, in

Chrome (Cr). Chromium is required in trace
amounts for humans and animals. In addition, it is
stated in literature that even very low amounts of Cr
is toxic for humans. Inhaling of Cr causes lung tumors and allergies. Serpentine soil can contain up to
0.1-6.2% of Cr [70]. In this research, Cr concentrations of the vegetable samples were in a range of
0.10-3.01 mg kg-1, with an average of 1.48 mg kg-1,
(Table 2 to 7). Similar to the Cd and Ni levels, the
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maximum Cr concentration was also found in carrot
samples. The highest Cr accumulating vegetables
were found to be in the order of carrot>spinach>onion>parsley>lettuce>potato. It is known that the soil
in the Amik Plain, formed on serpentine material, is
rich in Cr and Ni concentrations. Although plant
available Cr levels in soil of Amik Plain is lower than
the MAL value, plant damage in serpentine soil, due
to the excess Cr, could be caused by high Ni levels
and Mg/Ca ratios [22]. In the current study, 27% of
77 vegetable samples had Cr concentrations being
higher than the MAL value (2.3 mg kg-1) for vegetables, defined by FAO/WHO [23]. The Cr concentrations found in this present study were also higher
than various researchers’ findings in the literature.
As an example Farooq et al. [60] found Cr levels of
spinach, coriander, lettuce, radish, cabbage and cauliflower leaves to be 0.217, 0.369, 0.434, 0.288,
0.336 and 0.546 mg kg-1, respectively.
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metals (DIM) and health risk index (HRI) were calculated for each heavy metal. Estimated DIM values
as a result of average vegetable ingestion is presented in Table 8. DIM and HRI values were higher
for children than for adults, which is a similar finding
to former researches [34, 26]. This implies that children are under higher risk for heavy metal consumption, sourced from vegetables.
The highest DIM of heavy metals in total was
found for the consumption of spinach, followed by
parsley, lettuce, onion, carrot and potato, respectively. However, all of the estimated daily intakes
(DIM) of Zn, Fe, Cu, Mn, Cd, Ni, Cr and Pb were
found to be much lower than the RfD limits, set by
the US EPA [27]. Integrated Risk Information System (IRIS) oral reference doses (RfD) for Zn, Fe, Cu,
Mn, Cd, Ni, Cr and Pb are determined as 0.3, 0.7,
0.04, 0.14, 0.001, 0.02, 1.5, 0.0035 mg (kg day)-1,
respectively [27]. RfD is a prediction of daily dose
to human, without any risk of harmful effects.
The average HRI values of the heavy metals
varied over a wide range for adults and children, respectively: Zn: 0.0324 and 0.0426, Fe: 0.0620 and
0.0815, Cu: 0.0800 and 0.1051, Mn: 0.0943 and
0.1239, Cd: 0.5660 and 0.7438, Ni: 0.0438 and
0.0575, Cr: 0.00045 and 0.00059, Pb: 0.1125 and
0.1479 (Table 8). It was also found that the average
HRI values of the heavy metals followed the order
of Cd> Pb> Mn> Cu> Fe> Ni> Zn> Cr. The highest
HRI value was found for Cd (0.57 for adults and 0.74
for children) in average, nevertheless, none of the
HRI values exceeded 1.0 for all of the eight metals.
This means that the metal content of vegetables ingested by consumers can be assumed as safe, without
detrimental effects. These results are compatible
with the results of Khan et al. [24] and Xue et al.
[34]. However, the total heavy metals risk due to
other food groups should also be taken into account
as proposed by Islam et al. [18].

Lead (Pb). Lead concentrations of the vegetable samples varied between 0.06 and 1.97 mg kg-1
(Table 2 to 7). The highest average Pb concentration
was found in carrot samples (1.16 mg kg-1, Table 6),
whereas the minimum concentration (0.57 mg kg-1)
was in potato samples (Table 7). In 83% of the 77
samples Pb concentrations were higher than the
MAL (0.3 mg kg-1), set by Codex Alimentarius
Commission, CAC [23]. The average Pb concentrations of 77 vegetable samples were about three-fold
higher than the MAL value. These high Pb concentrations in vegetables will be a threat in the food
chain for humans. These results are entirely compatible with the results found by Karanlik et.al [22],
who found high levels of Pb in Amik Plain soil. Similar to this study results, Mohamed et al. [71] reported that some vegetables accumulated toxic Pb
and Cd.
In this research dealing with the eight heavy
metals in six vegetable samples, it was determined
that the carrot samples had the highest Cd, Cr and Pb
levels, followed by spinach. On the other hand, the
highest Zn, Cu, and Fe concentrations were found in
spinach, parsley and lettuce, respectively. Findings
obtained in this research are in disagreement with the
results declared by Ngole [44], who stated that Cd
and Pb concentrations are high in leafy vegetables.
On the other hand, he also determined higher Zn concentrations in tuberous plants, as compared to other
metals.

CONCLUSION
Results showed that Zn, Fe, Cu, Mn and Ni
concentrations out of eight heavy metals, in six different vegetable samples, included in this study,
were within the maximum allowable limits (MAL),
determined by FAO/WHO, and appropriate in terms
of human nutrition. According to the higher Cd and
Pb levels found in vegetable samples, it was concluded that Cd and Pb could be a potential risk in this
region in the following years. Avoiding excessive
uses of phosphorus fertilizers and use of precision
fertilization programs should be put into effect to
maintain Cd levels within safe limits. Estimated
daily intakes of Zn, Fe, Cu, Mn, Cd, Ni, Cr and Pb
were found to be less than the RfD (oral reference
doses) limits. HRI (health risk index) values were

Daily intake of heavy metals from vegetable
consumption and human health risks. There are
many different ways of heavy metal reaching to people, and vegetable consumption is one of these ways.
In this study, the risk of heavy metal exposure due to
vegetable consumption was calculated. Considering
the amount of vegetables consumed daily by adults
and children, the estimated daily intake of heavy
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TABLE 8
Daily Intake of Metals (DIM) and Health Risk Index (HRI) values for heavy metals due to consumption of
vegetables cultivated in Amik Plain, Turkey
VegetaIndibles
viduals
Zn
Fe
Cu
Mn
Cd
Ni
Cr
Pb
Onion
(n=24)

Adults
Children

Lettuce
(n=12)

Adults
Children

Parsley
(n=16)

Adults
Children

Spinach
(n=11)

Adults
Children

Carrot
(n=7)

Adults
Children

Potato
(n=7)

Adults
Children

DIM
HRI

0.0069
0.0229

0.0429
0.0613

0.0033
0.0817

0.0157
0.1124

0.0006
0.5691

0.0008
0.0388

0.0007
0.0005

0.0004
0.1075

DIM
HRI

0.0090
0.0301

0.0563
0.0805

0.0043
0.1073

0.0207
0.1477

0.0007
0.7478

0.0010
0.0510

0.0010
0.0006

0.0005
0.1413

DIM
HRI

0.0082
0.0273

0.0572
0.0817

0.0030
0.0751

0.0183
0.1305

0.0005
0.5415

0.0008
0.0376

0.0006
0.0004

0.0003
0.0918

DIM
HRI

0.0108
0.0359

0.0751
0.1073

0.0040
0.0988

0.0240
0.1714

0.0007
0.7116

0.0010
0.0495

0.0008
0.0005

0.0004
0.1206

DIM
HRI

0.0105
0.0351

0.0565
0.0807

0.0037
0.0927

0.0201
0.1437

0.0006
0.5553

0.0009
0.0438

0.0007
0.0005

0.0004
0.1180

DIM
HRI

0.0138
0.0462

0.0742
0.1061

0.0049
0.1218

0.0264
0.1888

0.0007
0.7297

0.0012
0.0576

0.0009
0.0006

0.0005
0.1551

DIM
HRI

0.0187
0.0624

0.0625
0.0892

0.0043
0.1083

0.0169
0.1209

0.0006
0.5737

0.0006
0.0319

0.0007
0.0005

0.0005
0.1311

DIM
HRI

0.0246
0.0821

0.0821
0.1173

0.0057
0.1423

0.0222
0.1589

0.0008
0.7538

0.0008
0.0419

0.0010
0.0006

0.0006
0.1723

DIM
HRI

0.0079
0.0262

0.0257
0.0367

0.0022
0.0559

0.0052
0.0373

0.0006
0.6241

0.0012
0.0599

0.0008
0.0006

0.0005
0.1521

DIM
HRI

0.0103
0.0344

0.0338
0.0482

0.0029
0.0734

0.0069
0.0491

0.0008
0.8202

0.0016
0.0787

0.0011
0.0007

0.0007
0.1999

DIM
HRI

0.0061
0.0205

0.0157
0.0224

0.0026
0.0662

0.0029
0.0208

0.0005
0.5323

0.0010
0.0507

0.0004
0.0003

0.0003
0.0747

DIM
HRI

0.0081
0.0269

0.0206
0.0294

0.0035
0.0870

0.0038
0.0273

0.0007
0.6995

0.0013
0.0666

0.0006
0.0004

0.0003
0.0982

found to be lower than 1.0, for all heavy metals included in this research.
The results of this research revealed that there
is no health risk related to the intake of heavy metals
due to vegetable consumption in Amik plain. It is
also determined that children have relatively higher
health risks than adults by ingestion of vegetable in
this region. But, in this research, the risks were evaluated for only eight different heavy metals in six
vegetables. Heavy metal risks from other metals and
other food groups, water resources, air and soil resources must also be taken into account when evaluating the total health risks for consumers.
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STUDY ON GREEN AND ENVIRONMENT FRIENDLY
CONCRETE MATERIALS UNDER LOW TEMPERATURES
AND LARGE TEMPERATURE DIFFERENCES ON
ECOLOGICAL PERSPECTIVE
Yunbi Zhang*, Guorong Chen
College of Mechanics and Materials, Hohai University, Jiangsu Nanjing 210098, China

conditions also significantly affect the structural
safety, durability and applicability of the concrete [56].
The complex climatic conditions have created
unique technical problems for construction projects.
Detailed studies of the material quality, construction
process and construction monitoring are necessary.
Quality control techniques for concrete suitable for
high-elevation environments, including low temperatures and large temperature differences [7-8], need
to be developed to ensure the quality and safety of
the construction. To test the research results in practical engineering scenarios, this project focuses on
the construction of the Huang-Qinggou Bridge and
Tongtianhe Bridge to perform applied engineering
research and experimental analysis of raw material
selection, blending ratio optimization and shrinkage
and creep control. The purpose is to control the construction quality, enhance the structural performance
and further improve the construction techniques,
adaptability, and feasibility of the concrete in the
plateau region. Additionally, the research results and
experience can be used as references for bridge construction and quality control for the same types of
construction on the Qinghai-Tibet Plateau.

ABSTRACT
The unique environment of Qinghai, which includes low temperatures and large temperature differences, has posed serious challenges to quality
control for concrete. The geological features of the
hinterland of the inland plateau include large temperature differences between day and night, frequent
snow storms, thin air, anoxic dryness, and large areas
of permafrost. Through investigations of concrete
quality problems in bridges in Tongtianhe, HuangQinggou and other areas in the plateau hinterland,
this article studies the influences of factors such as
raw material selection, blending ratio optimization,
and shrinkage and creep control on controlling the
construction quality, enhancing the structural performance, and improving the construction techniques,
adaptability, and feasibility of the concrete.

KEYWORDS:
Low temperature, Large temperature difference, Raw materials, Blending ratio, Shrinkage and creep.

INTRODUCTION
MATERIALS AND METHODS

The hinterland of the Qinghai-Tibet plateau is
located at high elevations. The four seasons are not
distinct, the temperature differences between day
and night are large, and the air is thin with less oxygen due to the lower pressure. The winter is cold and
long, and frequent snow storms commonly cause
snow-related disasters. Large areas of tundra are distributed throughout the region. With the acceleration
of development in western China, the scale of infrastructure investment in Qinghai, such as roads,
bridges, airports, and wharfs, has increased as well
[1-4]. Because of its many advantages, concrete is
widely used in engineering construction. Due to the
unique climatic and geological environments in
Qinghai, concrete is often influenced by low temperatures, large temperature differences (both temperature differences between day and night and annual
temperature differences), snow, frozen soil and dry
windy weather. The poor environmental engineering

Preferred method of selecting raw materials
for concrete in environments with low temperatures and large temperature difference. To investigate the effects of commonly used raw materials for
concrete, the influences of key indicators of the raw
material on the workability, mechanical properties
and durability were compared. Based on the results,
the preferred methods and standards [9-10] for selecting the raw materials for concrete in environments with high elevations, low temperatures, and
large temperature differences were obtained.
Influence of raw materials on the performance of concrete. Influence of cement on the
performance of concrete. Cement has the highest
degree of industrialization and the most stable qualities of the components of concrete. The choices of
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the cement class and strength grade are related to the
service environment and structure type. The cement
type, minimum cement content, maximum water-cement ratio and other factors, such as the specific application of the concrete, the development of concrete heat, the volume of concrete, and the environmental conditions that affect the cement performance, should be taken into consideration.
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crete: an active effect, morphological effect and micro-aggregate effect. Because of these three major
effects, the incorporation of fly ash can improve the
fluidity, water retention, pumpability and plastering
of the concrete admixture, reduce the hydration heat
and the shrinkage of the concrete, improve the durability to chemical erosion from chloride and sulfate
ions and the anti-permeability, and inhibit alkali-aggregate reactions.

Influence of aggregate materials on the performance of concrete. The preparation of the concrete aggregate has several quality requirements
[11]. (1) Particle shape and surface features. The particle shape and surface characteristics of the coarse
aggregate affect its bonding with the cement and the
fluidity of the concrete mixture. (2) Largest particle
size and particle size distribution. The maximum
particle size at the upper limit of the nominal particles of coarse aggregates is called the largest particle
size. As the size of the aggregate material increases,
its specific surface area decreases. (3) Aggregate
strength. It is generally believed that the compressive
strength of coarse aggregate should be approximately two times the designed strength of the concrete. (4) Aggregate volume content. Under certain
conditions, increasing the amount of aggregate can
reduce the unit cost of concrete, decrease the shrinkage and creep of concrete, and thereby enhance the
durability of the concrete.

Influence of additives on the performance of
concrete. A wide variety of additives to concrete are
available. Although concrete only contains a small
amount of additives, these additives have a significant effect on the performance of concrete, such as
decreasing the amount of cement used, reducing the
labor force, and improving the workability, durability and shrinkage of the concrete. Additives have become an essential component of high-strength and
high-performance concrete. Based on their functions, additives are mainly divided into water-reducing agents, coagulating agents, waterproofing
agents, and air entraining agents. When using additives, the homogeneity of the concrete must be ensured. If more than two additives are used at the same
time, the miscibility of the additives must be verified.
Survey of raw material performance. The
Qinghai-Tibet plateau covers a vast and broad area.
Therefore, it was selected as the research object for
this survey. The analysis and results of this survey
provide a reference, theoretical basis and experience
for the subsequent sub-projects in this study. First,
the performance of raw materials for G214 fulllength concrete was examined to ensure the overall
quality of the raw materials. By analyzing the effects
of the raw material properties on the performance of
concrete, this survey helped to establish a foundation
for the subsequent sub-projects.

Influence of the admixture on the performance of concrete. Mineral admixtures for the preparation of concrete may be composed of materials
such as fly ash, grounded blast furnace slag, silica
fume, zeolite rock, limestone powder, and natural
volcanic ash. Fly ash and slag are the most commonly used materials in China. Due to its chemical
composition, structure and particle shape, high-quality fly ash can generate three major effects in con-

FIGURE 1
Test for the mud content of sand.
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FIGURE 2
Test of the specific surface area of gravel (basket method).

FIGURE 3
Test of the gravel grade (screening method).
This survey mainly focused on the raw materials of the concrete used in bridges. The characteristics of each raw material were taken into consideration, and the quality of the sand and gravel have relatively high controllability. Quality control can be
performed through procedures such as washing and
screening. The quality of the cement and additives
mainly depends on the manufacturers and the construction units, which have limited controllability.
Therefore, this study primarily focused on the aggregate materials. The tests of the raw materials are
shown in Figures 1, 2 and 3.
The survey revealed that the gravel from most
producers has several quality issues. The most common issues are high mud contents of the sand, high
fineness moduli, poor stone shapes, and high crushing index values. These issues affect the blending ratio, workability, mechanics and durability of the concrete. A high mud content of the sand and a high water absorption capacity of the soil will directly influence the working performance of the concrete. If the
fineness modulus of the sand is too high, the sand
coarse aggregate ratio must be increased, and the
concrete water consumption will also have to be increased to meet the working performance requirement.
The lack of mineral admixtures in the full line
of Qinghai G214 concrete is also directly related to

the unstable quality of the fly ash and the decrease in
the strength in the early stage due to the application
of fly ash. Therefore, it is necessary to study the influences of mineral admixtures on concrete strength
in the Qinghai-Tibet plateau, especially the early
stage strength. The recommended volume of the
mineral admixture can be determined from the study,
which will provide guidance for the future concrete
preparation in the plateau region.
Key indicator test of raw materials. Experimental research on raw materials mainly studies the
key indicators of the primary raw materials, such as
cement, fly ash, aggregate and additives, as well as
their influences on the working performance, mechanical performance and durability (carbonization,
chloride resistance and frost resistance) of the concrete. The indicators of the working performance and
mechanical performance were studied at the project
site. The raw materials for the analysis of the durability performance were sent to the Nanjing JSTI
Group for experimental testing. Due to the unique
geological and climatic conditions of the Qinghai
Province, the concrete strength is significantly affected by the temperature. This article focuses on the
experiments and conclusions that relate to the compressive strength and anti-frost properties of the concrete.
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FIGURE 4
Test of the mechanical properties of the concrete.

FIGURE 5
Frost resistance test (fast-freezing method).
The study of the compressive properties of the
concrete was performed according to the "Standard
test method for mechanical properties of common
concrete" (GB/T 50081-2002). Specimens with dimensions of 100×100×100 mm were molded, and
compression under standard conditions began after
demolding. The tested concrete specimens correspond to three stages of compressive strength (3 d, 7
d and 28 d), as shown in Figure 4. The anti-freezing
test used the fast-freezing method. Prismatic specimens with dimensions of 100 × 100 × 400 mm were
used, and three blocks were used for each test group.
The frost-resistance properties of the concrete were
characterized by the corresponding dynamic elastic
modulus of the concrete specimen after 300 freezethaw cycles; the experiment is shown in Figure 5.

28 d, the strength of the slag cement was higher than
that of the pure silicate cement, and the strength of
the fly ash cement concrete was the lowest. The effect of fly ash cement on the strength of concrete is
mainly reflected in the later stage. The rate of increase of the strength of the fly ash cement increased
after 28 d. As the curing time increased, the degrees
of hydration of the cement concretes with different
levels of fineness gradually increased (Figure 7). At
the same 7-d curing age, the concrete compressive
strength increased as the cement particle fineness increased. In the later stage of curing, as the curing
time increased, cement particles became finer, and
the rate of strength increase of the concrete decreased. The effect of the cement particle fineness on
the strength of concrete is mainly reflected in the
later stage.
After 300 freeze-thaw cycles, the relative dynamic elastic moduli of the concretes with different
types of cement were all greater than 80% (Figure
8). The differences between the relative dynamic
elastic moduli of all of the cement types were small,
which indicates that the type of cement has a minor
effect on the concrete’s frost resistance. After 300
freeze-thaw cycles, the relative dynamic elastic
moduli for concretes with three different cement
fineness levels were 86%, 91% and 86% (Figure 9).
The relative dynamic elastic modulus of concrete
first increases and then decreases as the fineness of
the cement increases; that is, the frost resistance of

Cement indicator test. The cement indicator
experiment studied the effects of the cement type and
cement fineness on the mechanical properties and
freeze resistance of the concrete. The cement types
included pure silicate cement, ordinary silicon cement, slag cement and fly ash cement. Three types
of cement with different levels of fineness were studied to examine the influence of the cement fineness.
The temporal changes in the mechanical properties of different cement types are shown in Figure
6. The concrete strengths at 7 d were in the order
(from high to low) pure silicate cement > ordinary
silicate cement > slag cement > fly ash cement. At
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concrete first increases and then decreases as the
concrete fineness increases.
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late-stage rate of increase of the strength of high-calcium fly ash concrete is higher than that of low-calcium fly ash concrete (Figure 10). The effects of
grade I and II fly ashes on the working and mechanical properties of the concrete are shown in Figure
11. The compressive strengths of concretes with fly
ashes of different qualities increased gradually with
increasing curing age. The temporal change in the
mechanical properties of grade I fly ash concrete is
greater than that of grade II fly ash concrete over the
same curing period.

Fly ash index test. The fly ash index experiment studied different types and grades of fly ash
and their effects on the mechanical properties and
frost resistance of the concrete. The compressive
strength of concrete with low- or high-calcium fly
ash increases as the curing age increases. In the same
curing period, the temporal change in the mechanical
properties of high-calcium fly ash concrete is less
than that of low-calcium fly ash concrete, and the
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FIGURE 6
Relationships between the compressive strength and curing age of concrete for different cement types.
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FIGURE 7
Relationships between the compressive strength and curing age of concrete for different levels of cement
fineness.
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FIGURE 8
Effect of the cement type on the frost resistance of the concrete.

80

60

40

20

0
14.985um

13.145um

12.076um

FIGURE 9
Effect of the cement fineness on the frost resistance of the concrete.
The relative dynamic elastic moduli of concretes with low- and high-calcium fly ashes after 300
freeze-thaw cycles are shown in Figure 12. The relative dynamic elastic moduli of the high-calcium fly
ash and low-calcium fly ash are both greater than
80%. However, the frost resistance of the high-calcium fly ash concrete is better than that of the lowcalcium fly ash. This is mainly because the secondary hydration of high-calcium fly ash is greater than
that of low-calcium ash, which causes low porosity
in the concrete and thereby increases the frost resistance. The relative dynamic elastic moduli of concretes with grade I and II fly ashes after 300 freeze-

thaw cycles are shown in Figure 13. The frost resistance of grade I fly ash concrete is higher than that
of grade II fly ash concrete. This is because grade I
fly ash is more active than grade II fly ash, and the
extent of secondary hydration is greater in the later
stage, which causes the concrete density to increase
and the porosity to decrease, thereby increasing the
frost resistance of the concrete.
Additives index test. Additives have important
effects on the workability of concrete and significantly influence the durability of the concrete. This
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FIGURE 10
Effect of different types of fly ash on the compressive strength of concrete.
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FIGURE 11
Effect of different qualities of fly ash on the compressive strength of concrete.
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Effect of different types of fly ash on the frost resistance of concrete.
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FIGURE 13
Effect of different qualities of fly ash on the frost resistance of concrete.
section focuses on results related to different additive types and contents and their effects on the mechanical properties and freeze resistance of the concrete.
Figure 14 shows that the addition of different
types of superplasticizers to concrete at different periods increased the compressive strength. The
strength at 3 d can reach 50% - 90% of the strength
at 28 d when different types of superplasticizers are
added. The rates of strength development for concretes with different superplasticizers in the early
stage are in the order polycarboxylate (PCA) superplasticizer > high-concentration naphthalene superplasticizer > low-concentration naphthalene superplasticizer. As shown in Figure 15, the compressive
strengths of concretes with different superplasticizer
contents increased at different periods. The development of the concrete strength was rapid in the early
stage when different PCA superplasticizer contents
were added; the strengths at 3 d were 50% - 90% of
the strengths at 28 d. The compressive strength of
concrete at the same curing age tends to decrease as
the PCA superplasticizer content increases; this is
mainly because the delayed coagulation of PCA superplasticizer increases as the PCA content increases, which has a significant inhibitory effect on
the process of cement hydration.
The relative dynamic elastic moduli of the concretes with three different additives after 300 freezethaw cycles are shown in Figure 16. The relative dynamic elastic modulus of the PCA concrete is the
highest, and that of the mixed naphthalene (low concentration) concrete is the lowest. The concrete
freeze resistances of the concretes with different additives are in the order PCA > naphthalene (high) >
naphthalene (low). The relative dynamic elastic

moduli of the concrete with different additive contents after 300 freeze-thaw cycles are shown in Figure 17. The relative dynamic elastic modulus of the
concrete first increases and then decreases as the additive content increases. Therefore, the additive content should be controlled within the appropriate
range to ensure the freeze resistance of the concrete.
Increasing the additive content will increase the possibility of hierarchical separation of the concrete and
increase the density of the concrete, which reduces
the freeze resistance of the concrete.
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FIGURE 14
Effects of different superplasticizers on the compressive strength of concrete.
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10640

© by PSP

Volume 29 – No. 12/2020 pages 10632-10651

Aggregate index test. Because of the defects
of the .aggregate properties of G214 concrete, it is
necessary to focus on several key property indicators
of the sandstone and conduct an experimental study
to determine the best method to select the sandstone
raw materials. These experiments studied the impacts of different stone types, fineness moduli of the
sand and mud contents on the slump constant and
compressive strength of the concrete. The size and
type of the coarse aggregate affect the properties of
the concrete (Tables 1 and 2).
The influences of the fineness modulus on the
concrete’s slump constant and compressive strength
were investigated, and the effect of the mud content
on the concrete’s slump constant and compressive
strength were studied. The following conclusions
were drawn from these experiments. (1) The larger
the maximum particle size of the coarse aggregate is,
the greater the slump constant of the concrete is.
However, the selection of the particle size depends
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on the actual conditions of the concrete. (2) The content of needle-shaped flakes in the coarse aggregate
is directly related to the workability and mechanical
properties of concrete; the content of needle-shaped
flakes should be limited to less than 15% based on
the corresponding standard specifications. (3) When
resources are limited, crushed gravel can be replaced
by rubble in medium and low-strength concrete.
However, it is necessary to strictly control the crushing surface and particle shape. (4) The mud content
of the sand will directly affect the workability, mechanical properties and durability of the concrete.
When preparing high-performance concrete, the
mud content of the sand should be limited to 2% to
ensure the durability of the concrete. (5) The fineness modulus of the sand has a relatively large influence on the workability and mechanical properties of
the concrete. The thicker the sand particles are, the
greater the slump constant of the concrete is, and the
higher the strength is.

TABLE 1
Effects of coarse aggregate size on the performance of the concrete.
C30 Concrete performance

Maximum coarse
aggregate particle
size / mm

Slump constant
/ mm

Expansion / mm

28 d Compressive
strength / MPa

20
31.5
40

160
175
185

380*400
390*410
410*440

42.6
39.2
38.5

60 d Drying
shrinkage
/ *10-6
538
487
475

Relative dynamic elastic modulus after 100
freeze-thaw cycles / %
82.6
77.4
73.8

TABLE 2
Effects of coarse aggregate type on the performance of the concrete

Gravel
Pebble
Crushed gravel (55%)
Crushed gravel (85%)

Slump / mm

7 d Compressive
strength / MPa

170
205
190
170

30.6
24.2
24.6
28.7

165

160

slump (mm)

Coarse aggregate type

C30 Concrete performance
28 d Compres28 d Flexural
sive strength /
strength / MPa
MPa
40.2
4.3
35.5
3.6
36.7
3.7
38.9
4.2

155

150

145

140
2.4

2.5

2.6

2.7

2.8

2.9

3.0

3.1

3.2

3.3

fineness modulus

FIGURE 18
Effect of the fineness modulus on the strength of C50 concrete
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Relative dynamic elastic
modulus after 100 freezethaw cycles / %
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Effect of the fineness modulus on the slump constant of C50 concrete.
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Effect of the mud content on the strength of C50 concrete.
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FIGURE 21
Effect of the mud content on the slump constant of C50 concrete.
technical parameters that ensure the impermeability
and mechanical properties that are required for durability. Based on the environmental characteristics of
low temperatures and large temperature differences,
designs for durable concrete were studied, and a

Results and discussion. Optimized concrete
blending ratio for low temperatures and large
temperature differences. The blending ratio is the
most crucial component to ensure the quality and durability of concrete. The water-binder ratio and the
minimum cementing material usage are important
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blending ratio was recommended based on the experimental results. A systematic experimental study
focused on the key parameters of the concrete blending ratio to develop an optimized blending ratio that
is suitable for environments with high elevations,
low temperatures, and large temperature differences.
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same water-binder ratio, the compressive strength of
the concrete increases as the curing age increases.
The compressive strength increased rapidly in the
early stage and slowed in the later stage. When the
water-binder ratios were 0.48, 0.45, 0.40, 0.37 and
0.34, the compressive strengths at 7 d and 28 d all
met the designed strength of the concrete.
The relative dynamic elastic moduli of concretes with different water-binder ratios after 300
freeze-thaw cycles are shown in Figure 25. The relative dynamic elastic modulus of the concrete after
300 freeze-thaw cycles decreased significantly with
increasing water-binder ratio. This is because the
density of concrete decreases as the water-binder ratio increases, and more free water enters the interior
of the concrete; as the free-water crystals expand
during the freeze-thaw cycles, the concrete deteriorates due to the repetitive expansion stress.

Design principles of the blending ratio and
durability. The blending ratio and durability of concrete should be designed to correspond to structures
with different design reference periods, usage environments, and levels of effect. When the local environments for different components of the same structure differ, each should be processed differently
(e.g., different protective layer thicknesses should be
selected).
In the design of the blending ratio, the requirements for the total amount of cementing material for
concretes with different strengths are as follows:
C40 and below should not be greater than 400 kg/m3;
C40-C50 should not be greater than 450 kg/m3; and
C60 and above should not be greater than 500 kg/m3
(non-pumping concrete) and 530 kg/m3 (pumping
concrete). For general concrete components that are
exposed to air, the fly ash content should not exceed
20%, and the silicate cement in the single-component cementing material should not be less than 240
kg. In freeze-thaw environments, concretes with environmental effect grades of D or above must be
mixed with an air-entraining agent. For concrete
with an environmental effect grade of C, no air-entraining agent should be added, but the concrete
strength should not be less than C40. In a freezethaw environment, the fly ash content in the cementing material of concrete should not exceed 30%, and
the usage of carbon in the fly ash should be restricted.

Analysis of the amount of cementing material .The effect of the amount of cementing material
on the mechanical properties of the concrete when
fly ash was used as an admixture is shown in Figure
23. As the curing age increases, the degree of hydration increases gradually, and the compressive
strengths of concretes with different cementing material usage also increase gradually. At the same curing age, the compressive strength of the concrete decreases as the total amount of single-component cementing material increases.
Figure 26 shows the effect of the amount of cementing material used in the concrete on the concrete’s freeze resistance. As the amount of cementing material decreases, the relative dynamic elastic
modulus of the concrete after 300 freeze and thaw
cycles decreases. With increasing amounts of cementing material, the freeze resistance of the concrete increases. This is because the cementing material forms a hydrated product after hydration, which
results in a compact filling effect.

Effects of key characteristics of the blending
ratio on the performance of concrete. A multicomponent blending ratio of three strength grades
(C30, C40, and C50) was designed based on the actual conditions in Qinghai Province. The effects of
several key characteristics, such as the water-cement
ratio (0.31-0.48), amount of cementing material
(350-530 kg/m3), and sand proportion (36-42%), on
the performance of the concrete was the focus of the
study. The effects on the mechanical properties and
freeze resistance and related conclusions are discussed below.

Analysis of the proportion of sand. The effect
of the proportion of sand on the mechanical properties of the concrete is shown in Figure 24. As the curing age increases, the compressive strengths of concretes with different sand proportions increase. At
the same curing age, the compressive strength of the
concrete first increases and then decreases as the
sand proportion increases; there is an optimum proportion of sand.

Analysis of the water-binder ratio. The effect
of the water-binder ratio on the mechanical properties of the concrete is shown in Figure 22. For the
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Effect of the water-binder ratio on the concrete’s compressive strength
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Effect of the proportion of sand on the
concrete’s compressive strength.
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Effect of the water-binder ratio on the concrete’s freeze resistance.
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Effect of the amount of cementing material on the concrete’s freeze resistance.
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FIGURE 27
Effect of the proportion of sand on the concrete’s freeze resistance.
The effect of the proportion of sand on the
freeze resistance of the concrete is shown in Figure
27. The relative dynamic elastic moduli of the concretes first increase and then decrease with an in-

crease in the proportion of sand. When the sand proportion is 0.39, the relative dynamic elastic modulus
of the concrete after 300 freeze-thaw cycles is the
largest; that is, the freeze resistance is the best.
Therefore, the best sand proportion should be used
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in the concrete blending ratio. For C50 concrete at
low temperatures and with large temperature differences, a sand proportion of 0.39 is suggested. If
coarse sand is used in the project, the proportion of
sand can be increased to 0.41. If fine sand is chosen,
the proportion of sand should not exceed 0.40.
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creep. Therefore, this experimental study focuses on
the compression creep of the concrete (Figure 30).

Concrete shrinkage and creep in environments with low temperatures and large temperature differences. Shrinkage refers to the reduction
in concrete volume caused by factors such as
changes in the internal water content, temperature
variations, and chemical reactions during condensation hardening and service life. Generally, concrete
shrinkage deformation mainly includes plastic settlement shrinkage, self-shrinkage, and drying shrinkage during the early pouring stage. Due to the continuous promotion and application of high-quality
concretes with low water-binder ratios in engineering projects, the civil engineering community has
great interest in concrete cracking caused by shrinkage. In the hinterland of the Qinghai-Tibet Plateau,
the relative humidity of the environment is relatively
low, and water evaporates rapidly. This adverse factor may increase the long-term creep of continuous
rigid-frame bridges. This paper studies concrete
shrinkage creep in continuous rigid-frame bridges in
environments with low temperatures and large temperature differences. Through indoor experiments
and analysis of the results, this paper proposes quality control measures and index requirements for lowshrinkage creep concrete used in long-span continuous rigid-frame bridges in environments with low
temperatures and large temperature differences in
the Qinghai-Tibet Plateau.

FIGURE 28
Self-shrinkage test device.

FIGURE 29
Concrete drying shrinkage tests.

Experimental plan. A concrete with a strength
grade of C50 is examined. By changing the concrete’s blending ratio, the impacts of the water-cement ratio, fly ash content, and sand proportion on
concrete shrinkage and creep are studied. In this project, the raw materials were sent to the Nanjing JSTI
Group for experimental testing. The specific indices
studied are the 28 d self-shrinkage, 60 d drying
shrinkage, and 180 d degree of creep and creep coefficient.
The temporal development of the long-age selfshrinkage of hardened cement-based composites is
slow. To shorten the experimental cycle and fully
utilize non-contacting sensors (Figure 28), this experiment uses a self-designed vertical dial gauge to
measure the self-shrinkage. The drying shrinkage is
essentially the contraction of the hydrated phase. The
concrete drying shrinkage is experimentally measured using the vertical dial gauge (Figure 29). The
creep of concrete can be divided into compression
creep, tensile creep, and torsion creep. Because the
stress in reinforced concrete and prestressed reinforced concrete structures is supported by the concrete, most studies of creep focus on the compression

FIGURE 30
Concrete creep tests.
Effect of key blending ratio indices on concrete shrinkage creep. Effect of the water-binder
ratio on the shrinkage creep of concrete. The effect of the water-binder ratio on the self-shrinkage is
shown in Figure 31. The concrete self-shrinkage increases as the water-binder ratio decreases. With the
hydration of the binder material, the volume of the
solid phase increases, and the volume of the liquid
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phase decreases, which reduces the voids in the concrete-stone structure and increases its density. The
lower the water-binder ratio is, the smaller the voids
that need to be filled by the solid phase filler are.
Concrete with a low water-binder ratio has more fine
pores and fewer coarse pores than concrete with a
high water-binder ratio; the degree of refinement of
the voids is also higher, so the self-shrinkage is
higher.
Figure 32 shows the effect of the water-binder
ratio on the drying shrinkage. The concrete drying
shrinkage decreases as the water-binder ratio decreases. This occurs because the drying shrinkage is
mainly induced by the dehydration of fine pores; increasing the water-binder ratio not only increases the
porosity of the material but also enhances the pore
connectivity. This increases the migration or evaporation rate of the pore water moving from the interior
to the exterior, which increases the drying shrinkage
of the cement matrix material.
The effect of the water-binder ratio on the concrete creep is shown in Figure 33. According to the
national standard “Test method for ordinary concrete
long-term performance and durability” (GB/T
50082-2009), the test of the concrete’s degree of
creep reveals that the higher the water-binder ratio
is, the higher the degree of creep is; and when the
water-binder ratio increased from 0.35 to 0.4, the degree of creep increased by 41.0%.
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been an optimal content due to the density of the concrete’s internal structure; when this value is exceeded, the inhibition effect on creep will not be obvious.
Effect of the sand proportion on the shrinkage creep of concrete. The effect of the proportion
of sand on the self-shrinkage is shown in Figure 37.
When the proportion of sand increased from 33% to
36%, 39%, and 42%, the 180-d concrete self-shrinkage increased from 217 to 238, 265, and 284, respectively; that is, the self-shrinkage increases with an
increasing proportion of sand. This is mainly because the increase in the proportion of sand will reduce the coarse aggregate volume fraction, which
weakens the inhibition effect on concrete shrinkage
and eventually causes increased self-shrinkage.
Figure 38 shows the effect of the proportion of
sand on the drying shrinkage. When the proportion
of sand increased from 33% to 36%, 39%, and 42%,
the 180-d self-shrinkage increased from 261 to 284,
305, and 321, respectively; that is, the drying shrinkage increases with the increasing sand rate. This
mainly occurs because the increase in the proportion
of sand will reduce the coarse aggregate volume
fraction, which weakens the inhibition effect on concrete shrinkage and eventually causes increased drying shrinkage.
The effect of the proportion of sand on the
shrinkage creep is demonstrated in Figure 39, which
shows the creep development patterns when the sand
rates were 36%, 39%, and 42% with a water-binder
ratio of 0.35. The sand rate has some influence on
the creep, but the intensity is less than the effects of
the water-binder ratio and the fly ash content. The
concrete creep was lowest when the sand rate was
36%. This is because a lower sand rate results in a
higher coarse aggregate ratio. Because the aggregate
forms the concrete skeleton, a higher coarse aggregate content would have a greater inhibition effect
on the concrete shrinkage creep; thus, the higher the
sand rate is, the larger the concrete creep is.

Effect of fly ash content on concrete shrinkage creep. Figure 34 shows the effect of fly ash on
the self-shrinkage. The self-shrinkage of each set of
specimens increased rapidly and then gradually leveled off with increasing age. When fly ash was
added, the concrete’s self-shrinkage decreased;
when the fly ash contents were 10%, 15%, and 20%,
the self-shrinkage decreased by 13.3%, 21.4%, and
31.0%, respectively. When the contents of doublemixed fly ash and slag powder were both 10%, the
self-shrinkage decreased by 27.1%.
The effect of fly ash on the drying shrinkage is
shown in Figure 35. The addition of fly ash reduces
the drying shrinkage, and the shrinkage decreases as
the amount of fly ash increases. When the fly ash
contents were 10%, 15%, and 20%, the drying
shrinkage decreased by 10%, 17%, and 21%, respectively. When the contents of double-mixed fly ash
and slag powder were both 10%, the drying shrinkage decreased by 20%.
Figure 36 shows the effect of fly ash on creep.
The degree of creep decreased significantly when the
fly ash content was 15% compared to without fly
ash. However, the change in the degree of creep
when the fly ash content increased from 15% to 30%
was small. The reason is that the elastic modulus of
fly ash grains is higher than that of cement grains.
When the content is 15%, the micro-aggregate effect
can significantly inhibit the concrete creep. In contrast, when the content reached 30%, there may have

DISCUSSIONS AND CONCLUSIONS
Based on the environmental characteristics of high
elevations, low temperatures and large temperature
differences, this paper conducted a series of studies
on the effects of key raw material indices and key
blending ratio parameters on the performance of
concrete materials. The following conclusions were
obtained:
In environments characterized by high elevations, low temperatures and large temperature differences, ordinary Portland cement is preferred, and the
cement should not be too fine. The mud content of
the fine aggregate used in high-performance concrete should be controlled to less than 2%, and the
fineness modulus should be approximately 3.0. The
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Effect of the water-binder ratio on the self-shrinkage
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FIGURE 33
Effect of the water-binder ratio on the concrete creep.
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Effect of fly ash on the self- shrinkage.
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Effect of fly ash on the drying shrinkage
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FIGURE 36
Effect of fly ash on the concrete creep
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Effect of the proportion of sand on the drying shrinkage.
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FIGURE 39
Effect of the proportion of sand on the concrete creep
content of flaky needle-shaped particles in the coarse
aggregate in high-performance concrete should be
limited to less than 10%. The maximum particle diameter should be selected based on the specific situation; for example, the maximum diameter of the
coarse aggregate in the concrete should be 40 mm.

When crushed gravel is replaced by rubble in the
concrete structure, the concrete crushing surface
should be fully guaranteed to ensure the overall performance. PCA superplasticizer and I-grade high
calcium fly ash are the preferred choices.
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In environments characterized by high elevations, low temperatures and large temperature differences, the key parameters of the concrete blending
ratio are as follows. The suitable water-binder ratios
of C30 concrete, C40 concrete, and C50 concrete are
approximately 0.45, 0.40 and 0.34, respectively. The
binding material should be limited to 380 kg/m3 for
C30 concrete and 420 kg/m3 for C40 concrete and
should not exceed 500 kg/m3 for C50 concrete. The
recommended proportion of sand is approximately
0.39 for C50 concrete; if coarse sand is used, the proportion can be up to 0.41, whereas when fine sand is
used, the proportion should not exceed 0.40.
Because the addition of fly ash significantly enhances the concrete’s working performance, shrinkage deformation properties, and durability, adding a
suitable amount of fly ash is recommended. The content should be limited to 15% as long as an appropriate maintenance system and quality of the fly ash are
selected.
A higher water-binder ratio will cause less selfshrinkage, greater drying shrinkage, and less creep.
The addition of fly ash can effectively reduce the
concrete’s shrinkage creep properties. However,
when too much is added, the creep inhibition effect
is not significant. A higher concrete aggregate content with a lower proportion of sand has a better
shrinkage creep inhibition effect and induces less
concrete shrinkage creep.
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RESEARCH ON THE PROTECTION AND MANAGEMENT
OF URBAN INTANGIBLE CULTURAL HERITAGE BASED ON
ECOLOGICAL THEORY
Siyu Zheng*
Hangzhou Normal University, Hangzhou 311100, China

will inevitably draw nutrition from the experience
and wisdom of human civilization in the past [5-8].
The rise of the protection of intangible cultural heritage has a deep internal relationship with human
beings entering the stage of ecological civilization
[9-12].
Intangible cultural heritage is an important
part of urban culture, and the realization of intangible heritage depends on the innovation of the urban
renewal process. With the acceleration of the urban
renewal process in China, the community environment on which the intangible cultural heritage existing in the urban fabric has been changed. At the
same time, the social foundation of the inheritance
of the intangible cultural heritage has been gradually weakened, and the attached spatial carriers
have gradually been lost [13-16]. These conditions
have caused difficulties in the protection and inheritance of intangible cultural heritage.
Intangible cultural heritage has its own specific ecological origin, and is produced and developed in a specific ecological environment. It can be
said that the vast majority of China’s intangible
cultural heritage was born, evolved, and grown
under the ecological environment of farming civilization, nomadic civilization, and fishing and
hunting civilization. The intangible cultural heritage
with memory and skills as its core is deeply engraved with these civilizations. The brand mark
reflects and reveals the information and genes of
the ecological environment of these times from
many perspectives. For example, the craftsmanship
of making bark cloth in Hainan's national intangible
cultural heritage protection project stems from
Hainan's once rich forest resources and special
plant populations, resulting in a rare bark cloth culture. The Li people's firewood dance and the Li
people's skills of drilling wood and fire also show
the unique survival methods, thinking methods,
living wisdom and imagination of the Hainan Li
people in the agricultural era from different sides,
carrying the life code of the Li culture .
The intangible cultural heritage contains a
large number of human inventions, experiences,
perceptions and behaviors in the past specific ecological environment. The folk culture theory system,
concepts and customs, etc., a considerable part of
which involves the harmonious coexistence between man and nature- That is the core content of
ecological culture. Regardless of whether it is "cor-

ABSTRACT
Cities are dynamic organisms of human social
activities, and the metabolic process of this huge
organism is urban renewal. On the one hand, urban
renewal is the transformation, removal, maintenance and rebuilding of urban infrastructure and
other hardware; on the other hand, it is the transformation of the urban ecological environment, the
continuation and reinterpretation of the historical
context. Ecological civilization is a civilization with
rich connotation. From the perspective of system
science, ecological civilization is a system composed of the interaction and interdependence of
three subsystems: human, environment, resources
and energy. As an important cultural resource of a
city, intangible cultural heritage is contained in a
large system of ecological civilization. This paper
has conducted in-depth research on the relationship
between the protection and management of urban
intangible cultural heritage and ecological civilization through literature research and the introduction
of a coordination model. This research will greatly
promote the management of intangible cultural heritage, and meet the substantial social needs of urban
life.
KEYWORDS:
City, Ecological theory, Intangible cultural heritage, Sustainable development

INTRODUCTION
When we baptized industrial civilization and
exploited and destroyed natural resources in a predatory manner, in exchange for the so-called
"well-off" living conditions, ecological crises such
as environmental pollution, resource depletion, and
climate warming have fully hit. Looking for a production and lifestyle in harmony with nature has
also become an urgent need facing contemporary
humanity [1-4]. The contemporary ecological civilization seeks to establish the human nature view of
the unity of nature and man, establish a people-oriented ecological protection view, choose a
sustainable development concept that harmonizes
economy, society and ecology, and promote healthy,
natural and moderate consumption life values. This
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rect" or not, its rich content is not without benefits
for building a scientific ecological and cultural system. For example, the proverb of the Dai people in
Xishuangbanna, Yunnan, "There is water, there is
forest, there is forest, there is land, there is grain,
and there is grain, there are people." In one sentence, the relationship between people and water,
forest, land, and grain is said. Be clear! Intangible
cultural heritage depends on the inheritance of people and is ecological. Intangible cultural heritage is
inseparable from the word of mouth of the inheritors and from generation to generation. This characteristic of living inheritance makes the intangible
cultural heritage not invariable in the long inheritance, but also changes due to changes in the ecological environment in which the inheritors live .
Through this change, we can deeply understand the
relationship and interaction between the intangible
cultural heritage and the ecological environment,
and then put forward targeted methods and
measures to protect the intangible cultural heritage
and the ecological environment.
Ecology is not only material, but also immaterial and spiritual, that is, cultural ecology. Like the
natural ecology, the cultural ecology is very fragile.
As long as no one inherits it, the cultural ecology
disappears instantly and disappears forever. There
is another situation-even if the inherited people are
still there, if the environment of the cultural ecology is destroyed, the cultural ecology will also be
mutated, and the name will die or the form will die.
Therefore, the so-called "ecological cultural zone"
actually contains material ecological culture and
spiritual cultural ecology-its main content-is the
intangible cultural heritage.
In our rescue and protection, excavation and
in-depth study of intangible cultural heritage, we
found that it contains extremely rich ecological and
cultural content, such as the following: simple and
distant ecological consciousness, ecological concept: in many ethnic folk songs, the Languages,
epics, and folk tales are widespread. Mysterious
and profound ecological ideas and ecological spirits:
Exist in religious beliefs and sacrificial rituals such
as tree worship, mountain god worship, dragon
worship, totem worship, etc. of some ethnic groups.
Gorgeous ecological beauty and ecological value:
widely exist in various performing arts such as
dance, shadow puppetry, puppetry, and other handcraft skills such as stone carving, wood carving,
and root carving.
This article aims to explore the relationship
between ecological civilization and intangible cultural heritage protection and management. Combining the characteristics of intangible cultural heritage protection, it is proposed to embed the protection of intangible cultural heritage into ecological
civilization. Put forward countermeasures and suggestions for the protection and management of intangible cultural heritage, and provide a reference
for the in-depth study of the interaction between
them.
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MATERIALS AND METHODS
(1) Literature Research Method. Use school
libraries, the Internet and other media channels to
collect and organize works, scientific research papers, government documents, statistical data and
other materials on the protection of urban intangible
cultural heritage, classify, sort, summarize and
summarize the materials to gain an in-depth understanding of relevant research progress And the latest results, which lay a solid literature foundation
for the research of this article.
(2) Field survey method. Use field visits and
interviews to conduct interviews with residents of
urban communities, investigate the participation of
residents in the protection of intangible cultural
heritage, observe from different sides and angles,
and maximize understanding of the protection and
management of intangible cultural heritage Relevant information.
RESULTS AND DISCUSSION
The relationship between ecological civilization and intangible cultural heritage. Intangible cultural heritage is a cultural resource with important historical value, artistic value and social
value, as well as an important tourism economic
resource. As can be seen from the analysis of the
composition structure of the ecological civilization
mentioned above, it includes resources and energy
in the ecological civilization. In the system, but due
to the excessive commercial development, arbitrary
abuse and weak protection of human beings in reality, the spread of the intangible cultural heritage has
been unsustainable. It directly affects the scientific
and sustainable utilization of intangible cultural
heritage, an important cultural resource.
Ecological civilization should not only refer to
the development quantity and quality of each subsystem of ecological civilization in a short period of
time (Figure 1). It must be built on the mechanism
of sustainable regulation in the entire time dimension. In the long run, human sustainable development requires not only the current use of the environment, resources and energy, but also the
long-term sustainable use. Therefore, humans must
consciously effectively protect and rationally develop and utilize them. As an important cultural
resource and tourism economic resource, intangible
cultural heritage requires human beings to actively
promote the rational development and utilization of
their resources.
The basic purpose and essence of ecological
civilization emphasize "development" or "evolution" (Figure 2). The protection of intangible cultural heritage is the protection of a dynamic cultural
environment, so we should emphasize the importance of fully respecting the fundamental values
of traditional culture and maintaining the intangible
cultural heritage. Based on the true characteristics,
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(a)

(b)

(c)
FIGURE 1
Contour Plot of Coordination degree
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some intangible cultural heritage is scientifically
and logically evolved according to local conditions
and in a timely manner. This is also consistent with
the fact that our protection of cultural heritage is
actually to protect the immortal wisdom and creativity of mankind. Of course, we must resolutely
oppose any form of unreasonable adaptation that
destroys the original genes of intangible cultural
heritage or even excessive intervention by external
forces.
From the spatial dimension, ecological civili-
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zation also has regional characteristics. The development of a regional ecological civilization is inseparable from the unique environment, resources
and energy conditions and conditions of the region
(Figure3). Therefore, the development of ecological
civilization in different regions should be combined
with the local Research on the differences in specific conditions, characteristics such as specific
environment, resources and energy. Therefore,
while emphasizing the protection of intangible cultural heritage, we should not ignore the intangible

(a)

(b)
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(c)
FIGURE 2
Interaction Plot for Coordination degree
cultural heritage with different attributes and categories, and its specific protection measures and
methods should also be discussed separately and
not generalized.
The "ultimate goal of ecological civilization is
to make human development sustainable", combined with the fact that the intangible cultural heritage is a human-based mobile, living cultural heritage, it is a reminder that we must attach great importance to the protection of inheritors. The point to
be emphasized here is to pay full attention to the

opportunity of public display and demonstration to
the inheritors, increase their visibility in the society,
expand their social influence, and then obtain the
recognition and support of the whole society, evoke
the public’s respect and consciously protect nonConsciousness of material cultural heritage. At the
same time, we should also improve the cultural
quality of the population to create a good social
atmosphere for the protection of intangible cultural
heritage.

FIGURE 3
Main Effects Plot for Coordination degree
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society.

Principles to be adhered to in the protection
of intangible cultural heritage from the perspective of ecological civilization. Adhere to the principle of overall coordination. Intangible cultural
heritage is a valuable asset for the entire human
race, and the protection of intangible cultural heritage is also a systematic project, which requires
multiple parties to achieve sustainable development.
On the one hand, we must deeply dig and display
China’s intangible cultural heritage with important
historical and artistic value, on the other hand, we
must also pay attention to strengthening international multilateral cultural exchanges and cooperation, and on the premise of respecting their traditional culture, establish intangible material. Cultural
heritage exchange and cooperation mechanism to
discuss cooperation planning together. In addition,
the role of civil associations should not be ignored.
Strengthen the participation of civil organizations in
the formulation of laws, regulations and related
policies for the protection of intangible cultural
heritage, and give them corresponding management
authority.

CONCLUSIONS
This paper has conducted in-depth research on
the relationship between the protection and management of urban intangible cultural heritage and
ecological civilization through literature research
and the introduction of a coordination model. This
research will greatly promote the management of
intangible cultural heritage, and meet the substantial social needs of urban life.
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have low density compared with the primary
sludge, for it consists of relatively similar, equal
sizes, and the same composition flocs [3]
Chemical conditioners, including inorganic
coagulants like ferric chloride (iron), aluminum
sulfate (alum), calcium sulfate (lime), and organic
flocculants like polyelectrolytes, are utilized to
scale back specific resistance during sludge
dewatering. Generally, the coagulant applied in the
sludge dewatering process aggregates and separates
contaminants and constructs the good filtration
performance structure of sludge cake [11-13].
Inorganic coagulants, i.e. alum, are cheap with
good effects on dewatering [14, 15]. It facilitates
the sludge particles and agglomerate into flocs
through charge neutralization [16]. Alum makes
sludge cakes less compressible because of the
strength of the binding ions and protein-like
substances [16-18]. The alum sludge showed a
tendency for rapid floc destruction under mixing
conditions. Novak et al. [19] have shown that
sludge conditioning chemicals should be added
under conditions of intense mixing. This procedure
results in the production of a stable floc structure
able to withstand the shear forces developed during
dewatering. In a comparative study between three
inorganic coagulants (lime, alum, and ferrous
sulfate), Shihab [9] obtained that low specific
resistance to filtration (SRF) value i.e. 0.984×1012
m/kg was attained at the optimum alum dose 60
mg/L in combination with 1% of effective
microorganism (EM). In this perspective, a sludge
of alum flocs shows low compressibility and small
compacted structures with high solid contents [18,
20]. Building skeleton by alum enhances the sludge
cake porosity [21]. However, alum flocs are of
large and more compact leading to the faster
settling [22].
Using inorganic conditioner, specifically
(alum) as the efficient and economic chemical has
approved its feasibility in the sludge dewatering
process.

ABSTRACT
In this study, the feasibility and validity of
using a conventional inorganic conditioners were
detected. An evaluation of the secondary sludge's
dewatering, originated from the wastewater
secondary
treatment
unit,
which
was
representatively sampled from the medical
complex's wastewater treatment plant at Mosul
City, was performed. Alum, as a coagulant, with six
doses (100, 200, 300, 400, 500, and 600 mg/l), and
mixing times were ranged between 5 -60 min. The
procedure implies comparing five different
coagulant/ sludge ratios (15, 20, 30, 45, and 60)
percent, respectively.
The results scored that the optimal mixing
ratio of alum/sludge was 60%, and the best SRF
was achieved at 500 mg/l of alum dose for 60 min
dewatering time, i.e. 2.954E+12 kg/m. The
dewatering capacity of this procedure identifies its
good supernatant characteristics and good removal
efficiency compared with traditional treatments.

KEYWORDS:
Sludge dewatering, sludge chemical conditioning, Alum,
Buchner funnel, specific resistance to filtration.

INTRODUCTION
Dewatering is the process aim to reduce the
sludge's moisture content by stripping water, which
lessens the transportation costs and enabling
storage. This cost, in turn, is affected by the dryness
degree of the sludge. Many techniques, of
mechanical type, and use either gravity or pressure
forces were adopted to be achieved the dewatering.
The techniques rely on the type of applied
sludge. Each sludge has differed in its dewatering
capabilities, depending on the water-solids bind
strength. The volume of wetted sludge and dry
solids weight are the crucial factors affecting the
design and operation of such systems. [1-9].
Novel chemical surrogate that the dewatering
equipment and the sludge characteristics are the
two factors affecting the dewaterability [10].
Moreover, the secondary sludge is homogenous and

MATERIALS AND METHODS
Sludge source and collection. To assess the
method, many experimental sets using digested

10659

© by PSP

Volume 29 – No. 12/2020 pages 10659-10667

sludge were accomplished. The secondary activated
sludge of the wastewater treatment unit in the
medical complex at Mosul city was representatively
sampled. The study period was extended over three
months.
The scope of the work comprised
representative sampling and laboratory analyses,
collection, and data interpretation succeeded by the
evaluation of the sludge dewatering properties.
Particle size distribution and shape have a
significant role in the dewatering characteristics of
waste sludge. This is especially true for chemical
sludge such as alum and lime. In biological sludge,
both particle size and biopolymer content have a
significant effect on dewatering rates [14, 15].
Indeed, for too-low amount of sludge, sludge
filtration can be impossible for its high solids
quantity [23]. On the contrary, too-high the sludge's
concentration leads to overflowing cake away from
the filtering layer due to the pressing action.
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The details of the experimental procedure
were depicted in Table 1.
TABLE 1
Experimental procedure.
Alum dose
(mg/l)
100
200
300
400
500
600
100
200
300
400
500
600
100
200
300
400
500
600
100
200
300
400
500
600
100
200
300
400
500
600

Chemical
conditioner.
Chemical
Conditioners like alum, ferrous salts, and lime are
the dominant conditioner for dewatering sludge [6].
These conditioners are utilized to scale back the
specific resistance at sludge dewatering [21].
Generally, the coagulant applied in the sludge
dewatering process aggregates and separates of
contaminants and constructs the good filtration
performance structure of sludge cake [11, 13, 21].
The inorganic coagulants, like alum, are of
low cost that effective in dewatering, [14, 15].
These coagulants facilitate the accumulation of
sludge constituents as flocs due to charge
neutralization [16]. The strong binding strength
between protein-like substances and ions enable
alum making sludge cakes of less compressible [1618].
Alum builds the skeleton and enhancing the
sludge cake that shows low compressibility and
small compacted structures with high solid contents
[18, 20, 21]. The particle surface charge's
neutralization is the mechanism of inorganic
flocculation, followed by the colloidal particles
agglomeration and forming bigger flocs was
happened [24, 25]. The alum sludge showed a
tendency for rapid floc destruction under mixing
conditions. Novak et al. [24] have shown that
sludge conditioning chemicals should be added
under conditions of intense mixing. This procedure
results in the production of a stable floc structure
able to withstand the shear forces developed during
dewatering.
Novak and Haugan [26] and Roberts and
Olsson [27] have proved that, with certain
biological sludge, the conditioning dose required
for optimum sludge dewatering may be correlated
to the presence of excess anionic biopolymers
present in the biological sludge.

Alum/Sludge ratio
(%)

Period
(days)

15

1 - 16

20

17 - 37

30

38 - 55

45

56 - 71

60

72- 93

The thickening of bio-sludge completed by
continuously stirring for 24 hr. This process was
conducted in the Environmental Engineering
Department Laboratory at Mosul University.
However, the variables of the jar test were as follow
[9]:
x Glass beaker (1.0 L).
x Rapid mixing, 1.5 min. at 100 rpm.
x Slow mixing, 1.5 min. at 40 rpm.
x Settling time, for 5-60 min.
Floc Blinding. Blinding refers to constructing
larger particles of the filter cake, which forms a
secondary filter that retains small-scale solids that
plug the filter cake only [21, 25]. It is caused by the
migration of the fine particles into the cake pores
which leads to a decrease in the porosity of cake,
while specific resistance of the cake will increase.
The alum coagulant sludge and waste activated
sludge may show blinding [24]. As coagulation and
flocculation enlarge the sludge particle size by
agglomeration of the tiny fines of colloids, blinding
can happen, leading to form large flocs, which
may be easily removed from the sludge liquid.
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Specific Resistance to Filtration (SRF). SRF
is a uniform cake resistance to the water flow as a
unit weight of dry solids per unit area [28]. It
depends on the shape, size, and degree of
agglomeration of the solid particles that form the
cake layer from a filter-press. The sludge specific
resistance plotted as the dependent variable of
interest. For the alum sludge considered, a
significant relationship was seen between surface
area and sludge dewatering rate. For the rapid
dewatering
(low r) biological sludge considered, the size effect
was also evident. The specific resistance used as a
tool for comparing filtration characteristics of
different types of sludge, and to determine the
optimal coagulant dose for a particular sludge. By
finding the line slope, Ruth's equation is used for
calculating SRF value [29, 30].
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constant increase in filtrate flow resistance at
increasing the cake thickness.
Buchner Funnel Test. SRF is a definite
parameter for the sludge dewatering test and is
named as Buchner funnel test. The mixing
apparatus used for sludge conditioning consisted of
a 1L mixing chamber, a stirrer, and a paddle
impeller as shown in Figure 1 [6, 30].
During this research, a 9-cm diameter
Whitman
40
filter
pad
was
placed
in the bottom of the Buchner funnel and wet with
distilled water. An applied vacuum pulled the water
through the filtering medium, effectively sealing
the filter pad to the bottom of the funnel. Excess
distilled water that passed through the filter pad and
collected in the 100-ml graduated cylinder was
discarded.
The samples transferred to the Buchner funnel,
then rinsing the sample container with water and
add the rinses to the Buchner funnel. After the filter
medium was sealed, then slowly pouring 100 ml of
sludge liqueur into the funnel to minimize
turbulence and the potential for floc shear. Then,
the rapid and slow mixing followed by settling at
the above scored time range was conducted to
establish a sludge cake structure. The filtration time
is a function of the sludge characteristics. The
filtration is thought to be completed after 60
minutes. Thereafter, the sludge cake tends to crack
due to the vacuum forces and starts drying out.
Thus, the filtration must be stopped at completing
the filtration and precede the destroying of cake
structure, i.e. between 50-60 minutes is the range of
filtration time.

Where:
r: Specific resistance to filtration (m/kg)
P: Vacuum pressure of filtration (N/ m2)
μ: Viscosity of filtrate (viscosity of water at
filtrate temperature) (N.s/m2)
V: Filtrate volume (m3)
t: Filtration time (sec)
w:
Weight of dry solids/ filtrate volume
(kg/m3)
A: Filter paper area (m2)
R: Resistance of filter medium (m-1)
This formula established with the laminar
flow, filtration with consistent solids deposition and

FIGURE 1
Buchner funnel test apparatus
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Approximately 20 s was allowed after which a
vacuum pump was used to apply a pressure
differential equivalent to 50 kPa across the sludge
cake. By measuring the volume of filtrate collected
as a function of time, it could then calculate the
filtrate flow gradient (b) and the sludge specific
resistance (r). After 2 min. stirring, the initial
filtrate volume had read, then the readings repeated
(every 5 min.), and the temperature of the filtrate
was measured at vacuum seal breaking. Good
correlations resulted when using Buchner funnel
experimental data to predict both sand bed drainage
rates and filter press dewatering rates. Data that did
not correlate well were determined to be
characterized by sludge cake and/or filter medium
blinding.
For compressible sludge, canceling (R) for it
is very small compared to the resistance of the
sludge cake, Eq. 1 may be developed to:
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with SRF value of 3.14E+13, whereas the lowest
value listed at 300 mg/l dose at 45% mix ratio,
3.9E+13 mg/l. The results revealed that 600mg/l
alum dose gives the best dewaterability capacity at
different mix ratios and filtration times. SRF values
differ due to the dose and mix time, and vary from
3.9E+13 mg/l to 3.14E+12.
The comparison revered to a 600mg/l of alum
doses as the best choice for efficient dewaterability
for low ratios (15, 20 & 30%), whereas the rest
tends to 200 mg/l. The descending ranking for the
alum dose was; 600, 400, 300, 500, 200, and 100
mg/l. At high coagulant doses, sludge flocs exhibit
reduced compactness [31].
In most cases, raising the alum doses
positively affects the SRF values, then the
filterability capacity was increased. This may due to
the characteristics of raw wastewater and the
capability of the generated floc to attract and
capture the organic matters. Also, the sludge can
contain a high percentage of excess alum, therefore
the filtration ratio can be enhanced. Good
correlations resulted when using Buchner funnel
experimental data to predict both dewatering rates
[28]. Moreover, the overdose increases the charge
of the colloid, the electronic repulsion would be
raised, and therefore the flocculation efficiency was
decreased [32, 33].

By finding the line slope (b) and equating (V)
coefficient, (r) can be given by the formula:

Alum/sludge mixing ratio. Figure 3 presents
the effect of dewatering time on SRF values for the
15% mix ratio with correspondence doses curves
rhythm for 15% and 60% mix ratios. As shown in
Figure 3, the best SRF scores were tabulated at 600
mg/l for 60 min dewatering time, 1.18E+13 mg/l,
whereas, the worst 3.3E+13 mg/l for 300 mg/l.

RESULTS AND DISCUSSION:
Alum dose. Figure 2 explains the effect of
alum dose on the SRF-mix ratio relationship. SRF
values were obtained at 60% mix ratio for all doses

FIGURE 2
SRF- Alum/sludge mix ratio relationship
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FIGURE 3
SRF- dewatering time at 15% mix ratio

FIGURE 4
SRF- dewatering time at 20% mix ratio

FIGURE 5
SRF- dewatering time at 30% mix ratio
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Figure (4) cleared that the best SRF was
achieved at 600 mg/l for 60 min dewatering time,
1.098E+13 mg/l, whereas, the worst was 2.05E+13
mg/l for 100 mg/l.
For the results, it is evident from Figure 5 that
the best SRF was scored at 600 mg/l for 60 min
dewatering time, 8.86E+12 mg/l, whereas, the least
was 1.95E+13 mg/l for 200 mg/l. Obviously, any
increase in the adsorbent leads to increases in
sludge removal. Besides, the sharp drop of the
sludge suspension within 2 hours shows an
instantaneous take place of the adsorption process.
Figure 6 shows that the best SRF was recorded
at 400 mg/l for 5 min dewatering time, 2.2E+13
mg/l, whereas, the least was 3.9E+13 mg/l for 300
mg/l.
Due to Figure 7, the best SRF was achieved at
500 mg/l for 60 min dewatering time, 2.954E+12

Fresenius Environmental Bulletin

mg/l, whereas, the rest values were nearby for all
doses, except 100 mg/l, all ranging between, to
3.14E+12 to 1.04E+13 mg/l.
The results revealed that a 60% mix ratio
gives the best score for all the mix ratios with slight
differences. This may be reasoned for that the
higher alum dose led to the complete formation of
sludge cake film with the non-clogging voids, and
the best neutralization of most sludge have
happened. The lower dose accompanied by more
sludge and fractioned or cracked film that allow to
sludge's suspended matter. At a low dosage, the
flocculants did not completely neutralize the sludge
particles of a negative charge, leading to form little,
and loose flocs, and high SRF values were obtained
[20].

FIGURE 6
SRF- dewatering time at 45% mix ratio

FIGURE 7
SRF- dewatering time at 60% mix ratio
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FIGURE 8
Total solids- Alum/sludge mixing ratio

FIGURE 9
b value- dewatering time relationship
Effect of mixing ratio on total solids. The
effect of mixing ratio on the total solid
concentration was examined and the results are
shown in Figure. (8). The values range between
(42777-68562) mg/l.
The data show an initial degradation of dewatering characteristics followed by some measure
of improved dewatering due to re-flocculation. The
difference in sludge response may be the result of a
higher initial degree of flocculation in the faster
dewatering sludge. These flocs, although large, had
low floc strength and were easily sheared during
mixing. The results reveal the contents of the solid
waste were decreased along dewatering time then
increased. The cause stand beyond this case is the

possibility of breakdown the filter paper or other
reasons. It has shown that sludge conditioning
chemicals function only for particle size improvements with minimal effect on dewatered cake solids
concentrations [34].
Difference in the alum/sludge ratio gradually
decreased the total solids from 68562mg/l at 15%
62360 mg/l at 30%, then steeply drop down to
42777mg/l at 45%, and raised to 50623 mg/l for
60%. The scenario may be interpreted to reaching
the balance condition at a 45% ratio for clogging
the voids that retained the alum/sludge solution on
the cake film. Thereafter, the overburden pressure
of higher concentration, 60%, crack the voids and
the total solids raised again.
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b value-time. Figure 9 illustrates that b value
obtained, as lower value, is at 600 mg/l of alum
dose, was 0.0025, and the higher value was
0.028061 for a 15% ratio for 5 min. The total solid
concentration values ranged between (4277768562) mg/l.
For all Alum/Sludge ratio, 5 min. records the
best dewaterability, with exception for 300mg/l
alum and 20% mix ratio for 25 min, 300mg/l alum
and 45% mix ratio for 60 min, 100, 200, 300mg/l
alum and 30% mix ratio for 15 min, and 300mg/l
alum and 30% mix ratio for 10 min.
This means that 5 min. is sufficient time for
gaining better dewaterability output. Extending the
settling time may cause blinding in the cake film.
As an entire, the worth of SRF can reflect the
problem of the sludge dewatering process. The rise
of SRF means that the bio-solids pores diminished
and water transport under high obstruction [35].
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STUDY ON THE INHIBITORY CONCENTRATION OF
TRAMETES AND ITS PROTOPLAST ON HYGROMYCIN B
Zhenyu Li, Hongmiao Chang, Lirong Wang, Na Li, Pengxiang Min, Ying Zhao*
College of Biological Sciences, Jining Medical University, Rizhao 276800, China

wheat lignocellulose and has a strong degradation
ability [2-4]. In the early stage, the protoplasts were
subjected to UV mutagenesis from the wild lg-9 producing atypical laccase, and the laccase-producing
strain JM-70S8 was successfully screened. The laccase activity was higher than that of the wild lg-9.
,QFUHDVHGE\WLPHV>@+\JURP\FLQ%LVDQDPL
noglycoside antibiotic produced by Streptomyces
hygroscopicus. It has the advantages of high efficiency, low false positive [6], high selection efficiency, and small side effects [7], which can effectively reduce subsequent Genomic identification
workload for fungal transformation. Therefore, in
this experiment, the agar dilution method was used
to study the antibacterial concentration of hygromycin B on its cells and protoplasts with lg-9, JM-70S3
and JM-70S8 as the target [8-12]. Protoplast transformation experiments of resistance gene genes were
prepared in order to further obtain laccase high-yield
strains by genetic recombination technology.

ABSTRACT
To investigate the inhibitory concentration of
hygromycin B (hygromycin B) on the mycelium and
protoplasts of Trametes gallica lg-9, JM-70S3, JM70S8. Wild type Trametes gallica lg-9 and high yield
strains secreting atypical laccase by ultraviolet mutagenesis were used to investigate the inhibitory concentration of hygromycin B on its bacteria and protoplasts Trametes gallica JM-70S3 and JM-70S8
were the experimental strains. Using hygromycin B
resistance gene as screening marker, Agar dilution
method was used to study the inhibitory concentration of strain lg-9, JM-70S3, JM-70S8 and its protoplasts. We obtained hygromycin B against lg-9J. The
minimum inhibitory concentrations of M-70S3 and
JM-70S8 against protoplaVWVZHUHȝJP/DQG
ȝJP/UHVSHFWLYHO\7KHPLQLPXPLQKLELWRU\FRQ
FHQWUDWLRQVRIK\JURP\FLQ%RQSURWRSODVWVZHUH
ȝJP/ +\JURP\FLQ % DW WKH FRQFHQWUDWLRQ RI 
ȝJP/FRXOGLQKLELWWKHEDFWHULDRI+\SRGHUPDYXO
garis, and the protoplast could achieve the bacteriostatic effect when the concentration of hygromycin
%ZDVȝJP/

MATERIALS AND METHODS
Strain and medium. Trametes lg-9, JM-70S3,
and JM-70S8 are the experimental strains of this experiment and are preserved by the laboratory.
PDA solid medium is used for culture and
preservation of strains, PDA liquid medium (with
glass spheres) is used for fermentation culture of
strain mycelium, softwood culture medium is used
for regeneration of protoplasts, strain selective medium (containing different concentrations of hygromycin) for the screening of antibacterial concentration of strains, protoplast selective regeneration medium (containing different concentrations of hygromycin) for screening of inhibitory concentration of
protoplast regeneration.

KEYWORDS:
Trichoderma vulgaris, Protoplast, +ygromycin B, Inhibitory

INTRODUCTION
In recent years, China has attached great importance to the treatment of environmental pollution.
+RZHYHUWKHVHFRQGDU\SROOXWLRQSUREOHPLQHQYL
ronmental pollution control still confuses the staff of
HQYLURQPHQWDO JRYHUQDQFH /DFFDVH DQ HQYLURQ
mentally-friendly enzyme, combines with refractory
lignin, fiber, etc. to produce water and other non-polluting substances, which highlights its very good advantages in environmental management. Trametes
gallica is a white rot fungus that secretes laccase. It
belongs to basidiomycetes and can synthesize enzymes such as lignin peroxidase and laccase [1] for
degradating lignin in the paper and textile industries.
Trametes gallica is generally large or clustered on
broad-leaved trunks, cut piles and surrounding areas,
and is currently unknown to be edible. It can degrade

Reagent. ȕ-glucanase, snail enzyme, 0.2 M
Na2+324, 01D+2324, 00J624, 0
CaCl2, 10 mM PBS (p+ 06RUELWRO0
3%6 S+ 07ULV+&O S+ WKHH[
perimental water is a secondary distillation of sterile
water.
Activation and passage of strains. The bevels
of Trametes lg-9, JM-70S3 and JM-70S8 were preserved and transferred to a PDA solid medium plate
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TABLE 1
Hygromycin B concentration and growth of T. lg-9, JM-70S8 and JM-70S3 cell selective medium
+\JURP\FLQ%FRQFHQWUDWLRQLQ
PDA solid PHGLXP ȝJP/
40

46
47
48
49







Growth of
T. lg-9
+
+
+
+
+
-

Growth of
T. JM-70S3
+
+
+
+
+
+
+
+
+
+
+
-

Growth of
T JM-70S8
+
+
+
+
+
+
-

Note: + represents the growth of the cells on the medium; - represents the growth of the cells without re-culture

a

b

e

i

c

f

g

d

h

j

k
l
FIGURE 1
(al) in order, the order of hygromycin B is 0, 10, 15, 20, 40, 45, 46, 47, 48, 49, in the order of hygromycin
B, lg-9, JM-70S3 and JM-6JURZWKDWDQGȝJP/
under sterile conditions, and cultured at 30°C in a
FRQVWDQWWHPSHUDWXUHLQFXEDWRUGD\V7KHQDSLHFH
was picked from it and transferred to a plate of fresh
PDA solid medium, and the cultivation was
continued.
Preparation of protoplasts of T. grisea refers to
=KDR<LQJ>@DQGRWKHUPHWKRGV.

Regeneration of protoplasts. The obtained
protoplasts were diluted to 10-7 times, mixed with
softwood culture medium, poured into a plate containing the lower layer of PDA medium, and statically cultured in a constant temperature incubator. A
certain concentration of hygromycin B reagent
should be added in advance in the upper softwood
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vegetable medium and the lower layer PDA solid
medium to observe the regeneration of the strain in
the medium with different concentrations of hygromycin B, and determine the protoplast the minimum
inhibitory concentration of hygromycin B.

RESULTS AND DISCUSSION
The concentration of hygromycin B in the
selective medium of the strain and the growth of
the cells. Different concentrations of hygromycin B
reagent were added to the PDA solid medium with a
YROXPH RI  P/ E\ DJDU GLOXWLRQ PHWKRG 7KH
growth of the strain after 4 days was observed, and
the strains of lg-9, JM-70S3 and JM-70S8 were observed which the minimum inhibitory concentration
of hygromycin B. In this experiment, T. turmeric
strains lg-9, JM-70S3 and JM-70S8 were selected as
experimental strains. Three strains were simultaneously inoculated on the same plate, and the area was
visualized to visually observe the growth of the
three, and then the control was carried out. The conFHQWUDWLRQRIK\JURP\FLQ%LQWKHLQLWLDOVWDJHZDV
ȝJP/DQGWKHFRQFHQWration span was refined to 1
ȝJP/ LQ WKH ODWHU VWDJH 7KH PLQLPXP LQKLELWRU\
concentration of each strain for hygromycin B was
obtained, and later explored. The minimum inhibitory concentration was tested in three experiments to
determine the minimum inhibitory concentration of
hygromycin B on the strains of cloxins lg-9, JM70S3 and JM-70S8.
According to the growth of each strain of Table
1 and Figure 1 on the medium containing different
hygromycin B concentrations, the minimum inhibitory concentration of T. lg-9 for hygromycin B was
ȝJP/WKHPLQLPXPLQKLELWRU\FRQFHQWUDWLRQRI
JM-6IRUK\JURP\FLQ%ZDVȝJP/ZKLOHWKH
minimum inhibitory concentration of T. JM-70S3
IRUK\JURP\FLQ%ZDVȝJP/,WFDQLQKLELWWKH
growth of Trametes. In the later stage, three repeated
experiments were performed on this concentration to
determine the minimum inhibitory concentration of
the strain on the hygromycin B.

FIGURE 2
Enzymatic hydrolysis 1.5 h protoplast
microscopic examination

FIGURE 3
Enzymatic hydrolysis 4 h protoplast microscopic
examination
Hygromycin B concentration in selective
medium for protoplast regeneration. Regeneration culture of protoplasts was carried out by doublelayer agar method, and the minimum inhibitory concentration of protoplasts on hygromycin B was studied by agar dilution method. According to the concentration of hygromycin B in the selective medium
of protoplast regeneration, the amount of hygromycin B was not added to the upper softwood vegetable
PHGLXPRIP/DQGWKHORZHU3'$VROLGPHGLXP
RIYROXPHP/UHVSHFWLYHO\3URWRSODVWUHJHQHUD
tion after 6 days was observed.
The selection medium without hygromycin B
was used as a blank control, and the protoplast for
WKHK\JURP\FLQ%FRQFHQWUDWLRQZDVȝJP/7KH
FRQFHQWUDWLRQVSDQZDVUHILQHGWRȝJP/DWWKHEH
ginning. The minimum inhibitory concentration of
protoplasts for hygromycin B was obtained. According to Table 2 and Figure 2, the minimum inhibitory
concentration of T. protoplasts for hygromycin B
ZDVȝJP/

Release of protoplasts from T. and its minimum inhibitory concentration against hygromycin B. After enzymatic hydrolysis of the mixed en]\PHVROXWLRQ VQDLOHQ]\PHȕ-glucanase),
the lysate mixture was observed under a 40-fold miFURVFRSHDIWHUKRIHQ]\PDWLFK\GURO\VLVWKHK\
phae began to begin. Upon breaking, the cell wall
gradually disappears, and the cell contents are swollen and concentrated into a string of spheres, thereby
forming a string of protoplasts. In the early stage of
protoplast formation, the volume is small, and after
2-4 hours, the volume gradually becomes larger. After nearly 4 hours of enzymatic hydrolysis, the whole
showed a relatively rounded state.
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TABLE 2
Hygromycin B concentration in selective medium for protoplast regeneration
+\JURP\FLQ%
concentration in protoplast
UHJHQHUDWLRQPHGLXP ȝJP/
0

20

30
31
32
33
34

40

Growth of
T. lg-9

Growth of
T JM-70S3

Growth of
T JM-70S8

+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
-

Note: + indicates that the protoplasts of T. can be regenerated on the medium; - represents that the protoplasts of T. are not
regenerated on the medium.

a

f

b

c

d

e

g

h
i
j
FIGURE 4
(a-j) is the regeneration growth of T. JM-70S8 protoplasts at a concentration of hygromycin B of 0, 15, 20,
ȝJP/
According to Figure  WKH EODQN FRQWURO
showed that the protoplasts of T. were filled with the
minimum inhibitory concentration of the protoplasts
of T. to hygromycin B was  ȝJP/ ,Q WKH ODWHU
stage, three repeated experiments were carried out
for this concentration to determine the minimum inhibitory concentration of protoplasts against hygromycin B.

cell wall can resist the damage of hygromycin B to a
certain extent.
Strains grown on selection medium containing hygromycin B grew slower than normal medium and their growth patterns changed. In the
process of exploring the minimum inhibitory concentration of hygromycin B on the hygromycin B, it
is necessary to see the growth state of the cells after
4 days, which is nearly 2 days later than that on the
common medium. The cell growth cycle is greatly
extended and the growth state of the strain is relatively yellow compared to normal growth. It is well
known that when the strain is placed in an environment, there will be an adaptation process. There is a
selection pressure on the selection medium containing hygromycin B. The growth of T. on the selective
medium needs to overcome the selection pressure.

The same strain, the minimum inhibitory
concentration of the bacteria and protoplasts for
hygromycin B. From the experiment, it can be
clearly seen that the minimum inhibitory concentration of the three strains of T. on hygromycin B is
higher than that of the protoplast. The protoplast
loses its protection from the cell wall, and the resistance to hygromycin B is naturally reduced. The
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Under the conditions, the growth of the cells is slow
and the growth cycle is prolonged. The T. itself is a
fungus that produces mycelium, so the hyphae are
entangled with each other, resulting in a large density of growth of the cells, which looks yellowish and
dense.
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inhibitory concentration of T. on hygromycin B was
ȝJP/
During the process of regeneration of protoplasts from hygromycin B was added to the medium
to make it a selective medium. After 6 days of culture, the minimal inhibition of hygromycin B to proWRSODVWV ZDV REWDLQHG 7KH FRQFHQWUDWLRQ ZDV 
ȝJP/
Since the protoplasts are less resistant to hygromycin B than the cells, hygromycin B contained in
the regeneration medium of the protoplasts of T. during the construction of the gene with hygromycin B
UHVLVWDQFH$WDFRQFHQWUDWLRQRIȝJP/GXULQJ
the purification and preservation of the obtained reFRPELQDQW VWUDLQ K\JURP\FLQ % RI  ȝJP/ ZDV
added to the culture medium for screening and identification.
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tem is mainly described, including power supply
circuit, display circuit, data acquisition circuit and
drive circuit. The development software Keil is
used to design the program, including monitoring
program. Clock program and so on. After the final
debugging, the control system can well achieve the
expected requirements, achieve the purpose of
reasonable crop irrigation and it is easy to promote.

ABSTRACT
China's water resources are very scarce, but
agriculture has a large demand for water. Therefore,
the use of water-saving irrigation can not only effectively alleviate the shortage of water resources,
but also improve the utilization rate. This paper
introduces the research status of remote irrigation
water saving, and expounds its working principle
and composition. Then, the hardware circuit of the
control system with single chip microcomputer
STC89C52 as the core is designed, and the system
software program design is completed. After debugging, it is found that it can meet the design
requirements of the system, and it is economic and
practical, and it is easy to promote and provides
reference for the design of similar systems.

MATERIALS AND METHODS
System working principle and structure.
The remote irrigation system is based on single chip
microcomputer, which controls, processes and monitors other equipment. The overall structure is
shown in figure 1. The overall irrigation system
mainly includes single-chip microcomputer control
system, pipeline water transport system, humidity
sensor and power supply circuit. According to the
description in Figure 1, it works as follows.
(1) Irrigation devices are mainly composed of
pumps, pressure gauges, flowmeters and so on. At a
certain pressure, water and fertilizer can be fused
with each other. At this time, impurities are filtered
out, and then useful liquid is formed and enters the
pipeline.
(2) The water pipeline system is mainly composed of trunk pipeline, branch pipeline and capillary pipe. In general, the diameter of main pipe and
straight pipe is about 37.5 ~ 100 mm, and the diameter of capillary pipe is about 10 mm. In order to
better achieve the smooth flow of water in the pipeline, different pipelines with two or three valve
connection.
(3) The main function of the dropper is to
change the shape of the water flow into tiny droplets, which then fully soak the soil.
(4) The humidity sensor mainly measures the
humidity inside the soil, and can collect a large
amount of data of the control system, so as to timely evaluate the degree and demand of irrigation.
(5) Single chip microcomputer is the key part
of irrigation system, which is mainly composed of
CPU, memory and timer. The upper computer and
single chip microcomputer in the irrigation system
are connected by serial communication RS232. The

KEYWORDS:
Single chip microcomputer, Irrigation water saving,
Hardware design, Software design

INTRODUCTION
China is a typical agricultural country, and
most of the irrigation of crops uses ground irrigation [1]. This method is less efficient and determines the length of time and the degree of irrigation
based on human experience. Traditional bottom
irrigation wastes a lot of manpower and material
resources, and the irrigated water resources cannot
be absorbed by crops in time [2-4]. In addition,
China's water resources are relatively scarce, so
water-saving irrigation technology is more suitable
for development needs [5].
Water-saving irrigation techniques have matured abroad, mainly because they started early and
use more advanced electronics and computer technology [6-8]. If all foreign irrigation systems are
introduced, not only the technology is controlled by
foreign countries, but also the cost is relatively high
[9]. In addition, China's natural climate and land
conditions are not the same. Based on this paper,
the control system with the core of STC89C52 is
designed. The hardware circuit of the control sys-
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humidity sensor realizes data transmission and
conversion according to A/D interface. The control
system processes the received signals.
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MHz, and the power supply's access terminal is -5
to +5V.
Clock and reset circuit design. The single
chip microcomputer is composed of an internal
oscillator, which is a high gain reverse amplifier.
XTAL1 and XTAL2 are input and output respectively. When the system is working, the system
needs to be reset in case of failure or complex state.
The automatic reset function of this MCU is mainly
realized by capacitor charge and discharge. Manual
key reset is mainly through the resistance and the
power supply.

RESULTS AND DISCUSSION
System hardware circuit design. The hardware circuit of the whole system is composed of
single chip microcomputer control circuit, clock
and reset circuit, man-machine dialogue circuit,
data acquisition circuit, solenoid valve drive circuit
and power supply module.

Design of man-machine interface circuit.
The man-machine interface circuit mainly realizes
the exchange of information and data between man
and computer. At present, the most commonly used
output and input devices include the monitor and
keyboard. Figure 3 is the circuit of display interface. In order to simplify the system, the control
system uses a four-in-one digital tube as a display
device. It consists of an 8-bit common anode tube
and is dynamically displayed.

Single chip circuit design. The MCU
STC89C52 is a low-voltage, high-performance 8bit controller from ATMEL that contains 8 K of
read-only memory and 256 K of data memory. It
has 40 pins, 32 bidirectional input ports, 2 interrupt
interfaces, 3 16-bit counters, and 2 serial communication interfaces, and is compatible with the MCS51 command system. The clock frequency is 0 to 24

FIGURE 1
Overall structure of irrigation system

FIGURE 2
Reset circuit
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FIGURE 3
Display circuit

FIGURE 4
Keyboard interface circuit
As shown in Figure 4, in order to better control the system, a 4-bit independent keyboard is
used, and the number of buttons is small and the
operation speed is fast. The overall structure is
simple and the cost is low.

complete the action of the nozzle. In addition, in
order to improve the anti-interference performance
of the whole system, an optocoupler is used to
isolate the relay from the single chip microcomputer. This power supply system provides dual power
supply.

Design of data acquisition circuit. In order to
accurately achieve irrigation of crops, accurate
sensors must be adopted. The current soil humidity
sensor is of the FDR type. This type of sensor is
simple, safe and automatic. According to the actual
situation, the SWR-2 sensor is used.
When the sensor is acquired, digital-to-analog
conversion is required, and the TLC549 converter is
selected accordingly. It is an 8-bit progressive approximation serial A/D chip, and its interface circuit is shown in Figure 5.
When converted to data, store the data is necessary. Since the measured data is relatively large,
the AT24C16 memory is selected as required. It has
2048 8-bit bytes and has 16 K of serial memory that
operates over the bus.

Design software. Modular structure design is
one of the main methods used in software program
design of irrigation system. Its structure has corresponding module program completion, including
different signal acquisition module, signal initialization module, system control module, limited time
display module and so on. The above-mentioned
various modules cooperate with each other to complete irrigation of crops within a limited time. The
control system has the advantages of strong versatility, high safety and convenient debugging.
When the STC89C52 is powered on, the first
thing to do is the initialization of the system program. The main contents of the initialization include the initialization of the required chip interface
and the initialization of different flag bits and variables. After this is completed, the entire system
program will enter the main program, the MCU will
change according to the collected soil moisture

Design of output drive circuit. Relay is an
important part of the output circuit, its role is mainly to drive and control the solenoid valve, and then
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information through the digital-to-analog converter,
and then compare with the values set in the program. After a certain comparison, the LED display
will Shows the humidity of the soil under real conditions. If the value obtained is larger than the
standard value, the software program will continue
to collect the program and display the value, otherwise, the program will follow the steps, start the
designed subroutine, further limit the solenoid
valve control and nozzle time until the soil moisture
value and the set value are not much different. The
whole system also has a time limit. If the time value
is exceeded, it will be reinitialized and the irrigation
of crops will be resumed.
The software system clock program mainly
realizes the timing of STC89C52. The interface T0
of MCU can adjust the time display of the whole
system and the determination of objects through
programming. The software's keyboard scanner is
mainly for testing the jitter and button status of the
software running in the system. The entire scan is
scanned every 50ms. In order to better prevent the

Fresenius Environmental Bulletin

key from colliding during the operation and the
system only executes the button once.
The design of LED display program is based
on the common anode digital tube. When the anode
of the entire diode is at a high level, the digital tube
will light up. Therefore, the juxtaposed common
anode digital tube can clearly show the change of
time. When the dynamic display is performed, the
numbers in the digital tube are stored in the ROM
in a certain format, and the stored contents are
called by the translated different numbers to further
display the time change. When performing digitalto-analog conversion, the TLC549 converter is
based on mode input, A/D conversion, and data
output. The data is mainly stored in the AT24C16,
and the data bus used at this time is I 2 C. Different
bytes are written in time according to the addressing and response content of different conditions of
the chip. The transfer of the bus does not affect the
change of the clock line level. When the idle condition is satisfied, the data transfer signal is started.

FIGURE 5
System Interface Circuit

FIGURE 6
Drive circuit
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FIGURE 7
Main program flow chart
System debugging. The software program design of the control system is developed based on
KeilC51. The simulation debugging can also be
done by Keil software. The resulting object code is
written to the desired STC89C52 microcontroller
by the programmer JDT-2008. After verification,
the sensor detection number is not much different
from the actual value, basically meet the requirements.

programmed. The design of the software program
mainly includes the design of the main monitor
program, system clock program design, button
recognition and processing program design, and
dynamic display program design. Finally, the designed irrigation system is debugged and verified.
Through testing, it is found that the whole system
meets the requirements of design, with low design
cost, reliable operation, high safety and simple
operation. It not only overcomes the difficulty of
design transmission, but also provides reference for
the design of similar systems.

CONCLUSION
With the development of the times, China's
water resources are increasingly scarce, so the
choice of irrigation methods for crops is particularly important. According to actual needs, this paper
designs a remote water-saving irrigation system
based on single-chip STC89C52.
Firstly, the research status of irrigation system
at home and abroad is introduced, and on this basis,
the composition and working principle of the irrigation system are expounded. Then, the hardware
design of the system, including the single-chip
circuit design, clock and reset circuit design, drive
circuit design, human-machine interface circuit
design and data acquisition circuit design. To complete the hardware design, the software needs to be
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Changde, Hunan, gave advice on building a sponge
city and enhancing the urban ecological restoration
capacity at the NPC &CPPCC in 2011 [2-5]. He
points out that building roof can be analogous to the
design of urban parking lots and roads into a lower
concave green space. At the same time, the green
belt pavement is designed to be sloped, which will
help the water flow into the gap that is reserved
next to the greening belt [6-8]. Experts also
proposed to establish and utilize rainwater
collection system [9-11]. We should develop and
transform the ecological functions of rainwater
storage in public facilities such as urban community
buildings, roads, green belts, parking lots, squares,
parks, etc., so as to restore the original rivers, ponds,
ditches, reduce urban heat island effect and improve
the rainwater permeability.

ABSTRACT
As a renewable resource, the rational
concentration and utilization of rainwater can
alleviate the demand and supply of water resources.
At the same time, it has certain economic benefits,
and it also plays an important role in improving the
urban ecological environment. The idea and thought
of sponge city is advanced, continuous and
effective, which is conducive to the transformation
of traditional concept of urbanization and the
sustainable development of modern development
and construction of urban agglomeration on the
basis of ensuring the safety of urban water
ecosystem. This paper analyzes the concept of
rainwater
infiltration
technology,
storage
technology, water quality control technology,
purification technology and reuses system, and
compares the main points and main functions of
many kinds of rainwater resource technology. This
article looks forward to its new development trend
and accumulates experience for the construction of
China’s sponge City, which is of great positive and
practical significance for carrying out the spirit of
the central city working conference and guiding the
construction of sponge city in China.
KEYWORDS:
Sponge city, Ecological
resources

environment,

MATERIALS AND METHODS
Technical standards and water circulation
of the sponge city construction. Technical
standards for the construction of sponge cities.
In all urban construction projects, the principle of
combining standardization and individualization
must be carried out. To this end, the government
formulated the guidelines for the planning and
design of the sponge city. In order to reflect this
principle, the technical standards of urban
construction are divided into rigid and elastic
standards. Rigid standards including annual runoff
of the main control objective, non-point source
pollution control targets, and the new road
pavement of city square, park water permeability,
new public buildings and residential greening
projects and utilization of rainwater resources. The
elastic standard mainly includes the rebuilt parks,
the pervious paving rate of the square, the rebuilt
public greening projects, and the utilization rate of
the rainwater resources of the buildings and
communities. The technical standards for the
construction of spongy cities are shown in Table 1.

Rainwater

INTRODUCTION
At the beginning of this century, our country
put forward the idea of creating sponge city with
Chinese characteristics, and began to study how to
solve the problem of waterlogging that our city
badly needs to solve [1]. Analyzing its causes,
investigating the development of national policies
and the practice of local cities, will help us learn
lessons and accumulate experience for the
construction of flexible cities in China, so as to
improve the capacity of urban construction in the
process of urbanization in China, and realize the red
line for the development of the city. In order to
solve the problem of urban flood, Paul Liu, a
deputy to the National People’s Congress, from

The water cycle of the sponge City. The
urban drainage system in our country has the
shortage of only row and no use, but the idea of the
sponge city makes up for this defect. Rainwater is
left behind by using green square, green roof and
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TABLE 1
Technical standard for the construction of sponge cities
Index
Total annual runoff control rate
Permeable pavement rate of urban roads
Green space rate of garden landscape
Road green rate with red line width greater than 50m
5RDGJUHHQUDWHRIUHGOLQHZLGWKDW-50m
5RDGJUHHQUDWHZLWKUHGOLQHZLGWKOHVVWKDQm
Water permeable paving rate of new park
Permeable paving rate of newly built protective green space
Permeable paving rate of new city square
Utilization rate of rainwater resources in new public greening projects
Utilization rate of rainwater resources in new and residential projects
Control of lake catchment nonpoint source pollutants with Class II class III
Control of lake catchment nonpoint source pollutants with class IV l
Control of non-point source pollutants in other lakes
The rate of permeable paving in the rebuilt Park
Reconstructing the permeable paving rate of protective green space
Reconstructing the permeable paving rate of the city square
Utilization rate of rainwater resources for reconstructing public greening
projects
Utilization rate of rainwater resources for rebuilt buildings and residential
projects

artificial ditch. Through the river ecological filter,
rain sewage filter to purify water. The storage of the
purified rainwater can be concentrated, which can
be used to irrigate the greening, clean the pavement
and to be used as a landscape water body. “Flood
control engineering” was changed into “ecological
flood control”, so as to promote the city smoothly
“breathing” (Figures 1, 2).

Standard
˚75%
˚70%









70
60
50






distribution system, pollution control and
purification system and water transportation system.
Sometimes it is equipped with a permeable facility
and is connected to the overflow pipe of the
reservoir. If the rainfall is larger or the precipitation
is frequent, some rain can enter the permeable
facilities.
Rainwater infiltration system. Rainwater
infiltration is one of the key ways to utilize
rainwater, and it can realize the transformation
between rainwater and surface water, soil water and
groundwater, and ensure the stability of urban water
recycling system. There are many kinds of
rainwater infiltration facilities. Different places
need to choose different rainwater infiltration.
There are several ways for the infiltration of
rainwater runoff.

RESULTS AND DISCUSSION
The construction of rainwater resource
management system. The way of rainwater
resources can be divided into two kinds: infiltration
engineering and storage engineering (see Figure 3).
The urban rainwater resource system includes
storage system, catchment area and water

FIGURE 1
Traditional fast row mode and spongy model

10681

© by PSP

Volume 29 – No. 12/2020 pages 10680-10688

Roofing
rain

Fresenius Environmental Bulletin

Low potential
Greenland

Pavement
rainwater

Rainwater
pipe canal

Interception

Greenland
rain

Initial
discarding

Sluice well

Infiltration
Artificial
wetland

Revetment
of rain

Lakeside
purge belt

Floodway

Ecological
lake

FIGURE 2
Water circulation diagram in sponge city
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FIGURE 3
The way and utilization of rainwater resources in spongy City
(1) The permeation of the flower bed and the
green space. Because the effect of rainwater
infiltration in flower beds and green spaces is better,
plant roots can purify floatation and impurities in
rainwater runoff, which can avoid soil erosion and
protect environment by erosion. The urban area
should increase the ratio of green coverage, and pay
attention to the utilization and management of
rainwater, so that roof and surface runoff can flow
into flower beds or green spaces for natural
infiltration. When the design is carried out, the
elevation of the green space should be reduced as
much as possible so that it has the ability to store
water. If allowed, we can excavate the shallow earth
ditch with inverted triangular section in the green
space, and grow grass in the ditch to store and
retain the roof and surface runoff.
(2) The use of underground trenches and pipes
(canals). The PVC material is usually selected to
make the permeable pipe or the permeable material.
The concentrated rain water flows into the
surrounding lithotripsy and permeates the
surrounding soil, and the lithotripsy can serve as a

storage and regulating effect. Compared with the
permeable pool, the permeable pipe trench shows
the advantage of small area, and it has high
operability in the urban area. It can work with
rainwater pipes, permeable pools and permeable
wells, and can also be set up separately. Most of
them are arranged in the four round of the building,
the green belt and the square under the square. If
the soil has excellent permeability, it can directly
set shallow trenches on the surface, which is
covered with permeable channel plants. By
optimizing the traditional way of rainwater pipe, we
can turn the non-osmosis pipe into the permeable
pipe, and turn the open channel into the permeable
canal, and use gravel to fill the surrounding area
(Figure ).
When the green area is smaller, or a built area
with a planting constraint, the underground
permeable pipe groove can be arranged. The
preparation material is no sand concrete or
perforated concrete pipe, and the water is stored by
filling gravel of 10 ~ 20 mm in the surrounding area.
Roof runoff can flow into osmotic Piping after
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FIGURE 4
Structure map of permeable canal and pipe

FIGURE 5
Schematic diagram of typical structure of permeable brick paving
 3HUPHDEOHZHOOV$IWHUILOOLQJWKHERWWRPRIWKH
well, the stored rainwater can be permeated into the
underground facilities. The underground permeable
wells usually lay gravel in the well, and use the
void volume to store the rainwater, and then
gradually infiltrate with the time. Penetrating wells
must meet the following conditions: Before the use
of underground water infiltration, grass ditch and
vegetation buffer zone are needed to pretreat
rainwater. The inner bottom elevation of the outlet
pipe of the permeable well shall be above the top
elevation in the inlet pipe, but the inner bottom of
the pipe shall be below the upper bottom of the
upstream pipe. If the storage capacity of the
permeable well is not enough, the radial seepage
well can be formed by connecting the horizontal
seepage tube around the permeable well. The
typical structure of the radiation well is shown in
Figure 6.

entering the permeable pipe trench. The size of the
permeable pipe trench should be determined
according to the factors such as the recurrent period
of rainstorm and the roof area.
(3) Permeable road (ground) surface. The
permeable pavement is built on the premise of
satisfying the original use requirements of the roads
and other lands in the parking lot and residential
area. It is constructed with porous materials such as
permeable asphalt concrete and permeable floor
tiles, and it can permeate the rainwater from the
ground to the underground through roads and gaps.
Permeable pavement can be divided into permeable
brick pavement, permeable cement concrete
pavement and permeable asphalt concrete pavement
according to the different surface materials. The
paving brick and the pebble and gravel pavement in
the garden pavement are also permeation paving.
When the potential risk of the pavement subgrade
strength and stability is larger, the semi permeable
pavement structure can be used. When the land
permeable capacity is limited, the drainage pipe or
drain board should be set up in the permeable base
of the permeable paving. When the permeable
paving is set on the roof of the basement, the
thickness of the roof should not be less than 600
mm, and the drainage layer should be set up. The
typical structure of the pervious brick pavement is
shown in Figure 5.

Storm water storage technology. The
rainwater storage facilities in general can be
divided into two categories: A storage facility for
short-term storage of rainwater, such as ponds or
depressions, located on the open spaces between
parks, schools and residential buildings. Storage
tanks, storage tanks, and other facilities for storing
rainwater in the underground of a building to
prevent the outflow of rainwater.
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FIGURE 6
Schematic diagram of the structure of a radiated well
(1) Roof (surface) flow. The most common
way to collect rain is to collect rainwater through a
roof (surface). Most of the building materials on the
roof are tiles and cement concrete. The roof
catchment system can be divided into four parts: the
roof catchment surface, the rainwater pipe, the
storage tank and the flow collecting trough. The
Roof garden rainwater utilization system is another
type of roof catchment. It plays a key role in
reducing urban rainstorm runoff, managing
non-point source pollution and protecting urban
environment. At the same time, it can be used as a
pretreatment way before rainwater collection and
utilization. The use of Roof garden system can
reduce the runoff coefficient of the roof to 0.3,
significantly reduce the loss of rain water flow, and
protect the urban environment (Figure 7).
(2) Rainwater collecting system for surface
and pavement collection. Compared with the roof
catchment system, the ground water harvesting
system is more simple and economical, with a large

range of concentrated rainwater and obvious
advantages in the area of small rainfall. Rainwater
obtained through the ground water collection is
usually used to plant trees by the roadside. The
hardened Pavement Water Collection refers to the
design of the water trench in the reasonable position
of the hardened pavement and the use of pipes or
trenches to inflow the water into the underground
reservoir and storage and reserve. When high
intensity rainfall is encountered, the rainwater
regulating pool will gradually discharge the
rainwater according to the adjusted volume of the
design, instead of emptying the rainwater once. It is
necessary to ensure that the flow of inflow and the
amount of water in the river is lower than the
maximum amount of drainage in advance, thus
avoiding the phenomenon of overflowing the road.
The adjustment volume is generally based on the
size of the adjusting area and the local rainfall
intensity statistics.

FIGURE 7
Schematic diagram of typical structure of green roof
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purification effect is poor, so it is usually followed
by storage measures. It is generally required that
the rainwater can flow into the reservoir after the
purification treatment of the regulating pool. If the
adjustment pool and purification treatment are
integrated into a rainwater pool, it will have the
function of regulating the rainwater volume and
simply handling the rainwater, and it is the key way
to ensure the economic benefits of the rainwater
reuse system. Compared with the traditional
regulating pond, it has the ability of controlling
flood peak value and reducing the capacity of
downstream pipeline section. Besides, it is a carrier
of various functions such as rainwater reuse and
pollution reduction. It can filter some pollutants in
the rainwater, improve the quality of the effluent,
and reduce the cost of construction and equipment.
The integrated pool can interception the rain for a
long time and provide purification treatment, such
as precipitation, filtration and infiltration. Using a
comprehensive pool with sand filter, 85% of the
particulate pollutants can be reduced and direct

Water quality control technology of
rainwater runoff. Combined with a large number
of investigation and analysis, it can be found that in
the early stage, rainwater gathered a lot of garbage
and sewage, so it is necessary to control the water
quality from the source of rainwater. In general, it
can be solved through the following ways: (1) to
strengthen the ground sanitation supervision, keep
the roads clean, clean up the trash and other
pollutants as much as possible; (2) roofing building
materials should be selected as non-polluting
materials such as cement bricks. It is best not to
choose asphalt felt materials as waterproof
materials. The pavement should choose the material
with good water permeability and reduce the runoff
of the pavement. In order to filter these impurities,
many countries have done a lot of research work,
developed various type of runoff filter to ensure the
quality of water. For example, Germany WISY
company has developed metal screen or riser filter,
and it can significantly improve water quality by
installing the filter on the rainwater riser. The
filtration capacity can be applied to roof runoff of
100 to 300 m2. There are many hard plastic tanks
developed by a number of companies to ensure the
safety of the water quality through a floating filter
water collector. An artificial wetland system can be
set up in the area where the conditions are allowed
to achieve a higher standard of water quality.

The realization of “sponge” in the
management of rainwater resource. A new
development area is a concentrated area of
large-scale development and construction in recent
years, and the development and construction of low
impact development modelare adopted. In the form
of regional selection unit development, the number
of development units is twenty-two, and the area of
ODQG XVH LV -60 hm2. According to the daily
rainfall data in 30 years, the relationship between
design rainfall and total runoff control rate can be
obtained. Finally, the annual runoff control rate is
set to 75%, and the corresponding rainfall is set to
30.5 millimeters (Figure 8).
Rainwater resources are collected by means of
roofing, water ponds and pavement. The calculation
formula of the rainwater
collection is
rainw
. W represents the
collection of rainwater. i=1 represents rain from the
roof of a building, i=2 represents rainwater obtained
from road square, and i=3 represents rainwater
through the water. Stored rain is often used for
watering irrigation greening, road cleaning.
Take a park in this area as an example. The
park is about 58.58 hm2 WKH EXLOGLQJ RFFXSLHV 
hm2, the water body area is 0.56 hm2, the green area
is 53.06 hm2, and the rest is the road and the square.
The type of drainage ditch is grass ditch, while
transporting runoff and rainwater, it can also make
some rainwater replenish into underground water
after infiltration. Based on the flow rate, the total
UDLQIDOO LQ WKH SDUN LV    P3 a year, and the
total amount of rainwater in the park is far more
than that of the landscape water. According to the
waterscape and terrain, 3 rainwater storage pools
are planned, with a capacity of 300 m3. According
to the calculation of water balance, water supply in
the park can be divided into two parts: one is the
green irrigation water (including green water and
water for cleaning the road square), which is from

Purification technology and reuse system
for rainwater runoff. The purpose of rainwater
purification is to concentrate rainwater on the end
of the pipe network, or to collect it into the
reservoir, and then to purify pollutants in the
rainwater by physical chemistry or biological
treatment. Rainwater treatment can draw lessons
from the way of water supply and sewage treatment
process, and is affected by the fluctuation of
rainwater and water quality. Meanwhile, rainwater
has poor biodegradability, so it is usually purified
by physical treatment. The efficiency of the
rainwater treatment by biological treatment is
usually not optimistic, and it needs more investment
reuse of non-drinking water can be achieved.and
operation costs, so it is only used when the rain
load is large. Urban rainwater purification is usually
included: pretreatment and two treatment, depth
treatment and storage. The degree of purification of
rainwater is determined according to the use of
rainwater reuse. If it is used for irrigation, only
simple treatment can be done; if it is used for boiler
water, it will be deeply purify. If it is only used for
clean water, it can be used after filtering the
suspended solids in the water between the two gates
of the pressure pump by setting up a primary filter.
The two treatment will generally choose biological
treatment, including biological turntable, biological
contact stabilization pool, and trickle filter and
oxidation pond. BOD5 and SS of more than 80% to
95% in the polluted water can be removed by
biological treatment. However, when it is used to
deal with rainwater, it has been told that its
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FIGURE 8
The relation curve of total runoff control rate and designed rainfall
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FIGURE 9
The flow chart of the park rainwater system
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FIGURE 10
Park plan and grass ditch real map
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FIGURE 11
Hydrologic state after the construction of the sponge city in this area
the collection of precipitation in the garden. The
other is tourist water, its source is the municipal
water supply network in the park, and the two parts
are not related to each other. The use of water for
green water, road and square is from rainwater. The
peak of daily water amount is 589 m3, and the peak
value of water consumption per unit time is 60 m3.
If the rain water cannot meet the greening irrigation,
it can be supplemented through municipal water
supply and replenished into the water.
Pervious pavement is used in park roads,
parking lots and public squares. There are also
facilities such as dry ponds, wetlands and seeping
wells in the park. Figure 9 is the flow chart of the
system of the park, Figure 10 is a park plan and
grass ditch real map.
Before and after the development of the region,
the hydrological characteristics of the site are
basically the same, such as the total amount of
runoff, the peak flow rate and the
peak time (Figure 11). It is able to find that this area
has completed the control of runoff and pollution
caused by rainstorm, and achieved the goal of
keeping close to the hydrological characteristics
before and after the development, and built the
urban rainwater sponge system perfectly.
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Organic farming aims to produce healthy, safe,
and nutritious foods while preserving the environment and sustaining animal welfare. Thus, it not only
promotes biodiversity, biological cycles, and soil
biological activities but also improves public health
and brings significant benefits both to the economy
and social cohesion, especially in rural areas [3, 5,
6]. The system also covers each stage of the farm cycle from production to consumption by supervisions
and certifications [3, 2].
Organic food, which is the food produced by
organic farming methods, represents food that is
more natural and grown, stored, and/or processed
without the use of synthetic chemical, fertilizers, agrochemicals, supplements and regulators, or genetic
modifications to improve production capacities [7, 1,
8].
According to the growing trend of organic food
consumption over the last two decades, this market
segment has the highest growth rate (16% in 2015–
2020) in the food market. However, the worldwide
market share of organic food products is still low [8,
9, 1, 6, 10].
Since trade with organic products is predominantly market-driven, the importance of consumer
attitudes and expectations started to emerge [11]. Organic food products possess some credence characteristics not directly observable by consumers but
play an important role in purchase decisions [5].
With the contribution of studies on organic food consumption, factors that influence the consumer attitude toward organic food products were identified.
In this context, it can be concluded that health, food
safety, and environmental issues are the strongest
motivation that can potentially influence the decision-making process for organic food. Consumers
seem to be conscious of the wider benefits of organic
foods as a healthy food with a positive impact on the
environment [10, 12, 11, 8, 4, 13, 5, 3, 14]. Besides,
qualified nutrition and quality food expectations [13,
14, 15, 16], taste [17,13], animal welfare [13; 11],
and local origin [18, 19, 13] are often found to be
other important driving factors behind organic food
consumption, and the dominance of these factors
varies per country [11].

ABSTRACT
The increasing concern of individuals on environmental and health issues has increased the importance of studies on organic food products. This
study aims to classify and define the individuals who
consume organic food under the assumption that
they may have different attitudes and behaviors. Empirical data were collected from a cross-sectional
market survey which was applied to 552 individuals
in the major cities of the seven regions of Turkey
during the period March-August 2018. The obtained
data were analyzed using descriptive statistics, factor
analysis, and ordered probit model. The results have
shown that 3 discrete groups perform organic food
consumption (enthusiast reluctant and skeptical)
with different buying and consumer attitudes and behaviors. Enthusiast consumers' main motivations are
health, safety, nutrition, and taste, and unlike other
groups, they do not perceive the price of organic
foods as high. While reluctant consumers have consumption barriers in terms of accessibility,
knowledge, and benefit, prestige is the most effective factor in the consumption of their organic products. Finally, skeptical consumers are the group with
the lowest consumption level and price, certification
and lack of control are the main reasons for their low
consumption.

KEYWORDS:
Organic food, consumer motivations, principle component
analyze, ordered probit model, Turkey

INTRODUCTION
Organic farming is a holistic, integrated agricultural management system for the crop, livestock,
and fish farming using only the inputs permitted
within the frame of the regulations [1, 2] Organic
farming emphasizes environmental protection, biodiversity, and the use of natural farming techniques,
as opposed to the use of synthetic materials (synthetic fertilizers and pesticides, veterinary drugs, genetically modified seeds and breeds, preservatives,
additives, and irradiation) [3, 4].
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Despite the growing tendency for organic food
in consumer values and attitudes, consumers perceived barriers that restrict demand for all countries
[13, 20]. The high price of organic products is generally accepted in many studies as the most significant obstacle preventing consumers from increasing
their organic food consumption [6, 14, 13, 4, 21, 22,
3, 23]. The price difference between organic and
conventional food is realized from 10% to 40%, and
if this difference is not perceived by society, the consumption-blocking effect of the high price is even
greater [10, 23]. The high price is caused by the requirement of organic agriculture for a more labor-intensive production, a limited food supply, the smallscale form of the distribution chain, and the processing industry [24, 25, 26]. Moreover, differing
from the conventional agricultural, the farm location,
local soil characteristics, and climatic conditions can
be more decisive for organic agriculture and may influence the maturity time and storage conditions,
thereby leading to additional costs [15].
Some other major barriers to organic food consumption are low availability [13, 4, 22], limited
consumer knowledge and trust [6, 23, 3] and limited
choice options [22].
The organic characteristic is considered as an
ethical value-added food product attribute, and as
a consequence of the increasing importance of organic products, the future of the organic sector is
dependent on the level of understanding of the key
drivers of consumers' perception and consumption
behavior [27, 8]. Consumers increasingly prefer
organic food to not only meet their functional
needs but also enact their identities and express
their core values through their lifestyle. In this regard, the demand for organic food may also be
driven by the social environment and status [3, 9].
Research on organic food products in
Turkey points out the consumer's low awareness
of organic food [28, 29]. In Turkey, the consumption of organic food products, which has a retail
value of about 4 million euros, is quite low compared with conventional foods [30, 28]. When analyzing the factors restricting the consumption of
organic food in Turkey, price is a priority, unlike
in EU countries [28, 29]. Other barriers limiting
organic food consumption are low availability and
lack of awareness [28]. The main motivations for
the consumption of organic food products in Turkey are health benefits, food security, environmental concerns, and animal welfare.
The main purpose of the research is to analyze the perceptions and attitudes of organic food
consumers. In this context, different consumer
groups have been created in line with the effects
of the factors that encourage and restrict consumption. Besides identifying consumer profiles for organic food, this study is also aimed at investigating possible relationships between the consumer
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characteristics and marketing aspects of these
products. The findings from this study would help
in understanding the consumer behavior toward
organic food. This would facilitate organic food
producers and marketers in developing efficient
marketing and production strategies. Moreover, it
would be useful to meet the consumers' preferences and expectations accurately for organic food
products.

MATERIALS AND METHODS
Data Collection. The data used in this paper
were taken from a face-to-face cross-sectional interviews FRQGXFWHG LQ WKH PDMRU FLWLHV øVWDQEXO $Q
NDUDø]PLU7UDE]RQ$GDQD9DQDQG*D]LDQWHS RI
the seven regions of Turkey during the period February–May 2018. A total of 552 consumers who are
responsible for their household or family purchases
were sampled through convenience sampling, and
the sample size allocated for each city was determined considering their populations. The final sample size is extracted from an infinitive population and
assumes a confidential level of 95.5% (p = 0.5).
The survey was designed to obtain data on consumer attitudes and perceptions of organic food consumption. In this context, the questionnaire is composed of the following parts: (i) consumers' opinions
on the consumption and purchase of organic farming
and food products; (ii) level of knowledge for organic production; (iii) organic food consumption frequencies; and (iv) consumer socio-demographic
characteristics.
The answers to the survey questions were designed based on the Likert-type scale to analyze the
impact level of each concept in the questions. A pilot
version of the questionnaire was provided to 25 consumers in Adana City to establish the definitive
questionnaire.
Methodology. The obtained data were analyzed in three steps. First, descriptive statistics were
used to evaluate the level of knowledge and opinions
on consumption and purchase for organic products
of the consumers. In this context, the means and frequencies of the measures were calculated using
SPSS© 21 software.
Second, to determine the consumer behavior
associated with the motivations for organic food
consumption and detect the perceived differences
among the consumers, exploratory factor analysis
was established. In this way, the set of factors was
identified, and the structure of the observed variables
was verified. This analysis was also used to reduce
the number of items and capture the central dimensions based on consumers' knowledge levels
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and perceptions [31, 32]. Principal component analysis (PCA) with Varimax rotation was used to simplify and summarize variables that load a high percentage of factors [33, 34]. Variables with factor
ORDGLQJVZere removed from the factor set [35].
The quality of the factor analysis was verified using
the Cronbach's alpha value, Kaiser-Meyer-Olkin criterion, and the Bartlett test for sphericity with subsequent reliability analysis [31].
Finally, the ordered probit model was established to indicate the relationship between consumer
groups obtained from the analyzed factor and organic food consumption frequencies. In the ordered
probit regression model, organic food consumer
groups were considered the independent variable,
and the organic food consumption frequencies were
considered the dependent variables.
The marginal impact values of each consumption frequency level on probit estimates were also
calculated to show the consumption position and
structure of these consumer groups. The ordered probit regression model and marginal impact value calculations were conducted through the STATA© 14
software.
With this set of data, it is possible to perform
the ordered probit model and thus calculate the probability of response for each level or combination of
variables.
*LYHQ WKH IROORZLQJ PRGHO, Equation (1)
ZKHUH*LVDIXQFWLRQWKDWWDNHVYDOXHVEHWZHHQ]HUR
and one for all real numbers z [36].

The results reveal that the main motivations of
the consumers for organic food are health, nutrition,
and taste. Consumers rely more on organic foods
than conventional food. However, they also perceive
an insufficient control of organic foods. Despite consumers' positive attitude toward organic foods, they
mainly find organic food prices to be high. Consumers are also concerned about the accessibility and
originality of these products. Even if they consume
organic food products, some of them do not find organic products beneficial, and the main motivation
for their consumption is the prestige factor.
Within the study, consumers' level of
knowledge was also analyzed and presented in Figure 2.
When consumers' level of awareness about organic agriculture is measured, the linear relationship
between the answers they provided indicates that
they have the right information and the expected answers. However, differences exist between the correct answers and those given by the consumers for
the principles of the use of pesticides and fertilizers
in organic agriculture. Figure 2 shows that more than
50% of consumers (90% for fertilizer and 87% for
agricultural pesticide use) respond incorrectly to fertilizer and drug use.
As presented in Table 1, the results of the factor
analysis revealed that the respondents are grouped
according to the similarities of their perception and
behavior toward organic food.
&URQEDFK VĮ .02 .DLVHU-Meyer-Olkin measure) = 0.80; Bartlett's test of sphericity =
0.000; explained variance = 62.58%. Likert-type
scale from 5 = ‘totally agree’ to 1= ‘totally disagree’;
NRP denotes the sum of the percent data relating to
categories 4 and 5. N = 547

RESULTS AND DISCUSSION
This section presents the results of the descriptive analysis of the study. Figure 1 shows the findings of the evaluation of consumer opinions on organic food.

P( y

1 / x)
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FIGURE 1
Consumer opinions on organic food products.
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FIGURE 2
Consumers' level of knowledge of organic agriculture.
TABLE 1
Results of the factor analysis
Factors and related variables
Factor Loading
1. Enthusiast
Organic products are more reliable
.899
Organic products are healthier
.869
Organic products are more nutritious
.895
Organic products are more delicious
.848
2. Reluctant
I do not have enough knowledge on organic
.679
Access to organic products is difficult
.617
Consumption of organic products provides prestige
.729
I do not think organic products are beneficial
.690
3. Skeptical
I find the prices of organic products high
.636
I'm skeptical that the products are real organic
.769
Insufficient control of organic products
.728
To identify the core dimensions of consumers'
involvement in organic food consumption and determine the most important factors influencing their
perceptions, explorative factor analysis was conducted. In this context, the results of the PCA represents three factors (enthusiast, reluctant, and skeptical) with 11 variables, which accounts for 62.58 %
of the total variance in the original data (Table 1).
The first factor represents organic food enthusiasts;
those who consume organic foods because of some
product-oriented factors such as being nutritious,
tasty, healthy, and reliable. The second factor describes the organic food consumers who perceive
some barriers such as lack of availability and confidence. The main motivation for their consumption is
prestige. The last factor describes skeptical consumers; they consume organic food but perceive many
barriers such as lack of safety and high price.

NRP% (Agreement)
91.9
90.8
90.9
90.3
49.8
72
52
45
85.6
69.6
70.2

The validity results and appropriateness instruments reveal that the variables related to organic
food consumption are well suited for the factor analysis. The Cronbach's alpha internal reliability value
of the questionnaire is within the sufficient measure
RI UHOLDELOLW\ Į = 0.72). Moreover, Kaiser-MeyerOlkin measure of sampling adequacy is relatively
high at 0.72, and Bartlett's test of sphericity was statistically significant (p = 0.000), yielding correlation
coefficients for the population with values other than
zero [37, 38, 39].
To represent the relationship between obtained
consumer groups from the analyzed factor and consumption frequencies, an ordered probit model was
applied in the study. Table 2 shows the coefficient
estimates of the explanatory variables in the ordered
probit model.
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TABLE 2
Ordered probit model coefficient estimates
Source
Value
Std. Err.
Enthusiast
.39636
.048722
Reluctant
í.23126
.04685
Skeptical
í.11017
.04674

Source
Enthusiast
Reluctant
Skeptical

TABLE 3
Ordered probit model marginal impact values
Sometimes
Almost never
Rarely
í0.068*
í0.088*
0.078*
0.040*
0.051*
í0.045*
0.019**
0.024**
í0.021**

P>|z|
0.000
0.000
0.018

Always
0.078*
í0.045*
í0.021**

*and ** denote 1% and 5% significance level, respectively.

The results of the probit model show that all
consumer groups have a significant relationship with
consumption frequency (<0.000 and <0.018). However, the direction of the relationship varies between
consumer groups. While the enthusiast consumer
group has a positive relationship with consumption
frequency, the other two consumer groups (reluctant
and skeptical) has a negative relationship with consumption frequencies. This situation implies that
consumption increases as the organic food enthusiast
consumer group increases, but consumption decreases as reluctant and skeptical consumer groups
increase.
To clarify the results of probit analysis, the
marginal effects of the relationship between consumption frequency and consumer groups were also
calculated within the scope of the study (Table 3).
For organic food enthusiasts, the marginal impact values of the ordered probit model indicate that
“almost never” and “rarely” consumption frequency
levels are negative, but as the frequency of consumption increases, the marginal impact values for this
group become positive. In “sometimes” and “always” consumption frequency levels, the probability
of consuming organic food is 7.8% for organic food
enthusiasts. Meanwhile, reluctant and skeptical consumer groups exhibit negative marginal effects as
the frequency of organic food consumption increases. This situation indicates that at higher consumption frequencies, the likelihood of organic food
consumption decreases for these two consumer
groups.

have determined that the prestige factor is also essential in the organic food preferences of some consumers. The effect of the prestige factor 345was
found as a value of social status in some previous research [15, 8, 10, 13]. As aforementioned, previous
studies found that consumers primarily find organic
food prices to be high, and they have problems and
concerns on availability, control, and originality of
these products that eventually discouraged consumption of these products.
Moreover, previous studies discussed that the
level of consciousness affects the perception and
consumption of organic food products [40, 41, 42,
43] thus, we aim to learn the current situation on this
topic in Turkey's setting. Although consumers are
conscious of most organic agriculture issues, they
have inaccurate information regarding fertilizer and
pesticide use procedures.
In this study, we also assumed that all organic
food consumers should not be evaluated at the same
level. Although consumers consume organic food,
they may have different perceptions, motivations,
and consumption levels. There are three different
consumer groups (enthusiasts, reluctant, and skeptical) that were derived from the factor analysis applied in this study. The enthusiasts are the strongest
consumption supporters of these foods. They consider organic food as reliable, healthy, nutritious, and
delicious. They also do not think that organic food
prices are very high. Except for the price factor, the
reluctant group perceives many barriers to organic
food consumption, such as lack of accessibility,
knowledge, and benefit; however, they feel that
these food types give them prestige, which is their
main motivating factor. Skeptical consumers also
consume organic foods but at the lowest level mainly
because the price of organic food products is higher
than that of conventional foods. This organic food
consumer group also perceives barriers such as lack
of originality and control of these products.
We continued the analysis using an ordered
probit model to differentiate these groups in terms of
consumption frequencies. The results of the probit
model appeared as expected; there were differences

CONCLUSIONS
The current study attempts to investigate the
perceptions, attitudes, and profiles of organic food
consumers. First, we evaluate the consumers' values
for organic food consumption. Analyzing consumer
values is important to determine the motivations and
the barriers to organic food consumption. In previous
studies, these factors are also deemed important for
consumers' organic food preference. However, we
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in the frequency of consumption between the enthusiast consumer group and the other two groups. The
marginal impact values of the probit model indicate
that although a linear relationship exists between the
consumption frequency and the consumption group,
a negative relationship exists between consumption
frequency and reluctant and skeptical groups. For the
enthusiast consumer groups, the probability of consuming organic products at the “always” and “sometimes” frequency levels is 7.8%. Meanwhile, the
other two groups are more likely to consume at the
“almost never” and “rarely” frequency level. For the
reluctant group, the probability of consuming organic food at the “almost never” and “rarely” levels
are 4% and 5%, respectively. Meanwhile, for the
skeptical group, the probability of consuming organic food at the “almost never” and “rarely” frequency levels are 1.9% and 2.4%, respectively.
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RULE OF DUST MOVEMENT IN TUNNEL CONSTRUCTION
AND ITS PROTECTION AND TREATMENT
Zhongqiang Sun*
Hebei University of Science and Technology, Shijiazhuang, 050018, China

control, which collects the dust gas by means of suction hood and purifies it centrally by dust collector.

ABSTRACT
During the tunnel construction process, a large
amount of dust is generated in tunnel construction,
blasting, tunnel dumping, shotcrete, on-site steel
welding, waterproof layer welding, concrete construction and other construction processes. In this
paper, dust particle type, dispersion, particle size and
other characteristic parameters are defined, certain
preliminary test conditions are set to simulate the
process of dust injection, and certain research results
are obtained. Apart from this, a new dustproof concept for anchoring and shotcreting construction is
proposed, and a new type of mine wet dust collector
was designed. The dust-containing airflow generated
by the anchor spray is absorbed into the dust remover
through the dust hood, and is discharged after being
concentrated and purified by the dust remover. At
the same time, the dust remover mechanism is simple, the operation is convenient, the water consumption is small, and the utility model has important
practical value.

MATERIALS AND METHODS
Dust generation mechanism and movement
rule in tunnel construction. Classification and
source of dust. Fine particles of rock and blasting
smoke produced in the course of tunnel tunneling,
ballast loading, shotcrete and other construction processes, which can be suspended in the air for a long
time, are collectively referred to as dust, with irregular shape and wide distribution range of particle
size [7-8]. According to particle size, it can be divided into:
(1) Rough dust. Dust with a diameter greater
than 40 microns is the smallest diameter for general
screening and is extremely easy to settle.
(2) Fine dust. It has a diameter of 10 to 40 microns and can be seen with the naked eye in bright
light and the settling process can be accelerated in
still air.

KEYWORDS:
Shotcreting, Dustproof, Wet dust removal, Numerical simulation

(3) Dust. It has a diameter of 0.25 to 10 microns and can be observed with an ordinary optical
microscope and can present a constant velocity settling in still air.

INTRODUCTION
The dust prevention and control of the excavation working face is a hot and difficult point in the
field of dust control [1]. In the excavation work,
there are many people and equipment, and there are
many process steps, and the dust is multi-sourced. A
large amount of dust will be produced in the process
of drilling, blasting, coal cutting by mining machinery, loading, unloading, carrying, roof caving and
goaf filling, which will seriously pollute the air environment, endanger the health of workers and affect
the life of machines [2-3]. Therefore, dust-proof design is a necessary task in tunnel construction. In the
tunnel construction process, especially in the construction process of anchor and shotcrete, more dust
is produced, and the dust humidity is large and the
particle size is small, most of which is cement dust
[4-6]. Through studying the mechanism of wet dust
removal, the author puts forward a method of dust

(4) Ultramicro dust. Less than 0.25 micron in
diameter, visible under an ultrafine microscope, it
can stay suspended in the air for long time and move
around in Brownian motion with air molecules.
The main sources of dust in tunnel working
face can be divided into: original dust, which is generated by geological processes and changes before
mining and exists in the bedding, joint and crack of
rock mass; Explosive dust, under the pressure of explosive explosion, a large number of cracks in the
rock with the emergence of dust; The dust produced
by technology, the dust produced by friction, collision, squeeze and pressure in the process of drilling
and dumping the ballast. In addition, during the construction of shotcrete, cement and fine sand are
blown out by high-pressure airflow, which also produces a large amount of dust.
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Blasting dust and process dust are the main
sources of dust in tunnel construction, accounting for
80% ~ 90% of the total dust production, while other
dust sources only account for 10% ~ 20%.
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Rule of dust particle’s movement. Analyze
the force of dust particles in the air, and analyze the
migration and diffusion of particles in the wind flow
from the viewpoint of kinematics. The force of the
dust particles in the air mainly includes gravity,
buoyancy, aerodynamic drag, brown force, thermophoresis, saffman. Lift, additional mass and so on.
The diffusion of particulate dust in the air is divided
into two ways: molecular diffusion and turbulent diffusion. Molecular diffusion refers to diffusion
caused by molecular forces, while turbulent diffusion refers to diffusion caused by turbulent motion
of fluid groups.

Mechanism of dust generation in tunnel construction. The main process of tunnel construction
is tunnel drilling. The main work includes blasting
excavation drilling, anchor bolt construction drilling
and advanced pipe shed construction drilling [9-10].
Most drilling machines used in tunnel construction
are pneumatic drilling machines, among which air
gun and pneumatic drill are most commonly used.
In the drilling process of pneumatic drill, the
hole is drilled under the drive of high-pressure wind.
In the drilling process, the high-speed rotary drill bit
grinds the rock, and the high-pressure wind in the
hole input by the drill pipe ejects the crushed and
ground rock debris along the annular gap between
the drill pipe and the hole wall. Large particles of
rock nitrite are ejected from the orifice and fall near
the orifice with the decrease of wind pressure, while
fine rock powder floats in the air.

Modeling of dust movement rule in tunnel
construction. Numerical simulation of dust emission movement and ventilation diffusion in tunnel
anchor spray construction, taking the space size of
the construction tunnel to be 6×6×6m. There are two
round pipes arranged inside, the diameters of the
pipes are 50mm and 200mm respectively, which are
respectively connected to the boundary surface of
the model space. The small round pipe surface is
used as the dust emission source, and the front end
of the large round pipe is connected with a rectangular suction hood. The air intake free surface is set as
the pressure inlet boundary condition.

RESULTS AND DISCUSSION
Modeling and analysis of dust movement
rule in tunnel construction. For the approximate
simulation of dust production and tunnel ventilation
simulation process of anchor and shotcrete construction, multi-phase flow model and discrete phase
model are generally adopted to study the movement
of dust particles by fluent, so as to simulate the characteristics of flow field and the movement track of
dust particles. Discrete phase model is selected for
this simulation. Surface flow jet sources and two
types of dust particle flows, namely large particle
flow and small particle flow, are defined. The flow
of small particles mainly refers to the particle size of
 ȝm. The dust injection and diffusion processes
under five different working conditions are simulated by defining different boundary conditions such
as airflow velocity and particle mass flux. The concentration and distribution of dust are obtained,
which provides a theoretical basis for tunnel ventilation and dustproof design, and draws important conclusions. The generation and movement of anchor
spray dust particles is quite complicated, which is related to the nature of the dust in the spray material
and the spraying process. Aerodynamics is the main
driving force of particle motion, and the dust concentration distribution is the result of particle motion.

Setting of boundary condition. The boundary
conditions of this simulation experiment are: the jet
source dust exit boundary, including the velocity
magnitude and mass flux, the suction port velocity
boundary, and the front face pressure boundary, that
is the free surface. The other surfaces are solid wall
boundary conditions. The numerical simulation is
based on the following two explanations:
(1) due to the diversity of the actual composition of anchor and spray materials, for the sake of
simplification, this simulation of dust particles using
cement dust, particle size is divided into two types.
The first type is a particle group having a particle diameter of 1 to 10 ȝm. The particle size distribution
of the cement dust is 60% for 2 ȝm or less, 25% for
2 to 5 ȝm, 13% for 5 to 10 ȝm, and about 2% for
more than 10 ȝm. The second type of particles are
large particles of a single particle size and have a particle diameter of 100 ȝm.
(2) the setting of the velocity boundary in the
simulation comprehensively considers the requirements of the jet flow of the anchor jet and the requirements of the suction speed of the air hood. In
order to have a certain contrast, different injection
speeds are used in the simulation. The corresponding
mass flow rate of the particles is based on the air flow
rate, and the mass flow rate of the particles is different according to the mass of the dust.
The simulation is divided into the following
conditions:
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TABLE 1
Simulation work conditions
Work Condition
Condition 1
Condition 2
Condition 3
Condition 4
Condition 5

Spray Speed
m/s
10
60
60
60
60

Suction Speed
m/s
-10
-10
-10
-10
-30

Analysis of simulation results. When particles
enter the spatial flow field, their motion is uncertain
under the action of gravity, buoyancy, additional
mass force, saffman force, aerodynamic resistance
and other forces. In the turbulent field, the diffusion
of dust particles is random. Driven by the turbulence
of the airflow, the movement of the dust particles
also shows a turbulent diffusion tendency, so the particles are ejected from the dust outlet. After a certain
distance, turbulent flow occurs and the concentration
decreases rapidly. The mass and volume of the anchor spray dust particles are small, and the dust particles are flushed out of the spray gun mouth by the
gas-phase two-phase flow. The high-speed air flow
has less force on the dust particles (inertia force), and
the flow field becomes larger after the spray, and the
speed suddenly decreases. And quickly lose its inertial force, resulting in accumulation near the mouth
of the gun. Some of the larger dust particles have
large initial kinetic energy and large inertia, so the
distance of motion is far. For example, after the addition of large particles appearing in the simulation,
the concentration increases and the influence domain
becomes larger. Small particle size particles are
mainly affected by aerodynamic drag and move with
the airflow. From the simulation results, we can see
that under the action of suction, the air moves from
the periphery to the suction center. After the dust is
ejected from the nozzle, it is subjected to the suction
airflow, and a part of the dust particles are sucked
into the cover.
From the above analysis and verification of the
simulation results, the following conclusions can be
drawn:
(1) The movement of the dust particles is obviously affected by the airflow, especially the smallsized particle airflow (on the order of a few micrometers to several tens of micrometers) is particularly
affected by the airflow.
(2) The movement of dust particles in the wind
flow presents the basic characteristics of turbulent
diffusion. Due to the influence of air movement, the
wind flow has a significant effect on the “carrying
and transporting” of the particle dust.
(3) The large particle dust has a large inertia,
and after being ejected from the nozzle, it bounces
around.

Mass Flux
kg/s
0.0006
0.006
0.06
0.1
0.1

Measures of dust protection and control in
tunnel construction. Design wet dust collector.
The dust collector designed in this paper is a rotating
fiber dust collector. The dust removal target is
mainly for small particle size with a particle size of
about ȝm. It mainly consists of outer casing, fiber
bundle, baffle, water tank, float valve water supply
device, drain pipe and other parts. The main view
structure is shown in Figure 1.
The basic working principle is that the dust removing fan presses the dusty airflow from the air inlet of the dust collector, and is blocked by the water
fiber bundle in the dust chamber, the kinetic energy
and the speed are reduced. Dust in the airflow is attached to the water film of fiber bundle under the action of gravity, inertial collision, interception, brown
diffusion, etc., and is carried into the water tank with
the continuous rotation of the fiber bundle, so as to
achieve dust removal. The dust collector can handle
air volume up to 2000m3/h, and the water consumption is small, it is simple and practical, and easy to
operate and maintain. Combined with ventilation
and suction, it is used for dust prevention during tunnel anchor spray construction, and it has an important practical application value.
Mechanism of wet dust capture. The inertial
collision, interception and Brownian motion between the droplets and the dust particles promote the
humidification and condensation of the dust particles
and accelerate the sedimentation of the dust particles.
The study of the movement of droplets and dust particles in a gas stream is mainly based on the analysis
of the mechanism by which droplets in the gas
stream capture dust particles. Sedimentation effect,
gravity effect, interception effect, inertial collision,
wherein the diffusion effect is the main mode of action of the dust collector. The sedimentation effect
and gravity effect are closely related to the density
and size of the dust particle itself, and the particle
size, density and liquid. Drops are related to the relative velocity of the dust particles. The interception
effect, the collision effect and the diffusion effect are
closely related to the particle size. Large particles are
mainly captured by gravity effects, interception effects, and collision effects, while small particles are
mainly captured by diffusion effects. In the actual
operation of the wet dust collector, the various effects are superimposed, making the wet dust collection mechanism very complicated.
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FIGURE 1
Wet dust collector
Tunnel dust control technology. Tunnel dust
control technology, mainly including ventilation
dust control, spray dust control, dust remover dust
control, physical and chemical dust control. Through
numerical simulation of tunnel ventilation, it is concluded that pressure pumping ventilation is the best
ventilation method for dust control in tunnel. The effect of spray dust removal is related to dispersion of
dust particles, atomization diameter of water droplets and relative velocity of dust particles and liquid
droplets. The droplets with coarse dispersion degree
will be bypassed by the swirling action when they
meet with each other, which is not easy to be captured, while the droplets with too small size are easy
to vaporize, and the dust catching effect is not good.
Generally speaking, dust dispersion is higher. The
smaller the required diameter of the mist, the better
the dust collecting effect when the diameter of the
water droplet is 10 to 15 ȝm. Physical and chemical
dust reduction mainly includes the addition of dustreducing agents, namely surface active substances,
foam dust removal, magnetized water dust removal,
dusting agent dust removal, ultrasonic dust removal,
ionized water dust removal and so on.

to adopt this method when ventilation is available.
Sprinkling and spraying is an effective dust-proof
technology, which has certain engineering application value in roadway dust-proof. Due to some unavoidable shortcomings and high energy consumption, the popularization and application of this technology are limited. Spray technology is the basic
method traditionally used in roadway dust control,
but the spray nozzle is easy to block, poor operation
stability, and large water consumption, the corresponding power consumption is also relatively large.
Due to the large humidity of the dust producing environment in the construction of anchoring and
spraying, the general dry dust precipitator is not suitable. The situation of dust control in mine roadway
is severe, and the development of dust control equipment for mine construction is urgently needed at
present.
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CONCLUSION
Tunnel dust control is a systematic problem of
comprehensive control, which should be considered
from many aspects, such as dust source, dust mechanism and ventilation. Ventilation dilution is an effective and economical method of dust control. Try
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RESEARCH ON SAFETY HAZARD PREVENTION AND
CONTROL SYSTEM OF BUILDING MATERIALS IN
ARCHITECTURAL DESIGN
Meiling Yang*, Guosheng Chen, Qianhao Li
Liuzhou Railway Vocational Technical College, Liuzhou 545616, China

other is focused on coordinating the architectural design surface [3-5]. The former pays more attention to
the safety hazard prevention and control from the
whole, and then promotes the improvement of the
construction material level in the project; finally, its
competitive strength will be enhanced. Preventing
and controlling the safety hidden danger focus the
research on the coordination between the supplier
and the architectural design [6-9]. That is, all parties
should understand what kind of consultative strategies we should adopt in order to make their own security risks effectively improved, and then promote
the improvement of the overall efficiency of building
materials in architectural design [10].
This paper analyzes the existing problems of
the security risk prevention and control system combined with the existing research results, which is different from previous studies. During the study, this
article pays more attention to the relationship between the total and sub architectural design, and considers that the two are not fully trusted, because the
working time of both sides is not shared. However,
the total architectural design can carry out the feedback of the target value of the safety hazard prevention and control based on the delivery period of the
sub building design. Negotiation of architectural design can be carried out on the basis of this, which is
basically the same as the actual situation.

ABSTRACT
In order to improve the safety and hidden danger prevention and control system of building materials, a practical algorithm for reliability (PAR) is applied to prevent and control the hidden trouble of
building materials in building design. A strategy of
safety and risk prevention and control system for
building materials reliability is designed, and the reliability and practical algorithm of building material
safety control system is analyzed. Finally, the prevention and control system of hidden danger is analyzed through the simulation experiment. The results
show that the proposed security risk prevention and
control system helps to improve the performance of
building materials in building design, and does not
lead to the increase of architectural design cost.

KEYWORDS:
Architectural design, Building material, Safety hidden
danger, Negotiation, Prevention and control system

INTRODUCTION
In order to realize the effective prevention and
control of the hidden danger of building materials in
the architectural design, it is necessary to design the
safety hazard prevention and control system of the
building materials [1]. Usually, the building materials can be divided into the following contents: the
business entities, such as the total and sub construction of the project design business entities. The former is responsible for the production of building materials, while the latter is mainly responsible for the
sales of building materials, which is benefit to
achieve effective prevention and control of building
materials in architectural design. At present, the market competition is increasingly fierce [2]. In order to
improve the competitiveness of enterprises, many
multinational enterprises have made great progress
in building design level by improving the quality of
building materials. At present, the research on prevention and control of building material safety hazards is mainly focused on two aspects, one is about
the integrated architectural design surface, and the

MATERIALS AND METHODS
Construction of security risk prevention and
control system in construction material. Practical
calculation of reliability. Similar to water production and safety hazards prevention and control, during operation, it is required to go through the treatment of the total architectural design first, and then
need to be treated by architectural design. The main
influence of the former to the latter is reflected in the
following: the working time of the design of a general building has a cohesive constraint,

s j ,d e j ,u


,

the time for the operation of j to be implemented in
the prevention and control of the hidden security
risks is bound to lag behind, at most equal to the end
time of the total security risk prevention and control.
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At this time,

e j ,u

is equivalent to the time

rj

materials
re-

sign, D and E respectively refer to the security
risk prevention and control of the general and sub architectural design. Correspondingly, under the mode
of safety hidden danger prevention and control sys-

mula,

PO Eb  V d PO E

is obtained, which

O O ab  O a

itself is a conditional

V

O O ab  O D

is put into,
is obtained,

refers to the target value of the total building design in the original security hazard prevention
and control, which is a constant in the problem and
will not have a great impact on the optimization process. Therefore, by solving the optimal solution of

(1)

MinP O E '  O O D ' , the solution of the NDS
problem can be solved.
Theorem 2. The MinP O
problem is

NP - hard

E '  OO D '

problem.

Prove: The total and sub architectural design in
the project can be considered as the upper and lower
stages of the production of water, and in each stage,
they are equipped with special equipment. The operation needs to go through the upper stage and then
the next stage in a specific order, and at this time, the
information is completely circulated between the upper and the lower stages. Therefore, the above problem is equivalent to the two order flow problem, that
is,

½
°
¾
'
'
s.t.OO D  V d OO D , P O E  V d P O E , фV t 0 °¿
MinP O E  V

F2

¦C

j ,u

 ¦ w jT j

,

C j ,u

represents the

time required for the job j to handle the total security risk. If the problem is further simplified at this
time, even if only the design of the building is in-

(3)

¦w T

is the

cluded, the problem is equivalent to 1

is the

which belongs to the NP - hard problem. Therefore,
for
the
more
complex

safety hidden danger prevention and control system
of safety hazard prevention and construction materials for project general building design in the optimal

MinP O E '  O O D '

F2

¦C

j ,u

 ¦ w jT j

j

j

,

problem, it is bound to be

NP - hard

problem.
When building safety hidden danger prevention
and control system, we should give full play to the
coordination of safety hidden danger prevention and
control of construction design and the design of project general building. The benefits of architectural
design are:
the

,

.

D b , Eb

is put into the for-

OO D

'

Prove: Because

O O ab  O D

MinP O E  O O D b  OO D

(2)
In the above formula (1), the target value is less
than the original target value after the compensation
value V is deducted from the target value of the
safety hazard prevention and control of the total
building design. Therefore, the security risk prevention and control at this time should be better than the
original safety hazard prevention and control. Similarly, in the formula (2), the compensation value V
is added to the target value of the sub building design, thereby the safety hazard prevention target is
get, and at this time, the security risk prevention and
control should be better than the original safety hazard prevention and control. By using the compensation constraint, the safety hidden danger obtained by
the two formulas should be better than the original
safety hazard prevention and control. If it is not
achieved, it is difficult to achieve a consensus.
The problem of safety hidden danger prevention and
control system is expressed by the next formula.

O O ab  O D

.

'

PO E  V d PO E

V

so

V

When

'

solution of problem

solution,

constraint that conforms to the formula (1).
In the target function of the NDS problem,

'

D b , Eb ,V
optimal solution of the problem NDS, D b , E b

optimal

When

V

E'

Theorem 1. The solution of

NDS

is in accordance with the formula (2) constraints, and

respectively refer to the hidden
tem, D and
danger prevention and control of the total construction design and the sub construction design of the
project. The compensation for the design of the total
building designed by the sub architectural design is
represented by V .

OO D  V d OO D

in

P O Eb  OO ab d P O E  OO a

leased by j in the prevention and control of hidden
security danger.
Under the precondition of the main building de-

'
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is a problem of hidden

danger prevention and control of general building
design and safety hidden danger system of building

PO E '  OO D '  OO D  PO E

'
'
ª
º
¬ P O E  OO D ¼  ¬ª P O E  OO D ¼º

From the above formula, it can be found that
the difference level of the new and old safety hazard
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prevention and control target value constitutes the
profit value, which can show that effective negotiation and communication between the total architectural design and the sub architectural design can get
the benefit of negotiation, and the two are equal.
Prevention and control strategy of safety hidden danger of building materials
The algorithm 1 can be used to calculate the
value of the target function corresponding to the arbitrary arrangement of the architectural design, and
the optimal arrangement is obtained. The problem of
security risk prevention and control in the sub architectural
design
can
be
expressed
as

1

¦C

j ,u

 ¦ w jT j , because 1

NP-hard problem, so 1

¦C

j ,u

1 K i represents the inhibitory effect of individual on population growth in N i
, this inhibitory effect is expressed as aij K i in
It is assumed that

population N j . If this inhibition on

j

N i at this time, that is, to
meet aij K i ² 1 K j at this time, then N i will be
completely suppressed by the

j

aij K j ¢1 K i j z i

j

population is M, then the Lotka - Volterra model
that is relative to it can be expressed as follows:

The practical reliability algorithm belongs to a
new algorithm, which is suitable for the independent
and harmonic solving problem of multiple populations. Therefore, it is very suitable for solving the

¦C

¦w T

pressed by the Lotka-Volterra model.

§ K  N i  aij N j ·
ri N i ¨ i
¸
Ki
©
¹

dN j

§ K  N j  aij N i
rj N j ¨ j
¨
Kj
©
Ni N j

In the upper form,

ࠊ

(6)

D

rials between each other, in this model, the ij parameter is very important and will directly affect the
population growth and decrease, and the role it plays
is decisive. After the tth evolution, the correspond-

(4)

·
¸¸
¹

ing fitness levels of i and j populations were

(5)

and

refer to the corre-

K i ࠊ K i are
r
the corresponding environmental capacity, i and
rj

B jt

values of the

 Bit
°
° B jt
°° A
it
®
A
° jt
°A
° it
°̄ Ajt

represent the growth rates of the two populations

i ࠊ j respectively, N i K i (i = 1,2) represents

D ijt

the part that has been occupied in the environment
space, correspondingly, the remaining part that are

1  N i K i , aij (

i = 1,2, j = 1,2, i z j )refers to the competitive coefficient of j to i , specifically, it refers to the

aij

tth

evolution of

Ajt respectively indi-

the

individ-
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D ij

are as follows:

,

ifAjt ² Ajt ,B jt ¢ Bit

,

ifAjt ¢ Ajt ,B jt ² Bit

 Bit
, others
 B jt

D ij

amount of space occupied by a single person in j ,
which is equal to the occupied space of
ual in i .

respectively; Ait and

Bit

cated the corresponding average fitness. Then the

sponding size of the two populations.

not occupied are expressed in

·
¸
¸
¸
¸
¹

The Lotka - Volterra model is mostly used
to describe a variety of group problems㸪in particular, the competition harmonization of building mate-

ulation i and the population j ( j z i ) can be ex-

t

m
§
K
N


D ij N j
¦
i
¨ i
j 1
ri N i ¨
¨
Ki
¨
©

dN i
t

j ,u
j j
.
problem of
The competitive relationship between the pop-

dN i
t

are satisfied, the inhibitory

effect of the population will come into effect, and the
balance will be reached between the two.
The above analysis shows that if the number of

¦ C j ,u  ¦ w jT j .

1

N j population and

will be gradually swallowed up by it. And only when
the two conditions of aij K i ¢1 K j and

a NP - hard problem. Therefore, in this paper, the
practical algorithm of reliability is used to solve the
prevention and control problem of hidden danger

1

N j is less than

its inhibitory effect on

¦ w T is a
 ¦ w T is also
j

Fresenius Environmental Bulletin

, the value of
Corresponding to
evolution is shown as follows:

tth

(7)

D ji

after
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 Ajt
°
° Ait
°° B jt
®
° Bit
° Ajt
°
°̄ Ait

,

ifAit ² Ajt ,Bit ¢ B jt

,

ifAit ¢ Ajt ,Bit ² B jt

S3 inherits genes from 1 to k  1 of S1 , and the
S
subsequent genes are from 2 , then all the seS
quences are preserved. The new solution 4 is similar to it, but there are some differences in the order

 B jt
 Bit

of succession. The genes from

, others

D ji

after the

tth

S1 , then all the sequences are also preserved. As
shown in Figure 1, the cross operation problem is im-

evolution, the basic ideas of

plemented when there are 8 jobs, which satisfies k
=5.
By using gene exchange mutation strategy, two

the above two formulas are: If one of the populations
fails to achieve the expected level, or it is not good
enough, it will be punished at this point, which will
increase the inhibition of the population from another population. If the population is good enough, it
will be rewarded at this time, that is, the inhibitory
effect will be greatly reduced. If the other population
is relatively poor, severe punishment will be taken
on it, that is, the inhibitory effect of another population on it will be greatly enhanced. If

Ait ² Ajt

or

Bit ² B jt

,

Ait ¢ Ajt

Bit ¢ B jt

S 2 are inherited

from 1 to k  1 , and the subsequent genes are from

(8)
In the process of determining the value of D ij
and
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k

k

locations 1 and 2 can be exchanged and new solutions can be obtained. As shown in Figure 2, the
specific operation flow charts, including
=6, are obtained.

k1 =3, k2

,

, it shows that com-

pared with j population, i has the best fitness, but
its average fitness is poorer than that of j popula-

Bit ² B jt and Ait ¢ Ajt , then the optimal fitness of the i population is poorer in the
tion. Similarly, if

FIGURE 1
Single point cross operation

comparison of the two populations at this point, but
its average fitness is better. The above two cases are
not the best, and the two species are not good
enough. The population i is good enough only when

Bit ¢ B jt

and

Ait ¢ Ajt

are satisfied, and it is the best

at the optimal and average level, but the j population is very bad.
The growth rate corresponding to the population i is represented by dN i t , if the value is neg-

FIGURE 2
Exchange mutation operation

RESULTS

ative, then the individuals with the lowest level in the
population dN i t are deleted, in this way, the

Simulation experiment. In order to verify and
analyze the hidden danger prevention and control
system proposed in this paper, the simulation experiment is carried out, and the experiment is carried out
by the random generation example. The operation
scale is 20,40,60,80,100,150,200, that is, it
is increasing, and three kinds of examples are analyzed in each operation scale. The operation time
range of total, sub - security risk prevention and control is between 1 and 100, and it is random. For a job,
the delivery time is the multiplication results of ar-

whole population is more competitive and the time
of calculation can be saved. On the other hand, if the
growth rate of the population is positive, then

dN i t individuals will be added to the population
at this time. In this way, the competitiveness of the
population is reduced and the diversity development
of the population is promoted.
By using the single point crossover principle, a
cross point

k 0¢ k d n

two crossing chromosomes
new solutions of

chitectural design time and a random number G between 1.5 and 2.5, a unit delay penalty time is set for
a number of 1, 2 or 3. In this paper, the algorithm is
written by Java . The whole program is running on

is identified randomly from

S1 and S 2 , thus, two

S3 and S 4 can be obtained, and
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a notebook computer. The specific parameters of the

Fresenius Environmental Bulletin

rithm, genetic algorithm, particle swarm optimization (PSO) algorithm and so on are compared and
analyzed. Because the algorithm proposed in this paper does not consider the neighborhood search, the
PSO algorithm does not consider it into account.
The experiment assumes that the population size is
all 100, and it is still considered the correlation of
each algorithm under the two evolution stopping criteria. As shown in Figure 4, the optimal solution that
can be obtained by using four algorithms under different scale of operation. Figure 4 (a) and 4 (b) successively represent the first and second evolutionary
stopping criteria. We can draw the conclusion that no
matter what kind of evolutionary stopping criterion
is adopted combined with Figure 4, the algorithm
used in this paper shows better performance. By contrast, the results obtained by the GGA algorithm are
not as good as the PAR algorithm in this paper, but
are better than the other two algorithms. The result
of ACO algorithm is the worst in the four algorithms.
Therefore, the optimal target value obtained by using
this algorithm is quite a lot, which is nearly twice as
much as that of the PAR algorithm in this paper. The
reason should be that the evolutionary computation
principles of different algorithms are different. The
analysis of Figure 4 (b) can be concluded that if the
computing time is the same, then the solution obtained by using the PAR algorithm is better than the
other three algorithms, which can be proved that the
use of this algorithm in this paper has its superiority.

computer are: the computer is Lenovo ThinkPad
, and its CPU is 3 GB. 10 algorithms are run and for
each example, and the final value is the best value
and the mean value, then the comparative analysis of
the negotiation effect will be achieved.
Figure 3 mainly analyzes the promotion effect
of combinatorial splitting operator on Optimization
in the algorithm of reliability and practical algorithm. In the process of algorithm optimization, combinatorial splitting operator plays its role. Moreover,
two kinds of evolutionary stopping criteria are discussed. One is that if 50 iterations are still unable to
achieve the optimal solution optimization, then the
evolution will stop. The other one is all the four algorithms run the same time, and the time of calculation is determined by the size of the population, that
is 10 × ps/20s .The two graphs in Figure 3 are relative to it. The abscissa coordinates the scale of operation, and the ordinate represents the difference level
of the target value calculated by using the combined
splitting operator. The analysis shows that if the difference is positive, then we can prove that under the
two criteria, the combinatorial splitting operator is
helpful to improve the practical algorithm of competitive reliability. Moreover, when the number of
jobs is large, the difference level will be improved.
In order to effectively verify and analyze the
performance of this algorithm PAR, the PAR algo-

(a)
(b)
FIGURE 3
Effect of combination splitting operator on Optimization in practical reliability algorithm

(a)

(b)
FIGURE 4
Comparisons of 4 algorithms in different calculation examples
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DISCUSSION AND CONCLUSIONS
In order to improve the safety hazard prevention and control system of building materials, this
paper builds a safety hidden danger system based on
the practical reliability algorithm. The problem of
safety hazard prevention and control of building materials in architectural design is effectively converted
and analyzed, and a request response safety hidden
danger prevention and control model is put forward.
The research results show that this method can effectively solve the problem of safety hazard prevention
and control system in architectural design, moreover,
the performance of several algorithms is compared
and analyzed by simulation experiments, so as to
demonstrate that this algorithm has better performance and is able to achieve great improvement in
the prevention and control performance of building
design safety hazards.
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RESEARCH ON THERMAL INSULATION TECHNOLOGY
OF COAL BED METHANE CORING TOOL
Xigui Wang, Deyong Zou*
School of Petroleum Engineering, China University of Petroleum (East China), Qingdao 266580, China

The resource-rich pattern of rich coal, poor oil, and
low gas determines the dominant position of coal in
China's energy consumption structure [1]. Although
the proportion of coal in primary energy
consumption will gradually decline, it will be main
energy source for a long period of time and there
will be no fundamental change in status. According
to the 13th Five-Year Plan for the development of
the coal industry [2-4], China's coal output will
reach 3.9 billion tons by 2020, and more than 90%
of fossil energy resources will still be coal. It is
predicted that coal will still account for about 50%
even by 2050 [5].
According to statistics from the National Coal
Mine Accident Investigation Report, from 2010 to
2016, the total number of coal mine accidents in
China decreased from 1403 to 249, the total number
of accident deaths decreased from 2433 to 526, and
the death rate per million tons decreased from 0.749
to 0.156. The total number of accidents caused by
gas was reduced from 145 to 20, and the number of
deaths caused by gas was reduced from 623 to 215;
the number of deaths caused by gas accounted for
25.6% -40.9% of the total number of deaths in coal
mine accidents, and the overall percentage present
an upward trend [6-8].
Coalbed methane is an unconventional natural
gas that is produced in coal seams and mainly
stored in coal seams. Its main component is CH4,
commonly known as gas in coal mines. Coalbed
methane (gas) is a disastrous gas that causes coal
mine gas explosion, coal and gas outburst, and
climate warming. At the same time, coalbed
methane (gas) is a new clean energy. Coal bed
methane (gas) content is one of the key parameters
to characterize coal reservoirs. Whether it is the
calculation of coalbed methane resources in the
exploration and development of coalbed methane
resources [9], the prediction of coalbed methane
production capacity, the evaluation of resource
development potential, the optimization of
development target areas and the layout of the well
pattern, or the evaluation of the danger degree of
coalbed methane [10-12]. Prediction of gas
emission [13], ventilation design and management
must all use CBM (gas content data. At present, the
most direct and effective way to improve the
accuracy of CBM (gas) content test is sealed
coring. The technology is mainly applied in the

ABSTRACT
Coalbed methane content is one of the
important parameters to characterize coal reservoir
characteristics. Accurately obtaining coalbed
methane content is of great significance for coalbed
methane resource exploration and development and
coal mine gas prevention. This paper addresses the
problem that it is difficult to obtain high-value coal
cores in deep coal reservoirs using conventional
coal bed methane coring tools and oil and gas well
insulation pressure-preserving coring tools.Design,
drilling engineering and other theories, methods
and means, according to the technical requirements
of deep coal seam gas coring, designed a deep ultradeep coal seam gas coring tool with pressure
maintaining, insulation function and sealing
functions. Simulation tests and closed coring
equipment and process research of coal samples of
different particle sizes are carried out under
variable pressure or temperature conditions. The
results show that the technology of closed coring of
coalbed methane content in surface wells is formed.
The problem of incomplete measurement data
caused by the inability of the conventional tool to
maintain the core temperature is solved. In the
simulation experiment, good results were obtained
for the heat preservation rate 89.28% and the
temperature change rate 2 ~ 2.5ႏK7KHLQVXODWLRn
and pressure-preserving function of the inner core
tube is realized to ensure that the temperature and
pressure of the core are not reduced during the
process of drilling and ground transportation, and
the accuracy and reliability of the core data are
improved. It overcomes the deficiency that the
existing coring tools cannot effectively maintain the
formation pressure and temperature.

KEYWORDS:
Coalbed methane, Thermal insulation technology, Coring
tool, Heat preservation rate

INTRODUCTION
In the world, China is both a major coal
producer and a major coal consumer. Coal is an
important basic energy and raw material for China.
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fields of oil and gas, shale gas, natural gas hydrate,
etc. There is no relevant research or application
practice report on the sealed coring in the coal
industry. Oil and gas reservoirs are buried deep,
with high pressure and high temperature, while the
coal reservoir is shallowly buried, the pressure and
temperature are relatively low, the oil and gas
pressure-preserving sealed coring equipment is
expensive, the technical process is complicated, and
the cost is high. Moreover, the purpose, test content
and requirements of the oil-gas pressure-preserving
sealed coring are different from coal bed methane.
Insulation and pressure-preserving sealed
coring were mainly aimed at high temperature and
high pressure oil and gas reservoir and gas hydrate
exploration sample collection to ensure that the
collected test samples can accurately reflect the
reservoir geological information. China's research
work on deep sea gas hydrate test sample collection
technology and related equipment has started
relatively late. In recent years, with the
development of high-temperature and high-pressure
oil and gas reservoirs and deep-sea gas hydrate
research work, pressure-preservation and thermal
insulation have gradually formed coring technology
and related equipment.

Fresenius Environmental Bulletin

the use of thermoelectric inner tube and
temperature sensor measurement and control
method to maintain the temperature of the core
barrel at the original formation temperature. This
method has good thermal insulation performance,
but there are problems such as complex structure,
high cost, and difficulty in cutting the insulation
tube body. Passive thermal insulation technology
adopts physical structure design such as vacuum
thermal insulation liner, thermal insulation coating
or filling thermal insulation material to reduce
thermal convection and thermal radiation. Its
thermal insulation performance is slightly worse,
but it has the advantages of simple structure and
easy engineering implementation. For coring
operations in shallow coal seam gas. Composite
insulation technology integrates the advantages of
passive insulation and active insulation, but the
complex structural design results in a smaller core
diameter.
With the rapid development of science and
technology, the smart drill pipe technology with
both transmission of power and measurement
signals has been applied in foreign projects, and it
has gradually stepped into the process of
commercialization. This technology may trigger a
revolution in underground oil tools. To this end, the
innovative selection of smart drill pipe and Peltier
integrated design will be the design direction of the
future composite thermal insulation outer cylinder.
It can solve many problems such as insufficient
power and voltage instability of conventional
batteries. After a series of optimized designs, the
temperature error can be controlled within ± 1.0°C.

MATERIALS AND METHODS
According to the geological characteristics of
coalbed methane reservoirs and the technical
requirements of coalbed methane coring, combined
with the investigation of coring tools at home and
abroad, a new type of deep ultra-deep coalbed
methane coring tool was developed. The tool is
mainly composed of heat preservation outer
cylinder, heat preservation inner cylinder,
conformal cylinder, sealed ball valve, pressure
compensation mechanism and other main
components.
This type of coalbed methane pressurepreserving coring tool is suitable for coalbed
methane vertical wells with casing specifications of
9-ƎRU-ƎRUGLUHFWLRQDOZHOOVZLWKDZHOO
angle of less than 30°. the way. The tool has a total
length of 6m, a maximum outer diameter of 194
mm, a matching core drill outer diameter of 215.9
mm, a core diameter of 75 mm, a single core
sample length of 4.5m, and a pressure holding
capacity of 30 MPa.

Insulation tube structure and working
principle. Insulation tube is filled with silica
aerogel of heat insulation composite material. The
thermal conductivity of silica aerogel can be as low
as 0.013- :  P.  ZKLFK LV ORZHU WKDQ WKH
WKHUPDOFRQGXFWLYLW\RIVWDWLFDLU : P. 
which is lower than that of the corresponding
inorganic insulating materials. Low 2-3 orders of
magnitude, with good thermal insulation effect.
Functional test. One end of the heat
preservation tube is sealed with a silk plug, the
other end is put in ice cubes, and then sealed with a
silk plug. There are 3 measuring points (both ends
of the plugs and the middle of the insulation tube)
on the insulation and pressure-holding cylinder.
The temperature is measured with a thermometer,
which is measured every 20 min and the data is
recorded. The test data are shown in Figure 1 and 2.
As can be seen from Figure 1 and 2, the outside
temperature of the insulation tube is basically the
same as the ambient temperature, but the outside
temperature of the non-insulation tube is
significantly lower than the ambient temperature,
indicating that the insulation tube has a significant

RESULTS AND DISCUSSION
Compound thermal insulation outer
cylinder. Insulation technology mainly includes
three kinds of insulation measures: passive
insulation, active insulation and composite
insulation. Active thermal insulation technology is

10708

© by PSP

Volume 29 – No. 12/2020 pages 10707-10711

insulation effect. In the simulation experiment,
good results were obtained for the heat preservation
UDWHDQGWKHWHPSHUDWXUHFKDQJHUDWHaႏ
h.
The medium and long barrel coring has many
single barrels, the pure drilling time is long, and the
flexible and durable bearing plays an extremely
important role in the normal operation of the coring
tool. The coring tool adopts open lubricating
suspension bearing, and the inner cylinder is hung
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on the outer cylinder safety joint through the
suspension bearing to realize the connection
between the inner cylinder and the outer cylinder.
The bearing adopts an open structure, and the mud
medium can flow through the bearing cavity to
clean the bearing and lubricate the balls, ensuring
the flexibility of the bearing, and realizing the
double-cylinder single-acting function that the outer
cylinder rotates and the inner cylinder is relatively
stationary during the coring process.

FIGURE 1
Contour Plot of Insulation rate (%) vs D, C

FIGURE 2
Contour Plot of Insulation rate (%) vs D, B
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Coring tools also have the function of
adjusting the length of the inner cylinder assembly
and preventing axial movement of the inner
cylinder. The realization of this function benefits
from the use of the mandrel. The inner cylinder is
connected to the mandrel through the inner cylinder
length adjustment joint. When the inner cylinder
length is not suitable, the inner cylinder length
adjustment joint is fixed, and the mandrel is rotated
to change the length of the suspension system,
thereby adjusting the total length of the inner
cylinder to adjust the drill bit clearance. When the
bearing fails, the rotation of the outer cylinder
transmits torque to the mandrel, which may cause
axial displacement between the inner cylinder and
the mandrel, resulting in a change in the length of
the inner cylinder. In order to effectively restrict the
axial movement of the inner cylinder, a semi-closed
groove is opened in the axial direction on the
mandrel and the inner cylinder length adjustment
joint. After adjusting the position of the inner
cylinder on the mandrel, insert the stop ring in the
half-closed groove, apply a positive buckling torque
to the tightening cap and the inner tube length
adjustment joint to press the stop ring to effectively
restrain the axis of the inner tube To prevent the
inner cylinder from reversing, and also prevent the
stop ring from escaping from the groove and falling
into the ring gap.
The coring tool adopts three sets of upper,
middle and lower centering stubs, which can
effectively solve the problem of bending of the
outer cylinder after the application of drilling
weight and ensure the stability of the coring tool
underground. The high-quality aluminum alloy
inner cylinder matched with various types of coring
tools has a small coefficient of friction on the inner
wall, which is very conducive to entering the core
of the core. It is especially suitable for small
borehole coring, which can reduce the probability
of the core plugging in the inner barrel. The
aluminum alloy inner cylinder also has the
advantages of high tensile strength, corrosion
resistance, easy cutting and storage, and can fully
meet the technical requirements of coring in hard
and hard strata of the carboniferous system.
The insulation and pressure-preserving
function of the inner core tube is realized to ensure
that the temperature and pressure of the core are not
reduced during the process of drilling and ground
transportation, and the accuracy and reliability of
the core data are improved. It overcomes the
deficiency that the existing coring tools cannot
effectively maintain the formation pressure and
temperature.
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CONCLUSIONS
This paper addresses the problem that it is
difficult to obtain high-value coal cores in deep coal
reservoirs using conventional coal bed methane
coring tools and oil and gas well insulation
pressure-preserving coring tools. Design, drilling
engineering and other theories, methods and means,
according to the technical requirements of deep
coal seam gas coring, designed a deep ultra-deep
coal seam gas coring tool with pressure maintaining
and sealing functions. Simulation tests and closed
coring equipment and process research of coal
samples of different particle sizes are carried out
under variable pressure or temperature conditions.
The results show that the technology of closed
coring of coalbed methane content in surface wells
is formed. The problem of incomplete measurement
data caused by the inability of the conventional tool
to maintain the core temperature is solved. In the
simulation experiment, good results were obtained
for the heat preservation rate 89.28% and the
temperature change rate 2 ~ 2.5ႏ  K 7KH
insulation and pressure-preserving function of the
inner core tube is realized to ensure that the
temperature and pressure of the core are not
reduced during the process of drilling and ground
transportation, and the accuracy and reliability of
the core data are improved. It overcomes the
deficiency that the existing coring tools cannot
effectively maintain the formation pressure and
temperature.
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consumption and tourism carbon footprint. The reduction of external travel distance, the increase of
the average length of stay in tourism, and the increase in the frequency of tourism activities are all
conducive to reducing tourism carbon emissions,
thereby enhancing the conclusion of ecological efficiency. On the premise of building a tourism carbon
footprint model, this paper takes Jiangsu Province as
the research object, based on the "bottom-up" research method, analyzes the formation process and
mechanism of tourism carbon footprint, and proposes targeted tourism energy conservation and
emission reduction recommendations.

ABSTRACT
The sustainable development of tourism is affected by the greenhouse gas emissions of the industry. To this end, academia has increased its attention
to the development of low-carbon tourism. Based on
this, a tourism carbon footprint model was constructed to conduct a field survey of the tourism carbon footprint in Jiangsu Province to find out the influencing factors of poor marketing effectiveness,
and to conduct comparative analysis with areas with
better marketing promotion of smart rural tourism at
home and abroad to find out smart rural tourism The
shortcomings in marketing are expected to provide
useful reference and guidance on how to further optimize the low-carbon tourism model in Jiangsu
Province.

MATERIALS AND METHODS
Carbon Footprint Model of Tourism Process. In the course of tourism, tourists will combine
the greenhouse gas emissions such as CO2 and other
greenhouse gases directly or indirectly generated by
the tourism activities with the carbon footprint emissions. Based on the "life cycle theory" as the theoretical basis (Fig.1), this paper uses the "bottom-up"
method to establish a carbon footprint data analysis
model to decompose the carbon footprint generated
by the tourism process: tourism transportation carbon footprint, tourism accommodation carbon footprint and tourism activity carbon footprint.

KEYWORDS:
Low-carbon tourism, Carbon footprint model, Jiangsu
Province

INTRODUCTION
In June 2014, the University of Cambridge Institute for Sustainable Development Leadership and
the European Climate Foundation issued a notice
saying that by 2025, the greenhouse gas emissions of
the tourism industry will account for the proportion
of all industry carbon emissions will increase rapidly
[1-4]. Becken, Patterson [5] used the "bottom-up"
and "top-down" methods to estimate the greenhouse
gas carbon emissions of New Zealand's tourism industry, and the results are similar. "Top-down" --the method of equal sharing - refers to the use of the
average number of energy produced and consumed
by countries in the entire system as the denominator
to measure tourism energy consumption. The "bottom-up"—based on life cycle assessment theory—
decomposes the entire tourism industry into different
subsystems and accounts for the energy consumption of each subsystem separately [6-8]. Yao Zhiguo
[9] calculates the ecological efficiency of Jiangsu
Province from the perspectives of tourism energy

Tourism Transport Carbon Footprint
Model. Tourism transportation is one of the important components of tourism, with the largest proportion of carbon emissions. The key to energy saving and emission reduction of tourism lies in lowcarbon transportation. Combined with relevant research, construct a carbon footprint model of tourism
transportation:

Ct

¦( Ni  Li  Di  E i  Hi )i

(1)
Among them, Ct is the carbon footprint of tourism transportation (kg); Ni is the total number of
tourists; Li is the usage rate of type ხ transportation
mode (%); Di is the travel distance of type ხ transSRUWDWLRQPRGH NP ȕLLVWKHFDUERQIRRWSULQWHPLV
sions of type ხ WUDQVSRUWDWLRQPRGHİLLVWKH
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FIGURE 1
Life cycle theory
equivalence factor for reducing the error in type ხ
transportation mode. Combining with the field situation of Jiangsu scenic spots and related research results, the value data of emission factors such as aircraft and other air transportation modes are set to
1.07, and other non-aeronautical modes are 1.05.

refers to the average frequency of tourists participating in an i-type tourism activity; Pi refers to the proportion of tourists participating in the i-th type of
tourism activity.
Comprehensive model of tourism carbon
footprint. The comprehensive model of tourism carbon footprint is interpreted as:

Tourism Accommodation Carbon Footprint
Model. Tourism carbon consumption of various accommodation modes, the construction of tourism accommodation carbon footprint model is as follows:

Ch

C Ct  Ch  Ca

(4)
Among them, C is the total carbon footprint of
tourism; Ct is the carbon footprint of tourism and
transportation; Ch is the carbon footprint of tourism
accommodation; Ca is the carbon footprint of tourism activities, all in kilograms.

¦( Hi  Ni  Ki  Pi )

(2)
Among them, Ch is the carbon footprint of tourism accommodation i (kg); Hi is the carbon emissions per capita per night under the i-th type of tourism accommodation (kg/person·night); Ni is the total number of tourists; Ki is the average tourist Overnight stay (day); Pi is the utilization rate of category
i tourism accommodation facilities = number of tourists in a certain accommodation method / total number of tourists (%).

RESULTS AND DISCUSSION
An Empirical Analysis of Tourism Carbon
Footprint in Jiangsu Province. Case introduction.
Jiangsu Province-the birthplace of Wu Yun Han
Feng and Huaiyang Culture-is located in the Yangtze
River Delta on the southeast coast and is one of the
birthplaces of ancient Chinese civilization (Fig.2).
Xiacaowan newcomer culture 7000 years ago,
Qingliangang culture 6,000 years ago, and Liangzhu
culture 5,000 years ago, gave birth to the typical
"landscape of Jiangnan, the land of fish and rice" culture in Jiangsu Province. Jiangsu Province relies on
a unique private economy to drive the real economy,
and a distinctive "Jiangsu economy" system was
born. The special "Jiangsu economy" has caused an

Carbon Footprint Model of Tourism Activities. The carbon emissions from tourism activities
are also different. This paper defines the carbon footprint model of tourism activities as:

Ca ¦˄Ai  Ni  Fi  Pi )

(3)
Among them, Ca refers to the carbon footprint
of tourism i activities (kg); Ai refers to the carbon
emissions of a tourist participating in a tourism activity in category i tourism activities (kg/person·frequency); Ni refers to the total number of tourists; Fi
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increase in energy consumption, especially in the tertiary industry. The CO2 emissions of the primary industry—transportation industry grew rapidly, and
the proportion of the tertiary industry—wholesale
and retail industry, accommodation and catering industry grew slowly. Jiangsu Province-As one of the
major tourism provinces in China, the total number
of tourists received in 2010-2016 ranked first, the total tourism revenue ranks first in the country, and its
overall level ranks first in the country. This article is
based on market research on the types of tourism activities and tourism consumption that domestic tourists in Jiangsu Province participated in during travel
time and travel season in October 2017. In total,
1664 questionnaires were distributed and 1,658 were
recovered. Among them, 1568 questionnaires were
valid and the effective recovery rate was 94.23%.
The relevant data for international tourists comes
from the official statistics of Jiangsu Tourism Commission.
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and 18.29×106 kg, respectively. It is 27.05% and
9.74%. The natural scenery of Jiangsu Province is
pleasant and the history of humanities and history.
There are many participants in such activities, and
the carbon emissions are small. This aspect shows
that the distribution of the carbon footprint of tourism and entertainment activities in Jiangsu Province
has local characteristics. Natural scenery tourism activities have greater comprehensive environmental
benefits. Relevant government tourism departments
should encourage public low-carbon tourism travel
activities.
(4) Distribution characteristics of tourism
carbon footprint. The total tourism carbon footprint
of Jiangsu Province in 2017 was 21453.98×106 kg.
Among them, the total carbon footprint of tourism
transportation carbon footprint is 18792.34×106 kg;
the total carbon footprint of tourism accommodation
is 2630.64×106 kg; and the total carbon footprint of
tourism activities is 189.6×106 kg. The data reflects
that the total carbon footprint of the tourism and
transportation sector ranks first among the three, and
the average is also the largest, which is much higher
than the carbon footprint of tourism accommodation
and tourism activities (as shown in Table 1).

Research results and analysis. (1) Tourism
transportation carbon footprint. The carbon footprint of tourism and transportation is divided into --overseas and domestic carbon footprint of tourism
and transportation. In 2017, the total carbon footprint
of tourism in Jiangsu Province was 18791.34×106
kg, with 577.86 kg per capita. Tourists in Jiangsu
Province mainly choose airplanes as the first choice
for external travel. The carbon footprint of airplane
travel is 15222.33×106 kg, with a proportion of
93.22%. Taxi ranks first in the carbon footprint of
internal transportation, with a carbon footprint of
79.09×106 kg, followed by urban buses, self-driving
cars, and a carbon footprint of 11.02×106 kg for
walking or cycling. The carbon footprint of tourism
transportation is mainly affected by external transportation — air transportation.

CONCLUSION
Based on the carbon emissions in the tourism
process, this paper builds a carbon footprint model
of tourism carbon emissions, quantitatively calculates the carbon footprint emissions of various tourism departments in Jiangsu Province in 2017, and
obtains the following conclusions. First, there are
differences in carbon footprint among various tourism sectors. In 2017, Jiangsu's tourism transportation
carbon footprint accounted for the highest proportion, reaching 87.72%. Correct choice of travel mode
can effectively reduce carbon emissions from tourism activities. Second, tourism accommodation and
tourism activities have a greater impact on the carbon emissions of greenhouse gases, and the carbon
footprint is also seriously affected. The difference
between the carbon footprint of tourism accommodation and tourism activities in Jiangsu Province in
2017 is huge. The total and average carbon footprint
of tourism activities are much smaller than the carbon footprint of tourism transportation and the carbon footprint of tourism accommodation. In this
study, the construction of a model for tourism carbon
footprint refers to the research conclusions of foreign
scholars, but the variable constants of tourism carbon footprint in different regional cultures are different, so the data analysis needs further research. Second, there is no analysis of the regional differences
in tourism carbon footprint. Tourism regionality is

(2) Carbon footprint of tourism accommodation. Tourist accommodation consumes a certain
amount of natural resources and produces greenhouse gases. The survey found that the total carbon
footprint of tourism accommodation in Jiangsu
Province in 2017 was 2,630.64×106 kg. According
to the results, star hotels topped the list, with a total
of 2003.26×106 kg, a proportion of 84.81%, and the
campsite carbon emissions ranked last, only 1.364
kg/person·night.
(3) Carbon footprint of tourism activities.
Jiangsu Province occupies a unique geographical advantage, and tourism activities are mostly natural
and cultural landscapes. The total tourism carbon
footprint of Jiangsu Province in 2017 was 189.6×106
kg. Among the differences in carbon footprint of different types of tourism activities, although golfers,
hot springs and leisure vacations do not have a high
level of participation, the carbon emissions generated by the two are relatively large, at 50.80×106 kg
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(a)

(b)

(c)
FIGURE 2
Ecotourism landscape
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TABLE 1
Overall structural characteristics of tourism carbon footprint of Jiangsu Province in 2017
Item
Number of carbon footprints (106 kg)
Proportion (%)
Single item average (kg/person)
Total carbon footprint (106 kg)
Annual overall per capita (kg/person)

Tourist
traffic
18792.34
87.72
578.92
21453.98
648.34

also an important indicator that affects carbon emissions. Further research needs to be added to regional
research.
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law, besides, other such as light factors and PM2.5
concentration of the relationship needs to be further
studied [3]. Therefore, PM2.5 concentration prediction is a typical modeling problem with high data dimension and nonlinear characteristics. At present, a
variety of PM2.5 concentration prediction models
including linear regression and time series models
have been developed. The traditional data-driven
modeling method based on shallow learning has yet
to improve the prediction accuracy and cannot diagnose the factors influencing PM2.5 concentration [4].
For the deep-dimensional confidence network modeling problem of high-dimensional data with nonlinear characteristics, the redundancy of information
volume often brings unnecessary load to the network,
so it is necessary to characterize the sample data in
advance. The purpose of the profiling of process variables is to find linear and nonlinear relationship representations between the data and then to characterize the original high-dimensional data using the extracted low-dimensional feature data [5, 6].
Therefore, in view of the characteristics of process variable data, such as high dimensionality, complex non-linear characteristics, and difficult to use
the hidden information between data, a prediction algorithm of atmospheric PM 2.5 concentration based
on time series and interactive multiple models is proposed in [7]. PM2.5 concentrations are collected at
different air quality levels by using a monitor. The
time series model is based on historical PM 2.5 concentration data, which is given by the autoregression
model (AR). Subsequently, the machine learning
method was widely used, and the [8] presented a predictive model of space-time Convolutional Network
long-short-term memory (CNN-LSTM) to predict
the daily average PM2.5 concentration for the next
day, with the target monitoring station as the center,
taking into account historical air quality and meteorological data. The experimental results show that the
method has better stability and predictive performance. In recent years, neural networks have been
developed and used by more and more researchers
because of their good data fitting [9]. The [10] presents a PM2.5 predictive model based on Deep Neural Network (DNN), which uses remote sensing Aerosol Optical Depth (AOD) data from the Himawari8 satellite to capture space-time changes in groundbased PM2.5. The regular meteorological observation variable PM25-DNN model was trained and

ABSTRACT
In view of the low accuracy of the existing
PM2.5 prediction model, a PM2.5 concentration prediction model based on improved deep belief networks (DBN) and supervised local tangent space arrangement algorithm (SLTSA) is proposed. Firstly,
the original PM2.5 concentration sequence was decomposed by the complementary set empirical mode
decomposition method. Then, SLTSA is used to map
the high-dimensional data to the low-dimensional
feature space and extract the concentration feature.
Finally, the reduced dimension features are input
into the improved DBN model, and the PM2.5 concentration prediction is obtained through deep learning training. Based on the sampling data of Zhoukou
monitoring point, the simulation experiment of
PM2.5 concentration prediction model is carried out.
The results show that the changing trend of PM2.5
concentration prediction of the proposed model is
consistent with the actual value in the prediction period, and compared with other models, the average
relative error of the proposed model is the smallest
and the convergence speed is the fastest, and the prediction effect of PM2.5 concentration is the best.

KEYWORDS:
PM2.5 concentration prediction, improved DBN, SLTSA,
complementary ensemble empirical mode decomposition,
average relative error

INTRODUCTION
With the development of modern industry, air
pollution has become an urgent environmental problem. In some heavy industrial areas, in particular, atmospheric pollution is relatively serious, with the
common PM2.5 concentration being an important
measure of air pollution [1]. PM2.5 may be a particle
discharged directly from a source of pollution, or a
secondary particle produced by gaseous pollutants
emitted by each source of pollution as a result of condensation or complex chemical reactions in the atmosphere [2]. In particular, among the many known
physical and chemical factors, unlike humidity, wind
speed, rainfall, etc., O3 is a dispersal factor, and the
concentration of PM2.5 is exponentially attenuation
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tested using data from a region in 2017, and the results showed that the predictive performance improved to somewhat is currently the latest method in
the field. In reference [11], a long short term memory
fully Connected (LSTM-FC) neural network datadriven model is used to predict PM2.5 pollution and
meteorological data of a specific air quality monitoring station within 48 hours by using historical air
quality. The prediction model includes two parts: using time simulator based on long-term short-term
memory (LSTM) and space combination module
based on the neural network. The simulator is mainly
used for local variation of PM2.5 pollution. The spatial combination based on neural network is responsible for capturing and analyzing the correlation between PM2.5 pollution of space center station and
adjacent stations. The [12] presents an Ensemble
Long Short-Term Memory Neural Network (ELSTM) for hourly PM2.5 concentration prediction.
The model first uses the Ensemble Empirical Mode
Decomposition (EEMD) for multimodal feature extraction, then uses the LSTM method for multimodal feature learning, and finally the EEMD inversion calculation is used for multi-mode feature estimation integral, and the experimental results show
that better predictive performance is obtained using
a single LSTM and forward feed neural network.
Compared with empirical models, random models
such as artificial neural networks can obtain good
short-term forecasts as long as sufficient observation
data are obtained, especially for indicators with large
variations or more complex factors in short-term
prediction.
However, the existing prediction methods still
have various limitations in predicting PM2.5 concentrations with complex and less regular characteristics. For example, it is difficult to accurately simulate the complex nonlinear relationship between
complex influencing factors and PM2.5 concentration, and Gaussian smoke and rain diffusion model
and BP neural network rely on massive training data
due to their large parameters, and the relevant variable data obtained from air quality monitoring points
is difficult to obtain or match in time. The [13] used
three-dimensional green volume (3DGV) of crown
and stem of all vegetation including vegetation, trees
and shrubs to evaluate the relationship between the
number of green belt vegetation and PM2.5 concentration on four main roads in a city. The unmanned
aerial vehicle (UAV) is used to collect high spatial
resolution images for atmospheric feature extraction
and analysis. However, there are differences between the spatial location of meteorological monitoring points and air quality monitoring points, and
in order to match the air quality monitoring point
data, the widely used spatial interpolation method
will inevitably bring errors.
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The above method applies to the data to meet
Gaussian distribution and wired sex, and the effect is
very good, but PM2.5 concentration data has multiple variables and variable distribution is uncertain,
so it is very difficult to obtain high-precision PM2.5
concentration prediction value from site historical
monitoring data. To this end, a PM2.5 concentration
prediction model with improved DBN combined
with SLTSA is proposed to solve the non-linear feature extraction of high-dimensional data and the
mining of implied information, and to improve the
accuracy of the prediction model. Compared with the
existing PM2.5 concentration prediction model, the
innovation of this model is as follows:
1) Due to the large amount of PM2.5 concentration data, long sampling time and large data fluctuation, the original PM2.5 concentration series is
decomposed by complementary set experience mode
decomposition method to achieve the processing of
non-stable data.
2) In order to improve the processing speed of
this model, the high-dimensional data is mapped
nonlinearly to the low-dimensional feature space by
SLTSA to complete the extraction of concentration
features.
3) Aiming at the problem of low prediction accuracy of the existing model, this paper enters the
characteristics of the de-dimensional reduction into
the improved DBN, and outputs the concentration
prediction value of PM2.5 through deep learning to
further reduce the prediction error.

MATERIALS AND METHODS
Zhoukou
City,
Henan
Province
is
1ƍƎQRUWKODWLWXGH(ƍƎHDVW
longitude, with an altitude of 61 meters and a total
area of 11959 square kilometers. Zhoukou City is
high in northwest and low in the southeast, slowly
tilting from northwest to southeast. In recent years,
air pollution in Zhoukou City is more serious.
Data source and index selection. The air quality data used in this article are the China National
Environmental Monitoring Center (http://www.
cnemc.cn/sssj/) and the air quality data types include
PM2.5 mass concentration, PM10 mass concentration, SO2 quality concentration, NO2 mass concentration, CO quality concentration and air quality index (AQI). Among them, air quality monitoring data
were extracted from four national control monitoring
stations in Zhoukou City.
Historical monitoring data for a total of 153
days from August 20 to January 20, 2019 were obtained for predictive modeling by averaging the
monitoring values obtained from 4 sites. By analyzing the raw data by hour, the relevant indicators for
predictive modeling are obtained.
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Cross correlation analysis. Because the interaction between air pollutants may take a period,
cross correlation function (CCF) is used to measure
the correlation between PM2.5 concentration and
other air pollutant mass concentration time series.
The method takes into account the effect of one pollutant on another at the delay point in time, which
CCF can be expressed as:
G ª a t  Ga b t  W  Gb º¼
CCF W = ¬
(1)
S a Sb
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hicle travel and the intensity of social production activities during working days and non-working days,
and by the increase in pollutant concentrations, air
pollution is further characterized by different highs
and lows on different dates during the same week [16,
17]. The distribution of PM2.5 in different weeks
and months was obtained through the change of air
pollutant concentration in the use period of statistical
study. Therefore, to take the above features into account in the prediction model, the week attribute of
historical monitoring data is also used to build feature data set.

In the formula, W represents the time delay order of two-time series (i.e. days), a t and b t are

Multidimensional air pollution index characteristic dataset. In order to effectively predict the
daily average PM2.5 concentration in the next day,
the historical monitoring sequence of 7 air pollutant
quality concentration indexes is extracted to build
the feature data set. At the same time, based on the
results of the correlation analysis, the historical monitoring time series of 7 indicators 1-day delay and 7day sequence or 10-day sequence as one of the input
characteristics. In addition, dummy variables are
generated based on month and day of week attributes,
and characteristic data sets of 38 variables are generated with historical monitoring indicators of air
pollutant concentration (Table 1).
To verify the generalization capabilities of the
predictive model, a total of 1692 days of data from
May 13, 2015 to December 30, 2019 were selected
for training the forecasting model, using a total of
272 days of monitoring data from January 1 to September 30, 2019 as a test set.

the pollutant concentration values of two-time series
at time t, G  represents the average, and S a and Sb
are the variance of the two-time series.
By intercorrelating the time series of PM2.5
concentration (fPM2.5) concentration son of the next
day with multiple atmospheric pollutant concentration sequences delayed by 1 to 30 days, fPM2.5 and
PM2.5, PM10, SO2, NO2, CO, AQI indicator sequences have a strong interaction with the O3 concentration indicators with a delay of 7 days. Therefore, the data with an O3 concentration delay of 7
days is selected as the input feature, and the data of
the other 6 indicators with a representative delay of
1 day and 10 days is selected as the input feature.
Factor analysis of date type. The study shows
that the concentration of winter PM2.5 quality in
Zhoukou City is significantly higher than in other
seasons, which is closely related to the effect of winter coal burning in Zhoukou City and surrounding
areas. Because the climate of Zhoukou city is a warm
temperate semi-humid monsoon climate, the meteorological conditions vary greatly between different
months, which has a significant impact on the formation, diffusion, transmission and settlement of air
pollution [15]. Therefore, the full use of the monthly
attribute of monitoring data as an input feature is
conducive to further taking into account some climate and human activity influence factors in the prediction model.
Besides, air pollutant quality concentrations in
many cities show significant weekend effects. For
example, the average level of PM2.5 on weekends in
Zhoukou city will be higher than during the working
day. Due to the significant differences in motor ve-

PM2.5 CONCENTRATION PREDICTION
MODEL
The proposed PM2.5 concentration prediction
process is shown in Fig 1. The air quality data such
as relevant pollutants and meteorological factors are
selected, and the PM2.5 concentration series and
other data are decomposed by using the complementary empirical mode decomposition (CEEMD), and
the dimension reduction of the decomposed data is
realized based on the local tangent space arrangement (LTSA) algorithm [18]. The data input after the
dimension is improved in the DBN to make the prediction and output the prediction of PM2.5 concentration.

TABLE 1
Characteristic data set variables
PM2.5
PM2.5_D1
PM2.5_D10
O3_D7
W6
M5
M11

PM10
PM10_D1
PM10_D10
W1
W7
M6
M12

SO2
SO2_D1
SO2_D10
W2
M1
M7
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NO2
N02_D1
N02_D10
W3
M2
M8

CO
CO_D1
CO_D10
W4
M3
M9

AQI
AQI_D1
AQI_D10
W5
M4
M10
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K

Start

X

¦ IMF

j

R

(4)

j 1

Relevant
pollutant
index

Meteorological
factors

Historical
data

Where K is the total number of all modal components and R is the residual signal.

Data preprocessing

Training data

Dimensionality reduction of high dimensional data. In the concentration prediction of
PM2.5, the dataset is derived from multiple air quality data types, and the category labels are known. As
an unsupervised learning method, the LTSA algorithm is aimed at a single data set and ignores the
priori information of data categories. In order to enhance its processing ability of multi-type data, the
supervised LTSA algorithm (SLTSA) is proposed to
make full use of data category information and improve the model prediction ability.
SLTSA takes full account of the data point's
category label information, defines a modified distance measurement to determine the selection of the
adjacent point, the remaining steps are the same as
the LTSA. Assuming that Li and L j are category

Test data

CEEMD decomposition of PM2.5
concentration sequence
Dimensionality reduction of
high dimensional data
Improved depth confidence
network
Output PM2.5
prediction results

FIGURE 1
The flow chart of PM2.5 concentration
prediction

labels for data points xi and x j respectively, the
correct distance for the category information is defined as:
1  exp ª  S xi , x j / S º , Li L j
°
¬
¼
S c xi , x j
®
ª
º
°¯exp ¬  S xi , x j / S ¼  G , Li z L j
(5)
In the formula, Li L j indicates that xi and

PM2.5 concentration sequence decomposition. EMD is an adaptive signal decomposition
method for the decomposition of non-stable signals
into the intrinsic mode function (IMF) and residual
components, which are used for signal decomposition, and there is modal overlap. The EEMD adds
Gaussian white noise to the original time series,
which solves the problem of modal overlap, but this
can cause noise residue. As a result, CEEMD adds a
pair of complementary Gaussian white noise to the
original time series, then uses EMD to decompose
the noise time series to the IMF and average it to the
final IMF. The main steps of the CEEMD approach
are as follows:

x j belong to the same class, S xi , x j is the Euclid-

ean distance of xi and x j without considering category information, S is the average Euclidean distance between all data points, and G is the monitoring parameter used to control the size of the amount
of category information.
The function curve relationship between
S c xi , x j and S xi , x j / S is shown in Figure 2.

Step 1. 2m sets of data can be obtained by adding m groups of positive and negative pairs of
Gaussian white noise to the original data:
ª M1 º ª1 1º ª X º
(2)
« M » «1 1» « E »
¼¬ ¼
¬ 2¼ ¬

As can be seen from the figure, when the same
Euclidean distance is taken, the corresponding interclass distance is greater than the distance between
classes, which is suitable for classification. When
G 0 , the distance of the data points of different categories satisfies S c xi , x j t 1 , and the distance of

In equation 2, X and E are the original time
series, noise series, and M1 , M 2 is the time series
after adding noise.

the data points of the same category meets
S c xi , x j <1 . Thus, the distance between classes is

Step 2. After EMD decomposition of 2m subsequence, all IMF of each subsequence is obtained,
and IMFij is recorded as the j IMF of the i-th se-

always greater than the distance between classes, and
this nature is also conducive to classification [19].
When G 0 , SLTSA belongs to the fully supervised
LTSA, which can lead to "overlearning" problems,
making the generalization of new data points worse.
Therefore, the use of 0  G d 1 to relax, so that in a
certain probability the interclass distance can be
greater than the distance between classes.

quence, and its average value is calculated to obtain
the final IMFj , namely:

IMFj

1 2m
¦ IMFij
2m i 1

(3)

Step 3. The original signal sequence is decomposed into:
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FIGURE 2
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The function curve of
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FIGURE 3
An input training neural network structure with
three layers

Improved Deep Belief Networks. Deep learning is a network model based on the probability expression proposed by Hinton et al in 2006. The technology of deep learning can be divided into two parts:
the first part is the use of unsupervised learning to
pre-train each layer, and the second part is the topdown fine-tuning weights of the entire network. Due
to the unsupervised way, all unlabeled data are used,
so the process variables contain implicit information
that can not be expressed by supervised learning [20].
In the prediction model based on the DBN, the network input is a nonlinear primary score matrix after
the previous level of dimension reduction, and the
output is the prediction result. Its network structure
uses a three-tier input training network, as shown in
Figure 3.
Top-down is the multi-layer restrictive Boltzmann machine, which implies the output of each
layer in the layer as input to the next layer. During
this training phase, a vector v is generated in the
visual layer, through which the value is passed to the
hidden layer [21]. In turn, the input of the visual layer
refactors the original input signal. Define the joint
probability distribution:
exp  E v , h
P vh
¦ exp  E v, h

P hv

e
ij

fi v j

e e

¦ exp

i

e j hj

hj v p hj

1v

j

1
(7)
§
·
1  exp ¨ ¦ Wij vi  ei ¸
© i
¹
This establishes a probability representation
between the visual layer and the implied layer. Similarly, the probability between the implied layers can
be expressed as:
(8)
P v , h1 , h2 , h3
P v h1 P h1 h2 P h2 h3
Gradient attenuation is used for RBM's learning algorithm. The visual layer expresses the characteristics of the input data, so the objective function
of the learning algorithm is to maximize the probability of the visual layer. So, there is the greatest
probability that the following is indicated:
w log e ¦ P v , h
w log e P v
h
wT

wT

¦e

 energy v , h

h

¦

h

w energy v , h

wT
energy v , h



(9)

wenergy v , h
wT
energy v , h

 energy v , h

¦¦ e
¦¦
h

v

h, v

Wij vi h j

p

(6)

v

j

h

For standardized Gaussian RBMs, there are:
1 T
(10)
energy v , h
v v  eT v  f T h  hT Wv
2
Then:
w energy v , h
wP v
P hv

¦
wT
wT
h
(11)
w energy v , h
P v, h
¦¦
wT
v
h
In the expression above, the previous part can
be defined as the incentive part, expressed as the expected expression of the v node, and the latter part is

 E v, h

h, v

In the formula, vi represents the output of the i
node of the visual layer, and h j represents the output of the j node of the implied layer. Parameter
T ^W , e, f ` , W F is a bias variable that represents
the visual layer and the implied layer, respectively,
with the weight parameters e and f , respectively.
Given the visual layer, the probability of the implied
layer is:
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represented as the inhibition part, representing the
expected representation under the joint probability.
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As can be seen from the table above, the PM2.5
forecast residuals show a significant negative correlation with the measured value, with a correlation coefficient of -0.69, passing the 95% confidence test.

RESULTS
The model's predictive error changes over
time. The change curve of PM2.5 measured values,
forecast values, and forecast errors from October 20
to 30, 2019 is shown in Figure 4.
As can be seen from the figure above, the prediction curve of the proposed model is flatter and the
variance is smaller compared to the measured curve
of the PM2.5 concentration value. The changing
trend of the model's prediction of PM2.5 concentration is consistent with the live value during the forecast ingestion period, but it is difficult to predict accurately the mutation (sudden rise or fall) of PM2.5
concentration. The main reason is that the mutation
of PM2.5 concentration may be caused by the
change of pollution sources. It is difficult for the
model to find significant laws from the existing data,
so it is impossible to predict the mutation. In addition,
the prediction error of the depth confidence network
itself will also cause the prediction accuracy of the
proposed model for the mutation of PM2.5 concentration to decline. Therefore, the overall prediction
error is ±30ȝJP3, and the error is small.

Evaluation indicators. To measure the performance of the proposed prediction model, the accuracy of the prediction is represented by the average
relative error of the detected output MRE (Mean relative error) during the prediction phase.
m § Y
·
o , j  Yt , j
¨
¸
¦
¸
Yt , j
j 1¨
©
¹
(12)
MRE =
m
In the formula, m is the number of samples of
the detection data, Yo , j represents the output value of
the detection data, and Yt , j represents the true value
of the detected data. The average relative error reflects the average level of deviation from the true
value in prediction.
In order to further analyze the forecast error
source of the proposed model, the residuals of the
forecast value and the real value are analyzed, and
the residual is calculated as follows:
(13)
e Y fore  Y0
Y fore represents the forecast value of the model.

Comparison with other advanced methods.
Scatter distribution of different models. The scatter distribution of the predicted value and measured
value obtained by the model in this paper and the
models in [8] and [10] is shown in Figure 5.

Prediction results. Correlation analysis. The
correlation analysis between the calculated forecast
residual and the actual PM2.5 concentration and meteorological factors are shown in Table 2.

PM2.5
PM10

TABLE 2
The model error and the correlation coefficient of related elements
correlation coefficient
correlation coefficient
correlation coefficient
-0.69
SO2
-0.13
CO
-0.40
-0.34
O3
-0.02
NO2
-0.23
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FIGURE 4
The change of model prediction value, measured value and prediction error with time
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FIGURE 5
Scatter distribution of model predicted value and measured value

As can be seen from the figure above, compared with the model in [8], the scatter distribution
of the model in [10] and the proposed model is concentrated to the diagonal, which shows that the two
models have better correction effect than the model
in [8].

Changes in errors over time for different
models. The change of RMS error of different models with time is shown in Figure 7. The RMS error
of the proposed model at any time is smaller than that
of the models in [8] and [10], which further shows
that the proposed model has better improvement and
improvement on PM2.5 prediction performance.
As can be seen from Figure 7, at any one time,
the average square root error of the proposed model
is smaller than that of the [8] and [10]. Because of
the temporal continuity of PM2.5 concentration, the
first 5h error of the proposed model prediction is significantly lower than at other times, and its coding
end enters historical observation data into the model,
so the shorter the prediction time, the higher the prediction accuracy. The historical observation data of
PM2.5 concentration is not included in the model in
[8], which results in the poor prediction effect of the
model in the near time. The model in [10] combines
the meteorological observation data, so the prediction accuracy is high, and the fluctuation is not big,
and the prediction error after 5 hours is similar to the
model proposed.

Average relative error of different models.
The average relative error between the model in this
paper and the models in [8] and [10] is calculated,
and the results are shown in Figure 6.
As can be seen from the figure above, the prediction accuracy of the improved DBN model is not
reduced by reducing the input dimensions, and the
average relative error of this model is the smallest
compared with other models. There is only one implicit layer in the model in [8], which belongs to the
shallow learning, the training network is insufficient
in depth and the error is large. The model in [10] is
suitable for dealing with the prediction problem of
linear model, and the modeling precision of nonlinear relationship is not good. In addition, DBN has
significant advantages when it comes to processing
massive data modeling.
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Variation of forecast error over time
TABLE 3
Comparison of prediction accuracy and convergence rate
Monitoring 1
Monitoring 2
Monitoring 3

Index
MRE(*10-2)
training time (s)
MRE(*10-2)
training time (s)
MRE(*10-2)
training time (s)

Our Model
13.34
15
14.75
10
10.18
13
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Ref. [8]
26.12
178
25.51
210
26.94
197

Ref. [10]
17.29
98
17.10
91
12.77
103

Ref. [14]
14.45
95
27.61
104
30.60
110

140
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Comparison of global accuracy and convergence rate. In addition, based on a variety of prediction models, Table 3 shows the prediction accuracy
and convergence speed comparison of PM2.5 concentrations around the city's three environmental
monitoring points.
From the above images, it can be obtained that
the model has a great improvement in prediction accuracy and convergence speed, and the nonlinear
characteristics of the original data are obtained by
extracting the nonlinear characteristics between the
data in data preprocessing, and the machine learning
algorithm for the networked expression can improve
the modeling accuracy and reduce the training time.
For the shallow learning algorithm based on linearized fitting in the comparative literature, the accuracy of prediction decreases with the decrease of
training time.
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“Yangtze River Delta urban group development
plan” to include Hefei, Wuhu, Ma’anshan,
Tongling, Anqing, Chuzhou, Chizhou and
Xuancheng in Anhui Province in the YRB urban
group development plan, and the YRD urban agglomeration expanded to 26 cities. In July 2019, the
National Development and Reform Commission,
together with the relevant provinces of Shanghai,
Jiangsu, Zhejiang, and Anhui arranged the development of the Yangtze River Delta Regional Integration. This document was reviewed and issued to
further clarify the integration of the strategic positioning and developing goals for the YRD urban
agglomeration. The innovative resources and regional innovation cooperation of the YRD urban
agglomeration are important means to promote the
high-quality growth and innovation integration of
the regional economy. It enhances the constructing
of the growth of Chinese economic innovation and
the demonstration of regional economic integration
development. However, the reality is that there are
some problems in the YRD region, such as uneven
economic development, non-circulation of innovative elements, and barriers to innovation. Therefore,
it is very essential to study the spatial law of the
innovation and development of the YRD urban
agglomeration as well as the gravitational level of
the innovative connection. It helps to the formulation of a scientific and innovative cooperation system. It can also strengthen the regional innovation
linkages and cooperation, and realize the integration innovation of the YRD urban agglomeration.
The study of urban agglomerations has always
been the focus of economic geographers. The focus
of urban agglomeration research is mainly on the
following three aspects: The first is to study the
concept of urban agglomerations and the development model of urban agglomerations [1-2]. The
second is to study the industrial agglomeration
development of urban agglomerations and the functional orientation of different cities [3-5]. The third
is to study the network structure and spatial evolution of urban agglomerations [6-8]. With the development of information technology and the Internet,
some scholars began to explore the impact of
changes in information flow on the network structure of urban agglomerations in the Internet society,

ABSTRACT
The development of innovation integration of
the Yangtze River Delta is an important strategic in
China. By constructing the Yangtze River Delta
innovative gravity model, this paper investigates
the urban development level, innovation level, total
gravitational strength and gravitational network
structure characteristics, as well as the innovative
radiation intensity and radiation hinterland of the
core cities. Our results indicate that the innovative
gravity among the Yangtze River Delta cities is a
market-oriented gravitational force that transcends
the administrative boundary. Its distribution also
displays the “core-edge” innovation gravitational
network structure. Therefore, the Yangtze River
Delta should integrate their local innovation network with the overall innovation network according
to the spatial geography and marketization. It is
necessary to build up the innovation integration
strategy for the Yangtze River Delta, accelerate the
integration of innovation resources in the Yangtze
River Delta and industrial integration. The integrated construction of the infrastructure and system of
the Yangtze River Delta will promote the creation
of the core innovation growth pole and the innovation network of the north and south areas to form a
more integrated innovation network.

KEYWORDS:
Yangtze River Delta, Gravity model, Innovation, Integration

INTRODUCTION
The Yangtze River Delta (YRB) urban agglomeration is one of the six largest urban groups in
the world. It is the most densely populated and
economically strong city group in China, and an
important intersection of the “Belt and Road” as
well as the “Yangtze River Economic Belt”. The
innovative development of the YRB urban group
has a critical strategic position for the overall situation of China's modernization and economic openness. In May 2016, the State Council approved the
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and analyzed the impact of geospatial, social space
and cyberspace on the innovation and development
of urban agglomerations [9-13]. In these studies,
network structure and spatial distance are important
factors influencing the innovation and development
of urban agglomerations.
As the largest urban agglomeration in China,
the integration and innovation of the Yangtze River
Delta urban agglomeration has always been a research hotspot. These studies mainly focus on three
aspects: First, researchers focus on industrial agglomeration and the interactive development of
urban agglomerations [14-15], the second is to
focus on the spatial layout, spatial evolution and
innovative development of urban agglomerations
[16-17]. The third is to study the innovation network, innovation connection and innovation gravitational relationship of the Yangtze River Delta
urban agglomeration [18-20].
In the study of the Yangtze River Delta urban
agglomeration, some studies have targeted a single
Yangtze River Delta urban agglomeration, and
some studies have compared the Yangtze River
Delta urban agglomeration with other urban agglomerations. The research methods can be mainly
divided into three categories: one is to use the urban
flow model and the urban flow intensity formula to
study the relationship between people, logistics,
information flow, technology flow, etc.; the second
is to use panel data and spatial measurement. Model, study the relationship between urban cluster
space spillover, innovation development and economic growth; thirdly, use gravity or network structure model to measure the interrelated strength of
spatial economy, tourism and innovation among
urban agglomerations, analyze urban network, city
level and innovation radiation capacity.
A large number of studies on the Yangtze
River Delta urban agglomeration are concentrated
in the traditional 16 cities of Jiangsu, Zhejiang and
Shanghai.
In 2016, China formulated the “Changjiang
Delta Urban Agglomeration Development Plan”,
and eight cities in Anhui joined the Yangtze River
Delta urban agglomeration. Therefore, the spatial
network structure of the Yangtze River Delta urban
agglomeration has changed, and there are obvious
imbalances in social and economic development.
Accordingly, the research on the innovation and
development of the Yangtze River Delta urban
agglomeration is insufficient. The formulation of
the national strategy for the integration of the Yangtze River Delta requires a corresponding study on
the evolution of the spatial structure of the social
and economic development of the Yangtze River
Delta urban agglomeration, and provides a theoretical basis for the formulation of the corresponding
Yangtze River Delta integrated development strategy and measures.
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MATERIALS AND METHODS
Research Design. Innovative Gravitational
Model. Based on the universal gravitational model
of Newton's classical mechanics, a gravitational
model of economics is constructed to measure the
spatial gravitation between two economies. Later,
through the revision and development of the gravitational model, scholars applied the gravitational
model to international trade, regional economy, and
urban agglomeration economic research to measure
the relationship between spatial economic connection intensity and spatial network structure in different regions [21, 22]. Innovative gravitation can
effectively promote the agglomeration of urban
innovation factor resources and form the core competitiveness of urban sustainable innovation development. The innovation gravitation between different cities depends not only on the level of innovation of the two cities, but also on the level of urban
development. Therefore, this paper considers the
level of urban development as an important adjustment factor for the gravitational pull of the city.
The level of urban development is measured by the
size of the city, the quality of the city, and the urban
system. The larger the city, the better the quality of
development, and the higher the efficiency of the
system, the more conducive to the accumulation of
innovative resources, especially the high-end innovative talents. After introducing the urban development level adjustment index, the revised gravity
model between the cities of the YRB urban aggglomeration is:

(1)

G

Where ij represents the gravitational pull
between innovation and development between
cities.

Ci

represents the level of urban develop-

ment that across cities.

Ii

is the innovation level

D

for each city. ij is the distance between cities.
There are three different measures of the distance.
The first one is to measure the distance from spatial
perspective. The second is to measure distance
based on time. The third is to measure with transportation cost. In this paper, we employ the spacetime distance, that is, the geometric mean of the
spatial and time distance.

Tij

Sij

is the spatial distance,

indicating the time distance. The spatial
while
and time distance between the YRD cities are obtained through Baidu map query. If there is a direct
high-speed rail between the two cities, the time
distance is the shortest time for the high-speed rail
traffic. If there is no high-speed rail, we adopt time
required for highway self-driving priority mode.
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measured by seven indicators: per capita fiscal
revenue, per capita capital stock, per capita income
level, per capita consumption level, industrial structure level, land use level and enterprise development quality level. The level of urban system is
composed of four indicators: non-public economic
proportion, private investment level, internationalization level and standardized management level.
The proportion of non-public economy is equal to 1
minus the proportion of state-owned economy. The
proportion of state-owned economy is equal to the
total industrial output value of state-owned enterprises above designated size divided by the total
output value of industrial enterprises above designated size. The level of private investment is equal
to 1 minus the proportion of state-owned investment. The proportion of state-owned investment is
equal to the state-owned investment divided by the
total investment of fixed assets. The level of internationalization is equal to the total value of imports
and exports divided by GDP. The standardization
management level is the general public budget
income divided by GDP. This paper assumes that
the higher the general public budget income divided
by the GDP value, the higher the standardization of
urban economic management. With the reform of
the taxation system of China's “reform of the
camp”, the government collection and management
of corporate taxation has become more standardized. The 2017 data shows that the general public
budget revenues of cities such as Shanghai, Hangzhou, Suzhou, and Nanjing are relatively large in
terms of GDP. While for cities with relatively
backward economies (such as Tongling and Anqing), the general public budget income is relatively
small. For developed urban economy, the greater
the number of large and medium-sized enterprises
is, the better the standardization of taxation. While
for less developed urban economies, the number of
small and medium-sized enterprises is relatively
large, which is subject more to the national tax
reduction and fee reduction policies. Therefore, this
paper assumes that the higher the general public
budget income divided by the GDP value, the higher the standardization of urban economic management. The specific indicator system is shown in
Table 1 and Table 2.

Innovative radiation intensity and radiation
hinterland formula. According to the Converse
break point formula and the field strength formula,
the radiation range and intensity of each node in the
node city are calculated. The formula is as follows:

(2)
(3)
Equation (2) is the break point formula, and

D

equation (3) is the field strength. i represents the
time and space distance from the break point to the
city, while

Dij
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indicating the time and space dis-

FD

i indicates the
tance from one city to the other.
radiation intensity of the node city. The fracture
point and field strength formula mainly reflect the
radiation intensity of the node city. In order to better reflect the radiation range and capability level of
the node city to different cities, the membership
degree formula is introduced:

(4)

FF

ij
Where
is the degree of innovation
membership from one city to the other. It reflects
the innovative radiation range and ability of the
node city to the surrounding cities through the degree of membership, which is used to classify the
radiation hinterland level of the node city.

Indicator system. The level of innovation of a
city is mainly composed of four parts: innovation
foundation, innovation investment, innovation
output and innovation radiation capability. The four
basic indicators of innovation base measure the
innovation enterprise foundation, the innovation
university foundation, the innovation reserve power
and the urban public cultural knowledge reserve.
Innovative input also contains four indicators to
measure the innovation of personnel input, physical
capital investment and government departments of
science and technology investment and education
input. Innovative output is measured by the amount
of patent grants. The output value of high-tech
industries represents the level of knowledge innovation and the level of industrial transformation of
innovative technologies. The innovative radiation
capability consists of five three-level indicators.
The level of urban development is divided into
three main indicators: urban size, urban quality and
urban system. The size of the city is mainly measured by the size of its urban population and the
GDP scale. The city quality indicators are mainly

Data processing. The data comes from the
2018 statistical yearbooks of 26 cities in the YRD
area and it is the data for 2017. All figures are produced by ArcGis10.2 software. Since that the indicators are different in terms of magnitude and unit,
we first standardize all indicators with the maximum value method. The formula is:

(5)
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TABLE 1
Urban innovation level Indicator System
First-level index
Innovative
infrastructure

Innovation
input level

Innovative
radiation level
Innovative
output level

Secondary-level index
The number of books in the public library of every 100 people
Number of high-tech enterprises
Number of college teachers
Number of college students per 10,000 students
Number of R&D personnel in enterprises above designated size
R&D expenditure of enterprises above designated size
Expenditure for science and technology
Expenditure for education
Total cargo transportation
Total passenger transportation
Total post and telecommunications business
Mobile phone penetration rate
Number of international internet
Patent grant
High-tech industry output

TABLE 2
Urban development level Indicator System
First-level index
Scale of urban
development

Urban development
quality

Urban system
level

Secondary-level index
GDP
Population
Per capita fiscal revenue
Per capita year-end financial institution deposit balance
Per capita income level of urban residents
Per capita social consumer goods retail level
GDP per square kilometer
The proportion of the tertiary industry
Number of listed companies
Non-public economic proportion
Private investment level
Standardized management level
International level

TABLE 3
Yangtze River Delta Urban Development Index, Innovation
Level Index and Gravity Total Strength Ranking (Top six cities)
Ranking
1
2
3
4
5
6

Urban development
level
Shanghai
Suzhou
Nanjing
Hangzhou
Wuxi
Ningbo

Urban innovation
level
Shanghai
Suzhou
Nanjing
Hangzhou
Hefei
Ningbo

Innovative total
gravitational strength (1)
Suzhou
Wuxi
Shanghai
Hangzhou
Nanjing
Changzhou

Innovative total
gravitational strength (2)
Shanghai
Suzhou
Hangzhou
Nanjing
Wuxi
Changzhou

Where ij represents the jth indicator for city i.
In terms of the weight of each index, we employ the coefficient of variation method, and its
formula is shown as:

cator, which is the average of the city's first indicator.
Finally, based on the standardized indicator
values and the weights of the corresponding indicators, the comprehensive score of the city's first
indicator is calculated as:

(6)

(7)

x

Zij
V ij

is the weight of the jth indicator for city i.

is the standard deviation of the city's first indi-
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opment level of these five cities is all ranked at the
second level. In terms of Anhui Province, except
for Hefei, which is at the third level, the development level of other cities is at the fourth or lower
level. Shanghai is the economic and innovation
center of the YRD area. It is home to a large number of research and development centers of universities, research institutes and enterprises. Therefore,
the urban innovation level is superior to other cities.
The second tier is Suzhou, Nanjing and Hangzhou.
Hefei (ranked fifth) is the provincial capital of
Anhui Province. It gathers the major research institutes such as universities, research institutes and
enterprise R&D centers in Anhui Province. While
for other cities in Anhui, their urban innovation
level is even lower.

RESULTS AND DISCUSSION
Analysis of urban development level, innovation level and total intensity of innovation
gravitation. Based on the models described in
section two, this paper calculates the urban development level, urban innovation level and innovative
gravity of 26 cities in the 2017 YRD area. Due to
page limits, we only report the top six cities in
terms of urban development level, urban innovation
level and total gravitational intensity (see Table 3).
The total intensity of gravitational attraction (1) in
Table 3 is the total ranking of innovation gravitation for each city compared to other YRD areas.
The total intensity of innovation gravitation (2)
represents the innovation gravitation ranking for
each city compared to others after excluding the
first contact city. According to the natural discontinuity classification method in ArcGis, the urban
development level, innovation level and total intensity of innovation gravitation level can be divided
into five grades, as shown in Figure 1, Figure 2 and
Figure 3. Specifically, Figure 3 depicts the total
intensity of all innovative gravitational forces for
all sample cities.

FIGURE 2
YBD Urban Innovation level

FIGURE 1
YBD Urban development level
The urban development level is a combination of all
city size, city quality and urban system three factors. Among the 26 YRD cities, Shanghai is the
largest and the leading city for the integrated development. The city scale, quality and development
level are all the highest, which then are categorized
as the first level. Suzhou has a large number of
multinational enterprises and exports level. Their
urban system is also the highest. Meanwhile, with
the help of their second largest city size and urban
development quality, the overall urban development
level of Suzhou ranks second, right after Shanghai.
Besides Shanghai and Suzhou, then followed by
Nanjing, Hangzhou, Wuxi and Ningbo, the devel-

FIGURE 3
YBD Urban total gravitational strength
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heart of the YRD innovation integration strategy.
The development level, innovation level and total
intensity of innovation in the center of the YRD
area are relatively high, while the urban development and innovation level in the YRD outer zone
are relatively weak, and the total intensity of innovation to other cities is also at a lower level. Although the urban development and innovation for
Hefei and Ningbo are of comparative high level,
their innovation intensity is low since they are located on the edge of the YRD urban agglomeration.

FIGURE 4
The map of innovative gravitational structure
for the first contact city in YBD

FIGURE 6
The map of innovative gravitational structure
for the strong contact cities in YBD
Analysis of the structure of urban innovation gravitation. With the help of ArcGis, we manage to map a series of innovative gravitational
structures between 26 YRD cities. The innovative
gravitational structure in 26 cities in the YRD area
presents three major structural features. The first
one is V-V link structure. Based on the apex of
Shanghai and Suzhou, then forms one V-shaped
structure composed of Jiaxing-Shanghai-Suzhou
and another V-shaped structure composed of Nantong-Suzhou-Wuxi-Changzhou. This constitutes the
YRD innovation and development center.
Based on the joint results from Figure 5 and
Figure 6, we can see that although Shanghai only
has one first connected city (Jiaxing), its top three
connected cities number is largest. Moreover, all
these top three ranked cities are of both large urban
scale and quality. This suggests that Shanghai has a
high innovation level in the core cities of the YRD
area. Due to geographical location, Shanghai's
urban innovation gravity in Anhui Province is relatively weak. However, since Suzhou is located in
the hinterland of the YRD area, also due to its
strong economic development strength, it develops
a strong innovation and development gravitation
with a broader range of YRD city.

FIGURE 5
The map of innovative gravitational structure
for the top three contact cities in YBD
Unlike urban development level and innovation level, the highest intensity of urban innovation
gravitation is Suzhou, then followed by Wuxi,
Shanghai, Hangzhou and Nanjing. One explanation
is the geographical space between Suzhou and
Wuxi. Proximity leads to the existence of superior
urban innovation gravity. If excluding the strongest
gravitational value between the city and the first
contact city, the largest residual gravity comes from
Shanghai, Suzhou and Hangzhou. These three account for the first tier and then followed by Nanjing
Wuxi and Changzhou. In general, Shanghai has the
strongest comprehensive strength in the YRD urban
agglomeration. It shows strong innovation gravitation for most cities in the YRD area and is at the
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The second structure is the star-shaped radiation structure, with Nanjing as the star-shaped core
radiation point, linking all cities in north Jiangsu
and the entire Anhui province. Although there are 8
cities have Nanjing as the first innovative connected city, the majority of them are in Anhui Province.
This reflects Nanjing's embarrassing position in
Jiangsu Province. Since the economic status in
Jiangsu is not as good as that of Suzhou, and the
innovation concentration and radiation power towards the southern Jiangsu is relative weak. While
the urban innovation concentration and radiation
power of Nanjing are mainly in Anhui Province. In
general, the innovative development of Anhui's
urban innovation and development in the YRD
integrated urban agglomeration is weak, since most
of them are in the marginal zone (even including
the Hefei, the capital city of Anhui province). The
innovation and development gravitation towards
other YRD cities need to be strengthened.
The third structure is the ୮-୮ structure,
which is formed by Hangzhou and Ningbo, and
links to Huzhou, Jinhua, Taizhou, Zhoushan and
Shaoxing. As an important city in the south YRD
area in Zhejiang Province, Hangzhou has a strong
creative gravitational focus on the cities within the
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province. It also maintains strong innovation links
with cities outside Zhejiang. While for other cities
such as Taizhou, Jinhua and Zhoushan, they are less
connected to others due to the geographical relationship.
The results from Figure 4 to 6 jointly indicate
that the innovation gravitational forces of Shanghai,
Suzhou, Hangzhou and Nanjing are relatively
strong, and they are the important innovation core
nodes in the innovation network of the YRD area.
The innovation of gravity is the strongest in the
triangle area of Shanghai-Hangzhou-Wuxi, while
Suzhou, Jiaxing and Huzhou are on the three sides
of the triangle. The areas formed by these cities
form the core of the YDR innovation hinterland.
Analysis of innovative radiation hinterland
and radiation intensity. With joint considering of
the development scale, development level, innovation level, total intensity of innovation and the
number of cities with the first three links with the
city, we define Shanghai, Nanjing, Suzhou and
Hangzhou as the first-class innovative node cities.
In terms of other cities, we define Hefei and Ningbo
as the secondary innovative node cities. The reason

TABLE 4
Node cities and innovative radiation hinterland
Core hinterland
city

Node
city

Tight hinterland
city

or

or

Closely hinterland
city
or

Edge hinterland
city
and

Shanghai

Suzhou
Wuxi
Jiaxing
Hangzhou

Changzhou,
Nanjing, Nantong,
Shaoxing, Huzhou,
Ningbo

Zhenjiang, Taizhou,
Yangzhou, Hefei,
Jinhua, Taizhou,
Zhoushan

Yancheng, Taizhou’,
Wuhu, Ma’anshan,
Tongling, Anqing,
Chuzhou, Chizhou,
Chizhou, Xuancheng

Nangjing

Yangzhou,
Zhenjiang,
Ma’anshan,
Chuzhou

Wuxi, Suzhou,
Changzhou, Hefei,
Taizhou, Xuancheng
Shanghai, Hangzhou
Tongling, Wuhu

Nantong, Yancheng,
Ningbo, Huzhou,
Jiaxing, Anqing

Chizhou, Shaoxing,
Jinhua, Zhoushan,
Taizhou’

Suzhou

Wuxi, Huzhou
Shanghai
Changzhou,
Jiaxing

Natong, Yangzhou,
Zhenjiang, Taizhou,
Hangzhou, Shaoxing

Hangzhou

Shaoxing
Shanghai,
Jiaxing
Huzhou

Ningbo,
Jinhua,
Suzhou,
Wuxi

Ningbo

Shanghai,
Hangzhou,
Shaoxing,
Zhoushan

Nanjing,
Wuxi,
Suzhou,
Jiaxing,
Taizhou’

Changzhou,
Nantong,
Huzhou,
Jinhua

Hefei

Nanjing,
Anqing,
Wuhu, Chuzhou,
Ma’anshan

Tongling, Shanghai,
Wuxi, Changzhou,
Suzhou, Zhenjiang,
Hangzhou, Chizhou

Xuancheng, Nantong,
Yangzhou, Taizhou,
Ningbo, Jiaxing,
Huzhou, Shaoxing

Primary
node

Secondary
node
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Ningbo, Nanjing,
Yancheng, Zhoushan,
Wuhu, Ma’anshan,
Chuzhou, Xuancheng
Nangjing, Changzhou,
Nantong, Yangzhou,
Zhenjiang, Zhoushan,
Taizhou’, Wuhu,
Ma’anshan, Xuancheng

Jinhua, Taizhou’,
Hefei, Tongling,
Anqing, Chizhou
Taizhou, Yancheng,
Hefei, Tongling,
Anqing, Chuzhou,
Chizhou
Yangzhou, Taizhou,
Zhenjiang, Yancheng,
Hefei, Wuhu,
Ma’anshan, Tongling,
Anqing, Chuzhou,
Chizhou, Xuancheng
Yancheng,
Jinhua,
Zhoushan,
Taizhou’
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FIGURE 7
Shanghai’s innovation radiation intensity and
hinterland level
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FIGURE 9
Suzhou’s innovation radiation intensity and
hinterland level

FIGURE 8
Nanjing’s innovation radiation intensity and
hinterland level

FIGURE 10
Hangzhou’s innovation radiation intensity and
hinterland level

is that these two cities have comparatively higher
levels of urban development and innovation, and
they are more capable of forming innovative radiation and leading effects on marginal cities. According to the membership degree formula, the membership degree of other cities to the first- and second-level innovation node cities is calculated.
Based on the central innovative node cities, and
combined with the spatial distance between cities,
we then define the specific division criteria and
hinterland ranges shown in Table 4. According to
the break point formula and the radiation intensity
formula, the innovative radiation intensity of the
corresponding cities to other cities in the YRD area
is calculated. These results of the innovative radiation hinterland and innovative radiation intensity
for both first- and secondary-level innovation node
cities are shown in Figure 7-12.

Based on these results, the core radiation hinterland for Shanghai is Suzhou, Wuxi, Jiaxing and
Hangzhou. The core radiation hinterland for Suzhou is Wuxi, Shanghai, Changzhou, Jiaxing and
Huzhou. The core radiation hinterland for Hangzhou is Shaoxing, Shanghai, Jiaxing and Huzhou.
These core radiation hinterlands are highly overlapped and have the strongest radiation intensity,
forming the core innovation circle of the YRD
zone. The core radiation hinterland for Nanjing is
Yangzhou, Zhenjiang, Ma'anshan and Zhangzhou.
There are also Wuxi, Suzhou, Changzhou, Taizhou,
Shanghai, Hangzhou, Wuhu, Hefei, Tongling and
Xuancheng, which are tightly radiated by Nanjing.
These cities are half from the central and northern
Jiangsu and half from northeastern Anhui. Hefei's
core radiation hinterland is Nanjing, Anqing, Wu-
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hu, Zhangzhou and Ma'anshan. It mainly influences
Anhui cities as its core radiation hinterland. In
terms of Ningbo, it can form strong innovation
radiation to Shaoxing, Zhoushan and Taizhou in
Zhejiang.
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increase of the distance between the airspace and
the space. It is especially the case for cities in Anhui. Since they are newly joined in the YRD urban
agglomeration, the level of urban development and
innovation is relatively backward. There is relatively large time and space distances to transport to
most of the core cities such as Shanghai, Suzhou
and Hangzhou. This requires the development of
secondary node cities in the marginal areas of the
YRD area, and then forms more secondary innovation centers. This formation of a partial innovation
integration network with surrounding cities can
promote innovation and development in the marginal areas. In case of Ningbo and Hefei, they have
the corresponding urban development level, innovation level and edge location advantage, which can
become the second-level node cities and then lead
the development of innovation in the edge of the
YRD area.

CONCLUSION
This paper explores the innovation gravitation
between the YRD cities in a market-oriented gravitational force perspective. The results indicate that
these effects can transcend the administrative
boundary. Cities with higher levels of urban development, innovation and centrality have higher total
intensity of innovative gravitation, and vice versa.
The results also suggest that the YRD innovation
integration network can be subdivided into Shanghai-Suzhou area, which is the core area according
to the spatial geography and marketization principles. Hangzhou-Ningbo area is the south innovation
network Centre. Nanjing-Hefei can be designed as
the northwest innovation network center. In addition to the leading effect triggered by the first-tier
cities, it is also necessary to strengthen the leading
role of secondary node cities in the innovation
radiation and integration development of the marginal regions. Therefore, the following development proposals for innovation integration in the
YRD area are proposed:

FIGURE 11
Ningbo’s innovation radiation intensity and
hinterland level

1. Accelerate the development of the YRD
innovation integration development strategy. It
is necessary to integrate the overall innovation
development strategy of the YRD areas to the entire
urban agglomeration with the innovation development strategy of individual cities. The overall innovation strategy of the YRD urban agglomeration
should reflect the strategic will and orientation of
national science and technology innovation. It is
also of great importance to integrate the resources
of innovative elements of urban agglomerations,
and create a world-class innovation that radiates
Asia-Pacific, and leads the country. Each city,
based on its own advantages, should achieve a

FIGURE 12
Hefei’s innovation radiation intensity and hinterland level
In general, the main reason of affecting innovation and radiation of the YRD area is the proximity of geospatial space. However, convenient transportation can shorten the space-time distance and
this is especially the case for the YRD area. The
developed high-speed rail, highway, waterway and
other traffic network form a tightly innovative network system with each other. However, for cities
outside the core circle, they are more affected by
the space-time distance. Therefore, the innovation
radiation of the first-class cities is attenuated by the
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strategic division of labor under the guidance of the
overall innovation strategy.
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and development of the YRD area. The transportation network in the core areas is developed and the
resources are rich in innovation. In the process of
integrated development of the YRD zone, it is necessary to fully integrate the innovative resources of
these cities, and realize the full synergy and innovation of universities, research institutes and enterprise R&D centers. The seamless integration of the
market will create a core growth pole for the integration and innovation of the YRD zone and lead
the development of innovation in this area.

2. Develop the innovation and integration of
innovation resources in the YRD area. Based on
the principle of combining government guidance
with market mechanism, it is necessary to strengthen the integration of innovative resources in the
YRD urban agglomeration, and then create a unified and efficient YRD innovative public service
platform to promote exchanges and cooperation
between different innovation entities, share innovative information, and promote innovative technologies. By relying on the G60 Science and Technology Corridor, we will cooperate with universities,
research institutes, and enterprise R&D centers to
integrate various parks and industrial clusters to
build a complete innovative industrial chain and
technology chain. Accelerate the integrated spatial
layout of innovative industries, and create a cluster
of industrial innovation clusters in the YRD area
with appropriate division of labor and close cooperation through inter-provincial cooperation and coordination.

5. Accelerate the development of innovation
and integration of the north and south wings of
the YRD area. In the process of the YRD innovation integration development, there is an imbalance
in regional level and the intensity of urban innovation in the marginal regions is weak. In the south
wing, the development strategy of Hangzhou Bay
Dawan District in Zhejiang Province can link to
Shanghai-Hangzhou-Ningbo core innovation zone
and build the Shanghai, Jiaxing, Hangzhou, Huzhou
and Shaoxing. Ningbo, Zhoushan, Taizhou, Jinhua,
Hangzhou Bay Dawan Innovative District. This can
enhance the innovative concentration and radiation
of Jinhua, Taizhou and Zhoushan.
In the northwestern part of the YRD area, the
“Nanjing-Hefei” development and innovation bipolarity is formed and leads to the development of
urban innovation integration in the northwestern
YRD zone. As the capital city of Jiangsu and Anhui, Nanjing and Hefei have gathered a large number of innovative factor resources in the two provinces. They are more suitable to be the innovation
cluster center of their provincial capitals, optimize
transportation networks, industrial layout, innovative investment, social systems, etc. The innovation
axis in the northwestern part of the YRD area has
led to the development of innovation and integration in other cities as well.

3. Improve the integration of infrastructure
and systems in the YRD urban agglomeration.
Spatial distance is an important factor that affecting
the innovation gravitation between cities. The developed transportation network can shorten the
space-time distance and enhance the innovation
gravitation between cities. Breaking through the
inter-provincial and urban institutional barriers,
improving the inter-provincial and inter-city transportation networks and public transportation operation systems is the basis for the development of the
YRD integration. This rapid integration of marginal
cities in the YRD urban agglomeration is the key to
develop the economy. At the same time, the YRD
urban agglomeration also needs to introduce an
integrated development system, realize the integration of transportation infrastructure planning, industrial planning, market entry, and ecological environmental protection. Therefore, to realize the integration of urban social security systems such as
education, medical care, household registration, and
employment.
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4. Accelerate the core growth pole of innovation integration in the YRD area. The integration of innovation in the YRD area does not mean
the balanced development of cities within this region, but scientifically carries out innovative division of labor and collaborative development according to the level of urban development, innovation
and strategic positioning. The four regions of
Shanghai, Suzhou, Nanjing and Hangzhou contain
the region with the highest level of economic development and innovation in the entire urban agglomeration, and the core area for the innovation
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more and more serious, especially the heavy metal
pollution of soil. Presently, many heavy metals such
as lead (Pb), cadmium (Cd), chromium (Cr) and
arsenic (As) were found in the polluted soils in
China, which might reduce the agricultural production and quality as well as causes of food safety
problems [1-5].
Chinese herbal medicine is the treasure of traditional Chinese medicine, which plays an extremely important role in the traditional culture of
China. However, among the development of chemical agriculture, the quality of traditional Chinese
medicine is declining. On the one hand, the application of chemical fertilizers and pesticides lead to
decrease the active components of traditional Chinese medicine. In addition, the pollution of pesticides and heavy metals is resulting in the secondary
toxicity of traditional Chinese Medicine, which
seriously affects the curative effect of traditional
Chinese medicine and might be poisonous to consumers. Heavy metals often remain in the soil for a
long time, and the main treatment method is to cut
off the pollution source
then passivate the heavy metals in situ in the soil,
which prevent its uptake into plants, especially, the
edible parts of plants as well as use for Chinese
medicines. The purpose of this work is to investigate the content of heavy metals in several kinds of
Chinese herbal medicines collected from different
sources in China, which illustrate the status of
heavy metals’ pollution in the soil planted with
Chinese herbal medicines.

ABSTRACT
Presently, soil heavy metal pollution is one of
the social problems that draws the attention of people over the world. It will not only affect the food
safety, but also affect the safety of traditional Chinese medicine. The contents of four main heavy
metals in eight kinds of Chinese herbal medicines
collected from different provinces were studied.
The results showed that the different concentrations
of heavy metals accumulated in different Chinese
herbal medicines were reported, wherein, the highest contents of heavy metals were found at Cortex
Phellodendri, , followed by Ramulus Cinnamomi,
and lower concentrations of heavy metals were recorded in six remained kinds of Chinese herbal
medicines.. The residues of heavy metals in the
traditional Chinese medicines might be the potential
risks affect to human health, therefore should be
controlled by the considered regulations.

KEYWORDS:
Traditional Chinese Medicine, Heavy metals, Environmental pollution, ICP-MS

INTRODUCTION

Heavy metal pollution is one of the environmental problems in the worldwide. Due to the rapid
development of reform and opening up for 40 years,
environmental problems in China are increasingly
TABLE 1
Sources of eight kinds of Chinese herbal medicines
Name

Origin

Batch number

Ginger pinelliaͭ

Gansu

1909158

2019.09.15

Amomum villosum Lour.

Yunnan

1910311

2019.10.31

Crocus sativus L.

Xinjiang

1910133

2019.10.13

Cortex Phellodendri

Sichuan

1908213

2019.08.21

Spatholobi Cauli

Yunnan

1904292

2019.04.29

Ramulus Cinnamomi

Guangdong

1911191

2019.11/19

Akebi

Hubei

1908062

2019.08.06

RetinerusluffaeFructus

Hubei

1812222

2018.12.22
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TABLE 2
˄mg kg-1˅
Contents of heavy metals in eight kinds of Chinese herbal medicines˄
Name of Chinese Medicine
Contents
Name of Heavy metals
Plant
(mg kg-1)
Pb
1.65±0.091
Cd
0.03±0.005
Ginger pinelliaͭ
Cr
1.26±0.087
As
0.52±0.014
Pb
0.63±0.026
Cd
0.01±0.002
Amomum villosum Lour.
Cr
2.47±0.134
As
1.63±0.083
Pb
0.65±0.009
Cd
0.04±0.005
Crocus sativus L.
Cr
0.76±0.021
As
0.25±0.006
Pb
28.19±1.38
Cd
1.57±0.015
Cortex Phellodendri
Cr
5.23±0.371
As
0.68±0.017
Pb
0.14±0.009
Cd
0.01±0.001
Spatholobi Cauli
Cr
0.28±0.008
As
0.11±0.002
Pb
4.19±0.782
Cd
0.23±0.027
Ramulus Cinnamomi
Cr
1.68±0.145
As
0.35±0.052
Pb
0.17±0.012
Cd
0.05±0.006
Akebi
Cr
0.37±0.009
As
0.08±0.007
Pb
0.85±0.017
Cd
0.41±0.021
RetinerusluffaeFructus
Cr
0.81±0.025
As
1.62±0.068
MATERIALS AND METHODS

RESULTS

Source and primary processing of traditional Chinese Medicine. Eight kinds of traditional
Chinese medicinal materials were collected from
five provinces of Gansu, Yunnan, Xinjiang, Sichuan,
Guangdong and Hubei, including Ginger pinellia.,
Amomum villosum Lour., Crocus sativus L., Cortex
Phellodendri, Spatholobi Cauli, Ramulus Cinnamomi, Akebi, RetinerusluffaeFructus. All of these
Chinese medicinal materials were dried and sliced
by using Anhui Puren equipment of Chinese crude
drugs Co. Ltd (Table 1).

There was a significant difference in the contents of heavy metals in eight kinds of Chinese
herbal medicines, wherein, the highest concentration of heavy metals was found in Cortex Phellodendri, followed by Ramulus Cinnamomi, and
lower contents of heavy metals were determined in
the six remained kinds of Chinese herbal medicines
(Table 2). Particularly, the lead content was founded
in order: Cortex Phellodendri (28.19 mg kg-1) >
Ramulus Cinnamomi (4.19 mg kg-1) > Ginger pinellia (1.65 mg kg-1) > RetinerusluffaeFructus (0.85
mg kg-1) > Crocus sativus L. (0.65 mg kg-1) >
Amomum villosum Lour. (0.63 mg kg-1) > Akebi
(0.17 mg kg-1) > Spatholobi Cauli (0.14 mg kg-1).
High concentrations of cadmium were recorded in
three kinds of Chinese herbs including Cortex
Phellodendri (1.57 mg kg-1), RetinerusluffaeFructus (0.41 mg kg-1) and Ramulus Cinnamomi (0.23

Heavy metal determination. ICP-MS was
applied to determine the concentrations of heavy
metals in Chinese herbal medicines’ samples collected from different provinces in China [6-9].
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mg kg-1), whereas, the contents of the other Chinese
herbs are lower than 0.05 mg kg-1. In case of chromium, its contents ranged in the order: Cortex
Phellodendri (5.23 mg kg-1) > Amomum villosum
Lour. (2.47 mg kg-1) > Ramulus Cinnamomi (1.68
mg kg-1) > Ginger pinellia (1.26 mg kg-1) >
RetinerusluffaeFructus (0.87 mg kg-1) > Crocus
sativus L. (0.76 mg kg-1) > Akebi (0.37 mg kg-1) >
Spatholobi Cauli (0.28 mg kg-1). Similarly, for the
arsenic, the concentration of arsenic found in
Amomum villosum Lour. At 1.63 (mg kg-1) >
RetinerusluffaeFructus (1.62 mg kg-1) > Cortex
Phellodendri (0.68 mg kg-1) > Ginger pinellia (0.52
mg kg-1) > Ramulus Cinnamomi (0.35 mg kg-1) >
Crocus sativus L. (0.25 mg kg-1) > Spatholobi Cauli
(0.11 mg kg-1) > Akebi (0.08 mg kg-1) (Table 2).
Under our knowledge, the factors influencing
the contents of four heavy metals in the
above-mentioned Chinese herbal medicines should
mainly include: 1) The important sources as the
external factors such as soil types, contents of
heavy metals in the soil, and local climate conditions; 2) The plant types of Chinese herbal medicines with their specific characteristics of plant genome; 3) The characteristics of heavy metals such
as valence, form and the interaction between heavy
metals and soil. Therefore, to select a suitable traditional Chinese medicine should be based on its
source, soil type, pollution level, characteristics of
traditional Chinese medicines and the contents of
heavy metals concerned.
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RESEARCH ON THE RELATIONSHIP BETWEEN CHINA’S
ENERGY CONSUMPTION AND ECONOMIC GROWTH
BASED ON BIG DATA
Defeng Shang*
Henan Institute of Technology, Xinxiang 453003, China

adversely affect the long-term development of our
society. As China's economic development enters
the "new normal", the "13th Five-Year Plan" of
energy development particularly emphasizes the
need to optimize the structure of energy consumption, achieve clean and low-carbon development,
and urgently promote the deep development of
China's energy consumption revolution to achieve
our country's economic and social transformation
[6-8].
Energy consumption and economic growth
have a close relationship, as Nanthan. Rosenberg
said: "Recalling the history of energy and economic
growth, what are its most prominent features? The
first and most important may be the increasing
energy use and economy. The close connection
between growth." With the continuous expansion of
the economic scale, China's energy consumption is
increasing [9-11]. In 2018, China's total energy
consumption reached 4.64 billion tons of standard
coal. The huge energy consumption greatly exceeds
China's energy supply capacity, while causing serious pollution to the environment, threatening China's sustainable development [12]. Therefore, it is
necessary to study the relationship between China's
energy consumption and economic growth. If energy consumption is in a neutral position in economic
growth or economic growth leads to an increase in
energy consumption, then adopting energy-saving
measures and reducing energy consumption will not
affect economic growth [13]. If energy consumption promotes economic growth, then reducing
energy consumption will reduce the rate of economic growth, so we must grasp the relationship
between energy consumption growth and economic
growth to achieve sustainable economic and social
development. In summary, the research on the relationship between China's energy consumption and
economic growth has important practical significance and theoretical value for formulating scientific and reasonable macro policies and achieving
sustainable economic development [14].
As early as 1966, some scholars raised the issue of "decoupling" between economic development and environmental pressure. Since then, discussions on the concept of "decoupling" have been
ongoing. Some scholars believe that "decoupling"

ABSTRACT
The growth rate of energy consumption is an
important leading indicator for judging the state of
economic development. However, with the transformation of economic growth power, the adjustment and upgrading of industrial structure and
energy structure, and the improvement of energy
utilization efficiency, it is completely feasible to
decouple economic growth from energy consumption. Using the decoupling theory and the decoupling index decomposition model to measure the
decoupling state of economic growth and energy
consumption from 2001 to 2018, the results show
that since 2001 there has been a relatively decoupling relationship between economic growth and
energy consumption, and energy efficiency brought
about by technological progress Improvement is the
key factor to promote "decoupling". In the historical period when the new normal of economic development enters a new stage, the future energy
development path will meet the peak of energy
consumption by 2030, on the premise of satisfying
safety, reliability, green and low carbon, saving
priority, and intelligence and efficiency.

KEYWORDS:
Energy consumption, Economic growth, Big data, Ecology

INTRODUCTION
As we all know, energy is the lifeblood that
supports the foothold and development of the national economy and society, and occupies a pivotal
position in the economy and society [1-4]. China
can achieve leapfrog development of the economy
at present, and energy can play an indispensable
role in it [5]. Although energy brings rich results for
economic growth, it also brings the drawbacks of
high investment, high energy consumption, high
pollution, and low efficiency. This not only poses a
threat to China's ecological environment, but also
brings more maintenance costs. It will also defy the
economic achievements achieved today, which will
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FIGURE 1
Trends in energy and electricity consumption elasticity coefficients from 2008 to 2018
is a process that can be achieved naturally: with the
development of the economy, environmental pressure will automatically decrease after reaching a
peak, thereby showing an "inverted U" relationship
with income levels, so-called environmental Kuznets Curve (EKC). However, in some cases, after
the environmental pressure dropped for a period of
time (that is, "decoupling"), it rose again (so-called
"re-hook"). For example, in the late 1990s, the total
material consumption of OECD countries rebounded rapidly, exceeding the economic growth rate of
the same period. With the deepening of research, it
was found that most of the "decoupling" currently
achieved worldwide is that the growth rate of environmental pressure is lower than the growth rate of
economic development, that is, the relative amount
of environmental pressure is reduced. Maria Buitenkamp submitted it to the European Environment
Agency, the report referred to it as "relative decoupling." This issue has aroused widespread attention
in OECD countries, and in 2001 formally resolved
the contradiction between relative "decoupling" and
absolute "decoupling" as an important issue to
solve environmental problems. Since then, the
discussion about relative "uncoupling" and "combination" has gradually increased, but articles on
quantitative evaluation and examination are rare
[15].
The pioneers in the study of decoupling issues
were Weizsacker and Schmidt-Bleek of the German
Wuppertal Institute. At the end of the last century,
they proposed decoupling targets for the global and
developed countries-the quadruple revolution, the
tenfold revolution, and the use of resources in the
global and developed countries. Efficiency has
increased by 4 times and 10 times in 50 years, respectively, to achieve the decoupling of resource
consumption and economic growth. In order to
measure and track the degree of realization of the
decoupling goal, it is necessary to establish a scientific and feasible decoupling evaluation index.

MATERIALS AND METHODS
Through literature research, this paper proposes a decoupling model and uses the decoupling
index to study the relationship between energy
consumption and economic growth. Data processing software excel and SPSS are used for data
analysis and sorting.

RESULTS AND DISCUSSION
Analysis of the Decoupling of Economic
Growth and Energy Consumption. The word
"decoupling" originated from the field of physics.
In 2002, the OECD countries used the term "decoupling" to describe blocking the connection between
economic growth and resource consumption or
environmental pollution, or making the rate of
change between economic growth and resource
consumption or environmental emissions asynchronous. Since 2001, China’s economy has maintained
a stable and healthy development trend, especially
since the 18th National Congress of the Party, by
actively adapting to the new normal of economic
development, deepening supply-side structural
reforms, major changes have taken place in the
economic growth mode and growth momentum,
and economic growth rates Slowing down, but the
actual increase is still considerable. As a driving
force for the economic and social system, the energy consumption has increased steadily with the
continuous growth of the total economic volume,
and the growth rate of energy consumption has also
slowed down synchronously with the economic
growth rate. During the "Tenth Five-Year", "Eleventh Five-Year" and "Twelfth Five-Year" periods,
the average annual economic growth rate was 7%,
11.2% and 8% respectively. The average annual
increase in energy consumption is generally de-
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creasing.
From the perspective of the degree of support
of energy sources for economic growth, the elasticity coefficient of energy consumption increased
from 2008 to 2010, and the elasticity coefficient of
energy consumption generally declined from 2008
to 2016, indicating that the intensity of energy consumption for development has decreased. However,
at this time, the energy consumption elasticity coefficient is still relatively high, above 0.4, especially
the power consumption elasticity coefficient
showed a rising trend from 2008 to 2016, and maintained above 0.6, indicating that economic growth
is highly dependent on energy, especially electricity. After entering the “12th Five-Year Plan” period,
the energy consumption elasticity coefficient has
dropped significantly. Although urban construction
has accelerated since 2017 and the energy consumption elasticity coefficient has increased, the
overall dependence of economic growth on energy
consumption has continued to decrease, as shown in
Figure 1.
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Measuring the Decoupling Relationship between Economic Growth and Energy Consumption. According to the decoupling theory and analysis model, the economic and energy data from 2001
to 2018 are processed to obtain the chain decoupling index of gross domestic product (GDP), energy consumption (TEC), and energy use intensity
(TEC/GDP). The results are shown in Fig.2 to 5. It
can be seen that the trend of economic growth and
energy consumption has been basically synchronized since 2001. The overall status of economic
growth dependent on energy consumption has not
changed, but the mutual relationship between the
two shows a "relatively decoupled" state, indicating
that the chain of economic growth. The growth rate
is faster than the chain growth rate of energy consumption, especially the average annual decline of
the decoupling index from 2001 to 2018 is about
4.8%, indicating that the degree of dependence of
economic growth on energy consumption is gradually decreasing.

FIGURE 2
Contour Plot of Decoupling index vs D, C

FIGURE 3
Contour Plot of Decoupling index vs D, B

FIGURE 4
Contour Plot of Decoupling index vs C, B

FIGURE 5
Contour Plot of Decoupling index vs D, A
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FIGURE 6
Contour Plot of Decoupling index vs C, A
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FIGURE 7
Contour Plot of Decoupling index vs B, A

FIGURE 8
Contour Plot of Decoupling index
Judging from the decoupling status of the three
industries, the added value of the first industry and
the changes in energy consumption have been relatively stable, but in the past two years, due to the
reduction of traditional agricultural scale and the
rapid development of facilities agriculture, the
growth rate of energy consumption has accelerated,
and the industry has developed (Fig.6 to 8). Fluctuations from energy consumption to decoupling have
emerged from energy consumption; the relationship
between the growth of secondary industry and energy consumption has gradually shifted from relative decoupling to absolute decoupling, indicating
that while the added value of the secondary industry
continues to grow, industrial energy consumption
has gradually declined And the efficiency of energy
utilization has continued to improve; the tertiary
industry has been relatively decoupled since 2006,
and the growth rate of energy consumption is lower
than the growth rate of value-added, but the fact
that the absolute amount of industrial energy consumption continues to increase cannot be ignored. It
can also be seen from the horizontal comparison of

the decoupling indexes between the three industries
that the decoupling degree of the second industry is
higher than that of the first and third industries. The
average decoupling index (absolute value) from
2001 to 2018 is 0.106, which is greater than that of
the first and third industries. 0.046 and 0.069 for the
industry.
Judgment of Decoupling of Economic
Growth and Energy Consumption. Through
technological progress and economic growth power
conversion, it is completely feasible to achieve
stable economic growth with lower energy consumption (Fig.9 and 10). Therefore, under the
premise of meeting the requirements of safety,
reliability, green and low carbon, saving priority,
and intelligence and efficiency, the future energy
development path will strictly control the total
energy consumption, especially the use of coal,
accelerate the development and utilization of renewable energy, and comprehensively promote
energy resource conservation and recycling.
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FIGURE 9
Main Effects Plot for Decoupling index

FIGURE 10
Fitted Line Plot
CONCLUSIONS
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TIBET BASED ON GEOLOGICAL RELIC LANDSCAPE
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McHarg put forward the concept of ecotourism planning in 1989, with the interrelation between tourists'
tourism behavior and the natural environment as the
basis [4], to systematically combine the interrelation
in various aspects by ecological theoretical methods
[5], and at the same time to carry out the overall planning of tourism resources with the reasonable distribution of time and space coordinates. The important
point in the planning process is to establish the suitable tourism resources within the range of ecological
sustainability through the planning layout, as well as
enable tourists to fully experience the ecological environment. Therefore, ecotourism planning is also
different from the traditional tourism planning
method [6]. Figure 1 shows the trend of tourism development.

ABSTRACT
Tibet has extremely unique tourism resources.
Due to its high altitude and underdeveloped transportation, the natural scenery is well preserved, and
the mysterious atmosphere of religion also has great
attraction for domestic and foreign tourists. Geological relics in Tibetan areas are diverse, well preserved and have great potential for tourism development. However, due to the particularity of geological
relics, their formation process determines that they
are difficult to regenerate. Therefore, the development and cognition of geological relics need to be
reasonably and gradually promoted. By combining
the concept of ecotourism with the development of
geological relics, developing with tourism, and promoting tourism through development, the unique geological relics in Tibetan areas can be organically developed. This paper makes a systematic study on the
geological background of Tibetan areas and the characteristics of geological relic landscape resources, as
well as makes a summary and analysis on the case of
Linzhi County, and based on this, puts forward the
countermeasures for developing ecotourism of geological relic landscape in Tibetan areas.

KEYWORDS:
Geological relics, Tibet, Ecotourism

FIGURE 1
Development Trend of Tourist Attractions

INTRODUCTION
Ecotourism refers to a special, green tourism
that tourists engage in activities such as tourism, vacation, recuperation, scientific investigation, exploration and popular science education in a certain natural area or specific cultural area, to view the ecological environment, enjoy the natural landscape, explore and study the natural landscape, wildlife and
related historical and cultural landscapes, popularize
ecological knowledge [1], with the aim of maintaining the ecological balance as the tourism purpose,
with the basic principles of protecting the natural and
human resources and protecting the environment
without damaging the ecological environment and
regional culture [2], enabling the local relevant personnel and groups to participate in tourism activities
while creating certain economic benefits [3].

Tibet, located at the southwest of China, has extremely unique tourism resources. Due to its high altitude and underdeveloped transportation, the natural
scenery is well preserved, and the mysterious atmosphere of religion also has great attraction for domestic and foreign tourists [7]. From tourist attractions,
it can be found that there are surging rivers, long and
narrow valleys, virgin forests with rich vegetation,
towering snow mountains and endless grasslands in
Tibetan areas. These natural scenery undoubtedly
provide a foundation for the rich natural tourism resources in Tibetan areas [8]. The famous Segrila National Forest Park, Lulang National Scenic Spot, Niyang River Scenic Belt, Brahmaputra River, Honk
Ditch Scenic Spot, World Cypress King Garden,
Banna Shawn Ku King, Tsomu and Rihu are all
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high-quality scenic spots famous at home and abroad
[9]. In addition, the geological relic landscape in Tibet also has extremely unique attraction [10]. Geological relics refer to the structural features of the
earth in process of crustal movement due to internal
and external pressures. They are non-renewable natural and cultural heritages brought about by the development of the earth [11], which mainly include:
geomorphological landscapes of great ornamental
and scientific research value; geological sections and
structural features of great value; human remains and
fossil remains of important scientific value; minerals, rocks and typical producing areas with special
value, as well as typical geological disaster relics
[12]. Due to the particularity of geological relics,
they cannot be regenerated in the process of formation. Therefore, the development and cognition of
geological relics need to be reasonably and gradually
promoted. By combining the concept of ecotourism
with the development of geological relics [13], developing with tourism, and promoting tourism
through development, the unique geological relics in
Tibetan areas can be organically developed, and at
the same time drive the local economic construction
and cultural dissemination. Therefore, the rational
use, development and protection of geological relics
are essential topics for current research [14]. This paper studies the geological background of Tibetan areas, the characteristics of geological relic landscape
resources and the countermeasures for developing
ecotourism.
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than 5500 m, such as Minya Konka (King of the Shu
Mountain, 7556 m), Chola Mountain (6168 m),
Xiannairi (6032 m), etc. Moreover, the glacial remains are also a major feature of the Tibetan area.
There are 174 modern glacial rivers in the Tibetan
area. Meanwhile, due to the existence of multiple
landforms, there are many geological processes in
the Tibetan area. Therefore, both alpine lakes and
lava landforms have their own unique landscapes in
Tibet, including world natural heritage Huanglong
Scenic Spot, southern Canyon landforms and typical
Danxia landforms [17]. Table 1 makes statistics for
different types of landforms in Tibet.

RESULTS AND DISCUSSION
SWTO Analysis on the Ecotourism Development of Geological Relic Landscape in Tibet. Advantages of the Ecotourism Development of Geological Relic Landscape in Tibet. The vast Tibet is
the region with the richest types and most concentrated distribution of geological relics in the four
provinces. The steep grand canyons, plateau wetlands, ancient ice relics and modern ice activity centers, open-air travertines, cascading waterfalls, geothermal fountains and other gorgeous landscapes are
the unique natural scenery of Tibet and are highly
ornamental [18]. The geological relic landscapes in
Tibet are not only large in quantity, but also large in
scale and high in quality. According to statistics, the
region has 3 World Natural Heritage Sites, 4 World
Biosphere Reserves, 5 National Natural Heritage
Sites, 4 National 5A Tourist Areas, 4 National Geoparks, and 8 National Natural Reserves, which are
the regions with the largest tourism development potential. Various geological relic landscapes in Tibet
are distributed in multiple combinations, and the visual level is more abundant. For example, alpine,
deep valley, layer lake, cascade waterfall, color forest and other landscapes coexist in Jiuzhaigou Valley, the snow mountain and glacier, deep valley, hot
spring landscape coexist in Hailuogou, the grassland
and swamp, lake, Yellow River meander are adjacent in Ruoergai. Besides, these geological relic
landscapes are also integrated with the local historical and cultural landscape, religious landscape and
ethnic customs, and complement each other [19].

MATERIALS AND METHODS
Overview of the Development of Geological
Relic Landscape in Tibet. Due to the gradual development of the crustal movement, the altitude of
the Tibetan Plateau gradually increased [15], and the
height of its plateau and mountains also gradually increased. Coupled with the multiple effects of alpine
karst and century glaciers, the Tibetan area shows
complex geological morphology, with rich types and
diverse unique landscapes. In the north of Tibet, due
to water erosion and freeze-thaw, vast plateau areas
are formed, while in the south of Tibet, due to the
impact of high mountains and rivers, valleys are
mainly formed [16]. In the whole Tibetan area, there
are more than 70 mountains with an altitude of more

TABLE 1
Landforms of Tibet
Category

Subclass
Lava landform

Geological landscape

Glacial landform
Canyon Landform
Danxia landform
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Landscape type
Alpine Karst Travertine
Xuefeng
Modern glacier
Ancient glacier ruins
Flowing water eroded landforms
Erosion of purple red conglomerate
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their ideas. Some people are keen to join in the tourism industry and are committed to the development
of tourism in Tibet. The traffic situation in the province is improving day by day, and the traffic between
scenic spots is becoming convenient. As the traffic
situation in Tibet has greatly improved, the number
of tourists is also increasing. The pulling effect of the
Qinghai-Tibet railway has spread to the whole Tibet
region. The stable construction of the railway will
inevitably lead to an overall improvement in the convenience of entering Tibet, and a large number of
tourists will come. This is a rare opportunity for Tibet's overall tourism industry. Folk ecotourism has
become a hot spot in this century. With the gradual
rise and continuous development of ecotourism,
many tourists prefer to travel to mysterious and original places with beautiful environment and unique
folk customs. They can not only enjoy the beautiful
natural scenery, but also feel the mysterious and
unique local folk culture.

Disadvantages of the Ecotourism Development of Geological Relic Landscape in Tibet. Tibet is located in the southwest, with high altitude and
steep mountain roads. The climate is affected by the
plateau area, and is cold for a long time in a year.
Therefore, traffic and climate are the main disadvantages restricting the development of tourism in
Tibet. At present, the highway to Tibet includes three
national highways, 213, 317 and 318 respectively,
but the area of Tibet is equivalent to 2-3 Hunan Province, so the three national highways are obviously
not enough to connect all regions of Tibet, especially
the scenic area with long distance and diverse terrain, and the traffic in the scenic area often needs to
cross the mountain pass at high altitude, which further aggravates the impact of traffic on the development of scenic spots and hinders the construction and
development of tourism resources [20]. In addition,
due to the particularity of geological heritage, its formation and preservation often need to maintain the
stability of the environment. Therefore, the development of tourism will inevitably lead to the impact on
the environment in some areas, especially the development of transportation will also affect the local
gas, water and even soil, so there is an essential contradiction between the fragility of ecological environment and the development of tourism resources.
In recent years, the environment in some areas has
been degraded. According to statistics, the soil desertification has appeared in some areas, and the desertification degree is increasing by 10.39% year by
year. At the same time, the number of alpine lakes is
also dropping sharply, and only 100 of its original
300 lakes are left. The overall performance is that the
surface water is reduced, and the area with rich geological landforms is also the area with frequent geological disasters, which undoubtedly has a great impact on the development and preservation of geological relics [21].

Threats of the Ecotourism Development of
Geological Relic Landscape in Tibet. Due to the
similar geographical environment, natural environment and ethnic composition, the ecotourism resources in Tibet are similar to those in Yunnan, Sichuan, Qinghai, Xinjiang and other surrounding areas, and even some tourism resources with certain
characteristics are inferior to those in other areas. In
this case, the tourist market has become the intersection of competition in various regions. Compared
with other provinces in China, Tibet, at the end of
the Chinese map, still retains some of the original topography. The contradiction between tourism development and environmental protection is gradually
reflected in the development and utilization of natural resources in Linzhi County. Due to the guidance
of interests, units and individuals involved in the development planning tend to focus on the current economic growth and ignore the long-term development
of tourism resources in order to maximize economic
benefits. Excessive development at the expense of
the environment will not only make the environment
and resources in Tibet unable to effectively utilized,
but also destroy its fragile ecosystem of Tibet, and
ultimately lead to irreparable losses. As mentioned
before, the ecological environment of Tibetan areas
is relatively fragile and more sensitive to external reactions. Once the environmental resources are destroyed, it will be difficult to recover. However, the
development of tourism will inevitably affect the
ecological environment of Tibetan areas in different
degrees. With the development of tourism, a large
number of tourists enter, especially when the tourist
flow exceeds the capacity of tourism environment, it
will bring difficulties and damages to restore the ecological environment. If the unified planning is not
carried out in time, the protection and development
management is not strengthened, the long-term development of ecotourism in Tibet will be affected.

Opportunities for the Ecotourism Development of Geological Relic Landscape in Tibet.
Since the implementation of the western development strategy, the assistance policies for families and
the government in Linzhi County have been continuously improved, and the government's support
work has been carried out orderly. In order to meet
the growing demand of tourism, the government actively responded to the national 12th Five-Year Plan,
fully implemented the spirit of the 18th National
Congress of the Communist Party of China, formulated the planning and development strategy according to the 18th National Congress of the Communist
Party of China, and proposed the 12th Five-Year development plans and countermeasures for "stable
farming and animal husbandry counties, ecologically prosperous counties, strong science and technology counties, tourism counties" and tourism in
Tibet. Now, people in Tibet are gradually changing
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TABLE 2
Evaluation Criteria for Landscape of Linzhi County
Resource level
Level 5
Level 4
Level 3
Level 2
Level 1
ordinary

Evaluation score range
90-100
75-89
60-74
45-59
30-44
0-29

TABLE 3
Geographic landscape of Linzhi County and Its Main Types of Tourism Resources
Subclass
AA Comprehensive
Natural Tourism
Destination

AC geological and
geomorphological
process

Basic type
AAA hill type tourist
destination
AAG Vertical Nature
Zone
ACA peak
ACE peculiar and
pictographic stone
ACF rock wall and
crack
ACG Canyon Passage
ACH Gully

Tourism monomer
Biri Mountain, Nanga Bawa Snow Mountain, Sejira Mountain, Maiden
Peak, Benzri Mountain
Bajie Giant Cypress Nature Reserve, Dongjiu Red Impala Nature
Reserve
Nian Jiufeng
Boon Stone, Kadingou Pictographic Rock Wall, Gem Mountain, Monkey Mountain, Vajra, King Gesar Armor Mountain, Toad Stone, Whetstone
Miracle Bar White Elephant Saint Angel City and Country, Nianjiu Peak
Pictograph Rock Wall
Bear River Canyon
Balonggou, Juemugou, Changligou, Nixigou, Zengbagou

FIGURE 2
Tourism Development Strategies in Tibet
Evaluation of Geological Relic Landscape
Resources: A Case Study of Linzhi County. Evaluation Method. According to the scoring data of individual tourism resources, the tourism resources in
the region are graded, including tourism resources in
level 5, level 4, level 3, level 2 and level 1 respectively. The score range is shown in Table 2.

Overall Evaluation Results of Tourism Resources. Based on the survey results of tourism resources in Linzhi County, the data are classified and
counted, and the evaluation of tourism resources under the aforementioned standards is obtained by induction and summary. The evaluation results are analyzed systematically, and the main tourism routes
are summarized, including 5 outstanding routes,
which are ice based, through glaciers, Tianchi and
other major scenic spots, and the routes run through
snow-capped mountains and glaciers in Nianjiu area,
with a particularly shocking landscape. Using the
mysterious color of the fabric culture, it is possible
for tourists to visit the fabric culture route, understand and experience the origin and changes of the
fabric folk custom. Six lakes live together, which are
connected by plateau lakes. The scenery along the

Geological Relic Landscape Resources. The
main classification of geographic landscape in Linzhi county is shown in Table 3, which includes 2
subclass of areas and 7 basic types of geological relics, among which the subclass of areas are natural
tourism destination, geological and geomorphological process, while the basic types of geological relics
include hills, vertical zones, convex fronts, pictographic mountains, rock crevices, valleys and gullies.
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road is excellent, while the blue sky and the lake water reflect each other, forming a beautiful river scenery. Canyon exploration, colorful waterfalls, mysterious caves, quiet valleys like devil's palaces, with
mysterious legends, form a story line of legends and
relics.
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CONCLUSION
This paper makes a systematic study on the geological background of Tibetan areas and the characteristics of geological relic landscape resources, as
well as makes a summary and analysis on the case of
Linzhi County, and based on this, puts forward the
countermeasures for developing ecotourism of geological relic landscape in Tibetan areas.

Ecotourism Development Strategies of Geological Relic Landscape in Tibet. Development
Status of Geological Relic Landscape in Tibet.
Through data survey and case analysis, it can be
found that the geological relics in Tibet have the following characteristics: Large number. There are rich
geological relics in Tibet, most of which are rarely
known, so their development still needs further development. Good quality. the geological relics in Tibetan areas are well preserved, and because located
in areas with frequent crustal movement, they often
show excellent morphology and amazing structure,
so their tourist attraction is extremely strong. Fragile
ecological environment. Due to the particularity of
geological relics, its formation and preservation often need to maintain the stability of the environment.
Therefore, the development of tourism will inevitably lead to the environmental impact in some areas.
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RESEARCH ON THE DEVELOPMENT OF ECOLOGICAL
SPORTS FROM THE ECOLOGICAL PERSPECTIVE
Qian Cao*
Chongqing Three Gorges University, Chongqing 404100, China

development of mass sports in my country will be a
common topic for mankind. Studying the development of ecological sports can not only promote the
virtuous cycle of ecological civilization and reduce
the waste of sports resources, but also promote the
harmonious development of society and promote the
healthy and sustainable development of sports [1-4].
Eco-sports is a relationship or connection constructed by mutual coordination, mutual care, symbiosis and common development, and common development of sports, culture and ecological environment [5]. Eco-sports embodies a spirit in human
sports, "to nature-society ecology "Environmental
care and humanitarianism", ecological sports advocates a healthy, civilized and harmonious lifestyle.
From a certain perspective, eco-sports is a "green
product" [6]. From its creation and promotion to social recognition and "green effect" on society, this is
a complex system process that makes the entire
sports ecological chain in a state of dynamic equilibrium. Eco-sports emphasizes the “ecology” in ecosports. He is not just a simple “ecological” semantic
meaning in the concept of biology. The broader situation of extension. It is an open, diverse and complex dynamic system that endows closeness to nature
to exercise while generating awareness of worries
and lifelong physical education [7].
Sports is also a product of human activities.
The continuous progress of society has also made
sports unprecedented development. As we all know,
the ecological environment is the cradle of sports,
and the development of sports depends on a good
ecological environment. At this stage, the deterioration of environmental problems has also affected the
development of sports. Many of the problems that
have arisen have also received widespread attention
from the sports academia. Many people of insight in
the field of sports have introduced the basic principles of ecology into the sustainable development
system of modern sports in order to use ecology
Learning related theories to solve problems in the development of sports. For a time, words such as
"sports ecology", "eco-sports", "eco-sports park" and
other words appeared frequently. Through continuous and in-depth discussions on ecological sports-related topics, scholars have gradually matured their
understanding of "ecological sports", and people are
paying more and more attention to the practical significance of developing ecological sports [8].

ABSTRACT
In today's era, people's awareness of ecological
protection has been gradually strengthened. While
paying attention to the construction of ecological
civilization, sports people in the context of modern
sports are not only limited to the attention to competitive sports, but more about the enrichment of
sports concepts and thinking. And to find a sustainable way for the integrated development of sports and
ecology, combined with the development of science
and technology to create ecological sports products,
ecological sports concepts and behaviors have been
gradually applied in society. In order to better promote the healthy and sustainable development of
Chongqing's ecological sports, it is necessary to
combine the opportunities for the development of
ecological sports in the whole society, integrate
Chongqing's advantageous resources, and jointly
promote the formation of Chongqing's ecological
sports atmosphere, overcome and eliminate disadvantage of Chongqing's development of ecological
sports. Through the implementation of government
policies and measures, Chongqing’s citizens’ awareness and awareness of the development of ecological
sports will be improved, and the challenges faced by
the development of Chongqing’s ecological sports
will be eliminated and reduced. While maximizing
the advantages of Chongqing's ecological sports development, it reduces the impact of disadvantages
and existing challenges on the development of ecological sports.

KEYWORDS:
Youth Campus Sports, Development, Ecological perspective, Chongqing

INTRODUCTION
With the continuous progress of human civilization, sports have also continued to develop, and in
the process of sports development, a lot of waste of
manpower, material resources, and financial resources and the phenomenon of idle stadiums have
appeared. my country's competitive sports have
gradually entered the ranks of world powers, but
how to develop ecological sports and promote the
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The characteristics of ecological sports are
manifested in five aspects [9-11]: (1) ecological debugging; (2) spiritual civilization; (3) social functionality; (4) overall system; (5) sustainability. This
feature is summarized using the knowledge of ecology, sociology and other disciplines, a more general
overview of the characteristics of ecological sports,
analysis of the role, function, laws and development
of ecological sports. This summary is a good combination of the relationship between sports' own attributes, ecological principles, and sociality, highlighting the dynamic balance of the essence of ecological
sports.
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beings. Therefore, the essence of ecological civilization is the relationship between man and nature, man
and man, and man and society, focusing on the relationship between man and nature in harmony and
unity and balanced development. The essence of
ecological sports is the harmonious and unified relationship between people, sports and ecological environment. It is a product of the combination of sports
and humanities, green, environmental protection and
nature, highlighting the natural sunlight, natural air
and natural water to human health. The important
value of the human body is to select and transform
our traditional ways of physical activity in accordance with the natural biological development of the
human body. By carrying out sports in the ecological
environment, in order to exercise human health and
personality, it reflects human care for the ecological
environment in sports.

MATERIALS AND METHODS
(1) Literature data method. Extensive search
and collection of ecological sports related materials
and literature through China HowNet, China Journal
Full-text Database, China Excellent Boshu Thesis
Database, Wanfang Database, Web of Science, EBSCOhost Database, etc., reading sports resources,
leisure sports, sports development countermeasures
and other fields The related books, combined with
the relevant policies and investigation reports issued
by the Chongqing Municipal Government and the
Chongqing Sports Bureau, have laid a sufficient theoretical foundation for this research.

Coupling of ecological sports and ecological
civilization. The coupling of ecological civilization
and ecological sports refers to the consistency between the interaction and influence between ecological civilization and ecological sports, which reflects
the integration of sports and culture (Fig.1). Building
an ecological and civilized society is an important
strategic task proposed by the 17th National Congress of the Communist Party of China and built by
the 18th National Congress. The future development
of our country is to take the path of the coordinated
development of material civilization, political civilization, spiritual civilization and ecological civilization. The improvement of the degree of ecological
civilization is inseparable from the support of the scientific development of ecological sports. The construction of ecological sports should focus on establishing a national awareness of ecological civilization and provide an internal driving force for the
eternal development of ecological sports. Ecological
sports are an indispensable part of ecological civilization and an important way to build ecological civilization; and the strong material and spiritual support required for sports development must be provided by the good natural environment and social environment constructed by ecological civilization.
The construction of ecological sports is in a constantly changing and comprehensive dynamic system, and it needs to go through a long development
process. The general background of the construction
of an ecological civilized society advocated today
has given space and high-quality resources for the
development of ecological sports and has accelerated the construction of ecological sports. The pace
is conducive to the sustainable development of
sports. Under the guidance of the concept of ecological civilization, it can maintain the diversity and diversity of sports culture, enhance the understanding,
friendship and solidarity of all countries in the world,
and encourage the spirit of hard-working ecological
sports; it can promote the efficient use and reuse of

(2) Field survey method. After consulting a
large number of Chongqing's ecological sports-related materials, a field survey was conducted on the
current status of the development of ecological
sports in Chongqing, more extensive research and
data collection were provided, which provided empirical data for subsequent research.
(3) System analysis method. This article uses
comparative analysis, comprehensive analysis, inductive deduction and other methods to systematically and logically analyze the literature, research
materials, and interview results, and draws corresponding conclusions. On this basis, it proposes scientific and rational suggestions and countermeasures.

RESULTS AND DISCUSSION
Ecological civilization and ecological sports.
"Ecological civilization" refers to "civilized ecology", that is, the state of harmony and harmony, benign preservation, and comprehensive development
of the entire civilization, which is what Marx called
"the real contradiction between man and nature, and
between people. The solution is the civilization of
existence and essence, objectification and self-confirmation, freedom and necessity, and the real solution to the struggle between individuals and human
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(a)

(b)

(c)
FIGURE 1
Contour Plot of Coordinate degree
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sports resources and reduce nature. The waste and
destruction of resources; promote the common participation of people of all ethnic groups in sports, attract women to participate extensively, attach importance to supporting the sports of disabled people,
reduce racial discrimination, sex discrimination, etc.,
closely integrate sports with culture and natural environment, and create a good ecological sports environment.

which build a strong ecological garden tour atmosphere, allowing tourists to be involved in aerobic
sports and recreational activities of recreation and
development, indulging in the clear waters of the
male mountains, wandering in the arms of nature Enjoy a green life with low carbon, environmental protection, health and sunshine, and experience elegant,
fashionable, pleasant and relaxed happy life, which
is the beauty of ecological sports.

Function of ecological sports. Facing the
wave of the world’s ecological revolution and the
sustainable development of sports culture, the sports
industry is deeply reflecting on and studying the ecological problems faced by modern sports, and is
striving to explore the basic approach and development strategies for the harmonious development of
"people, sports and nature". Green Olympics, ecology Concepts such as sports came into being. Ecosports has three basic functions: co-health function,
entertainment function and compulsive function,
which can meet the sustainable development of modern sports culture. Ecological sports activities are
more in line with the requirements of environmental
protection; use people's enthusiastic attention and
active participation in major sports events and various organized sports activities to achieve the purpose
of publicity, and use sports to promote the concept
of ecological harmony; extend the ecological concept through school physical education The process
achieves the educational function; using the beauty
of the natural human body and the vitality displayed
by the ecological sports activities, it vividly conveys
the ecological beauty, releases the pressure of social
life on the body and mind, and experiences the harmonious rhythm of natural vitality.

Good foundation for ecological sports development. Chongqing is the first city in the country to
develop and promote the development of ecological
civilization. For this reason, Chongqing now has a
good foundation for the development of ecological
sports. The cultural heritage of folk sports provides
a good foundation for Chongqing to develop ecological sports. These factors not only promoted the improvement of Chongqing citizens' awareness and
concept of ecological sports, but more importantly,
through the development of these sports activities,
they also increased the popularity of Chongqing in
the country, and further expanded and promoted the
advantages of Chongqing ecology. At the same time,
the operation of the public bicycle system and the release of shared bicycles will affect citizens' travel
concepts, and not only provide a basis for future bicycle sports, but also affect citizens' cultivation of
ecological concepts in a deeper way.
Government policy support for ecological
sports. The Chongqing Municipal Government
promulgated and implemented the implementation
opinions on accelerating the development of the ecological sports industry, and combined with the ecological natural environment of Chongqing, the ecological sports industry was more integrated into the
lives of Chongqing residents. While promoting the
construction of Chongqing's people's livelihood projects, improving the people's happiness index, and
building a modern city, it also builds innovative
Chongqing, livable Chongqing, and safe Chongqing.
Implement the brand construction strategies of
"Sports Equipment Base" and "Sports and Leisure
City", learn from the successful game model, actively bid for and hold individual sports events with
international influence, focus on the development of
sports brand events, and cultivate an ecosystem with
potential for development. For sports events, actively bid for high-standard sports and leisure events
to promote the spread and development of ecological
sports in Chongqing.
In a mountainous city like Chongqing, with the
characteristics of multi-ethnic people, no matter in
terms of time, geography, people, etc., they can develop the content of ecological sports very well. The
so-called ecology is to talk about ecological development. The content of the development should be

Advantage analysis. Blessed ecological and
natural environment. Chongqing has a subtropical
monsoon humid climate with an average annual temperature of 16-18°C. Banan, Qijiang, Yunyang and
other places in the Yangtze River Valley reach above
18.5°C, Qianjiang and Youyang in the southeast 1414°C, and elevation in the northeast. The higher
Chengkou is only 13.7°C, the average temperature in
the hottest month is 26~29°C, and the average temperature in the coldest month is 4~8°C. The temperature can be used to clearly divide the four seasons.
The average annual precipitation is relatively abundant, in most areas between 1000 and 1350 mm, and
the precipitation is concentrated in May to September, accounting for about 70% of the total precipitation in the whole year. The plant resources are abundant, the urban green coverage is high, and the trees
are shaded, which provides a large amount of oxygen
and negative oxygen ions to the city. In the process
of absorbing carbon dioxide, the plant will also help
the urban air purification. Therefore, the air quality
has always been Ranked at the forefront of the country. In addition, there are many ecological parks,
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able to achieve the purpose of exercise well, and then
make good use of the surrounding natural environment to deal with the relationship between people,
people and nature, and people and society. relationship. The content of the development should try to
minimize the degree of damage to the natural environment, maximize the exercise and exercise effects
of the classmates, so as to be able to carry out the
content of ecological sports well, let them develop
good exercise habits, and form a lifelong awareness
of sports habits. In addition, teenagers are in an uncertain stage in all aspects of their physiology and
psychology. Their enthusiasm for new things and the
spirit of adventure can educate them during this period of time with half the effort.
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infrastructure required for sports, and strengthen the
management of venues, update and maintain all
equipment in the venue in a timely manner.
Encourage students to get close to nature.
First of all, since it is to build an educational model
of ecological sports, it is necessary to return to nature. Many contemporary college students do not
know much about nature, especially children who
have lived in cities since childhood. Many of their
impressions of nature come from tourist attractions
or visits to zoos and botanical gardens in the city, but
whether they are fancy. The holiday tourism still imposes a lot of artificially modified elements on the
animal and botanical gardens, which can't really
arouse the students' awe of life and nature. Ecosports education emphasizes the awakening of students' life consciousness and ecological consciousness. The purpose is to stimulate students' desire to
protect life and nature, so as to guide students to
shape the correct ecological view, cherish life and
awe nature. However, from a psychological perspective, people only have a desire to maintain what they
care about. In our current education model, students
are basically framed on campus. Even activities such
as spring tours and autumn tours that were popular
among students in the early years, which allowed
students to get close to nature, were gradually cancelled due to safety concerns. Imagine that there are
not many opportunities to connect with nature. How
can students truly appreciate the beauty of nature,
and how can they resonate with it? Whether it is oral
narration or video observation, it is better to let students experience it for themselves.

Countermeasures to strengthen the construction of ecological sports. Clarify course positioning and teaching purpose. In the process of education, highlight the fitness and fun of sports, cultivate students' interest and habits in sports, and reform the assessment method of current sports
courses, and do not use scores to measure students'
learning effects. No matter what perspective you
stand on, the essential attribute of ecological physical education is still physical education, and this positioning must be clear. The characteristics of physical education are fitness, fun and competition. A little carelessness may cause injuries. Of course, students are not discouraged from cultivating a spirit of
toughness and courage to break through themselves.
What is emphasized here is that everything should
be done according to the conditions of the time and
circumstances, and not blindly risk. As for students
with such abilities and interests, they should naturally be encouraged, and the school should give more
professional guidance and support.

CONCLUSIONS

Improve infrastructure construction. Influenced by the thought of prioritizing the text over military, the status of physical education has not been
high.
The resources invested in physical education
are also very limited, and the physical education infrastructure is not perfect. Although educators have
gradually realized this problem in recent years and
began to invest more, with the continuous expansion
of enrollment, the number of students in school has
increased year by year, per capita The area of the
venue does not increase but declines. The sports facilities in the stadium are relatively old, updated
slowly, and there are even certain security risks. Under the condition that the basic conditions cannot be
guaranteed, in addition to the learning in class, some
sports students can hardly have suitable venues for
practice after class. Therefore, the second step in
constructing eco-sports education is to require educators to focus on reality, increase the investment in
school physical education resources, expand the area
of school sports venues, improve the construction of

In order to better promote the healthy and sustainable development of Chongqing's ecological
sports, it is necessary to combine the opportunities
for the development of ecological sports in the whole
society, integrate Chongqing's advantageous resources, and jointly promote the formation of
Chongqing's ecological sports atmosphere, overcome and eliminate Chongqing's development of
ecological sports. Disadvantage. Through the implementation of government policies and measures,
Chongqing’s citizens’ awareness and awareness of
the development of ecological sports will be improved, and the challenges faced by the development
of Chongqing’s ecological sports will be eliminated
and reduced. While maximizing the advantages of
Chongqing's ecological sports development, it reduces the impact of disadvantages and existing challenges on the development of ecological sports.
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THE STRATUM Q ESTIMATED BY INSTANTANEOUS
SEISMIC WAVELETS IN PRE-STACK DOMAIN
Jingjing Zheng*
School of Geophysics and Information Technology, China University of Geosciences, Beijing 100083, P.R. China

the quality factor Q. It is closely related to the
structural characteristics, saturation, permeability
and porosity of the formation. Based on this property, in reservoir prediction, seismic wave attenuation
is more sensitive than seismic wave velocity, especially in gas bearing reservoir [2-3] and fracture
development area [4]. Therefore, in seismic exploration and development, it is of great significance to
study the method of accurately estimating formation Q value.
The attenuation within a formation is determined by both the wavelet and reflection coefficients. The conventional estimation method directly
uses amplitude and spectral information of the
seismic data to extract the attenuation parameters.
There are two common Q estimation methods based
on post stack data. One is amplitude attenuation [56] and rise time method [7-8]. Zhang et al. studied
Low-frequency absorption attenuation gradient
detection based on improved generalized S transform [9]. To improve the stability, Wang, Y.H.
considered frequency and time variations and conducted Q analysis on an integrated observation [10].
Duan et al. proposed a method of formation Q prediction based on Teager energy variation [11]. Yue
et al. proposed absorption attenuation gradient
detection based on three parameter wavelet transform [12]. Xu et al. studied seismic Q of inhomogeneous plane waves in porous media. They used
the differing definitions of 1/Q for inhomogeneous
waves (i.e., the ratio of the time-averaged dissipated
energy density to the time-averaged strain energy
density or time-averaged total energy density) and
the complex form of the energy balance equations
of poroviscoelastic media to derive concise and
explicit expressions for the dissipation factors [13].
The other one is frequency method, mainly including spectrum ratio method [14-15] and spectrum
fitting technology [16], etc. Li and Liu studied a
method for interval Q-factor inversion from seismic
reflection data, they designed the frequencyweighted-exponential (FWE) function and used it to
fit the local spectral contents of the interval seismic
reflection data to obtain the symmetry indexes and
bandwidth factors [17]. Matan and Ariel studied Qfactor estimation using reconstructed source spectral consistency and determined that the method
should be used as a part of an iterative workflow,
possibly yielding initial models for a joint velocity

ABSTRACT
For seismic waves that propagate in a formation, the wavelet spectrum has clear timefrequency variation with respect to the offset. By
using pre-stack seismic data with abundant amplitude and frequency information, we propose a new
method for the computation of attenuation parameters Q by extracting transient seismic waves in the
pre-stack domain. Firstly, the initial wavelet model
is chosen. Then, the fourth-order cumulative quantity matching method is used to estimate the wavelet
spectrum from the amplitude spectrum of the seismic record, and the optimal Q value is obtained.
Finally, using the relationship of Q versus offset
(QVO), linear regression is used to obtain the formation Q value at zero offset, that is, the true Q
value of the formation. The model test results indicate that the method is reliable and accurate. Application of the model to real data provides attenuation
parameters that can effectively identify oil and gas
reserves in a reservoir and mitigate the shortcomings of the traditional method.

KEYWORDS:
Pre-stack domain, instantaneous seismic wavelet, amplitude, Q estimation, Q versus offset, oil and gas identification

INTRODUCTION
When a seismic wave propagates in a viscoelastic medium, its frequency is usually reduced,
amplitude is weakened, and the high frequency
energy is strongly attenuated within the reservoir.
In the processing of the actual seismic data, it is
found that the amplitude of the seismic wave from
the deep underground is still much smaller than that
of the shallow one even after the attenuation factors
(including spherical diffusion, energy transmission
loss, etc.) are compensated. This shows that in the
process of seismic wave propagation, due to the
existence of internal friction in the formation, part
of the elastic potential energy of seismic wave is
transformed into heat energy and dissipated [1].
This phenomenon is called the inherent attenuation
of seismic wave, which is usually characterized by
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and Q inversion [18]. Yang et al. studied Q-factor
estimation using bisection algorithm with power
spectrum. This method has better stability and more
flexible frequency selection [19]. Li et al. studied
frequency shift method based on wavelet asymmetry in strongly attenuating media. In this method,
the changing centroid frequency and variance of
this new wavelet as a function of traveltime can
automatically adapt to a changing asymmetric spectrum caused by attenuation [20]. Among the methods based on pre-stack data, Dasgupta et al. Proposed a method to calculate Q value based on
Common Middle Point gathers (CMP gathers) [21].
Based on the assumption of direct ray propagation
path, Zhang et al. proposed the method of extracting Q value layer by layer by using the relationship
between the maximum peak value change of spectrum and the main frequency [22]. Hackert et al.
Improved the prestack method and proposed a
method (LSR method) to extract Q value after correcting the influence of thin layer on amplitude
spectrum by using logging data [23]. Wang et al.
put forward a method of formation Q estimation
based on pre stack CMP trace gathers [24-25].
Using the zeroing processing of offset to get the
formation Q value of zero offset, the accuracy of Q
value estimation is improved. Besides, Wang et al
proposed an approximate formula of reflection
coefficient based on viscoelastic medium and its
inversion method [26-28]. Hossein and Ali proposed an Interval-Q estimation method based on an
adaptive dictionary-learning approach [29]. Stefano
et al. build rock-physics templates (RPTs) for reservoir rocks based on seismic quality factors [30].
The RPTs can be used for a robust sensitivity analysis, which provides insights on seismic attributes
for hydrocarbon detection and reservoir delineation.
However, these methods are also a method only
considering the attenuation of seismic amplitude,
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which cannot avoid the averaging effect and the
multi-solution of the calculation results.
Therefore, this paper focuses on a method for
obtaining attenuation data based on instantaneous
seismic wavelets extracted from pre-stack seismic
data using time-frequency variation of the wavelet
spectrum. This method effectively reduces the influence of the reflection coefficient on the wavelet
extracted based on the fourth-order cumulant
matching, and obtains the true Q value of formation
by the linear relationship between the Q value and
offset to improve the accuracy of the attenuation
parameter calculation and reservoir prediction.

MATERIALS AND METHODS
The basic principle of extracting attenuation parameters from instantaneous seismic
wavelet. Seismic record is obtained by convolution
of wavelet and reflection coefficient, as shown in
Figure 1. Its process can be expressed by the equation (1):

d (t )=w(t ) * r (t )

(1)
According to the Fourier transform, the convolution model of frequency domain can be expressed
in the equation (2), as shown in Figure 2.

d ( f )=w( f ) r ( f )

(2)
Figure 1 is a schematic diagram of the relationship between seismic data, wavelet and reflection
coefficient. Figure 2 is a schematic diagram of the
relationship between seismic data spectrum, wavelet
spectrum and reflection coefficient spectrum. The
red line in the diagram represents the wavelet spectrum, the blue line represents the spectrum of reflection coefficient, and the green line represents the
spectrum of seismic data.

reflection coefficien

Wavelet

³ w(t  W )r (W )dW

Seismic

=

*

FIGURE 1
Relationship between seismic data, wavelet and reflection coefficient
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FIGURE 2
Relationship between seismic data spectrum, wavelet spectrum and reflection coefficient spectrum.
The red line represents the spectrum of wavelet, the blue line represents the spectrum of reflection coefficient, and the green
line represents the spectrum of seismic data

It can be seen from Figure 1 and Figure 2 that
the seismic data spectrum is the result of the joint
action of wavelet spectrum and reflection coefficient
spectrum. In the estimation of attenuation parameters, there are some errors in extracting attenuation
parameters based on the spectrum of seismic data
represented by the green line in the figure, which is
caused by the suppression of effective formation
information under the effect of reflection coefficient.
Therefore, this paper proposes a method to extract
attenuation parameters based on instantaneous seismic wavelet. The wavelet spectrum with the more
sensitive features of formation attenuation shown in
the red line in Figure 2 is used to extract attenuation
parameters f, which improves the accuracy of estimation of attenuation parameters, so as to more accurately describe reservoir characteristics and provide
more reliable basis for fine exploration and development of oil and gas reservoirs.

Attenuation Parameter Calculation in PreStack Domain. Stratum absorption is an accumulation process of the propagation path. The Q value of
the stratum directly obtained by using the instantaneous seismic wavelet in the pre-stack seismic data
changes with offset, which is recorded as Qoffset. To
obtain the constant Q value of the formation, the
influence of the offset on the Q value of the formation must be eliminated. We assume that the
propagation time variation is given by the classical
time difference equation:
't |

x2
2V 2t0

(5)
Where t0 represents the time at zero offset and
V represents speed. In the horizontal direction, the
spectral slope ratio for different offsets is given by
Poffset | 

ʌ 't1  't ,
Qoffset

(6)

where Poffset is the slope of spectral ratio for a
given offset, Qoffset is the quasi-Q value of the strata
for a given offset, and ǻW is the time difference of a
seismic wave with different offsets passing through
the upper and lower interfaces of the target layer.
Substituting ǻW and ǻW1 into Equation (7) produces.
S't1
S x2
poffset | 

2QoffsetV 2t0 Qoffset
(7)
For small permutations, we assume that Poffset
varies little for a given offset, comparable to P0 for
zero offset. The above formula can be approximated
as

Instantaneous Seismic Wavelet Extraction
Method. Assuming that the amplitude of seismic
wavelet is smooth spectrum, given the expression of
seismic wavelet model, the amplitude spectrum of
seismic wavelet is estimated from the amplitude
spectrum of seismic record by using the fourth-order
cumulant matching method. This method is very
inclusive when the reflection coefficient is a nonwhite noise sequence. It can effectively reduce the
influence of non-white noise components of reflection coefficient on the estimation of wavelet amplitude spectrum and improve the estimation quality of
wavelet amplitude spectrum.
In constant Q medium model, the propagation
equation of seismic wave U(w,z) with the angular
frequency w along the increasing direction of Z axis
in one-dimensional viscoelastic medium is:
iwz
 wz
U( w, z )=U( w, 0) exp(
) exp(
)
V ( w)
2QV ( w)
(3)

Qoffset | 

S't1
S x2

2
2 PoffsetV t0 Poffset

(8)

Equation (8) shows that the Qoffset value of the
formation (the Q value directly calculated from the
data with different offsets) changes with the offset
and is linearly related to the square of the offset
(Figure 3). The Qoffset value obtained by the instantaneous wavelet directly extracted from different offsets is linearly normalized to obtain the constant Q
value (Q at the zero offset) of the formation, thus
eliminating the influence of the offset on the Q value.

In which, w is angular frequency, z is the propagation distance, V(w) is the phase velocity. Assuming the source is an ideal pulse source , U(w,z)=1,
and the attenuation caused by scattering is ignored.
The following formula can be obtained:
iwz
 wz
U( w, z )= exp(
) exp(
)
V ( w)
2QV ( w)
(4)
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FIGURE 3
The relationship between the offset and Q
Figure 4 depicts the workflow of Q-value estimation based on pre-stack data. First, the initial Q
value range is obtained from VSP data or an empirical formula, and then it is brought into the seismic
wavelet model to obtain the initial instantaneous
seismic wavelet. Then, the seismic data and instantaneous seismic wavelet are matched by a high-level
cumulant. Under the constraint of the model, the
optimal Qoffset value of the stratum is obtained by
optimization algorithm. Finally, the true Q value of
the formation is obtained by linear normalization of
the Qoffset value of the formation with different offsets, eliminating the influence of offset, and obtaining a more accurate Q estimation value. The formation Qoffset value is calculated in pre-stack CMP
seismic traces after Normal Moveout (NMO) correction. When preprocessing CMP gathers, the relative
true amplitude and spectrum should be retained.
VSP data/
Empiricalformula
Initial Q value
Initial model of
instantaneous seismic
wavelet

strain the estimation of attenuation parameters.
With the help of Q-value curve, the stability and
rationality of the estimation of attenuation parameters can be improved.
According to different work areas and specific
characteristics, different empirical formulas and
parameters can be selected. Through the empirical
relationship between Q and P-wave velocity, the
curve that can reflect the change of formation Q
value to a certain extent can be obtained. It is obtained by scholars through comprehensive statistics
of a large number of data. In this paper, the empirical formula in the middle and deep layers of Shengli Oilfield is selected:
(9)
Q p 23.96 u V p1.78
Using the empirical formula, the Q value extracted will be used as constraint information for
Attenuation parameter extraction. With the help of
Q-value information, the stability of inversion and
the rationality of inversion results can be improved.
It should be noted that when well logging data is
not perfect, using Q-value empirical formula to
extract Q-value is a compromise choice. Of course,
the extraction method of Q value is not only limited
to empirical formula, but also can be estimated
from VSP data.

Prestack
seismic data

Stransformation
preprocessing analysis

RESULTS AND DISCUSSION

Fourth order cumulant matching method

Single Trace Model. A typical geological
model was established according to the characteristics of the reservoir in K71 as shown in Figure 5.
Figure 6 shows the middle trace of the forward
model data for a trial analysis and the instantaneous
seismic wavelets and its spectrum at points C, B, D
and A. Figure 6 also shows the 1/Q calculated from
instantaneous wavelets based on post-stack data.
Black, green, blue, and red lines correspond to the
locations of the water layer, oil layer, oil and water
interbeds, and gas layer, respectively. Figure 7
provides a comparative analysis of the 1/Q value
estimated using the instantaneous wavelet. Blue and
red lines denote 1/Q from the post-stack and 1/Q

linear regression
Formation constant Q value

FIGURE 4
Workflow of Q-value estimation based on
pre-stack data
Estimation of initial model Q. The idea of
extracting Q-value from VSP data or well data is to
extract the corresponding Q-value information from
well curve by using empirical formula. The Q-value
extracted will be used as the initial range to con-
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00

after the offset-return-to-zero-process, respectively.
The attenuation in the gas layer is the most prominent for both the pre-stack and post-stack, followed
by oil, oil and water interbed, and water layers.
However, the difference between the 1/Q of gas,
oil, and water reservoirs calculated using pre-stack
is larger than using post-stack domain data. This
effect is most prominent in the water layer, where
the attenuation in the pre-stack domain is almost
zero. This proves that the method can effectively
identify oil, gas, and water layers.
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FIGURE 5
Ken71 model Qp and forward section. (A,
gas layer; B, oil layer; C, water layer; D, oilwater interaction)
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Comparison and analysis of different methods of attenuation parameters. Figure 8 shows the
comparison and analysis of different methods of
attenuation parameters based on the 2D K71 model.
When the attenuation in oil and gas reservoirs
reaches a certain level, conventional methods can
only identify the gas layer accurately, whereas the
proposed method based on instantaneous seismic
wavelets can determine the location of the reservoir
and distinguish the oil and gas water layers with
high sensitivity. It performs better in the pre-stack
compared with the post-stack domain. The attenuation parameter obtained is high in the oil layer and
very low in the water layer. In addition, its resolution is higher and the reservoir boundary determination is more accurate.
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FIGURE 6
The 1/Q of single trace data based on the
instantaneous wavelet in post-stack. A, gas layer;
B, oil layer; C, water layer; D, oil-water interaction
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Comparison among different methods of attenuation parameters based on the 2D K71 model
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Real Data Analysis. An algorithm based on
instantaneous wavelets was used to test the oilfield
data from the eastern survey. Figure 9 shows the
original seismic data, with the black line indicating
the location of the A1 (oil) and A2 (water) wells,
both of them showing strong amplitude anomalies.
Figure 8 shows the 1/Q estimation of a single trace
in the A1 well. Figure 10a shows the pre-stack
recordings in the A1 well. Figure 10b shows the Q
slope for a different offset. Figure 10c shows the
1/Q value estimated using the pre-stack method. In
Figure 10, the reservoir location of the A1 well
exhibits a high attenuation anomaly, whereas the
attenuation in other positions is very low, which is
consistent with the log interpretation results. Figure
11 shows the 1/Q estimation for a single trace at
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FIGURE 7
Comparison of 1/Q based on pre-stack and
post-stack instantaneous wavelet. A, gas layer;
C, water layer
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well A2, with Figure 11a showing the pre-stack
recordings and Figure 11b showing the Q slope for
varying offsets. Certain attenuation can be seen in
the sandstone layer; however, it is weaker than in
the sandstone reservoir in Figure 10. Figure 12
compares the attenuation parameters based on the
instantaneous seismic wavelet method. Figure 12a
shows the attenuation profile calculated by the poststack data, whereas Figure 12b was calculated from
the pre-stack data, where the offset-return-to-zero
process was applied. The attenuation parameters
calculated from the instantaneous seismic wavelet
in post-stack data were used to determine the location of the reservoir (Figure 12a).
1.1

attenuation parameter, which also causes a change
of the reflection coefficient.

1.1
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Time/s
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FIGURE 9
Real data

1.30
80

The attenuation at the position of well A1 is
higher than at well A2. However, the precision is
low and more attenuation anomalies are present in
the reservoir (marked by a black oval shape), resulting in difficult fluid identification. Although the
attenuation parameters calculated from the prestack data (Figure 12b) are higher, the absorption
anomaly at the A1 position of the reservoir is severe and the attenuation at the well A2 is therefore
very weak. The difference between the two is very
large, and attenuation anomalies in other positions
are not obvious, hindering the process of determining reservoirs and identifying fluids. The resolution
of the attenuation parameters calculated by the prestack data is higher and the reservoir range can be
described more accurately. According to the theory
of viscoelastic medium, it is considered that the
reason for the strong attenuation of the oil layer
relative to the water layer is that the viscosity of oil
is greater than that of water. When a seismic wave
propagates the oil layer, it causes the relative
movement of fluid in the pores and produces dissipation, which leads to the attenuation coefficient of
the oil layer being greater than that of the water
layer. On one hand, the viscosity of fluid leads to a
change of velocity of formation rock, which leads
to a change of the reflection coefficient; on the
other hand, the viscosity of fluid and the structural
parameters of rock itself lead to a change of the
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FIGURE 10
1/Q estimation of a single trace at well A1.
(a) Pre-stack gathers at A1 wells; (b) Q slope of
different offset; (c) 1/Q value using pre-stack
method
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At present, this method is only used in CMP
gathers of surface seismic data, and has achieved
more accurate oil and gas prediction results than
traditional methods. In the future, the method can
be extended to the walkway VSP data, and the
higher resolution of the 3D VSP data can be used to
better describe the reservoir characteristics. In addition, the non-zero bias results of the 3D VSP data
can be compared with the zero bias VSP data, and
the differences between the two can be analyzed to
improve the application scope of the method of
instantaneous seismic wavelet extraction Q.
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FIGURE 12
Attenuation parameters based on instantaneous seismic wavelet. (a) 1/Q calculated using
post-stack data; (b) 1/Q calculated using prestack data.
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1.35

The method proposed for calculating the Q
value based on instantaneous seismic wavelet
makes full use of the time-frequency variation of
the wavelet spectrum, which effectively reduces the
influence of the reflection absorption and reduces
the average effect by the offset-return-to-zero process, improving the accuracy of the attenuation
parameter. The results of the model applied to real
data showed that the method proposed for estimating the attenuation parameter Q has high sensitivity
with respect to reservoir fluid, distinguishing the oil
and gas layers with better accuracy. Using pre-stack
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FIGURE 11
1/Q estimation of a single trace at well A2.
(a) Pre-stack recording at well A2; (b) Q slope
for varying offset; (c) 1/Q value using pre-stack
method
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domain data results in a better resolution of the
water and oil locations and improving the fluid
identification accuracy. This method can only be
used in isotropic viscoelastic media without considering the frequency dependence of reflection coefficient. If the thin interbeds and anisotropic media
are considered, new formulas and methods need to
be derived.
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DIFFERENCES IN DRY MATTER PRODUCTION,
CHLOROPHYLL AND ION CONTENT OF BREAD WHEAT,
DURUM WHEAT, BARLEY, OAT AND RYE UNDER
SALINITY STRESS
Sema Karanlik*, Dervis Aslanyurek
Hatay Mustafa Kemal University, Faculty of Agriculture, Department of Soil Science and Plant Nutrition, 31060, Antakya, Hatay, Turkey

ABSTRACT

INTRODUCTION

Salt tolerances of different cereals (bread
wheat (Triticum aestivum / FY 'D÷GDú  GXUXP
wheat (Triticum durum / FY 6HOoXNOX  EDUOH\
(Hordeum vulgare FY .ÕUDO  U\H Secale cereale
/ FY $VOÕP  DQG RDW Avena sativa L. cv. Faik
%H\  ZHUH HYDOXDWHG XQGHU FOLPDWH FRQWUROOHG FRQ
ditions. Following the germination, seeGOLQJVWUDQV
ferred to aerated nutrient solution. On the 6th day,
the plants were exposed to 0, 100, 150 mM NaCl
ZLWKDJUDGXDOLQFUHDVH2QWKHWKGD\RIVDOLQL]D
tion, the chlorophyll content was measured, shoots
and roots were harvested separately. Chlorophylla
and Chlorophyllb were tended to increase with rise
in salinity, except barley. ChlorophyllDE LQ
FUHDVHG LQ EUHDG DQG GXUXP ZKHDW ZKLOH LW GH
creased in barley and oat with increasing NaCl
level. Salinity caused more significant reduction in
dry PDWWHU SURGXFWLRQ '03  LQ RDW GXUXP ZKHDW
and rye, than in barley and bread wheat. Salinity led
WR DQ LQFUHDVH LQ VRGLXP 1D  FRQFHQWUDWLRQ DQG D
GHFUHDVH LQ SRWDVVLXP .  DQG FDOFLXP &D  FRQ
FHQWUDWLRQ2DWKDGWKHKLJKHVWVKRRWLQ1DFRQFHQ
tration, followed by barley, durum wheat, rye and
bread wheat. The highest root in Na concentration
was obtained in rye, followed by barley, oat, durum
wheat and bread wheat. The decreases in shoot K
concentration were more severe in oat, barley and
durum wheat, than in bread wheat and rye. While
bread wheat had the highest K/Na ratio, the lowest
rate was recorded in oat. The highest Ca/Na ratio
was obtained in bread wheat and rye, while the
lowest was found in barley. Results showed that
bread wheat is more tolerant to salinity than other
cereals and was followed by barley and rye. Oat
was found to be the most sensitive to salinity stress,
followed by durum wheat.

Salinity is an important HQYLURQPHQWDO SURE
lem affecting plant growth and yield [1]. According
to FAO [2] PRUHWKDQPLOOLRQKDODQGDUHLQIOX
enced by salinity and sodicity problems. Salinity
disrupts many metabolic processes in plant and
decreases growth and yield [3] by causing osmotic
stress, ion toxicity and imbalance of nutrients [4].
In many plant species, salt sensitivity is associated
with the high accumulation of Na in photosynthetic
tissue. Toxic effects of Na lead to a decrease in leaf
area and organic structures, such as pigment and
RVPRO\WHV UHVXOWLQJ UHGXFWLRQV LQ SODQW SKRWRV\Q
thetic rate [5, 6].
Plants show different resistance to salt stress,
since the complex mechanism of salt stress affects
species and varieties differently [7]. Cereals are one
of the main food groups that have a serious role in
the nutrition of humans and animals. The salinity
tolerance of cereals is very different. It has been
reported by many researchers [8, 9] that bread
wheat is more tolerant to salt stress than durum
wheat varieties. However, studies comparing the
salt tolerance of wheat with other cereal types are
not sufficient. To determine salinity tolerances of
different cereal species under the same salinity
conditions is very important in terms of yield.
Improving salt tolerance covers screening
methods especially for determination of reliable
tolerance parameter [10]. Na, K, Ca concentration
and K/Na and Ca/Na ratios are the parameters used
successfully by many researchers in determining
salinity tolerance of different plant species and
varieties (in pepper; Aktas et al., [11], in wheat,
barley, canola and chickpea; Grewal [12], in maize,
Eker et al., [13] 
In this study, the salinity tolerance of different
cereal types (bread wheat, durum wheat, barley, rye
DQG RDW  ZHUHLQYHVWLJDWHG LQ QXWULHQW VROXWLRQ FXO
ture under controlled conditions. 7KHVDOLQLW\WROHU
ance was evaluated with chlorophyll content, shoot
dry matter production, accumulation of Na, K, Ca
ions and K/Na, Ca/Na ratios in shoot and root.

KEYWORDS:
Salinity stress, cereals, wheat, barley, oat, rye.
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tent was significantly affected by salinity stress in
all species. With the increase in salinity level, the
content of chlorophyllD 7DEOH DQGFKORURSK\OO
E 7DEOH WHQGHGWRLQFUHDVHLQDOOVSHFLHVH[FHSW
in barley. Chlorophylla+b content increased with
increasing NaCl levels in bread and durum wheat
7DEOH   6XFK LQFUHDVH LQ FKORURSK\OO FRQWHQW LV
attributed to an increase in chloroplast quantity
under salinity stress [16]. Chlorophylla+b content
tended to decrease in barley and oat 7DEOH ,QD
similar study, Lal et al. [17] UHSRUWHG WKDW FKORUR
phyll content decreased by 57% and 33% in wheat
and barley, respectively, under 160 mM NaCl. Salt
WROHUDQW SODQWV SURWHFW WKHPVHOYHV IURP D GHVWUXF
tion by salinity. According to Mariey et al. [18], the
reduction in chlorophyll content may be due to
changes in the lipid protein ratio of pigment protein
complexes or an increment in chlorophyll activity.
Although Türkyilmaz et al., [19] UHSRUWHGWKDWFKOR
rophyll content is not negatively affected by salinity
stress, there are many studies WKDWUHSRUWHGGHFUHDV
es in leaf chlorophyll content with increasing NaCl,
e.g. in barley [6], in oat [20], in tomatoes [21] and
in canola [22]. ChlorophyllDE FRQWHQW LQ U\H GH
creased under 100 mM NaCl compared to control,
while it increased at 150 mM NaCl.

MATERIALS AND METHODS
In this research, five different cereals, bread
ZKHDW 7ULWLFXP DHVWLYXP / FY 'D÷GDú  GXUXP
ZKHDW 7ULWLFXP GXUXP / FY 6HOoXNOX  EDUOH\
+RUGHXP YXOJDUH FY .ÕUDO  U\H 6HFDOH FHUHDOH
/ FY $VOÕP  DQG RDW $YHQD VDWLYD / FY )DLN
%H\ ZHUHXVHGDs plant material which all take an
important place in human and animal nutrition. The
VHHGVZHUHJHUPLQDWHGLQSHUOLWHPHGLXPE\ZDWHU
ing with saturated CaSO4 solution under controlled
climate conditions at 20/18 o& GD\QLJKW WHPSHUD
ture. After germination, five uniform seedlings
were placed in 3 L plastic pots with a constantly
DHUDWHG QXWULHQW VROXWLRQ 7KH H[SHULPHQW ZDV FDU
ried out under controlled climatic conditions with
24/20 oC day/night temperature, 16/8 h light/dark
regimes, 350 mmolm2s1 light intensity and 6570%
relative humidity in nutrient solution culture.
The content of the nutrient solution used in the
experiment was as follows: 2 mM Ca(NO3 2.4H2O,
1 mM MgSO4.7H2O, 0.9 mM K2SO4, 0.2 mM
KH2PO4, 106 M H3BO3, 2x107 M MnSO4, 106 M
ZnSO4.7H2O, 2x107 M CuSO4, 2x108 M
104
M
C10H12FeN2NaO8
(NH4 6MO7O24,
)H('7$ 
Plants were exposed to three different NaCl
WUHDWPHQWV  P0 1D&O ZLWK DJUDGXDO
increase of 50 mM every eight hours on the 6th day
of growth. At the 8th day of the salt application, the
chlorophyll content was determined at the fully
expanded leaves with three replications, using a
VSHFWURSKRWRPHWULFPHWKRGLQDFFRUGDQFHWR:HOO
burn [14]. Then the roots and shoots of the plants
were harvested separately and the roots were rinsed
with pure water. The root and shoot samples were
GULHGDW&IRUKRXUVDQGGU\PDWWHUSURGXF
WLRQ '03  ZDV GHWHUPLQHG 7KH SODQW VDPSOHV
were ground then subjected to dry ashing at 500° C
for five hours in an ash oven and extracted with
 YY  +&O Na, K, Ca concentrations were
measured by flame photometer and K/Na, Ca/Na
ratios were calculated. $OOYDOXHVIRUHDFKSDUDPH
WHU ZHUH D PHDQ RI WKH WKUHH LQGHSHQGHQW UHSOLFD
tions. For all investigated parameters, datas were
subjected to analysis of variance MSTATC (Crop
and Soil Science Department of Michigan State
8QLYHUVLW\ RI WKH 86$ DQG VLJQLILFDQW GLIIHU
ences were compared by LSD range test.

Shoot Dry Matter Production and Root
Growth. Salinity stress leads to reduction in the
yield and decrease in quality in many plant species
cultivated. In the present study, salinity stress
caused significantly a decrease in shoot dry matter
SURGXFWLRQ '03  RI DOO VSHFLHV +RZHYHU WKH
differences between cereals were more marked
under moderatH VDOW VWUHVV  P0 1D&O  7DEOH
  2DW DQG GXUXP ZKHDW ZHUH PRVWO\ DIIHFWHG E\
NaCl treatments, when compared with bread wheat
and barley.
In the presence of high salinity level (150 mM
1D&O  WKLV GHFUHDVH LQ '03 ZDV E\  LQ GX
rum wheat, 34% in oat, 32% in rye, while it was
only 16% in barley and 12% in bread wheat. Such
yield reductions under salinity stress were reported
WREHUHODWHG WRRVPRWLF VWUHVV DIIHFWLQJ FHOO GHYHO
opment [23]. Decrease in shoot dry matter in oat,
bread wheat and barley with salinity effect was
reported by many researchers [24, 25, 17]. In our
study, bread wheat and barley were found to be the
most tolerant species to salt stress in terms of dry
matter production. Supporting this result, barley
[26] and bread wheat [8] were found to be highly
salt tolerant among the gramine crops. 6LPLODU HI
fects were also observed in root growth (data is not
VKRZQ  5RRW JURZWK LQ GXUXP ZKHDW ZDV PRVW
affected among other cereals under salinity stress.

RESULTS AND DISCUSSION
Shoot Chlorophyll-a, Chlorophyll-b and
Chlorophyll-a+b Content. Under stress conditions
chlorophyll content is generally a good indicator of
photosynthesis [15],QWKLVVWXG\FKORURSK\OOFRQ
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TABLE 1
Chlorophyll-a contents of different cereals under the various NaCl treatments
Chlorophyll-a concentrations (mg plant-1)
Cereals
0 mM NaCl
100 mM NaCl
150 mM NaCl
Mean
1.43
Õ
1.92
b
2.01
a
1.79
A
Bread wheat
1.56
fg
1.83
c
1.98
ac
1.79
A
Durum Wheat
1.74
d
1.73
d
1.60
f
1.69
B
Barley
1.55
fg
1.52
gh
1.65
e
1.57
C
Oat
1.98
a
1.49
KÕ
2.01
a
1.83
A
Rye
1.65
C
1.70
B
1.85
A
1.73
Mean
0.09***
Species
0.02***
NaCl
0.05***
Species X NaCl
2.1 2.18
CV
0HDQVIROORZHGE\WKHVDPHOHWWHUGRQRWGLIIHUVLJQLILFDQWO\DWSE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV

TABLE 2
Chlorophyll-b contents of different cereals under the various NaCl treatments
Chlorophyll-b concentrations (mg plant-1)
Cereals
Mean
0 mM NaCl
100 mM NaCl
150 mM NaCl
0.381
ef
0.474
cd
0.512
abc
0.456
Bread wheat
0.380
ef
0.430
de
0.437
d
0.416
Durum Wheat
0.494
bc
0.493
bc
0.380
ef
0.456
Barley
0.522
abc
0.533
ab
0.555
a
0.537
Oat
0.477
cd
0.359
f
0.523
abc
0.453
Rye
0.451
0.458
0.482
0.463
Mean
0.030***
Species
NaCl
0.050***
Species X NaCl
7.210
CV
0HDQVIROORZHGE\WKHVDPHOHWWHUGRQRWGLIIHUVLJQLILFDQWO\DWSE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV

TABLE 3
Chlorophyll-a+b concents of different cereals under the various NaCl treatments
Chlorophyll-a+b concentrations (mg plant-1)

Cereals

0 mM NaCl

100 mM NaCl

Mean

150 mM NaCl

Bread wheat

1.58

g

2.07

b

2.19

a

1.95

A

Durum Wheat

1.67

g

1.93

de

2.06

bc

1.89

AB

Barley

2.14

cd

1.96

d

1.59

g

1.90

B

Oat

1.87

ef

1.86

ef

1.78

f

1.83

B

Rye
Mean

2.11
1.87

ab
B

1.59
1.88

g
B

2.14
1.95

ab
A

1.95
1.90

A

Species

0.07**

NaCl

0.04***

Species X NaCl

0.09***

CV

2.75

Means followed by the same letter do not differ significantly at pE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV
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TABLE 4
Shoot dry matter production and decrease in dry matter production of different cereals under the various
NaCl treatments
Shoot Dry Matter Production (mg plant-1)
Decrease (%)
Cereals

Bread wheat
Durum Wheat
Barley
Oat
Rye
Mean
Species
NaCl
Species X NaCl

0 mM
NaCl
48.7
61.4
64.0
76.7
38.9
57.9
3.25***
3.5***
7.82*

CV

9.43

ef
bc
b
a
g
A

100 mM
NaCl
44.6
fg
44.4
fg
57.5
bcd
52.6
de
29.2
h
45.7
B

150 mM
NaCl
42.9
fg
39.3
g
53.7
cde
50.6
def
26.4
h
42.6
B

Mean
45.4 B
48.4 B
58.4 A
60.0 A
31.5 C
48.7

100 mM
NaCl
8.5
27.6
10.1
31.4
24.9
21.2

150 mM
NaCl
11.9
35.9
16.0
34.0
32.0
26.4

Means followed by the same letter do not differ significantly aWSE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV

Although, oat (Avena sativa /  LV FRQVLGHUHG
moderately salt tolerant and recommended as a
biological agent for saline and alkaline soil [27, 20],
in our research the reduction in DMP of oat was
severe and similar with salt sensitive durum wheat
under salt stress. 7KHVH ILQGLQJV UHYHDO WKDW GLIIHU
ent cereal species have different responses to salt
stress.

accumulation in shooW 7DEOH 7KH1DFRQFHQWUD
tion of shoot varied between 0.57%1.98% at 100
mM NaCl and 0.73%2.19% at 150 mM NaCl. An
increasing rate of Na concentration due to NaCl
treatments was higher in oat than other species. The
average shoot Na concentration was %1.45 in oat,
1.32% in barley, 1.05% in durum wheat, 0.98% in
rye, while it was only 0.49% in bread wheat.
Roots are the initial site of sodium exposure
[28]. The Na concentration of roots increased with
1D&OWUHDWPHQWV 7DEOH 8QGHUVDOLQLW\VWUHVVWKe
rootNa concentration of rye, barley and oat was
higher than in durum wheat and bread wheat. The
average root Na concentration was 1.52 % in rye,
1.44% in barley, %1.34 in oat, 1.13% in durum
wheat and 1.12% in bread wheat.

Sodium (Na), Potassium (K), Calcium (Ca)
Concentrations and K/Na, Ca/Na Ratios in
Shoot and Root . Salinity stress leads ionic stress
by accumulating high levels of Na ion in cytosol. In
the current research, different cereals varied in Na
DFFXPXODWLRQOHYHOVLQWKHLUVKRRWDQGURRW,QFUHDV
ing NaCl levels, dramatically increased the Na

TABLE 5
Shoot Na concentrations of different cereals and its increase rate under the various NaCl treatments
Na Concentrations (% of dry weight)
Increase (%)
Cereals
0 mM
100 mM
150 mM
100 mM 150 mM
Bread wheat
Durum Wheat
Barley
Oat
Rye
Mean
Species
NaCl
Species X NaCl

NaCl
0.18
0.17
0.18
0.17
0.21
0.18
0.16***
0.08***
0.19***

CV

10.20

g
g
g
g
g
C

NaCl
0.57
1.31
1.67
1.98
0.99
1.30

f
d
c
b
e
B

NaCl
0.73
1.67
2.11
2.19
1.75
1.69

f
c
ab
a
c
A

Mean
0.49 C
1.05 B
1.32 A
1.45 A
0.98 B
1.06

NaCl
217.1
685.1
809.3
1098.9
380.7
623.8

Means followed by the same letter do not differ significantly at pE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV
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NaCl
309
901
1048
1227
749
839
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TABLE 6
Root Na concentrations of different cereals and its increase rate under the various NaCl treatments
Increase (%)
Na Concentrations (% of dry weight)
Cereals
Bread wheat
Durum Wheat

0 mM
NaCl
0.27
f
0.23
f

100 mM
NaCl
1.33
e
1.29
e

150 mM
NaCl
1.76
cd
1.86
bc

Barley
Oat
Rye
Mean
Species
NaCl
Species X NaCl

0.27
0.25
0.33
0.27
0.14***
0.08***
0.17***

1.61
1.74
1.83
1.56

2.44
2.01
2.39
2.09

CV

7.75

f
f
f
C

d
cd
c
B

a
b
a
A

Mean
1.12 C
1.13 C
A
1.44 B
1.34 B
1.52 A
1.31

100 mM 150 mM
NaCl
NaCl
401
561
457
701
492
591
463
480

796
697
637
676

Means followed by the same letter do not differ significantly at pE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV

TABLE 7
Shoot K concentrations of different cereals and its decrease rate under the various NaCl treatments
Decrease (%)
K Concentrations (% of dry weight)
Cereals
0 mM
100 mM
150 mM
100 mM 150 mM
Bread wheat
Durum Wheat
Barley
Oat
Rye
Mean
Species
NaCl
Species X NaCl

NaCl
6.20
6.13
8.19
5.27
7.06
6.57
0.26***
0.22***
0.48***

CV

5.31

c
cd
a
f
b
A

NaCl
6.28
3.89
4.58
2.77
5.43
4.59

c
h
g
Õ
ef
B

NaCl
5.68
def
4.23
gh
5.22
f
2.91
Õ
5.83
cde
4.78
B

Mean
6.05 A
4.75 B
6.00 A
3.65 C
6.11 A
5.31

NaCl
1.3
36.5
44.0
47.5
23.0
30.1

NaCl
8.4
31.0
36.2
44.7
17.4
27.3

0HDQVIROORZHGE\WKHVDPHOHWWHUGRQRWGLIIHUVLJQLILFDQWO\DWSE\'XQFDQ¶VQHZPXOWLSOHUDnge tests

7KH UDWLR RI WKH DYHUDJH VKRRW 1D FRQFHQWUD
tion to the average root Na concentration was found
WREHORZHVWLQEUHDGZKHDW  ,QRWKHUZRUGV
the shoot Na concentration was approximately 56%
lower than the root Na concentration. This rate was
LQ RWKHU VSHFLHV LQ WKH IROORZLQJ RUGHU U\H  
EDUOH\   GXUXP ZKHDW   DQG RDW  
0RVW RI WKHP ZHUH WZR WLPHV KLJKHU ZKHQ FRP
pared with bread wheat. The results indicate that Na
transport from root to shoot is quite limited in bread
wheat and rye, while other grains have low limiting
capacity.
In this research, having smaller reductions in
dry matter production and having the ability to
restrict high Na uptake, transport and accumulation
under salinity stress, it was indicated that bread
wheat was more salttolerant than the other cereals.
Maas [8] also reported that bread wheat is more
tolerant to salt stress than other cereals. The ability

of preventing excessive Na accumulation, leading
to senescence of leaves in salt tolerance, LV DQ LP
portant mechanism. When hexaploid bread wheat is
compared to tetraploid durum wheat, it shows a
higher salt tolerance due to elimination of Na from
photosynthetic structures and accumulation in roots
[29, 9, 7]. Güngör et al. [30] reported that among
the 16 oat genotypes, the Faikbey genotype is more
tolerant to salinity than the other genotypes, in
terms of salt tolerance index. However, in our
study, considering the dry matter production and Na
accumulation rate under salinity stress, that oat
genRW\SH )DLN EH\  FRXOG QRW EH IRXQG WR KDYH
such resistance. In this study, barley was found
having a similar rootNa accumulation rate with
GXUXP ZKHDW :KLOH EDUOH\ +RUGHXP 9XOJDUH / 
is moderately salt tolerant, Munns et al. [31] UHSRUW
ed large genetic variation in barley. Results of this
study showed that although the Na transport to the
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shoot is high, the nonsevere decrease in dry matter
due to salinity indicates a moderate tolerance of
barley to salt.
Among the parameters used in determining the
salinity tolerance of plants, K and Ca nutrition of
plants is very important. Salinity disturbs the SK\VL
RORJLFDO IXQFWLRQV RI WKHVH HOHPHQWV DQG DOVR GH
creases the K and Ca uptake [32]. In this study, K
FRQFHQWUDWLRQ RI VKRRW DQG URRW VLJQLILFDQWO\ GH
creased with increasing NaCl levels (Table 7 and
7DEOH   :KLOH WKH DYHUDJH . FRQFHQWUDWLRQ ZDV
6.57 % in the control treatment, it decreased to
4.78% at 150 mM NaCl. Shoot K concentrations of
oat, barley and durum wheat was the most affected
by NaCl, respectively. The shoot K concentrations
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decreased by 44.7% in oat, 36.2% in barley, 31.0%
in durum wheat, 17.4% in rye and only 8.4% in
bread wheat at 150 mM NaCl treatment, compared
to the control treatment. Maintaining sufficient
levels of K under the salinity VWUHVV FRXOG EH LP
portant in reducing oxidative cell destruction [33].
6LPLODUO\WRVKRRWWKHGHFUHDVHLQURRW.FRQ
FHQWUDWLRQ 7DEOH   ZDV LQGXFHG E\ VDOLQLW\ The
average root K concentration was the highest in
GXUXP ZKHDW   ZKLOH WKH ORZHVW FRQFHQWUD
WLRQZDVREVHUYHGLQU\H  $WP01D&O
treatment, root K concentrations decreased by 76%
in rye, 67.9% in durum wheat, 65.1% in barley,
61.5% in bread wheat and 55.1% in oat.

TABLE 8
Root K concentrations of different cereals and its decrease rate under the various NaCl treatments
K Concentrations (% of dry weight)
Decrease (%)
Cereals
Bread wheat
Durum Wheat
Barley
Oat
Rye
Mean
Species
NaCl
Species X NaCl

0 mM
NaCl
4.41
5.46
5.04
4.55
4.15
4.72
A
0.16***
0.24***
0.17

CV

10.55

100 mM
NaCl
2.52
2.99
2.66
2.78
1.43
2.47
B

150 mM
NaCl
1.70
1.75
1.76
2.05
1.00
1.65
C

Mean
2.87
3.40
3.15
3.12
2.19
2.95

C
A
B
B
D

100 mM
NaCl
42.9
45.3
47.2
39.0
65.6
47.6

150 mM
NaCl
61.5
67.9
65.1
55.1
76.0
65.1

0HDQVIROORZHGE\WKHVDPHOHWWHUGRQRWGLIIHUVLJQLILFDQWO\DWSE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV

TABLE 9
Shoot Ca concentrations of different cereals and its decrease rate under the various NaCl treatments
Ca Concentrations (% of dry weight)
Decrease (%)
Cereals
0 mM
100 mM
150 mM
100 mM 150 mM
NaCl
NaCl
NaCl
Mean
NaCl
NaCl
1.14
0.87
0.86
0.96 C
23.6
24.4
Bread wheat
1.51
1.03
1.16
1.23 B
32.1
23.1
Durum Wheat
1.04
0.64
0.70
0.79 D
37.8
32.6
Barley
1.42
1.13
1.11
1.22 B
20.8
21.7
Oat
1.90
1.66
1.70
1.75 A
12.7
10.5
Rye
1.40
A
1.07
B
1.11
B
1.19
24.0
21.0
Mean
0.03***
Species
0.05***
NaCl
0.48
Species X NaCl
CV

5.49

Means followed by the same letter do not differ signifiFDQWO\DWSE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV
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TABLE 10
Root Ca concentrations of different cereals and its decrease rate under the various NaCl treatments
Decrease (%)
Ca Concentrations (% of dry weight)
Cereals
Bread wheat
Durum Wheat
Barley
Oat
Rye
Mean
Species
NaCl
Species X NaCl

0 mM
NaCl
0.54
0.61
0.67
0.64
0.85
0.66
0.05***
0.02***
0.05**

CV

6.86

d
c
b
bc
a
A

100 mM
NaCl
0.35
gh
0.37
fgh
0.47
e
0.42
ef
0.62
bc
0.45
B

150 mM
NaCl
0.34
gh
0.32
h
0.38
fg
0.42
ef
0.45
e
0.38
C

Mean
0.41 C
0.43 C
0.51 B
0.49 B
0.64 A
0.50

100 mM
NaCl
33.7
38.6
29.4
35.0
27.1
32.3

150 mM
NaCl
36.4
47.4
42.8
35.1
47.0
42.2

Means followed by the same letter do nRWGLIIHUVLJQLILFDQWO\DWSE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV

TABLE 11
Shoot K/Na ratios of different cereals and its decrease rate under the various NaCl treatments
K/Na Ratios of Shoots
Cereals
0 mM
100 mM
150 mM
NaCl
NaCl
NaCl
Mean
35.22
b
11.15
c
7.74
cd
18.04
A
Bread wheat
36.82
b
3.00
e
2.54
e
14.12
Ab
Durum Wheat
44.56
a
2.74
e
2.47
e
16.59
Bc
Barley
32.78
b
1.42
e
1.34
e
11.85
Bc
Oat
34.32
b
5.51
de
3.38
e
14.40
C
Rye
36.74
A
4.77
B
3.49
B
15.00
Mean
3.21*
Species
1.88***
NaCl
4.21***
Species X NaCl
16.48
CV
Means followed by the same letter do not differ significantly at pE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV

the lowest was recorded in barley (0.79%  Due to
salt stress, the most severe decrease in shoot Ca
OHYHO ZDV UHFRUGHG LQ EDUOH\ DQG WKH VOLJKWHVW GH
crease in rye. Reductions in Ca concentration due to
salinity stress were on average 35% in barley, 28%
in durum wheat, 24% in bread wheat, 21% in oat
and 12% in rye. The Ca concentrations of root also
GHFUHDVHG ZLWK VDOLQLW\ VWUHVV 7DEOH   7KH GH
creasing rate in root Ca concentration was more
significant in durum wheat than the other species.
6DOW VWUHVV LQ SODQWV ZDV IRXQG WR OHDG WR H[
cessive accumulation of Na and decreased K uptake
[35]0DQ\VWXGLHVUHSRUWHGWKDW1DDQG&OFRQFHQ
trations are low and K selectivity is high in salt
WROHUDQW SODQWV WKXV WKH\ KDYH WKH DELOLW\ WR PDLQ
tain a higher K/Na ratio in tissue. Salt sensitive
plants were reported to have less KNa selectivity
[36]. High K concentrations and K/Na ratio are
UHOLDEOHFULWHULRQVWKDWFDQEHXVHGLQWKHGHWHUPLQD
tion of salt tolerance in plants [33, 37].

In addition, the distribution of K in the plant
was different among the species. The ratio of the
average shoot K concentration to the average root K
concentration was found to be the highest in rye
  IROORZHG E\ EUHDG ZKHDW   EDUOH\
  GXUXP ZKHDW   DQG RDW   7KH
results indicated that the K transport from root to
shoot was quite high in rye and bread wheat, while
it was limited in other grains, especially in oat. It
was reported in several studies [34, 9] that salt
tolerant genotypes can transport K at higher levels
to the shoot than the salt sensitive genotypes and
thus limit the Na concentration of the above ground
part of the plant.
There were significant differences among the
Ca concentrations of species under the different
1D&OOHYHOV 7DEOH 
The calcium concentration of shoot decreased
with salinity stress. The highest average shootCa
FRQFHQWUDWLRQ ZDV REVHUYHG LQ U\H   ZKLOH
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In this study, shoot K/Na ratio decreased due
to an increase in salt conFHQWUDWLRQ 7DEOH  
Similarly, Sharma [38] found a decrease in growth,
K concentration, K/Na ratio and an increase in Na
and Ca concentration, with an increasing salt level.
While tKH KLJKHVW DYHUDJH .1D UDWLR   ZDV
observed in bread wheat, the lRZHVW UDWH  
was recorded in oat.
It has been observed that the ionic balance was
EHWWHUPDLQWDLQHGLQEUHDGZKHDWZKLFKZDVPRGHU
ately affected by salt stress compared to the other
species, in terms of dry matter production. Munns
and James [39] reported that the Na exclusion
mechanism in tetraploid wheat genotypes correlated
with salinity tolerance, as this study determined in
bread wheat. Yoshida [40] and Zhu [41] DOVR UH
ported that Na extruding ability of roots to growth
medium are correlated with a high K/Na rate which
LVDQH[SUHVVLRQRIKLJKWROHUDQFHWRVDOLQLW\7KHUH
fore, K/Na, Na/Ca ratios and Na concentrations are
IUHTXHQWO\ XVHG SDUDPHWHUV LQ GHWHUPLQLQJ WKH WRO

Fresenius Environmental Bulletin

erance of plants to salinity stress [39]. The root
K/Na ratio also decreased wLWKDQLQFUHDVLQJVDOLQL
W\OHYHO 7DEOH 7KHKLJKHVWDYHUDJHURRW.1D
UDWLR  ZDVREWDLQHGLQGXUXPZKHDWZKLOHWKH
ORZHVW.1DUDWLR  ZDVREVHUYHGLQU\H
As the salt concentration increased, the Ca/Na
ratio of shoot and root decreased. UndHUWKHVDOLQL
ty, the highest Ca/Na ratio was obtained in bread
wheat and rye, while the lowest Ca/Na ratio was
UHFRUGHGLQEDUOH\ 7DEOH Under salt stress, the
rate of Ca/Na in the root decreased significantly
compared to the control conditions but besides, no
difference in the rootCa/Na ratios was observed
DPRQJ WKH FHUHDOV 7DEOH   %DVHG RQ WKHVH UH
sults, it can be concluded that limiting the Na
transport by promoting the transport of Ca from the
roots to the shoot, is an important mechanism in
salinity tolerance, as observed in bread wheat. It is
well known that Ca improves the harmful effects of
salinity and thus increases salt tolerance [42].

TABLE 12
Root K/Na ratios of different cereals and its decrease rate under the various NaCl treatments
K/Na Ratios of Roots
Cereals
0 mM
150 mM
NaCl
100 mM NaCl
NaCl
Mean
16.7
c
1.9
ef
1.0
fgh
6.5
Bread wheat
23.6
a
2.3
e
1.0
fgh
9.0
Durum Wheat
18.5
b
1.7
efg
0.7
gh
7.0
Barley
18.0
b
1.6
efg
1.0
fgh
6.9
Oat
12.8
d
0.8
gh
0.4
h
4.7
Rye
17.9
A
1.6
B
0.8
C
6.8
Mean
0.7***
Species
0.5***
NaCl
1.08***
Species X NaCl
9.3
CV

B
A
B
B
C

0HDQVIROORZHGE\WKHVDPHOHWWHUGRQRWGLIIHUVLJQLILFDQWO\DWSE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV

TABLE 13
Shoot Ca/Na ratios of different cereals and its decrease rate under the various NaCl treatments
Ca/Na Ratios of Shoots
Cereals
0 mM
100 mM
150 mM
NaCl
NaCl
NaCl
Mean
6.50
b
1.54
cd
1.18
cde
3.07
B
Bread wheat
9.07
a
0.79
cde
0.70
cde
3.52
AB
Durum Wheat
5.64
b
0.39
e
0.33
e
2.12 AB
Barley
8.84
a
0.58
de
0.51
e
3.31
B
Oat
9.24
a
1.69
c
0.98
cde
3.97
C
Rye
7.86
A
1.00
B
0.74
B
3.20
Mean
0.68**
Species
0.45***
NaCl
1.01***
Species X NaCl
18.60
CV
Means followed by the same letteUGRQRWGLIIHUVLJQLILFDQWO\DWSE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV
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TABLE 14
Root Ca/Na ratios of different cereals and its decrease rate under the various NaCl treatments
Ca/Na Ratios of Roots
Cereals

Bread wheat
Durum Wheat
Barley
Oat
Rye
Mean
Species
NaCl
Species X NaCl
CV

0 mM
NaCl
2.02
b
2.63
a
2.46
a
2.55
a
2.65
a
2.46
A

100 mM
NaCl
0.27
0.29
0.29
0.24
0.34
0.29

c
c
c
c
c
B

150 mM
NaCl
0.19
c
0.17
c
0.16
c
0.21
c
0.19
c
0.18
B

Mean
0.83
1.03
0.97
1.00
1.06
0.98

0.11***
0.24*
14.30

Means followed by the same letter do not differ significantly at pE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV

:KHQ GU\ PDWWHU SURGXFWLRQ VKRRW 1D DFFX
mulation rate and K concentration were evaluated
together, it could be concluded that bread wheat has
a high capacity to cope with oxidative damage
under salinity stress, followed by barley and rye.
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CONCLUSION
7KHSUREOHPRIVDOLQLW\LVLQFUHDVLQJO\WKUHDW
ening agricultural areas all over the world. Within
WKHIUDPHZRUNRIWKLVLPSRUWDQWSUREOHPWKHVDOLQL
ty tolerance of different cereals was analyzed using
various parameters.
&RQVLGHULQJWKHFKORURSK\OOFRQWHQWGU\PDW
ter production and ion concentrations, it was found
that bread wheat showed more significant tolerance
to salinity stress than the other cereal types, and it
was followed by barley and rye. This tolerance is
associated with maintaining lower reduction in dry
PDWWHU KLJKHU FKORURSK\OO FRQWHQW ORZHU 1D DFFX
PXODWLRQDQGKLJKHU.XSWDNHFDSDFLW\XQGHUVDOLQL
ty stress. The results indicated that bread wheat
preserves its photosynthetic structure from the eI
fects of salinity stress by limiting Na accumulation
and promoting K transport to shoot.
Taking into account having the highest
amount of Na, a serious reduction in dry matter
production, low K concentration and K/Na ratio,
oat was found to be the most salt sensitive cereal to
VDOLQLW\ DQG LW ZDV IROORZHG E\ GXUXP ZKHDW )XU
ther studies are necessary to reveal the reason of
these tolerance differences.
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STUDY ON THE INFLUENCING FACTORS OF
ENVIRONMENTAL CARRYING CAPACITY OF GREEN
ECOTOURISM FROM THE PERSPECTIVE
OF TOURIST UTILITY
Youshan Zhang*
Qinhuangdao Vocational and Technical College, Qinhuangdao, Hebei 066100, China

natural factors. With the industrialization and largescale development of this industry, many regions
have begun to build resorts and other tourism
enterprises to speed up their expansion. However,
this phenomenon has caused weak or overloaded
management of tourist attractions and pollutants to
a certain extent [1-2]. The rise of green ecotourism
provides new ideas for the development of tourism
and can enhance the regional environmental
carrying capacity. The mining of the influencing
factors of the environmental carrying capacity of
green ecological tourism can deeply study the
development space of green ecotourism, which is
conducive to promoting the development of green
ecological tourism. At present, domestic and
foreign researches on the mining of factors
affecting the environmental carrying capacity of
green ecological tourism have made great progress.
In foreign countries, the concept of tourism
environmental carrying capacity was first proposed
by Lapezi. The research on the environmental
carrying capacity of green ecological tourism is
based on this concept. However, the development
time of green ecotourism is relatively short, and the
relevant research on the mining of its influencing
factors is still in the exploration stage, mainly based
on the case analysis research method [3-5]. Some
scholars have proposed a qualitative analysis based
on the impact of green ecotourism environmental
carrying capacity. They mainly use qualitative
analysis to mine the factors that affect the
environmental carrying capacity of green
ecotourism. Domestic research on the mining of
factors affecting the environmental carrying
capacity of green ecotourism can be divided into
three stages. The initial period is the exploration
period in the 1980s, the middle period is the
development period in the 1990s, and the later
period is the current promotion period.
In reference [1, 6], a method for mining the
impact factors of green ecotourism environmental
carrying capacity based on the two-stage Shill
coefficient is proposed. This method mainly
implements the impact of green ecological tourism
environmental carrying capacity by applying the
relevant algorithm of the two-stage Shill

ABSTRACT
Restricted by the different management levels
of scenic spots, it is difficult to obtain data on the
environmental carrying capacity of tourist
destinations one by one. When the traffic carrying
value is 0.25-0.45, the weight of core elements is
low. Therefore, from the perspective of tourist
utility, we propose a method for mining the factors
affecting the environmental carrying capacity of
green ecological tourism. From the perspective of
tourist utility, the tourism demand and tourism
supply of green eco-tourism areas in a relatively
ideal state is maintained through a combination of
quantitative and qualitative methods. The amount
of facilities and space occupied by tourists'
transportation and their own vehicles within a
certain period of time can be determined to obtain
the characteristic data of the destination's carrying
capacity. In this study, we construct a model for
judging the factors of environmental carrying
capacity of green ecotourism, judge and analyze the
factors of environmental carrying capacity of green
ecotourism, and then dig out the influencing factors
of environmental carrying capacity of green
ecotourism. In order to study the weight of the core
elements of the proposed method when the traffic
load value is 0.25-0.45, we compare it with the two
original methods. The experimental results prove
that the weight of the core elements of the method
is always higher, which is more suitable for mining
of the influencing factors of the carrying capacity of
the green ecological tourism environment.

KEYWORDS:
Green ecotourism, environmental carrying capacity,
perspective of tourist utility, mining factors, space scale

INTRODUCTION
Tourism has developed into a dominant
industry. The tourism environment has the
characteristics of fragility and complexity, and it is
easily damaged and interfered by human and
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coefficient. Literature [2, 7-8] took Rongcheng as
the research object, realized the spatialization of
attribute data based on GIS technology, carried out
resource and environment carrying capacity
evaluation research, established a resource and
environment carrying capacity evaluation index
system, and formed a comprehensive zoning guide.
Reference [9] takes Wuzhizhou Island in Hainan
Province as an example, and explores the
establishment of an evaluation system for the
environmental carrying capacity of tourism-type
uninhabited islands from the two system layers of
natural environment and social environment. Their
study has important reference value for the
development and utilization of tourism and
ecological environment protection of uninhabited
islands.
However, in practical applications, due to the
different management levels of various scenic
spots, it is difficult to obtain the characteristic data
of the carrying capacity of tourist destinations.
When the traffic carrying value is 0.25-0.45, there
is a problem that the weight of core elements is
low. In order to solve this problem, a method for
mining the impact factors of green ecotourism
environment carrying capacity from the perspective
of tourist utility is proposed.

economic carrying capacity data [10-11]. The
specific content of the obtained data is shown in
Table 1.
For the actual limit daily capacity of tourism
resources, the calculation formula is as follows
[12]:

TC

T S
u
T0 S 0

(1)

In the formula, Tc represents the actual limit
daily capacity of the resource; T represents the
opening time of the tourist destination every day; T0
represents the actual visiting time of each tourist; S
represents resource area; S0 represents the minimum
standard of space for each visitor [13-14].
For the data of the psychological carrying
capacity of the tourism day, the calculation formula
is as follows:

Tr

T
u kS
T0

(2)

In the formula, Tr represents daily
psychological carrying capacity data; k represents a
reasonable capacity per unit area of space.
For the data of the ecological carrying
capacity of tourism day, the calculation formula is
as follows:
n

n

¦ S T  ¦Q
i i

MATERIALS AND METHODS

Tf

i

i 1

i 1

n

(3)

¦P

i

Obtaining the characteristic data of the
carrying capacity of tourist destinations. From
the tourist utility perspective, in the green
ecotourism region, the tourism demand and tourism
supply are in a relatively ideal state, and the
quantitative and qualitative methods are used to
determine the transportation carrier of tourists and
their own occupied facilities within a specific time
to obtain data on the characteristics of tourism
destination carrying capacity, including tourism
resource carrying capacity data, tourism
psychological carrying capacity data, tourism
ecological carrying capacity data and tourism

i 1

In the formula, Tf represents daily ecological
carrying capacity data; n represents the number of
specific types of pollutants; Si represents the
specific amount of i-type pollutants absorbed and
purified by the ecological environment; Ti
represents the specific purification time of i–type
pollutants; Qi represents the number of i-type
pollutants processed by manual way per day; Pi
represents the actual amount of pollutants (i-type)
produced each tourist per day [15].

TABLE 1
The specific content of the obtained data
No.
1

Type of data
Tourism resources carrying capacity

2

Tourism psychological carrying capacity

3

Tourism ecological carrying capacity

4

Tourism economic carrying capacity

Data specific content
The actual limit daily capacity of the resource
The maximum tourism activity capacity that the
area can carry when tourists can obtain greater
satisfaction,
Ability to treat tourist pollutants through artificial
methods and ecological environment absorption
and purification methods
It is the reception capacity of basic tourism
facilities, related facilities and industrial support
facilities, represented by the actual supply
capacity of entertainment and accommodation
facilities

10781

© by PSP

Volume 29 – No. 12/2020 pages 10780-10787

Fresenius Environmental Bulletin

For the tourism economic carrying capacity
data, the calculation formula is as follows:


°
°Te
°
®
°
°
°Th
¯

represents the index
In the formula,
classification weight corresponding to the i-th
represents the corresponding weight
indicator;
of the i-th indicator;
represents the
corresponding standardized value of individual
indicators [17-19]. The constructed green
ecotourism environment carrying capacity element
judgment model is used to judge and analyze the
carrying capacity elements and determine the
influencing factors.

m

¦D

l

i 1
m

¦E

(4)

l

i 1
n'

¦B

j

i 1

In the formula, Te represents the daily capacity
of the food supply tourism; m represents the
number of specific types of food consumed by
tourists; Di represents the supply of 1 food per day;
El represents the daily food requirement of each
person; Th represents the daily carrying capacity of
accommodation beds; Bj represents the specific
number of accommodation beds in tourist areas of
class j; n’ represents the actual types of
accommodation facilities [7, 16].

Mining factors affecting the environmental
carrying capacity of green ecotourism. After
completing the judgment and analysis of the factors
of environmental carrying capacity of green
ecotourism, the factors affecting the environmental
carrying capacity of green ecotourism are
excavated. During the mining process, first of all,
collect relevant data on the factors affecting the
environmental carrying capacity of green
ecotourism, including DEM data, image remote
sensing data, natural resources data for survey and
monitoring, statistical socioeconomic data, website
monitoring data, electronic map data, and tourist
area vectors. The specific sources of graph data and
land use data are shown in Table 3 [20-21].
First, we process the DEM data, and use
Arcgis 10.2 to perform cropping, projection
transformation and stitching on the acquired DEM
data [22]. Then the terrain elevation gradation map
of the cropped data is generated according to
several categories, which include elevations less
than 500 meters, 500 meters to one kilometer, and
more than one kilometer. Then the elevation maps
are converted into vector diagrams. The terrain
gradient maps of cropped data are generated
according to several other categories, including
terrain slopes less than three degrees, three degrees
to eight degrees, eight degrees to fifteen degrees,
fifteen degrees to twenty-five degrees, greater than
twenty-five degrees. Then, the slope map is
converted into a vector diagram.

Judgment and analysis of environmental
carrying capacity elements of green ecotourism.
Based on the obtained characteristic data of tourism
destination carrying capacity, a green ecotourism
environment carrying capacity judgment model is
constructed to judge and analyze the green
ecotourism environmental carrying capacity factors.
The constructed green ecotourism environmental
carrying capacity element judgment model uses
three indicators to judge and analyze the green
ecotourism environmental carrying capacity
element, as shown in Table 2 [17-19].
The judgment model of the influencing factors
of environmental carrying capacity of green
ecotourism is constructed as follows [20]:

 Fij R j u Wi
°
° I ij 1  X i
°°
Fij u I ij
u100%
® yij
n
°
Fij u I ij
¦
°
i 1
°
°¯Yij ¦ yij

(5)
TABLE 2
Model indicators

Indicator No.

Indicator name

Indicator
symbol

1

Weight of core
elements

Fij

2

Index deviation

I ij

3

Obstacle degree

Yij , yij

Indicator meaning
Represents the specific impact of individual
indicators in the overall goal
Indicates the difference between the actual
evaluation value of a single indicator and 100%
Represent the degree to which the single index
and classified index affect the environmental
carrying capacity of green ecotourism in the ith
year

10782

© by PSP

Volume 29 – No. 12/2020 pages 10780-10787

Fresenius Environmental Bulletin

TABLE 3
Relevant data on factors affecting the environmental carrying capacity of green ecotourism
No.

Data type

1

DEM

2

Image
remote
sensing data

3

Natural resources
data for survey and
monitoring

4

Statistical
socioeconomic data
Website monitoring
data
electronic map data
Tourist area vector
data

5
6
7
8

Land use data

Data source
Elevated digital data products from the cloud data geospatial platform
provided by the Network Information Computer Center of the Chinese
Academy of Sciences, capable of reaching a spatial resolution of 30m
OLI/TM 5/8Landsat digital satellite products, up to 30m spatial resolution, a
total of 4 scenes, which is also provided by the cloud data geospatial platform
of the Network Information Computer Center of the Chinese Academy of
Sciences
Obtain land use data at the Department of Land and Resources
Obtain water resources data in the Water Resources and Hydrology Bureau,
Water Resources Yearbook and Bulletin
Obtain sea area type data at Ocean Research Institute
Obtain eco-environmental status data in the environmental status bulletin
Obtain water quality data in the Marine Environment Bulletin
Obtain the rate of participation in the new rural cooperative medical system,
the actual proportion of education expenditure, the disposable income of the
residents (per capita), the proportion of the actual output value of each
industry GDP per capita, population proportion and other data
PM2.5 concentration data from various weather monitoring platforms
Electronic version of functional planning maps from various regions
Administrative vectors from various regions
Data products derived from remote sensing interpretation of land cover types
provided by the Scientific Data Resources and Environmental Research Center
of the Chinese Academy of Sciences

TABLE 4
Data mining software information
No.
1
2
3

Project
Name
Update algebra
Feature

4

Mining algorithm

5

Integration

6

Distributed computing model

7

Data model

Details
KXEN
Fourth generation
Combined
Various algorithms, including prediction algorithms, cluster
analysis algorithms, association analysis algorithms, etc.
Mobile systems, prediction models, data management
Parallel processing of data related to computing devices and mobile
data
Semi-structured computing model, unstructured computing model
and structured computing model

Processing the land use data: cutting the land
use data and trimming it based on DEM data to
obtain the distribution map of land use types in the
area. Processing image remote sensing data, include
cropping, stitching, atmospheric correction, and
radiation calibration. Processing the electronic map
data by using Arcgis 10.2 software to implement
image registration and define projection on the
electronic map data, and draw it as a vector map to
fully mine the information in the map.
Finally, it is necessary to process statistical
socio-economic data. The processing steps include
offset processing and standard extreme value
processing, and finally obtain dimensionless data.
The data mining software used is KXEN, and
the specific information of the software is shown in
Table 4.
The specific process is as follows: the
processed related data is divided into four
categories, including the spatial capacity
influencing factor category, living environment

carrying capacity influencing factor category,
service facility carrying capacity influencing factor
category and psychological comprehensive carrying
capacity influencing factor category. According to
these four categories, the influencing factors are
mined in the above data. Among them, the
influencing factors of the green ecotourism
environmental carrying capacity included in the
spatial carrying capacity influencing factor
categories are as follows: number of tourists and
scenic area. The factors affecting the environmental
carrying capacity of green ecological tourism
included in the categories of factors affecting the
living environment carrying capacity are as follows:
solid waste, atmospheric environment, water
environment, social noise, construction noise,
industrial noise, traffic noise and other
environmental noise. The factors that affect the
carrying capacity of service facilities include the
following factors: the distribution capacity of
reception facilities, the degree of perfection of
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equipment, types, scale, and number of reception
capacity factors, the internal transportation, parking
lot configuration, accessibility and other
transportation elements of transportation capacity,
as well as elements of scenic spots such as
facilities, service facilities, and infrastructure.
Factors that affect the psychological comprehensive
carrying capacity include the following factors: the
psychological perception of tourists to the number
of tourists, the actual acceptance capacity and the
maximum congestion that tourists can tolerate.
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units, and 21 are district protection units. There are
also 35 immovable cultural relics and five museums
facing the society. This scenic spot has now been
rated as a National Grade AA scenic spot. In the
scenic area and in the surrounding protection zone,
it provides tourists with complete sports,
entertainment, shopping, sightseeing, transportation, accommodation, catering facilities, and
continuously carries out public safety, greening and
sanitation, fire protection, drainage, road
transportation and other facilities. The tourism
management mode of this scenic spot is shown in
Figure 1.

RESULTS
Experimental scheme. The scenic area is
divided into three levels of zones, and experiments
on the impact factors of green ecological tourism
environmental carrying capacity are conducted for
each zone respectively. When the traffic carrying
value is 0.25-0.45, the weight of core elements is
used as experimental data. In order to avoid the
result of this experiment being too single and
resulting in lack of contrast, the two original
methods are used as comparative methods in the
experiment for comparative experiments, including
the method in Reference [1] and the method
proposed in Reference [2]. These two methods are
used to mine the impact factors of green ecotourism
environmental carrying capacity in the three areas,
and obtain the weight of core elements value when
the model index weight value is 0.25-0.45 as
comparative experimental data.

Overview of scenic spots. From the
perspective of tourist utility, experiments are
conducted on the mining methods for designing the
impact factors of environmental carrying capacity
of green ecotourism. The green ecotourism area
selected in the experiment is an open scenic spot,
which integrates sightseeing tourism, cultural relics
protection, and residents' residence. The scenic area
is about 140 hectares, of which the water area can
reach 34 hectares. There are more than 40,000
residents living in the scenic area. Twenty-five
community residents' committees have been set up
with a permanent population of more than 100,000.
Among the many cultural relics and historic sites in
the scenic spot, there are 40 cultural relics
protection units at all levels, of which 6 are national
key protection units, 13 are municipal protection

FIGURE 1
Tourism management model of the scenic spot.
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FIGURE 2
The weight of core elements comparison experiment results.
Experimental results. The experimental
results of the weight of core elements of the method
for mining the impact factors of green ecotourism
environment carrying capacity and the methods
proposed in Reference [1] and [2] are shown in
Figure 2.
According to the comparison experiment
results of the weight of core elements of the whole
area, the average value of each comparison method
is 0.138, 0.101, 0.108, which shows that in this
method, the weight of core elements of the method
for mining the factors that affect the environmental
carrying capacity of green ecotourism has larger
value than the values from the method proposed in
Reference [1] and [2].
The experimental results of the index
deviation weight values of the mining method of
the impact factors of green ecotourism
environmental carrying capacity from the
perspective of secondary tourist utility and the
methods proposed in Reference [1] and [2] are
shown in Figure 3.

The average value of the index deviation
weight values of the second-level area are 0.132,
0.108, and 0.107, respectively. The comparison
experiment results show that the index deviation
weight value of the method in this paper is greater
than the index deviation weight value of the
methods proposed in other literatures.
It can be seen from the above two sets of
experiments that the weight value of the core
elements under the design of this method is always
greater than that of the other two experimental
methods, and the maximum weight value difference
can be up to 0.037, which is helpful to improve the
weight value of the core elements in the range of
0.25-0.45.
Next, in the third-level area, the experimental
results of the standardization of the obstacle degree
comparison between the method in this article and
the method in Reference [1] and the method in [2]
are shown in Figure 4.

FIGURE 3
Comparison of experimental results of index deviation weights.
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FIGURE 4
Comparison of experimental results of standardized treatment values of obstacle degree.

According to the comparison experiment
results of the standardization processing value of
the obstacle level in the three-level area of Figure 4,
the average value of the standardization processing
of the obstacle level of each comparison method is
0.129, 0.109, and 0.108, respectively.
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PEST AREA USING IMPROVED GOOGLENET
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seriously [1]. The incidence rate of crops has been
increasing in recent years, and its pathogenesis is becoming more and more complex. Therefore, it is particularly important to study the pathogenesis of crops,
make correct diagnosis and take timely remedial
measures for prevention and control of crop disease
and pest [2]. Due to the influence of weather, species,
geography and ecological environment, the Pinus
massoniana pest is becoming more and more serious
in southern China, and seriously affect the breeding
quality of forest. Conventional pest control methods
are completely dependent on the experience and observation of farmers and experts, with serious defects
such as poor timeliness, low accuracy, strong subjectivity and low efficiency [3]
With the development of computer vision technology, using image identification technology for diagnosis of crop diseases and pests has become an important research field [4]. Efficient image identification technology can not only improve the accuracy,
but also reduce the cost [5]. Therefore, domestic and
foreign specialists have done extensive researches.
The conventional identification method of crop diseases and pests based on machine learning needs to
be carefully designed according to the types of diseases and pests to extract image features [6]. According to the data of 1957 investigation sites set up in
Sanyuan District of Sanming from 2015 to 2017, the
authors of [7] comprehensively investigated the species, occurrence and distribution of forest pest of 200
plants. The results showed that there were 163 species of forest diseases and pests in Sanyuan District,
including 41 diseases and 122 pests. Dendrolimus
punctatus walker is one of the main pests. Therefore,
the authors put forward the control measures against
common forest pests to provide scientific basis for
forestry production. In reference [8], brown
planthopper (BPH), main pest of rice, was studied on
101 BC1F5 plant populations, and the genetic analysis of BPH resistance based on molecular marker
was carried out. Reference [9] investigated the resistance of pests to insecticides, focusing on toxicological and molecular genetic data for distinguishing
male and female specimens. Due to the complexity
of plant type, growth stage, species of diseases and
pests, environmental illumination, and the guidance
of professional personnel, it is difficult to extract the
features of plant diseases and pests symptoms, which
restricts the rapid development of machine learning

ABSTRACT
The recent years have witnessed the increase of
forest biological disasters. The conventional identification methods of Pinus massoniana pest area have
the problem of low accuracy. With the help of artificial intelligence and big data technology, this paper
proposes an identification method of Pinus massoniana pest area based on improved GoogLeNet. First,
five features of Pinus massoniana images are extracted: Color and texture features are extracted respectively using color moments and gray level cooccurrence matrix, and three spectral features are extracted from the relative spectral reflectance of three
bands. Then, a network model is built based on improved GoogLeNet. Through transfer learning, the
knowledge of GoogLeNet is transferred to the task
of identifying the pest area of Pinus massoniana. The
improvement lies in the use of multi-scale convolution kernel to extract the distribution characteristics
of pests. Finally, activation function and gradient descent algorithm are optimized to improve the performance of pest identification. Experimental dataset,
from image sets of Pinus massoniana pest area in
Zhejiang Province, China, is used to test the proposed method in TensorFlow framework. The results
show that compared with other methods, the proposed network has better performance in identifying
Pinus massoniana pest areas. The accuracy and
Kappa index are 94.36% and 0.91. Besides, the proposed network has stronger robustness and applicability, which can provide reference for the identification and intelligent diagnosis of plant pests such as
Pinus massoniana.

KEYWORDS:
Forest biological disaster, Improved GoogLeNet, Pinus
massoniana, Pest area identification, spectral value features, TensorFlow framework

INTRODUCTION

With the development of social economy and
the continuous improvement of people's living
standards, diseases and pests, fungi and bacteria variation caused by global climate problems and environmental deterioration affects the lives of people
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technology in the agricultural field to a certain extent
[10]. Consequently, deep learning has become the
focus of research. Based on forest pest data from
2015 to 2017 in British Columbia, Canada, the authors of [11] analyzed the effects of plant diseases
and pests with different severity on leaf area index
(LAI), normalized vegetation index (NDVI) and enhanced vegetation index (EVI). This study provided
a basis for diseases and pests identification and impact evaluation of ecosystem using remote sensing
data. The purpose of [12] is to analyze the spatial and
temporal changes of drought in Shandong Province
using standardized precipitation index, and to study
the impact of drought on the occurrence of pine caterpillars. The Hurst index was then used to estimate
the future trend of drought and pine caterpillar population. This study clarified the relationship between
the drought and the outbreak of pine caterpillars in
Shandong Province, so as to provide the basis for
formulating preventive measures and plans.
The application of deep learning in crop disease
identification can greatly reduce the workload and
shorten the identification time. Complex network
structure and huge data samples are the salient features of deep learning. The emergence of deep learning technology provides a strong technical guarantee
for image identification [13]. Numerous deep learning models such as deep belief network (DBN), recurrent neural network (RNN), convolutional neural
network (CNN) and GoogLeNet have been proposed,
which have made great breakthroughs in pattern
recognition fields such as image identification,
speech processing and natural language analysis [14].
GoogLeNet is a novel deep learning model. Before
this, AlexNet, VGG and other models increase the
network depth (number of layers) to obtain better
training results, but the increase of layers brings negative effects such as overfitting, gradient disappearance and gradient explosion [15][16]. Due to the introduction of local connection, pooling operation,
weight sharing, and linear activation, CNN can automatically learn target features from dataset, which is
more capable of feature learning and expression than
traditional machine learning methods. In reference
[17], the variation of spectral characteristic parameters of Pinus massoniana samples with different pest
damage degrees was studied. Taking the measured
spectral characteristic parameters as the independent
variable and the quantitative value of the pest damage degree as the dependent variable, the estimation
model of pest damage degree was formulated by using linear regression equation. This study has made
valuable exploration in the selection of spectral characteristic indexes and estimation model, which has
certain guiding significance for the evaluation of
pine wilt disease, and can provide scientific support
and application reference for related research and local precision agriculture. Reference [18] developed
a knowledge base system for automatic identification of plant diseases and pests by using Faster R-
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CNN to discover plant diseases and pests early and
prevent them in advance. Therefore, this method can
reduce the cost of pesticide and avoid economic loss.
Combined with the forest pest characteristics of occurrence time, geography, disaster grade and pest
species, the authors of [19] proposed a multi-perspective collaborative hybrid visual analysis method
to analyze the occurrence and control of forest pest
from multiple perspectives. On this basis, this paper
designs and implements a multi-view collaborative
hybrid visual analysis system for the occurrence and
control of forest pest. In reference [20], a wavelet
based on cubic interpolation LBP (CILBP) and deep
believe network (DBN) is proposed for grass leaf image identification. The low frequency component of
leaf image decomposed by DBN wavelet is used as
the input of CILBP to extract more fine texture.
At present, the application of CNN in pest control of Pinus massoniana is relatively less. The training period of CNN is long, and there is room for improvement in the identification accuracy. Therefore,
an improved GoogLeNet based pest identification
method for Pinus massoniana was proposed. The innovation lies in as follows:
(1) Because the pest damage of Pinus massoniana is a gradual process, the effect of single feature
is not obvious. Therefore, the proposed method
adopts multi-feature fusion, including five plant features. Color and texture features are extracted respectively using color moments and gray level cooccurrence matrix, and three spectral features are extracted from the relative spectral reflectance of three
bands. The pest identification area can be obtained
with more accuracy by fusing these features.
(2) Aiming at the problem that the accuracy of
conventional identification of Pinus massoniana pest
area is not high, the proposed method improves the
GoogLeNet model. Using transfer learning, the
knowledge of Inception-v4 model of GoogLeNet is
transferred to the identification task. In experiment,
the activation function and gradient descent algorithm are optimized to improve the performance of
identifying the pest area of Pinus massoniana.

MATERIALS AND METHODS
Multispectral image acquisition. Image acquisition. Unmanned aerial vehicle (UAV) remote
sensing platform is used for image acquisition. The
UAV is an independently designed eight-rotor aircraft, as shown in Figure 1.
Multispectral image acquisition was completed
in Zhejiang Province in May 2019. Eight standard
plots were planned in the typical Pinus massoniana
pest area. The size of each plot is 30m×30m. There
were some differences in pest density and forest density between the standard plots. The image acquisition of Pinus massoniana was completed in cloudy
weather. Finally, 512 image samples were selected
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for processing with a resolution of 1280 pixels×1024
pixels. The selection rule is that the image is clear,
without shadow and contains all kinds of ground features. The sample image in the same standard plot
should cover the whole standard plot. The flight altitude of the aircraft is 30-50m, and the ground resolution is about 3cm.
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image features of each type of ground objects are
common. The feature of healthy tree crown is a regular single or multiple cluster of needle structure
with bright color and uniform texture. The feature of
pest damaged tree crown is incomplete cluster of
needle structure or all branches with yellow or gray
uneven texture. The shape of shrub is regular, and its
crown leaves have uniform texture and the brightest
color. The shape of bare road is irregular, with the
color of brown and reddish brown.

Pest trees
Healthy
trees
Bushes
Bare land
road

FIGURE 1
Eight-rotor aircraft remote sensing platform

FIGURE 2
Four types of ground objects

Calibration of multispectral data. The first
step of multispectral image calibration is to obtain an
all-white and all black calibration images by taking
photos of the standard white and black calibration
board, and then the original multispectral images are
obtained by sample data acquisition [21]. In order to
ensure the accuracy and eliminate the noise in the
acquisition process, the spectral data is calibrated according to Eq. (1):
IS  B
(1)
G
W B
Where G is calibrated multispectral images;
I S is original multispectral images captured by multispectral camera; W and B are all white and all
black calibration images captured by multispectral
camera. The original multispectral images are calibrated to obtain the correct multispectral image.

The proposed pest identification method. In
order to effectively reduce the influence of the "different object with same spectrum" or "same object
with different spectrum" phenomenon on pest area
identification, and improve the classification accuracy and training efficiency of GoogLeNet model,
the proposed method first extracts the feature vector
of the image, and then improves the GoogLeNet
model. Finally, optimizing the activation function
improves training efficiency of the network and reduces the overfitting of the network. Based on the
improved GoogLeNet, the identification process of
Pinus massoniana pest area is shown in Figure 3.
Feature vector extraction. Color feature extraction. RGB color model is the most commonly
used color model in image processing. Color features
can be extracted by calculating the color moments of
its components [22]. Color information is mainly
shown in lower order moments. The first-order moment (mean) reflects the average intensity of color
components, the second-order moment (variance) reflects the color variance of region, and the third-order moment reflects the color offset. By calculating
the first three order color moments of the three color
components, nine color features of image samples
are obtained. The calculation formulas are Eq. (2)(4).
1 N
(2)
Di
¦ cij
N j1

Sample labeling. After the image calibration, it
is necessary to label the image samples according to
the prior knowledge from the field investigation of
various ground objects, which lays the foundation
for the subsequent feature vector extraction and classification. 512 multispectral images were labeled,
and 400 images were randomly selected as training
set. For each kind of ground objects in the training
set, a certain image region is selected as the training
samples. The remaining 112 samples were taken as
the test set. The multispectral image mainly includes
four types of ground objects: pest trees, healthy trees,
bushes and bare land road. Example of the four types
of ground objects in the image is shown in Figure 2.
Each sample image contains four types of
ground objects. Due to the particularity of forest, the
ground objects in different standard plots are not the
same, and the ground objects in the same standard
plot have different shooting angles. However, the
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Where cij is the color component j of the

Where PG i, j is elements of gray level co-

pixel i ; N is the number of pixels; D i is the first-

occurrence matrix; i and j are row and column of
matrix element; k represents gray level of image.
Entropy. Entropy is the measure of image information, including texture information. Texture information indicates the non-uniformity or complexity of the image texture.

E i is the
J
second-order moment, unevenness of color; i the
order moment, average intensity of color;

third-order moment, asymmetry of color.

k 1 k 1

E = -¦¦ PG2 i, j log PG i, j

Collect training samples

(6)

i 0 j 0

Multispectral data calibration and test sample
labelling

Contrast ratio (CR). Contrast ratio is the inertia moment near the main diagonal of the gray level
co-occurrence matrix, which reflects the clarity of
the image and the depth of the texture.

Integrating the optimized training set

k 1 k 1

MBGD
algorithm
optimization
model

Configure the GoogleLeNet model
parameters and train

Training set

Identification of pest area of Pinus
massoniana

2

CR = ¦¦ i  j PG i, j

Extract the feature vector of atlas

Relevance. Relevance is the similarity degree
of gray level co-occurrence matrix elements in row
or column direction, which reflects the local gray
correlation in the image.
ª k 1 k 1
º
R = « ¦¦ ij PG i, j  P x P y » V xV y
¬i 0 j 0
¼

Applying AOI and KIA
to evaluate the model

FIGURE 3
Process of the proposed identification method
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FIGURE 4
Relative spectral reflectance curve
Spectral value feature extraction. The relative spectral reflectance of the leaf surface of Pinus
massoniana can reflect the internal biochemical
composition information. When the leaves are damaged by pests, the chlorophyll content in the disease
location will be short, and the water content will be
decreased, which will lead to great differences in
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Energy value (EV). Energy value is the square
sum of the elements of the gray level co-occurrence
matrix, which reflects the uniformity of gray distribution and the texture roughness.
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Texture feature extraction. Texture, originated from human perception, is a relatively vague
concept. So far, there is no unified description. Even
so, it does not affect the research and development
of texture analysis. At present, many texture-based
features description and extraction methods are proposed for different research objects, most of which
are improved based on nearly mature algorithms [23].
Texture extraction methods can be divided into
four categories: based on fractal dimension, wavelet
transform, Gabor filter and gray level co-occurrence
matrix (GLCM). Gray level co-occurrence matrix
(GLCM) is recognized as a better method for texture
feature extraction. It is a common method to describe
texture by studying spatial correlation of gray level.
Haralick proposed gray level co-occurrence matrix
for the first time in 1973, and extracted 14 types of
texture features. However, because of correlation between these texture features, direct use of these features will result in data redundancy. Therefore, in
this study, according to the characteristics of the image, four types of single texture features with invariance of illumination, position and scale, such as energy, entropy, contrast and correlation, are selected
for further study. The details are as follows:

EV

(7)

i 0 j 0

(5)

i 0 j 0
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spectral reflectance of each band. The average relative spectral reflectance curve of the samples in this
paper is shown in Figure 4.
According to the Figure 4, the trend of spectral
reflectance curve of pest trees and healthy trees is
basically the same. In the visible light region (Wavelength 520-700 nm), the reflectance is relatively low.
There exists a wave peak near 550 nm and a wave
trough near 580 nm and 680 nm. In the near-infrared
region (Wavelength 700-920 nm), the reflectance
rises sharply and maintains stable, forming a high reflection spectral region. The difference of reflectance between pest trees and healthy trees in the visible light region is small, but there is a big difference
in the near-infrared range, which indicates that the
spectral data of Pinus massoniana with different
health conditions are indeed different. Therefore, it
is feasible to use spectral value features to classify
and identify pest areas. Moreover, there are significant differences between them at 580 nm, 680 nm
and 800 nm. The relative spectral reflectance corresponding to these three bands can be selected as the
spectral value feature to identify the pest area.
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extract multi-scale local features. The multi-scale
convolution not only increases the width and depth
of the network, but also overcomes the problems of
parameter explosion and rapidly increased calculation of optimization due to the increase of depth and
width. Therefore, GoogLeNet can improve the quality of deep network [25]. Though transfer learning, the
knowledge of GoogLeNet pre-trained on Image-Net
dataset is transferred to an Inception-v4 network, and
then the Inception-v4 network is retrained based on
these pre-trained weights. The structure of the Inception-v4 network in the proposed method is shown in
Figure 5. The Stem module is used to preprocess the
data before the Inception module. After Stem, three
types of 14 Inception modules are cascaded. The
choice of module parameter depends on experience.
A parallel structure is used to avoid bottlenecks
among the three types of Reduction modules.
According to the Figure 5, the main part of Inception-v4 is composed of several Inception modules, which introduces 1u 1 , 3 u 3 , 1u 3 and 3 u 1
convolution kernel branches to extract the features of
different regions and scales in the Pinus massoniana
pest image. Inception module processes the outputs
of the previous layer in parallel by the branches of
different scales and functions, and then cascaded the
output of all the branches to obtain the output of the
Inception module, which realizes multi-scale feature
fusion. A 1u 1 convolution kernel is introduced between the Inception module and the Reduction module to improve the depth and nonlinearity of network,
and reduce the calculation by splitting large size convolution kernel. Considering the proposed network
is deep, batch normalization (BN) is added to the network to avoid training difficulties. At the same time,
a fully connected Softmax auxiliary classifier is
added to the side of the backbone network. The network parameters are updated by the sum of the loss
function of the backbone network and the auxiliary
classifier, so as to reduce the problem of gradient disappearing in the training process.

Feature extraction of vegetation index. Only
using the relative spectral reflectance cannot take advantage of multispectral images. In the field of vegetation health analysis based on multispectral images,
vegetation index is the most widely used technology.
Vegetation index is closely related to vegetation vitality, biochemical and physical parameters, and it
can eliminate the interference of atmospheric and
soil in the reflectance spectrum to a certain extent [24].
According to the wavelength range of multispectral
image and the conventional combination method,
five vegetation indices were proposed for identification of Pinus massoniana pest areas, which are
shown as follows:
U NIR  U R
U NIR  UG
(9)
NVI
, NVI m
U NIR  U R
U NIR  UG

U NIR
U NIR
(10)
, S RI 2
UR
UG
U NIR  U R
(11)
EVIm 2.5
U NIR  6 U R  1
Where U NIR , U R and UG are reflectance ratio
of near infrared, red band and green band; NVI is
normalized vegetation index; NVI m is improved
normalized vegetation index; S RI 1 is vegetation index ratio of near infrared to red band; S RI 2 is vegetation index ratio of near infrared to green band;
EVIm is improved enhanced vegetation index.
S RI 1

Network optimization. The conventional
GoogLeNet takes ReLu function as the nonlinear activation layer of the network. Although in most of
the training ReLu can converges faster, but in the actual training, with the increasing of training data,
more weights of convolution kernel are not updated,
which leads to the decrease of identification accuracy. To improve the accuracy of image identification and enhance the robustness of the network, this

f x

as the activapaper selects Sigmoid function
tion function:
1
(12)
f x
1  e x
Where x is the output of the previous layer after weighting operation.

Convolution neural network optimization.
Network structure. GoogLeNet introduces multiscale convolution through the Inception module to
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FIGURE 5
Structure of the proposed Inception-v4 network

To further reduce overfitting, a dropout layer is
added before Softmax in the network.

Sigmoid function, also called Logistic function,
maps a weight value to 0,1 , which can enhance the
nonlinear expression ability of the network. The result is better when the features are complex or with
little difference [26]. In the back-propagation algorithm, derivative of the sigmoid activation function
f c x is shown as follows:

RESULTS
Training and testing of the network is accelerate by GPU. The training parameters are set as follows: initial learning rate 0.01, momentum 0.9,
weight decay 0.0005, batch size 50, test interval and
display interval are set to 1 epoch (all training data
are trained once), and the maximum training times is
set to 4000 epochs. Randomly select 80% of the image set for training, and the remaining 20% as test
set to evaluate the performance of the network. The
original image is preprocessed as the input of the network. The activation functions of convolution layer
and pooling layer adopt Sigmoid function. The neurons in the fully connected layer are connected with
all the neurons in the previous layer. The learning
rate update strategy uses exponential decay. Finally,
the Softmax layer classifies the pixels to obtain the
identification results of pest area.

fc x

(13)
f x ª¬1  f x º¼
From the derivative formula of Sigmoid function, it can be found that the gradient is easy to disappear in the training process, which leads to the failure of deep network training. To solve this problem,
this paper uses mini-batch gradient descent (MBGD)
to optimize the model. The MBGD algorithm uses
different mini batches of training data in each epoch,
which makes the convergence of the objective function more stable. With the help of matrix operation,
optimizing network parameters on a mini batch of
data is not much slower than that on a single data.
MBGD can greatly reduce the iterations number, and
make the convergence result closer to the result of
gradient descent. Compared with ReLu function,
Sigmoid function can increase the robustness and
generalization ability of the network to a certain extent. At the same time, MBGD is used to optimize
the model, which further improves the accuracy of
Pinus massoniana pest identification. The pooling
layer of the network is a combination of max pooling
g max x and average pooling g ave x :

g max x

xi max

g ave x

1 N
¦ xi
N i1

Evaluation index. In order to compare the
identification accuracy of different methods, Kappa
index and overall classification accuracy were used
to evaluate experimental results. The random sampling survey is carried out for each image area in the
test set. The confusion matrix can be obtained by
comparing the consistency between the classification results of sampling points and the field sampling
results.
After obtained the confusion matrix, the overall
classification accuracy (OAI) and Kappa index ( K IA )

(14)
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can be calculated. OAI represents the percentage of
correctly classified sampling points in the total number of sampling points. K IA is an important index to
evaluate the consistency and reliability of identificaWLRQUHVXOWVE\UDQGRPVDPSOLQJ K IA UHSUH

the spatial information of the image is enhanced,
such as contrast and clarity. If spectral changes, these
fusion methods are slightly different in terms of image color preserving, among which the proposed fusion method is the best, followed by the IHS transform fusion method. Principal component analysis
(PCA) fusion method brightens the image tone, and
the Brovey fusion method darkens the image tone.
Based on the analysis of spatial texture structure, the
image clarity is improved, the texture content is rich,
and the description ability of details is strengthened.
Various boundaries of objects such as rivers, roads
and farmland become prominent and clear, and the
differences between ground objects such as towns,
mountains and forests are obvious and easier to distinguish. Among these fusion methods, the performance of the proposed fusion method and IHS fusion
method is best, which strengthen the distinction between vegetation with different degrees of coverage.
Brovey transform fusion method is the worst, but
compared with the original image, its clarity is still
enhanced. The results of other fusion methods is between the above two methods.

sents “very low consistency”, 0.2< K IA  UHSUH
sents “general consistency”, 0.4< K IA  UHSUH
sents “moderate consistency”, 0.6< K IA  UHSUH
sents “high consistency” and 0.8< K IA UHSUHVHQWV
“almost perfectly same”.
Ua Ue
K IA
1  Pe
(15)
r
r
r
§ r
·
2
U a ¦ xii N , U e ¦ ¨ ¦ xii c ¦ xi ci ¸ N
i 1
i 1 © ic 1
ic 1
¹
Where K IA is Kappa index; U a is observation
consistency; U e is opportunity consistency; r is
number of ground object types; x is element in confusion matrix.
Feature fusion results. The feature fusion results of pest areas are shown in Figure 6.
It can be seen from the Figure 6 that the result
of each fusion method has been improved. On the
basis of keeping the spectral information unchanged,

Original multispectral
image
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Comparison with other advanced methods.
Qualitative analysis. Qualitative analysis of the
proposed method and the methods in references [14]
and [15] are carried out. The results are shown in
Figure 7.

(a) Proposed fuse

(c) PCA fuse
FIGURE 6
Image fusion results
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(b) IHS fuse

(d) Brovey fuse
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(a) Original image (b) Proposed method
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(c) Ref.[14]

(d) Ref.[15]

FIGURE 7
Comparison of pest identification results
stable. Reference [12] adopts traditional GoogLeNet,
the performance of which is affected by ReLu. The
OAI and K IA are low, only 79.31% and 0.78%. Reference [14] and [15] both adopt deep learning
method, which improves the performance compared
with reference [12]. The proposed method improves
GoogLeNet to avoid the decease of OAI in the later
stage. It combines the features of color, texture,
spectral value and vegetation index to improve the
performance. The OAI and K IA of the proposed
method is 94.36% and 0.91, which are higher than
other comparison methods.
In order to prove the advantages of the proposed method, receiver operating characteristic
(ROC) curve was drawn and area under curve (AUC)
was calculated, as shown in Figure 9. The true positive rate (TPR) is the proportion of the positive samples identified by the network to all the positive samples, and the false positive rate (FPR) is the proportion of the negative samples mistakenly identified as
positive samples by the network to all the negative
samples.

From visual effect of the Figure 7, the three
methods can well distinguish four kinds of ground
objects through feature fusion, but the objects identified by the proposed method are most similar to the
original image.
Quantitative analysis. The comparison of the
OAI and K IA between the proposed method and the
methods in reference [12], [14] and [15] in different
iteration steps is shown in Figure 8.
100
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FIGURE 9
Performance curve of different identification
method
According to the Figure 9, with the increase of
training epochs, the number of correct prediction increases. The true positive rate of the proposed
method is higher than the false positive rate. The
change trend of the curve show that the ROC curve
is close to the longitudinal axis, and the curve rises
rapidly. AUC reaches 0.97026. It is concluded that
the proposed method has high identification accuracy and high generalization ability.
Besides, the comparison of the feature vector

0
0

20

10000

Iteration steps

FIGURE 8
Comparison of accuracy and K IA of different
methods
According to Figure 8, with the number of iterations increases, the OAI and K IA of different methods increase. When the number of iteration steps
reaches a certain value, the two indices tend to be
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combination obtained by different methods is shown
in Figure 10. The three methods can distinguish four
kinds of ground object samples through feature vector combination 2 and 3, and combination 3 is the
best. Feature vector combination 1 only contains the
three texture features of energy value, relevance and
entropy. Because of little difference between them,
it is liable to cause false recognition and low identification rate. Feature vector combination 2 is composed of color feature, texture feature and spectral
value feature. The identification accuracy of test set
is higher than that of combination 1 and improved a
lot. The reason is that there are obvious differences
in spectral reflectance of different ground objects.
Feature vector combination 3 combines color feature,
texture feature, spectral value feature and vegetation
index. The identification accuracy of the test set
reaches the level of "almost perfectly same", which
indicates that the five vegetation index features in
combination 3 can further improve the classification
accuracy of the network.

texture feature, spectral value feature and vegetation
index of multispectral images, an improved GoogLeNet method for identifying the Pinus massoniana
pest area was proposed. The overall classification accuracy and Kappa index are compared with other
methods. Experimental results show that the improved GoogLeNet has better performance in identifying the Pinus massoniana pest areas, and its overall
classification accuracy and Kappa index reach 94.36%
and 0.91, respectively. The proposed method has
stronger robustness and applicability, and high application value for other forest pest identification,
which provides decision support and technical support for precise spraying of Pinus massoniana and
other trees in Zhejiang Province.
This study adopts image classification to identify pest area based on image information combined
with ground survey data. However, the occurrence of
Dendrolimus punctatus is affected by temperature,
humidity, terrain and other factors. How to apply
these factors, especially climate factors such as temperature and humidity, to improve the accuracy of
feature extraction and monitor pest area, needs further research.
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reach the state of equilibrium after a long period
time. Each intervention affects the coastal dynamics
and continues the movement to reach the state of
equilibrium. The impacts of wind, currents and the
sediment transport should be take into consideration
in order to ensure that the coastal structures do not
disturb the coastal equilibrium. The project
designer should make project with the best
approach that will not disturb the balance by
analysing these effects thoroughly. These works
should done before the project starts. The new
situations, which occurred after the project should
be monitored and if necessary, the balance of the
coast should be protected through adjustments [1].
For the establishment of a coastal-human
relationship, the best way to protect the coast is to
build sandbanks on the coast. The groins are the
most important engineering constructions made
within the scope of the coastal protection [2].
The groins are coastal protection structures
built generally perpendicular to the shore in order to
create a shoreline along the coast that keeps the
sediment and prevents the coastal erosion. T-head
groins also have functions such as holding the
moving material on the shore, preserving the
balance of the existing beach, keeping the large
items on the upper part of the beach, preventing the
harbour and the fishermen’s shelters from being
filled [3].
The groins, which are constructed because of
the analysis of the coastal parameters, ensure the
formation of the beach in a short time and
accelerate the coastal-human relationship [4-7]
When coastal structures are to be constructed,
the conditions of the region should be carefully
examined. The direction of the dominant wave and
accordingly the direction of the sediment transport
along the coast should be determined [8-10].
When a coastal structure is built on any coast
the followings factors affect the shoreline changes;
the height of the wave (H), wave period (T), the
anglH RI WKH ZDYH Į  ERWWRP VORSH WDQ ȕ  JUDLQ
diameter (d50), the size of the structure (Lx), the
distance between the structures (Lg), the amount of
the sediment transport along the coastline (Q).
It is understood from the literature studies that
when a structure is constructed along the shoreline,
the balance of the shore changes and the shoreline

ABSTRACT
First time, T-head groins were built to protect
the shore in 1998-2000 during the double highway
construction, along the Black Sea Coast in Turkey.
Between the years 2000-2018 the contribution of Thead shaped groins to beach formation and their
positive or negative effects on the change of coast
and submarine topography were examined in
addition to protecting the coast the possibility of
used as a beach has also been investigated. As a
research methods the T-head groins were marked
on the map then obtained measurements of
bathymetric depth by taking echo sounders, for the
survey area so bathymetric maps were prepared.
Afterwards, bathymetric depth measurements were
repeated at the winter and summer. What kind of
materials fill in T-head groins? Can be used T-head
groins as beach? Does T-head groins have positive
or negative contributions along the seashore to
beach formation? In this study, such questions
answers have been searched. As a result of the
research, it was observed that the T-head groins
were seen to have formed a sandy area along the
coast where could be used as beach and it was
found provided very positive contributions to the
seacoast.

KEYWORDS:
T-head groin, sediment, beach formation, filling, Eastern
Black sea

INTRODUCTION
The coasts; the sediments dragged by the
creeks, streams, and rivers, the coastal structures
and coastal currents are effected by the wind and
waves. As long as there is no intervention, it will
reach the state of equilibrium after a long period.
Each intervention affects the coastal dynamics and
contributes the movement to reach the state of
equilibrium.
The coasts, sediments dragged by the creeks,
streams, and rivers, the coastal structures and
coastal currents are under the effect of the wind and
waves. As long as there is no Intervention, it will
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is affected. If there is not any structure, the shore
remains in balance [11,12].
The interaction between the groins and the
sediment transport along the shoreline has a very
complex structure. Therefore, the ability to set very
precise guidelines for projecting can be only the
results of a very long work.
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twice the size of the groin length. The groin’s
length is b=75m, the width of the head is c=37.5 m,
the space between the groins is a=150m, the body
width is 10 m, while the altitude of the groin is +1
m from sea level. Study 5 x5 m grid sea sounding
line was made on the area whose length is 60 x 80m
(Fig. 1).
The contour lines of the groins were obtained
by processing the obtained sounding value in a
CAD program and was made separately according
values years of 2000 and 2018. As a result, it has
investigated
whether
there was
material
accumulation around the groins depending on the
sediment motion and the groins were subjected to
functional evaluation [16].

MATERIALS AND METHODS
The coastal erosion is one of the most frequent
serious consequences that disrupt the coastalhuman relations. The classic coastal protection
structures, which are made to prevent this are very
large and cost a fortune. Moreover, they can be
completely disrupt the ecological balance of the
place where they are built and causing
environmental disasters.

THEORY AND CALCULATION
The length of a groin determines the amount
of the coastal sediment transport, it is used to
determine the gap between the groins, and length of
the groins varies from about 30 to 200 meters. The
average interval is taken approximately as Eq. (1),
(1)
(Lg: T-head groins interval, Lx: T-head groins
length).
Although the groins, which were examined in
this study were made of stones and T-head shaped.
The “T” head groins hold the shore materials from
both sides and provide better protection according
to the straight groins. A series of groins, that work
together in order to protect a long part of the shore
is called the groin system.
In the simplest sense, it can be said that wave
is a mess that distorts and turns upside-down the
balance of the hydraulic system. The waves seen in
the seas, lakes and gulfs occur due to dependent
forces such as tides and wind. Since the
measurement of the wind waves is difficult and
expensive, the observations are rather short. In
Turkey, a regular wave measurement network new
has been established. Therefore, the data, which is
required for the project with the help of the wind
records and have been, estimated from
meteorological wind data or from the synoptic wind
maps. Therefore, the data, which is required for the
project, are estimated with the help of the wind
records. The wind data, which is used in the
estimation of the wave, are obtained from the
meteorological wind data or from the synoptic wind
maps [13].
The dominant wave direction of the shore
region is N, NNW and NW and the significant
wave heights vary between 1.5 m and 7.5 m. Also
in some extreme sea storm values, this can reach
11.5 m.

FIGURE 1
The location of the T- head groins which are 13
T-head groins within the study area and
measurement grid (5x5) for the bathymetric
depth.
In this context it can be easily said that the
natural beaches are the best coastal protection
structures. Therefore, the way of protection natural
beaches goes through building especially T-head
groins. In this study examined the T-groins built on
the coast of Trabzon of - .Õ\ÕFÕN IRU SURWHFWLRQ
within the scope of the Black Sea Double Highway.
The coast which was selected as the study area is a
seven km-long part of the of coast whose total
length is 11 km. There have been 13 T-groins along
the coast route
The construction of the T-head groins are
started in 2000 and by combining them into groups
were completed in the same year and they are
named from west to east T1, T2........T13. All of the
constructed groins are in the same size and the
space between the groins (a) in the group is usually
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Note: Since, the wave data obtained from the
meteorological data are smaller than those obtained
from the synoptic maps, the data obtained from the
SMB data were used for the safety of the structure.
In terms of sediment, the rivers in the Eastern
Black Sea Regions are wild as their slopes are quite
large due to the topographic structure of the region.
Therefore, their flow rates are very high. This leads
to significant sediment transport. This amount is
estimated to be about 3-5 million tons / years. The
general formula is above. The general substance
transport formula had developed by (Electrical
Works Etude and Management) EWEM, Equation
(2).

to the shore is the transport caused by the coastal
currents [15].
The figure below shows how the coastal
profile has changed over a period of 13 years (year
of 2007-2020) (Fig 2).

FIGURE 2
Study area, the resort town of
7UDE]RQ2I.Õ\ÕFÕNDUHD7XUNH\ YLHZRI\HDU
2007 and 2020)

(2)
(A: Basin area km2;
tons / year)
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: Flow rate of the sediment

In addition, an equation was developed
according to the data taken from the rivers in the
Eastern Black Sea region Eq. (3).

RESULTS AND DISCUSSION
T-head groins have been built along the Black
Sea coast, which in parallel to the shore in most
places where coastal protection is necessary
according to the project criteria. The T-head groins
are successfully implemented where forming or
following in a logical order or sequence. Unlike the
plain and L-groins they hold the sediment and do
not leave it back during the transport which is
upright or parallel to the shore.
The sand and gravel, which constitutes the
majority of the transport along the coast, are kept
by the groins built sequentially and as a result, great
sanding occurs on the shore. This new sanding
creates a new shoreline and sea line acquires a
natural beach view. Thus, it contributes to the
development of the coastal tourism and to the
acceleration of the coastal-human relationship and
allows the people to benefit from the coast to the
maximum extent.
The sanding caused by the T-groins provides
the opportunity to obtain a wide beach by
continuing the coastal circulation. The coast
ensures the balanced distribution of the sediment
transport. The coast ensures the hydrodynamic
balance as well as it helps to protect the highway
from the wave effects and reinforces the coastalhuman relationship. It creates environmental health.
On the other hand, the T-head groins, which
are not built sequentially in a system along with the
L and I-groins, may cause undesirable results such
as damaging the shore. On one side, they fill the
shore (by holding the sand-gravel); while on the
other side, they may cause (carving) erosion.
Because of the research and investigation, the
groins were measured and evaluated and the
following results were obtained. In addition, the
fullness has been given percentage according to the
inside area of the T-head groin. The sediment

(3)
a and b are regression coefficient, Qavr is the
daily average flow rate m3/ sec. Qt : the flow rate of
the sediment transport tons / day. The sediment
transport made by the rivers in the Eastern Black
Sea region is estimated to be 3-5 million tones /
year [14].
The source of the sediment transport is the
material, which occurs as the result of the erosion
of the land and the breakdowns of the rocks is
transported to the shore with the help of the rivers.
The sediment, which reaches the sea in this way, is
constantly moving in the coastal zone. This
movement continues after adding the existing
sediments.
The movement of the sediments in the coasts
has been examined on the cross section of the
coastal unit width, which is taken perpendicular to
the shore these sections are called the coastal
profile. The coastal profiles are, also classified
according to the wave effects among themselves.
The profile of the waves when they are small and
less is called the “Normal Profile” or “Summer
Profile” and when the waves are more and high
then it is called the “Storm Profile” or “Winter
Profile”. Although the main parameter, which
affects the coastal profile, is the transport, which is
perpendicular to the coast, the effect of the parallel
transport is also excessive. Here the effective
factors are the settling velocity of the deep-sea
particle (w), mean wave stiffness (Ho/ Lo) diameter
of the sediment (d50). In addition, the sand-gravel,
which is taken randomly from the coast or from the
coastal areas in improper manner, can also change
the coastal profile. The transport, which is parallel
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transport, which is parallel to the coast, is also from
west to east direction. Therefore, the direction of
the maximum sediment transport wave is northwest (NW). This means that the results of the
investigation, measurement and observation are in
agreement with the theoretical information. This
shows that the approach is correct.
According to this: There is a 35% fullness up
to +2.5 DOWLWXGHVRQWKHKHHOVLQWKH.Õ\ÕFÕN7DQG
T6 groins. These groins had filled with suitable
materials such as sand and fine sand filled in these
groins and have the most fullness so far, they are
can be used as beaches (Fig. 1, 3 a.b.c). There are
50% fullness with fine material (fine sand) in the
.Õ\ÕFÕN7DQG7groins. These over filled groins
are also go on using as beaches in summer days
(Fig.1, 4 a,b,c).
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FIGURE 5
.Õ\ÕFÕN7 D -XO\ E -XO\ F 
&XUUHQWYLHZ $WWKHVWXG\DUHD7-head groin
LVJLYHQEHIRUHFRQVWUXFW  DQGDIWHU  
EDWK\PHWULFFXUYHVZLWKDSKRWRJUDSKRIWKH
FXUUHQWYLHZLQ.Õ\ÕFÕN 

FIGURE 6
.Õ\ÕFÕN7 D -XO\ E -XO\ F 
&XUUHQWYLHZ $WWKHVWXG\DUHD7-head groin
LVJLYHQEHIRUHFRQVWUXFW  DQGDIWHU  
EDWK\PHWULFFXUYHVZLWKDSKRWRJUDSKRIWKH
FXUUHQWZLHYLQ.Õ\ÕFÕN 

FIGURE 3
.Õ\ÕFÕN7 D -XO\ E -XO\ F 
&XUUHQWYLHZ $WWKHVWXG\DUHD7-head groin is
JLYHQEHIRUHFRQVWUXFW  DQGDIWHU  
EDWK\PHWULFFXUYHVZLWKDSKRWRJUDSKRIWKH
FXUUHQWYLHZLQ.Õ\ÕFÕN 

There are 40% fullness with fine materials like
VDQG DQG WKLQ VDQG DW WKH .Õ\ÕFÕN 7 DQG 7
groins. Their fullness rate is increasingly growing,
they can be used as beaches (Fig. 1, 4 a,b,c). There
are 80% fullness with fine material like sand and
WKLQ VDQG DW WKH .Õ\ÕFÕN 7 DQG 7 DQG 7
groins. These are the most filled groins according to
the other groins. They have very high
environmental contribution and can be used as
beaches (Fig. 1, 5, 6 a,b,c).

The groins, which were constructed along
.Õ\ÕFÕN DUH D JURXS RI  JURLQV DQ DPRXQW RI
material (sand, thin sand etc.) was accumulated on
the heel at the No. T1, T2, T3 groins. On the right
heel of the T4 spur, at an altitude of +2, an
approximate 20% occupancy rate was observed, in
.Õ\ÕFÕN

CONCLUSION
When the study area was investigated by
walking along the coast, it was seen that the
selection of the size was right, however the
selection of the place was not done properly,
because attention was not paid to the geometry of
the groins and the building height (+1,5-2m) was
too high .
When these will be constructed in groups, it
should be considered to calculate the distance
between groins as 3 times of the length of the T and
the height of the construction should not be exceed
+0,5m.

FIGURE 4
.Õ\ÕFÕN7 D -XO\ E -XO\ F 
&XUUHQWYLHZ $WWKHVWXG\DUHD7-head groin is
JLYHQEHIRUHFRQVWUXFW  DQGDIWHU  
EDWK\PHWULFFXUYHVZLWKDSKRWRJUDSKRIWKH
FXUUHQWYLHZLQ.Õ\ÕFÕN 
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Over time the T-head groins will completely
covered with sand and will disappear and a natural
beach will be created. In this way, an environment
will be occurred which can be used by the people
more easily. At the same time, tourism activities
will gain momentum and human environment
relation will be provided, people will benefit from
the beach, so the environment will naturally be
protected.
In addition, the coastal change should be
monitored periodically, the occurred damages
should be repaired, sand-gravel should be removed
from the over filled groins, and artificial filling can
be done on some groins which need to be used as
beaches. The coast must be monitored continuously
and data bank should be established. In this way
data, based feedback will be ensured and the
information reinforcement about the land and
observation results will be realized. This data will
increase the approach rate in the results after it is
supported by empirical studies.
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INNOVATIVE DESIGN OF PRODUCT ECOLOGICAL
PACKAGING UNDER THE ENVIRONMENT OF BIG DATA
BASED ON ECOLOGICAL PERSPECTIVE
Qian Xie*
School of Art and Design , Nanyang Institute of Technology, Nanyang, Henan 473004, China

platform, using big data analysis technology to study
the ecological packaging design, find out the design
dynamics and aesthetic trends of consumer ecological concepts, and guide the design direction and
ideas of commodity ecological packaging[3-4].
Based on the online shopping platform Taobao,
Jingdong and Pinduoduo, this paper classified and
summarized the ecological concept of product packaging, analyzed similar products and their target customers under different ecological concepts with big
data, compared the innovative design of different
ecological concepts, and explored the aesthetic trend
and the latest idea of ecological packaging [5].

ABSTRACT
In order to study the trend of product packaging
design innovation under the environment of big data
from the perspective of ecology and to provide theoretical guidance for product innovation design, this
paper analyzed similar products and their target customers under different ecological concepts, studied
the design characteristics of product ecological packaging in the new era, and studied the differences between ecological packaging and traditional packaging design based on big data analysis. The result
showed that the methods of big data analysis on the
trend of product ecological packaging design has
been successfully applied to the analysis of tea products, and the obtained design trend will become the
development direction of tea product packaging design in the future. It can be concluded that product
packaging design thinking has changed with the development of the times, and the ecological concept
has become more and more popular. The real-time
integration and analysis of big data is helpful for designers to grasp the psychological dynamics of consumers on ecological packaging concepts, identify
new trends of ecological packaging, and design
packaging products that better meet the needs of consumers.

MATERIALS AND METHODS
Theoretical Concept of Big Data. Concept
and Characteristics of Big Data. Big data refers to
a collection of data that cannot be perceived, acquired, managed, processed and served by traditional
computer technology and tools in a limited time[6].
It is valuable because it cannot be processed by conventional computer technology. Big data is a variable that changes over time and becomes larger and
larger. It has four basic characteristics: large scale,
multiple types, fast processing speed and low value
density[7].

KEYWORDS:
Big data, Product packaging, Ecological concept, Innovative design

Application Value of Big Data in Innovative
Design of Ecological Packaging. The design ideas
and concepts of ecological packaging design mainly
come from market research. The traditional research
method is to enter the enterprise and market for indepth field investigation[8]. Due to the influence of
human factors and environmental factors, the traditional investigation takes a long time, has low accuracy and high cost. With the rapid rise of Internet
technology, the application of big data analysis
makes the preliminary work of packaging design
shorter, faster, more efficient and accurate, thus reducing the cost of enterprise research[9-10].

INTRODUCTION
With the rapid development of the Internet and
big data technology, the online shopping platform
has become a collection of big data information.
Through big data collection and integration of enterprises, products, product target consumers and other
large amounts of data, analyze and dig business
value, grasp consumer trends, and promote precision
marketing[1]. Ecological packaging design is a simple art form that advocates the original ecology and
environmental protection, meets the diverse aesthetic needs of consumers, and increases the added
value of packaging[2]. Based on online shopping
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traditional design symbols and popular cultural symbols in the design materials, emphasizing differences,
individuality and diversity[16]. For example, in Figure 1-C, totem design is used to create ecological
packaging with local characteristics and realize the
innovation of traditional design.

RESULTS AND DISCUSSION
Packaging Design of Ecological Concept
Based on Big Data. Through the collection and integration of product packaging types in Taobao,
Jingdong and Pinduo, the design concepts of ecological packaging were classified and summarized,
mainly including the following six design concepts:
ecological unity packaging design concept, multiple
symbiosis packaging design concept, return to the local packaging design concept, sustainable development packaging design concept, ecological technology-oriented packaging concept, and personalized
multi-purpose packaging concept[11-12]. The design of a product can involve one ecological concept
as well as multiple ecological concepts.

Multiple Symbiosis Packaging Design Concept. Multiple symbiosis packaging design concept
is to consider the harmonious coexistence and mutualism of people and nature through multiple thinking
of packaging design, and to give more value and attributes to packaging to meet the needs of people and
nature in all aspects. Establishing a multi-functional
and diverse packaging value system means tolerance
and acceptance of more aesthetic elements. Diversified packaging design changes people's understanding of fashion, also changes people's prejudice
against some aesthetic elements, making people
more inclusive of different aesthetics[17]. Diversified
designs with multiple personalities have changed
consumers' demand for a single design, increased the
demand for multiple design elements, and enabled
resources to be rationally allocated. For example, the
integration of modern and traditional art, the integration of technology and crafts, the integration of highend and cheap, the integration of multiculturalism,
the integration of simplicity and complexity, the diversification of materials and the mashup. It advocates variety, diversity and complexity, so as to enrich and diversify the contents of the packaging ecosystem and make the resource allocation more reasonable[18]. For example, Figure 1-D shows that the
packaging bag of luxury brand Chanel adopts paper
packaging, which is much cheaper than the commodity. The combination of high-end and cheap enriches
the brand image.

Ecological Unity Packaging Design Concept.
Ecological unity packaging design concept is a packaging design concept based on the overall position of
the ecosystem. During the design, the adverse impact
of packaging on the environment and energy is minimized, so that the design and nature are linked and
organically integrated, and at the same time, people's
ecological consumption awareness is established to
guide the ecological consumption thinking [13]. For
example, the packaging of tea in Figure 1-A uses the
original ecological bamboo to design the packaging
box, which not only saves costs, but also shapes the
ecological image of the brand.
Sustainable Development Packaging Design
Concept. Sustainable development concept is a scientific development concept to realize the long-term
symbiosis of human and nature. It requires human
beings to save resources, reduce extravagance and
waste, and advocates the efficient and recycling use
of resources[14]. The core concept of sustainable development packaging design concept is the harmonious coexistence of packaging and nature, considering environmental pollution and waste of resources
from a global and long-term perspective[15]. For example, Figure 1-B is a package made of kitchen
waste, which not only reduces the processing and
pollution of kitchen waste, but also realizes the function of packaging. With the concept of sustainable
development more and more popular, this design
concept of energy saving and environmental protection that can realize the sustainable development of
packaging function has become a trend.

Ecological Technology-Oriented Packaging
Design Concept. The use of ecological technology
in packaging refers to the high-tech materials that designers consider for energy conservation and environmental protection when designing packaging.
Available materials are pollution-free, energy-saving, durable, degradable, renewable and other materials. In packaging design, various high-tech materials shall be considered comprehensively in many aspects, and reasonable selection shall be provided according to the comprehensive needs of consumers
and nature[19]. When using eco-technical materials,
the design plan should be rationally planned, and the
multi-disciplinary technologies such as ecological
technology and artificial intelligence should be organically combined with the packaging design as far
as possible to deepen the concept of technical aesthetics and improve the efficiency, technology and
aesthetics of the design. As shown in Figure 1-E, the
packaging of thermos bottle made of white wet
pressed paper of sugarcane pulp infuses the brand

Return to the Local Packaging Design Concept. Return to the local packaging design concept
refers to the ecological concept of “eliminating artificial and advocating nature”. The ecological image
of packaging usually integrates regional culture, history, environment and other characteristics, reflecting the concept of regional ecology. In the conception, the designer should deepen the regional characteristics, flexibly deconstruct, reorganize and apply
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FIGURE 1
Packaging Design under Different Ecological Concepts
with the connotation of ecological and environmental protection.

paper studied the distribution of five kinds of ecological design concepts in different ages, genders and
paths of consumption, found out the different needs
of consumers with different characteristics for the
concept of packaging ecological design, and provided a clear direction for the innovative design of
packaging.

Personalized Multi-Purpose Packaging Design Concept. In the concept of ecological packaging, "one thing with multiple uses" for reasonable allocation of resources refers to the realization of other
environmental protection purposes besides its own
packaging function. With the development of society,
the spiritual needs of consumers are higher and
higher. The personalized spiritual needs require designers to create personalized design according to
the individual needs of consumers. For example, in
Figure F, the design of the packaging tank of the
scented tea is an ecological tank, and the ecological
seeds are placed inside the jar. When consumers finish eating the scented tea, they can use the ecological
tank as a flowerpot to plant ecological plants. This
kind of packaging realizes the functions of packaging and flowerpot, endows the second function with
the significance of environmental protection, and
embeds the concept of ecological environmental protection into the brand greatly.

Distribution of Different Ecological Concepts in Similar Products. The ecological concepts
of 370 single product packaging designs were classified and counted, and the same product can have
multiple ecological design concepts. The statistical
results are shown in Figure 2. The ecological unity
packaging design concept accounts for the highest
proportion (26.5%), which is the most popular design concept among consumers; the second most
popular design concept among consumers is personalized multi-purpose packaging concept (25.6%),
which is close to the popularity of the most popular
ecological design concept.
Consumer Demand For Different Ecological
Concepts. Age Distribution of Consumers with
Different Ecological Concepts. According to the
general purchasing power of consumers, the age of
consumers who purchase tea products is divided into
18-30 years old, 31-45 years old, 45-60 years old and
60 years old. A total of 370 tea products from the top
ten e-commerce platforms were collected, and the
ecological design concepts of tea products purchased
by different consumers were counted. The relationship between consumers at different ages and tea
product packaging design is shown in Figure 2. The
personalized multi-purpose ecological packaging
design concept is the most popular among consumers aged 18-45, the ecological unity packaging design concept is the most popular among consumers
over 45 years old, the multiple symbiosis ecological

Applying Big Data to Analyze Different Ecological Concepts of Similar Products. The study
collected data on the top ten sales of eco-packaged
teas from Taobao, Jingdong and Pinduo online shopping platforms. The statistical tea types included various tea products such as green tea, black tea, puer
tea and scented tea, including tea, tea bags and mixed
scented tea, with 37 varieties in total, namely 370 tea
items. There are five ecological design concepts for
tea packaging: ecological unity packaging design
concept, sustainable development packaging design
concept, return to the local packaging design concept,
multiple symbiosis packaging design concept, and
personalized multi-purpose packaging concept. This

10806

© by PSP

Volume 29 – No. 12/2020 pages 10804-10810

25,7%

Fresenius Environmental Bulletin

26,8%
Ecological Unity
Sustainable Development
Multiple Symbiosis
Return to the Local

10,8%

Personalized Multi-Purpose

17,4%
19,4%
FIGURE 2
Distribution of Different Ecological Concepts in Similar Products

FIGURE 3
Age Distribution of Consumers with Different Ecological Concepts
design concept is the least popular among consumers
over 60 years old, and the proportion of return to the
local packaging design concept is relatively low
among consumers of the counted ages. This difference may come from changes in consumers' ecological concept needs as they grow older. The research
results also showed that under the current social environment, consumers aged 18-45 have an increasing demand for personalized multi-purpose ecological packaging design concept, and the demand for
ecological concepts changes after the age of 45,
changing from personalized multi-purpose ecological packaging design concept to the ecological unity

packaging concept.
Gender Distribution of Consumers with Different Ecological Concepts. Considering the influence of gender on different ecological design concepts, this paper classified the ecological design concepts of tea products purchased by different gender
consumers, and studied the gender distribution of
different ecological design concepts. As shown in
Figure 4, the ecological unity design concept is the
most popular among male consumers (30.1%),
which is much higher than that of female consumers
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FIGURE 4
Gender Distribution of Consumers with Different Ecological Concepts
(23.4%); while the most popular among female consumers is personalized multi-purpose ecological design concept (28.3%), which is much higher than that
of male consumers (23.1%). The reason for this difference may be due to the difference of gender,
which leads to the difference in demand for packaging design concepts.

sonalized multi-purpose ecological packaging design concept is the most popular among consumers
aged 18-45; the ecological unity packaging design
concept is the most popular among consumers aged
over 45; the ecological unity packaging design concept is the most popular among male consumers, and
the personalized multi-purpose ecological design
concept is the most popular among female consumers; the ecological unity design concept is the most
popular among consumers in Jingdong.
As for the design concept of tea products, it
should follow the trend of innovative design concept
with ecological unity design concept and personalized multi-purpose design concept. As return to the
local packaging design concept is not very popular
in tea products, it can be considered as little as possible. In addition, the design can consider the gender
of the target consumer. For example, the consumer
of scented tea is mostly female, so the design can
consider using personalized multi-purpose design
concept.
At present, China is implementing the big data strategy, accelerating the integration and open sharing of
data resources, and promoting digital construction.
Big data not only brings unprecedented opportunities
to the Internet industry, but also has a profound impact on the product ecological packaging design industry. Nowadays, excessive use of printing in commodity packaging materials has resulted in a large
amount of packaging waste, many of which are
harmful or non-degradable materials, bringing great
pollution to the environment. Combining big data
analysis, ecological concept and packaging innovation design can integrate packaging design into ecological concept, so that design is not limited to traditional packaging design, relying on experience to analyze and judge, which can provide designers with
scientific judgment of design direction. Therefore,
innovative design of product ecological packaging

Distribution of Consumption Paths of Consumers with Different Ecological Concepts. Trace
the packaging design concept of the tea products collected from the e-commerce platform back to its consumption path, and make classified statistics on the
ecological packaging design concept according to
the consumption path, as shown in Figure 5. In
Taobao, the multiple symbiosis ecological design
concept is the most popular, and the rest ecological
design concepts are evenly distributed; in Jingdong,
the ecological unity design concept is the most popular, while return to the local packaging design concept is the least popular; in Pinduoduo, the most popular is return to the local packaging design concept,
and the least popular is the multiple symbiosis ecological design concept. The reason for this difference
may be due to the distribution difference of age, gender and purchasing power level of consumers in different e-commerce platforms, as well as the difference in goods resources of the settled merchants.

CONCLUSION
This study counted the age distribution, gender
distribution and purchase path of the ecological design concept of 370 tea single product packages sold.
The two most popular ecological design concepts are
ecological unity design concept and personalized
multi-purpose design concept. Among them, the per-
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Distribution of Consumption Paths of Consumers with Different Ecological Concepts
based on big data analysis will be a new trend in ecological packaging design of major manufacturing enterprises or design enterprises.
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ABSTRACT

INTRODUCTION

It is necessary to pay attention to the anti-collision between the active well and the drilled offset
well in the directional drilling operation, especially
in the block with dense well pattern. The key to the
anti-collision technology lies in the accuracy of well
trajectory measurement. Due to the inevitable measuring error, there is uncertainty in the well trajectory.
For instance, the wellbore may be anywhere in a circle with a diameter of 30m or larger at the depth of
3000m. It includes measured depth, inclination and
azimuth in the well trajectory measurement parameters. Generally, there are two sets of measurement
parameters using different measuring tools at different stages (MWD is used in drilling operation, and
multi-point re-measurement after total depth) to
measure the parameters for the drilled well, with
both measurements having errors whose partial errors are random. Therefore, it is not completely consistent for the two well trajectories calculated separately by the two sets of measurement parameters,
nor does the uncertainty of well trajectory occurred
by measuring errors. However, the final input well
trajectory is only calculated by one set of measurement parameters, and the redundant measurements
are not fully utilized to obtain the most reliable well
trajectory and to assess its uncertainty. This paper
forms a function expression of optimal well trajectory position coordinates, measurement parameters
and corrections for the drilled wells on the basis of
surveying adjustment theory. Linearize the function
expression while meeting accuracy to obtain the optimal estimation of well trajectory position coordinates through least squares method, and calculate the
covariance matrix of uncertainty of well trajectory.
The new method obtains the most probable well trajectory and the uncertainty range, which can provide
decision support for safe drilling in the field.

Oil and gas well productivity testing is an important process that connects drilling, completion,
and oil production engineering. It is an important
way to realize the exploitation potential of oil and
gas layers, and plays an important role in the discovery of oil and gas fields and the formulation of production plans. The deep-sea operating environment
has brought great difficulties to the exploration and
development of oil and gas fields [1-3]. Due to the
late start of offshore oil and gas exploration in China,
offshore oil and gas testing has been monopolized by
foreign oil service companies. In recent years, domestic oil and gas testing companies have been
steadily advancing in terms of theory and process
technology, forming an independent test process
technology and technology process, and have
achieved great results [4]. Conventional gas well
testing generally adopts the test procedure of two
openings and two closings. The main purpose of the
initial opening and closing is to clear the fluid flow
channels of the reservoir, measure the original pressure of the reservoir, and obtain the benchmark value
of energy attenuation analysis after the measurement
of the reservoir [5]. The secondary opening and closing of wells can be used to obtain accurate production capacity and representative reservoir fluid samples and other data laid the foundation [6]. The risk
of hydrate formation during the testing of deep-water
gas wells is extremely great. Multiple opening and
closing wells can easily cause hydrate formation and
block the pipe string, which may also cause malignant accidents while affecting the test construction
[7].
Well trajectory is defined as a series of 3D survey points in the drilling operation, each of which is
represented by geodetic coordinates (N, E, V). Except that the wellhead coordinates are known, the coordinates of other survey points should be calculated
by measurement parameters [8]. The measurement
parameters of each survey point include measured
depth, inclination and azimuth. Provided the well
trajectory between adjacent survey points is of a specific shape, the 3D coordinate increment of adjacent
survey points is calculated by using the N, E, and V

KEYWORDS:
Well trajectory measurement, wellbore anti-collision, surveying adjustment, least squares method, well trajectory
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FIGURE 1
Flow chart of obtaining well trajectory and its uncertainty
through geometric relations to obtain the final well
trajectory. The flow chart of well trajectory and its
uncertainty is shown in Figure 1.
There are some deviations between the final
calculated trajectory and the actual trajectory, which
mainly comes from the measuring errors of inclination, azimuth and measured depth. The measuring
error reflected in the well trajectory is the uncertainty of the coordinates of the trajectory survey
points [9-10]. Over the past years, different error
models have been developed to describe the uncertainty of wellbore position for different types of surveying instruments. In 1981, Wolff and de Wart proposed an instrument for measuring wellbore position
uncertainty in vertical and medium deviated wells
using magnetic compasses or free gyros. In 2005, the
Industry Steering Committee on Wellbore Survey
Accuracy (ISCWSA), in combination with major
companies in the industry, developed a dynamic error description model for solid-state magnetic instruments, which can integrate various errors into an uncertain 3D ellipsoid and be suitable for MWD and
other magnetic measuring instruments [11-12].
Nowadays, the error model has been developed
into a computer program for drilling analysis in the
field [13]. The error analysis results are the uncertainties of the position of each survey point in the

well trajectory in the geodetic coordinates (N, E, V).
Mathematically, the uncertainty of position can be
represented by a 3×3 covariance matrix, which is
transformed into a graph to represent an uncertainty
error ellipsoid corresponding to each survey point
(the projection of the error ellipsoid on the plane is
the error ellipse, as shown in Figure 2). In the drilling
operation, there will be two or even more sets of
measurement parameters for the same survey point,
which can be measured with different surveying instruments, and the trajectory survey point position
and its uncertainty error ellipse calculated with different measurement parameters are also different (as
shown in Figure 3). However, trajectory survey point
position and its uncertainty range are calculated by a
certain set of measurement parameters that are input
into the computer program [14-15]. It is still not considered how to make use of two or more sets of parameters to get the most reliable measurements of
trajectory position and evaluate its uncertainty. According to the basic method of establishing parameter adjustment equation in surveying adjustment theory, it establishes the adjustment equation of well
trajectory, obtains the optimal estimation of well trajectory, and evaluates the position uncertainty [1617].
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FIGURE 2
An individual measuring position and error ellipse from bottomhole survey point

FIGURE 3
Two measuring positions and error ellipses from bottomhole survey points

nation and azimuth, and the corresponding measurement methods are quite similar to the common combination of trilateration network with angle measurement network in the surveying adjustment method
[18-19]. The adjustment parameters selected include
well trajectory measurement and 3D wellbore position coordinates calculated by measuring the parameters [20]. Then, it discusses how to establish a well
trajectory mathematical model of surveying adjustment needed on the basis of tangent method for trajectory calculation model.

MATERIALS AND METHODS
The most reliable trajectory measurement results can be obtained by adjustment method and the
accuracy can be evaluated in combination with the
process of gaining well trajectory. It is shown in Figure 4 the logical relationship flow chart of adjustment method. The measurement parameters in trajectory measurement include measured depth, incli-
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FIGURE 4
Well trajectory surveying adjustment flow chart

E 0j

N 0j

V j0

S ji

Ei0

N i0

Vi 0

FIGURE 5
Angle measurement schematic
independently, calculate n sets of coordinate approx-

Well trajectory surveying adjustment parameters. The measured interval is shown in Figure
5. Provided the coordinates of endpoint j are known,
take the three coordinate components of endpoint i
as parameters to be adjusted. These three components are independent of one another, and the number of parameters is equal to the necessary surveying
number needed to calculate the well trajectory position [21].
The wellbore position increment calculated by
tangent method is:

'V

L cos I i

'N

L sin I i cos Ai

(2)

'E

L sin I i sin Ai

(3)

imations

(k=1ˈ...,n) respectively for survey points i and j.
However, the actual position coordinates (the undetermined position coordinates to be determined) of
survey points i and j can be only a set of data. In order to obtain the optimal estimation (adjusted value)
of the position coordinates to be determined

E j  'E
N j  'N
V j  'V

Êi , N̂ i ,

Vˆi and Ê j , N̂ j , Vˆ j , it firstly needs to calculate a

 1)

set of coordinate approximations, and then gets the
correction of coordinate approximations through the
adjustment to obtain the optimal estimation of the
coordinates to be determined. This paper calculates
the average results of n sets of coordinate approxi-

Provided that j is a known survey point, the coordinates of point i are:

 Ei
°
®N i
°V
¯ i

Eik0 , N ik0 , Vik0 and E 0jk , N 0jk , V jk0

mations

Ei0 , N i0 , Vi 0 and E 0j , N 0j , V j0 for the sur-

vey points i and j through deviational survey that are
deemed as position coordinate approximations. The

(4)

correction of position coordinates are set as

v̂i and ê j , n̂ j , v̂ j

êi , n̂i ,

respectively. Then, the relation-

ships between optimal estimation of the coordinates
to be determined, position coordinate approximations and correction of position coordinates are:

Error equation of angle measurement. Provided that a certain interval ij is measured for n times
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For the k measurement of intervals i and j, the
relationships between optimal estimated value (adjusted value), measured value and corrections are:
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Where,

Iˆk and Âk are the optimal estimated
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We expand the Equations 7-8 according to Taylor's formula and get Equations 9 -10.
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Equations 9 and 10 are substituted into Equation 6 respectively to obtain the expressions of inclination correction and azimuth correction according
to the relationship between the optimal estimated
values (adjusted values) and surveying values of inclination and azimuth, we get Equations 11 and 12:
Let
0 2
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Similarly, we can get:

nation and azimuth.
According to Equations 5 and 6, if you want to
get the linear relationship between corrections of
wellbore position coordinates and corrections of inclination and azimuth, it firstly needs to obtain the
relationship between optimal estimated values (adjusted values) of inclination, azimuth and wellbore
position. It can be gotten from angle measurement
schematic (Figure 5) that:
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are corrections of incli-
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Thus, the Equations 11 and 12 can be simplified as:

are the measured values of inclination

and azimuth;
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values (adjusted values) of inclination and azimuth;
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Substitute the Equation 13 and 14 into Equations 11 and 12 and consider the units of radians and
angles, we can get Equations 15 and 16.

.
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Equation 15 is the linear relation expression between the wellbore position coordinates corrections
and the inclination corrections; equation 16 is the
linear relation expression between the wellbore position coordinates corrections and the azimuth corrections [20]. Both the Equations 15 and 16 are the

k

 l Lk

linearized error equations of the inclination and azi"

muth, where E is the unit conversion coefficient of
radian and angle [21]. When calculating wellbore
position coordinates by tangent method, the position
coordinates of the previous survey point in the interval of well trajectory are usually known, which
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means that this survey point is the optimal estimated
value, thus eˆ j nˆ j vˆ j 0 . Therefore, the

sin Ai0 sin I i0 eˆi  cos Ai0 sin I i0 nˆ i  cos I i0 vˆi  l L

ZL

(25)

Equations 15 and 16 can be expressed as Equations
17 and 18.

Determination of random model. The accuracies of inclination, azimuth and measured depth
are different in the measurement of well trajectory.
Taking repeated measurements into account, the covariance matrix can be expressed as:

Error equation of interval length. Similarly,
provided the intervals i and j are measured for n

Lk , (k=1ˈ...,n) for

times, obtain measured values
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n sets of measured intervals. The schematic of trilateration is shown in Figure 6:

6'

V 02 Q'

Q'

ª Q11 Q12
«Q
« 21 Q22
« 

«
¬Qm1 Qm 2

j

i
FIGURE 6
Interval length measurement schematic
According to Figure 6, it can obtain the relationship between the optimal estimated value (adjusted value) of measured interval and the optimal
estimated value (adjusted value) of wellbore position
coordinates, which is Equation 19:
Expand Equation 15 according to Taylor's series, we can get Equation 20.

'E 0ji

'N 0ji

N i0  N 0j ˈ 'V ji0

S 0ji

Ei0  E 0j

2

Ei0  E 0j

Q'

2

ˈ

 Vi 0  V j0

2

Let:

l Lk

Lk  S 0ji

(21)

The trilateration error equation can be obtained
from Equation 16:
When calculating wellbore position coordinates by tangent method, the position coordinates of
the previous survey point in the interval of well trajectory are usually known, which means that this survey point is the optimal estimated value, thus
eˆ j nˆ j vˆ j 0 . Therefore, the Equation 23 can

Q'

'E 0ji
S 0ji

eˆi 

'N 0ji
S 0ji

nˆ i 

'V ji0
S 0ji

Q13
Q23
Q33
Q43
Q53
Q63

Q14
Q24
Q34
Q44
Q54
Q64

Q15
Q25
Q35
Q45
Q55
Q65

Q16 º
Q26 »»
Q36 »
»
Q46 »
Q56 »
»
Q66 ¼»

ªQ11 0
« 0 Q
22
«
« 0
0
«
0
« 0
« 0
0
«
0
¬« 0

0
0

0
0

0
0

Q33
0
0
0

0

0

Q44
0
0

0
Q55
0

0 º
0 »»
0 »
»
0 »
0 »
»
Q66 ¼»

(28)
According to the relationship between weights
and inverse weight matrices, we can obtain the following equation:

be expressed as:

ZL

ªQ11 Q12
«Q
« 21 Q22
«Q31 Q32
«
«Q41 Q42
«Q51 Q52
«
¬«Q61 Q62

(27)
In general, the measuring errors of inclination,
azimuth and measured depth are independent of each
other. For the data obtained from two or more measurements, the errors of each measurement are also
independent of each other as long as the systematic
error correction is carried out, which is:

Vi 0  V j0

 N i0  N 0j

(26)

There are generally two sets of measurements
for well trajectory measurements, i.e. two measurements of inclination, azimuth, and measured depth in
the same interval. Provided I1 and A1 are the inclination and azimuth measured in the first time; I2 and A2
are the inclination and azimuth measured in the second time, l1 and l2 are the lengths of the interval
measured in the two times. We can represent it in
matrix form L= [ I1, A1, l1, I2, A2, l2]T.

Lk

Where,

 Q1m º
 Q2 m »»

 »
»
 Qmm ¼

vˆi  l L
(24)
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ª1
«
«
«
«
«
«
«
«¬

p11
0
0
0
1 p 22
0
0
0
1 p33
0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

1 p 44
0
0
1 p55
0
0

As shown in Figure 7, the position coordinates
of the survey point j are known in the interval ji. Provided n times of inclination, azimuth and interval
length are measured at the point i, these three parameters are independent of each other and are denoted

0
0
0

º
»
»
»
»
0 »
0 »
»
1 p 66 »¼

V 02
pii
(30)
V ii2
2
Where, V 0 is the unit weight variance, which

Eˆ

E 0  eˆ

>Eˆ

E0

>Eˆ

Eˆ
Nˆ i0 Vˆi 0

0
i

i

Nˆ i Vˆi

@ , eˆ
T

>eˆi

nˆ i

@

T

,
T
vˆi @ .

The adjustment equation of wellbore trajectory
can be expressed as:

V ii are the uncertain esti-

GEˆ

LZ

mated values of inclination, azimuth or measured
depth. Substitute the uncertain estimated values of
each measurement result into Equation 30, and then
Equation 30 into Equation 29 to get Q' or P .

(32)
Substitute Equation 31 into Equation 32 and
combine the contents of the previous section, the
standard mathematical model of parameter adjustment can be obtained as follows:
(33)
Z Geˆ  f

Establishment and solving of normal equation. The normal equation is an important equation
in the calculation of surveying adjustment. It is a set
of simultaneous equations formed by the combination of the linearized equations of the adjustment
function model and the equations derived under the
T
condition of V PV min . In various adjustment
function models, the number of equations is always
less than the number of unknowns, so it is a multisolution equation with more solutions [23-24]. The
normal equation can be used to obtain a set of unique
solutions that satisfy both entire equations and
V T PV min .

E ' 0
®
2
2 -1
¯6 V 0 Q P V 0 6

(34)

Equation 33 is the error mathematical model,
and Equation 34 is the random model of measured
values. Where:
T
L >I 1 A1 l1 I 2 A2 l 2  I n An l n @
(35)
Z

j

G

Ii
'V
'N

>Z

I1

Z A1

Z l1

Q

Ai
Ii

ZI2

ª U " sin Ai0
« 0
0
« S ji sec I i 1
«
0
«  U " cos Ai
« S 0ji sin I i0
1
«
0
0
sin
sin
A
I
«
i
i 1
«

«
0
« U " sin Ai
« S 0 sec I 0
i n
« ji
« U " cos Ai0
« 0
0
« S ji sin I i n
«sin A 0 sin I 0
i
i n
¬

'E

i

(31)

Where,

is a constant value that can be randomly designated,
such as taking 1 or setting it equal to any one from
. Note that

I , A ,l

I , A ,l

as 1 1 1 ... n n n . According to the tangent method, a measurement of inclination and azimuth can uniquely determine the position of the survey point i, and the estimated value is:

(29)
According to the definition of weight, there is:

V ii2 i 1 ~ 5
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P

1

Z A2

Z l 2  Z In
0
i
0
i 1
0
i
0
i 1

U " sin A
S 0ji sin I

cos Ai0 sin I i0

U " cos Ai0
S 0ji sec I i0

1

n

U " sin Ai0
S 0ji sin I i0

n

cos Ai0 sin I i0

Z ln @

T

(36)
U " sin I º
»
S 0ji
»
1
»
»
0
»
»
0
cos I i
»
1
»

»
0
U " sin I i »
»
S 0ji
n»
»
0
»
»
0
»
cos I i
n ¼
(37)
0
i

U " cos A
S 0ji sec I

Z An

n

0 º
ª1 p11 
« 

 »»
«
«¬ 0
 1 p nn »¼

(38)

Combine Euations 32, 33 and 34 to obtain the
following:

FIGURE 7
Tangent method schematic
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>l I 1

L  L0

ll 2  l In
(39)
According to the principle of least squares
f

method,

Z T PZ

ê

l A1 ll1 l I 2

l A2

l An

in the equation (33) must satisfy the

dependent of each other, the free limit of the function
can be obtained mathematically:

2Z T P

wZ
weˆ

Z T PG

0

(42)

3u 3n ; P is the

V 02 G T PG

1

(47)

RESULTS
The parameter values and standard deviations
of two measurements at a survey point on a given
well trajectory are shown in Table 1.
For the convenience of calculation, the well trajectory coordinates of the previous survey point are
placed at (0,0,0). The adjustment can be calculated
as long as the relative position of the survey point to
the previous survey point is determined. According
to the model in the previous section, the adjustment
steps are as follows:
(1) Calculate the approximate coordinates of
the survey point (Table 2).

t

G T Pf

(43)
The correction of trajectory position coordinates obtained is substituted into Equation 33 to obtain the correction of measured parameters:
1

(46)

The covariance matrix of wellbore position coordinates is the representation form of wellbore position uncertainty.

i.e.
. Therefore, there is a unique solution to the correction of well trajectory position,
and the solution can be obtained as follows:

G G T PG

1

V 02 Q XX

6 XX

G PG is a full-rank real symmetric matrix,

Z

G T PG

square matrix of 3n u 3n ; G PG is a real symmetric matrix of 3u 3 . The covariance matrix of
wellbore position coordinates in the geodetic coordinate system with the wellhead as the origin is:

T

1

(45)

T

G T PGeˆ  G T Pf

G T PG

E 0  eˆ

Where, G is the matrix of

0

eˆ

L  Z , Eˆ

Lˆ

T

(41)
Equations 33 and 41 are the fundamental equations of parameter adjustment. In the two equations,
there are 3n Z (number of Z is 3n) and T x̂ (number
of x̂ is t) to be solved, and the number of equations
is also 3n+ t, so there is a unique solution.
Substitute Equation 33 into Equation 41 to get
the normal equation of trajectory parameter adjustment, which is:

R G T PG

T

Q XX

0 (40)

It can transpose to:

G T PZ

l ln @

Accuracy estimation of well trajectory position. The accuracy of well trajectory position can be
represented by the three-dimensional covariance matrix of well trajectory position. The correlation coefficients matrix of accuracy of well trajectory position
is:

min . Since the three parameters are in-

wZ T PZ
weˆ
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GT P  I f

(44)
Finally, the optimal estimated values (adjusted
values) of measurement parameters and well trajectory position are obtained as follows:

TABLE 1
Measured parameters and standard deviations
/
First measurement
Second measurement

Inclination

Standard deviation
of inclination

Azimuth

Standard deviation
of azimuth

Interval
length

Standard deviation of
interval length

45°

2°

44°

3°

30.1m

1m

46°

2°

46°

3°

30.2m

1m

TABLE 2
Coordinate parameter approximations of well trajectory position
Standard deviation of V coordinate

First result

14.785m

15.310m

0.821m

21.284m

0.899m

Second result

15.627m

0.789m

15.091m

0.769m

20.978m

0.802m

Average result

15.206m

-

15.201m

-

21.131m

-

E coordinate

N coordinate

Standard deviation of N coordinate

Standard deviation of E coordinate
0.766m

/
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TABLE 3
Approximate inclination, azimuth and interval length
Inclination
Azimuth
Interval length
45.497°
44.991°
30.147m
(2) Calculate the approximate inclination, azimuth and interval length (Table 3).
(3) Calculate the coefficient matrix G, vector f
and weight matrix of the error model P.
Substitute the data in Table 1 into Equation (37)
and put

U"

G

G PG

3437 , we can get:
0.935
- 1.936
0.941
0.948
- 1.832
0.157

0.968
1.870
0.509
0.916
1.897
0.500

6 xx

1.346
0
0.707
1.365
0
0.695

>- 0.497

Vv

>

Take the square of the standard deviation of the
first measurement of inclination as the variance of

4 ,and then obtain the weight

matrix and inverse weight matrix according to Equations 28 and 29 :

Q

P 1

1
0
0
0
0
0

0
0
9
0
0 6.25
0
0
0
0
0
0

0
0
0
1
0
0

1

ª0.2392 0.1664 0.274 º
«0.1664 0.2392 0.274 »
»
«
«¬ 0.274 0.274 0.3972»¼

0
0
0
0
0
0
0
0
9
0
0 6.25

0.2392

0.3972

0.63m

0.489m

,

@ >

@

CONCLUSIONS
(1) The results show that the adjustment of well
trajectory measurement needs to meet the following
conditions: measurement parameters can only contain accidental error, without systematic error and
gross error; there are more than two sets of data of
inclination, azimuth and measured depth in the interval to be determined and the redundant data are
around the survey point.
(2) In light of the fact that there are two sets of
data of well trajectory measurement in a drilled well,
the optimal estimated value of well trajectory position can be obtained based on surveying adjustment
method and its uncertainty can be evaluated. Drilling
in dense well pattern makes the position and uncertainty of the drilled offset well more convincing,
which provides theoretical support for preventing the
active well from colliding with the drilled offset well.
(3) In view of the problem that the active well
has only one set of MWD data, the mechanical modeling research is carried out on the active well in the
forward direction, and the optimal estimation of the
active well trajectory is obtained on the basis of the

(4) Present the adjustment equation and solve
the corrections.

0.436 1.031º ª eˆ º ª 0.034 º
ª 1
«0.436
1
1.302»» ««nˆ »»  «« 0.003»»
«
«¬1.301 1.301 1.48 »¼ «¬ vˆ »¼ «¬ 0.021 »¼
ª eˆ º ª 0.021º
«nˆ » «0.009»
« » «
»
«¬ vˆ »¼ «¬ 0.021»¼
ª Eˆ 2 º ª E 20 º ª eˆ º ª15.208 º
« ˆ » « 0» « » «
»
« N 2 » « N 2 »  «nˆ » «15.202 »
« Vˆ2 » «V20 » « vˆ » «21.133»
¼
¬ ¼ ¬ ¼ ¬ ¼ ¬

Vn

It can be seen that the adjusted value of the coordinate position of the survey point, also called optimal
estimated
value,
is
E , N ,V
15.208,15.202,21.133 , which is
between the values of the survey point position calculated by the two measurements, and the standard
deviation (uncertainty) of the optimal estimated
wellbore position of the survey point is reduced compared with that of the two measurements. Because
the parameter measuring error is too large in the
analysis, the standard deviation of the adjustment result is also too large compared with the actual situation.

T

V 02

T

V G PG

Ve

- 0.991 - 0.047 - 0.503 1.009 0.053@

unit weight,

2
0

Based on this matrix, the standard deviation of
survey point coordinates to be measured can be obtained as follows:

Substitute the measured values in Table 1 and
the approximate values in Table 3 into Equation (39),
we can get:
f

0.0416  0.0685º
ª 0.0598
« 0.0416
0.0598  0.0685»»
«
«¬ 0.0685  0.0685 0.0993 »¼

1

T

0

(5) Calculate uncertainty matrix of wellbore
position.
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predicted trajectory parameters and MWD data,
which can provide a new basis for the anti-collision
technology in dense well pattern.
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VARIATIONS BETWEEN THE PHYSIOLOGICAL
RESPONSES OF BREAD WHEAT, DURUM WHEAT,
BARLEY, RYE AND OAT UNDER SALINITY STRESS
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plant. [3, 4]. Salinity stress leads to degradation in
photosynthetic pigments, decreases stomatal permeability and gas exchange by increasing reactive
R[\JHQVSHFLHV 526  such as superoxide radicals
(O2.– K\GUR[\OUDGLFDOV 2+• DQGK\GURJHQSHUR[
ide (H2O2  >  @ 526 FDXVH R[LGDWLYH VWUHVV
UHVXOWLQJ LQ OLSLG SHUR[LGDWLRQ /3;  PHPEUDQH
protein and chlorophyll degradation and enzyme
inactivation [8, 9]. In general, damage detected in
the plant under stress is related to the extent of
oxidative damage [10]. The level of the LPX under
stress is determined by accumulation of the
PDORQGLDOGHK\GH 0'$  ZKLFK LV DQ LPSRUWDQW
index of damage [11]. Plants defend their cells
against ROS by developing an antioxidative defense mechanism under stress [12]. Superoxide
GLVPXWDVH 62'  LV WKH PDLQ VFDYHQJHU RI 22–.
SOD catalyzes the conversion of hydrogen peroxide
[13] &DWDODVH &$7  DQG DVFRUEDWH SHUR[LGDVH
$3;  GHWR[LI\ +2O2 to water and oxygen [14].
Determining the antioxidative ability of plants by
measuring antioxidative enzyme activities, such as
VXSHUR[LGH GLVPXWDVH 62'  DQG SHUR[LGDVH
32'  FDWDODVH &$7  LV LPSRUWDQW LQ FODULI\LQJ
differences in salinity tolerance of plant species and
genotypes [15].
Due to the climate change, salinity is one of
the most important factors that cause serious decrease in the grain yield in many parts of the world.
Although there are many studies on the role of
antioxidative enzymes under salinity stress, these
enzymatic responses of different cereal species
have not been evaluated together. This study was
conducted to characterize the differences in physiological responses of different cereals against salt
stress by determining MDA and protein content,
and antioxidative enzymes activities (CAT and
$3; 

INTRODUCTION

MATERIALS AND METHODS

Salinity is a serious environmental problem
occurring in about 9.5 billion hectares of soil and
severely limits plant yield [1, 2]. Reduced plant
growth under salt stress is related to osmotic stress,
ion imbalance-toxicity and oxidative stress in the

In this research the following five species of
cereals have been analyzed, which play an important role in nutrition: bread wheat (Triticum
aestivum / FY 'D÷GDú  GXUXP ZKHDW 7ULWLFXP
GXUXP / FY 6HOoXNOX  EDUOH\ +RUGHXP YXOJDUH

ABSTRACT
Physiological responses of bread wheat (TritiFXP DHVWLYXP / FY 'D÷GDú  GXUXP ZKHDW 7ULWL
FXP GXUXP / FY 6HOoXNOX  EDUOH\ +RUGHXP
YXOJDUH FY .ÕUDO  U\H 6HFDOH FHUHDOH / FY
$VOÕP  DQG RDW $YHQD VDWLYD / FY )DLN %H\  to
salinity stress were researched. After the germinating in perlite, seedlings were transferred to pots
with nutrient solution. At 6th day of growth, the
plants were exposed to 0, 100, 150 mM NaCl with
gradual increases. On the 8th day of salt treatment,
leaves were sampled to analyze protein content,
PDORQGLDOGHK\GH 0'$  FRQWHQW DQG DQWLR[LGDWLYH
enzyme activities (ascorbate peroxidase-APX, and
catalase-&$7  Salinity stress remarkably increased
the MDA content and the antioxidative enzymes
activities, but decreased protein contents. The highest average MDA accumulation was determined in
rye (3289 nmol.g-1 SURWHLQ  ZKLOH WKH ORZHVW ZDV
recorded in bread wheat (1125 nmol.g-1 SURWHLQ 
The highest increase in MDA was found in rye,
followed by oats, durum, barley and bread wheat.
The most severe decrease in protein content was
found in rye, barley, bread wheat, durum wheat and
oat, respectively at 150 mM NaCl. Antioxidative
enzyme activities increased due to an increase in
salinity. While the highest increase in APX activity
was determined in barley, the highest increase in
CAT activity was observed in oats. It was concluded that increased enzyme activities have a significant effect in alleviating oxidative damage, caused
by salinity stress with important variations among
the cereal species.
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FY.ÕUDO U\H 6HFDOHFHUHDOH/FY$VOÕP DQGRDW
$YHQDVDWLYD/FY)DLN  The seeds of the cereals
ZHUH REWDLQHG IURP %DKUL 'D÷GDú ,QWHUQDWLRQDO
Research Institute-Konya.
The seeds were germinated at 20/18 oC
GD\QLJKW WHPSHUDWXUHLQSHUOLWHPHGLXPE\PRLV
tening with a saturated CaSO4 solution. Then the
seedlings were transferred to 3 l pots, containing
nutrient solution under controlled climatic conditions (24/20 oC day/night temperature, 16/8-h
light/dark regimes, 350 mmolm-2s-1 light intensity
and 65- UHODWLYH KXPLGLW\  'XULQJ WKH H[SHUL
ment continuous air circulation was provided in the
nutrient solution.
The composition of the nutrient solution was
as follows: 2 mM Ca(NO3 2.4H2O, 1 mM
MgSO4+2O, 0.9 mM K2SO4, 0.2 mM KH2PO4,
10-6 M H3%23, 2x10- M MnSO4, 10-6 M
ZnSO4+2O, 2x10- M CuSO4, 2x10-8 M
10-4
M
C10H12FeN2NaO8
(NH4 6MOO24,
)H('7$ 
Plants grown in this nutrient solution for six
days were exposed to three different salinity levels
P01D&O ZLWKDJUDGXDOLQFUHDVH 
mM.8h-1 2QWKHWKGD\RIWKHVDOWWUHDWPHQWVL[
similar fresh plant samples were taken from the
leaves of the plants and have been frozen in liquid
nitrogen for usage in physiological analysis. Three
of these fresh plant samples were used to measure
OLSLG SHUR[LGDWLRQ OHYHOV 0'$ FRQWHQW  DQG WKH
other three to measure protein content, ascorbate
SHUR[LGDVH $3;  DQG FDWDODVH &$7  HQ]\PH
activities. Fresh leaf samples taken for enzyme and
protein analyzes were homogenized in 50 mM 5 ml

Fresenius Environmental Bulletin

3EXIIHUVROXWLRQ S+  FRQWDLQLQJP01DEDTA. After that the homogenized samples were
centrifuged at 15000 g for 15 minutes and the solution obtained was used in protein and enzyme analysis. All processes in enzyme analysis were carried
out at +4oC.
Protein analyzes were conducted in accordDQFH ZLWK %UDGIRUG >@ $VFRUEDWSHUR[LGDVH DQG
catalase enzyme activities were performed accordLQJ WR dDNPDN DQG 0DUVFKQHU >@ DQG dDNPak
[18]. The lipid peroxidation levels were determined
EDVHG RQ WKH PDORQGLDOGHK\GH 0'$  PHDVXUH
ments, according to Hodges et al. [19]. All data was
subjected to the analysis of variance, using the
MSTAT-C (Crop and Soil Science Department of
Michigan StaWH 8QLYHUVW\ RI WKH 86$ statistical
package program and significant differences were
compared with Duncan’s multiple range test.

RESULTS AND DISCUSSION
At 150 mM NaCl the smallest decrease in
shoot dry weight was found in bread wheat, followed by barley, while the highest decrease (in
ZKDW" ZDVIRXQGLQWKHGXUXPZKHDWIROORZHGE\
RDWDQGU\HUHVSHFWLYHO\ UHVXOWVQRWVKRZQ ,QWKLV
study, we found that protein and MDA content and
antioxidative enzymes show many variations in
different cereals depending on the salinity level.
Increasing salinity, cereal species and salinity interactions was found to be significant.

TABLE 1
Changes in malondialdehyde (MDA) (nmol.g-1 protein) content of cereals under the different NaCl
treatments
Malondialdehyde (MDA) (nmol.g-1 protein
Cereals

0 mM
NaCl

100 mM
NaCl

150 mM
NaCl

% Increase

Mean

100 mM
NaCl

150 mM
NaCl

30.4



Bread wheat



h 1143 gh

1356

g

1125

Durum wheat



h  fg



ef

1338 CD





Barley



gh 1335

g



e

1401

C

24.3



Oat

1120

gh 1923 de

2265

c



%



102.2

Rye

2129

cd 2694

b

5046

a

3289

A

26.5



Mean

1233

C 1695

%

2426

A







Species

D

222***

NaCl

***

Species X NaCl

***

CV

10

Means followed by WKHVDPHOHWWHUGRQRWGLIIHUVLJQLILFDQWO\DWSE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV
*: p<0.05, **: p<0.01 ve ***: p<0.001
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TABLE 2
Changes in protein content (mg.g-1FW) of cereals under the different NaCl treatments
Protein Content (mg.g-1 FW)
Cereals

0 mM
NaCl

100 mM
NaCl

150 mM
NaCl

Decrease (%)
Mean

100 mM
NaCl

150 mM
NaCl

Bread wheat

11.3

a

10.4

b

9.3

cd

10.3

A

8.8

21.6

Durum wheat

9.9

bc

10.2

b



de

9.6

%

3.2

13.6

Barley

10.0

bc

8.1

ef



f

8.5

C

24.4

36.8

Oat

11.3

a

10.2

b

10.3

b

10.6

A



10.2

Rye

8.9

d

8.8

de

6.3

g

8.0

D

0.6

39.9

Mean

10.3

A

9.5

%

8.4

C

9.4



22.6

0.39***

Species
NaCl

0.36***

Species X NaCl

0.81**

CV

5.05

Means followed by the same letter do not differ significantly at SE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV
*: p<0.05, **: p<0.01 ve ***: p<0.001

The highest average MDA accumulation was
determined in rye (3289 nmol.g-1 SURWHLQ ZKLOHWKH
lowest was recorded in bread wheat (1125 nmol.g-1
SURWHLQ  7DEOH +RZHYHr, the increase in MDA,
due to salt stress, was the most serious in saltsensitive oats. At 100 mM NaCl treatment, the
highest MDA content was determined in rye, followed by oat, durum wheat, barley and bread
wheat. The highest increase in MDA, compared to

the control application, was found in oat, followed
by durum wheat, bread wheat, rye and barley, respectively. At 150 mM NaCl treatment, the highest
MDA accumulation was determined also in rye,
followed by oat, barley, durum and bread wheat,
respectively. The highest increase in MDA, compared to the control application, was found in rye,
followed by oats, durum, barley, and bread wheat.

TABLE 3
Changes in catalase (CAT) activities (nmol.min-1.mg-1 prt.) of cereals under the different NaCl treatments
Catalase (nmol.min-1.mg-1 prt.)
Cereals

0 mM
NaCl

100 mM
NaCl

150 mM
NaCl

% Increase
Mean

100 mM
NaCl

150 mM
NaCl

Bread wheat

212

h

235 fgh



d

248 D

10.9

40.2

Durum wheat



gh

251

ef

322

bc  C

10.5

41.9

Barley

216

gh



e

299

cd 262 C

25.6

38.9

Oat

232

fgh 345

ab

349

a

309 A

48.3

50.2

Rye

236

fg

300

cd

320

cd 285 %

26.9

35.4

Mean

225

C

280

%



A



24.8

41.3

Species

13.45***

NaCl

10.56***

Species X NaCl

23.62***

CV

5.06

Means followed by the same letter do not differ significantly at pE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV
*: p<0.05, **: p<0.01 ve ***: p<0.001
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As the salt concentration increased, protein
content tended to decrease in all species, and the
differences between 100 and 150 mM NaCl treatment were found to be statistically significant (TaEOH   7KH KLJKHVW DYHUDJH SURWHLQ FRQWHQW ZDV
observed in oats (10.6 mg.g-1 ): ZKLOHWKHORZHVW
content was found in rye (8.0 mg.g-1 ):  ,Q 
mM NaCl treatment, the most severe decrease in
protein content, due to salt stress, was observed in
barley, while the smallest decrease was found in
rye. In 150 mM NaCl treatment, contrary to 100
mM treatment, the most severe decrease in protein
content was found in rye which was followed by
barley, bread wheat, durum wheat and oat, respectiYHO\ 7DEOH 
The CAT activity in the plant tended to increase due to the salinity level, and statistically
significant differences were found between the
CAT activities at 100 and the 150 mM salinity
level. The highest average CAT activity was determined in oats (309 nmol.min-1.mg-1 SUW ZKLOHWKH
lowest activity was determined in bread wheat (248
nmol.min-1.mg-1 SUW  7DEOH &RPSDUHGZLWKWKH
FRQWURO 1D&O FRQGLWLRQVWKHKLJKHVWLQFUHDVHLQ
CAT activity at 100 mM NaCl level was determined in oDWV -WKHKLJKHVW IROORZHGE\U\H
EDUOH\ EUHDG ZKHDW DQG GXUXP ZKHDW -the
ORZHVW  ,Q  P0 1D&O WUHDWPHQW WKH KLJKHVW
increase in CAT activity was also found in oats
-WKH KLJKHVW  IROORZHG E\ GXUXP ZKHDW
bread wheat, barley and ryH -WKH ORZHVW 
7DEOH 
Increase in APX activity was determined in all
species depending on the increase in salinity. The

Fresenius Environmental Bulletin

effect of different cereal species and different salt
level on APX activity was found statistically significant. The highest average APX activity was observed in rye (644 nmol.min-1.mg-1 SUW  ZKLOH WKH
lowest average APX activity was recorded in barley
(220 nmol.min-1.mg-1 SUW  7DEOH   +RZHYHU
compared to the control conditions, the highest
increases in APX activity at 100 and 150 mM NaCl
WUHDWPHQWV ZHUH IRXQG LQ EDUOH\   UH
VSHFWLYHO\  DQG WKH VOLJKWHVW LQFUHDVH LQ EUHDG
ZKHDW UHVSHFWLYHO\  7DEOH 
Damage in cell membranes by oxidation of
phospholipids reflect enhanced formation of ROS
under salinity stress. [20, 21]. The main product of
this damage is MDA which is a good indicator of
the level of oxidative stress caused by salinity [22].
We found that the MDA content increased significantly in all plants due to an increase in salt level
7DEOH This critical increments in MDA content
is an indicator of peroxidation and indicates a level
of tolerance to abiotic stress [23, 24]. Pinto and
Munne [25] reported that increased MDA levels are
related to the salt-dependent changes in thylakoid
membranes, such as disruption of chloroplast integration and reduced photosynthesis. Increasing
rates in MDA levels was more severe at 150 mM
1D&O WKDQ DW  P0 1D&O WUHDWPHQW 7DEOH  
Similar significant increase in MDA was reported
by Ebrahim et al. [26] depending on salt stress.
1HYHUWKHOHVV %D]UDIVKDQ DQG (KVDQ]DGHK >@,
found that MDA increased only in two genotypes at
low salinity, whereas it increased in all genotypes at
higher salinity.

TABLE 4
Changes in ascorbate peroxidase (APX) activities (nmol.min-1.mg-1 prt.) of cereals under the different
NaCl treatments
Ascorbateperoxidase (nmol.min-1.mg-1 prt.)
Cereals

0 mM
NaCl

100 mM
NaCl

150 mM
NaCl

% Increase

Mean

100 mM
NaCl

150 mM
NaCl

Bread wheat

319

fg

351

f

444

d



C

10.0

39

Durum wheat

288

g

390

e



c

395

%

35.5



Barley

142

Õ

202

h

315

fg

220

E

42.0

122

Oat

220

h

286

g

336

f

281

D

30.0

53

Rye

528

c



b



a

644

A



39

Mean

299

C

380

%



A

382

26.9

56

Species

20.83***

NaCl

15.96***

Species X NaCl

35.68***

CV

5.48

Means followed b\WKHVDPHOHWWHUGRQRWGLIIHUVLJQLILFDQWO\DWSE\'XQFDQ¶VQHZPXOWLSOHUDQJHWHVWV
*: p<0.05, **: p<0.01 ve ***: p<0.001
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7KHLQFUHDVLQJUDWHDWP01D&O 7DEOH 
was much lower in salt tolerant species (bread
ZKHDW DQG EDUOH\  WKDQ LQ WKH Vensitive ones (rye
DQG RDW  /RZ 0'$ OHYHOV GHWHFWHG LQ EDUOH\ DQG
bread wheat indicate that they are more resistant to
oxidative stress, by increasing their antioxidant
substances and enzymes. In former studies a similar
negative relationship was found between MDA
level and salt tolerance [24, 28, and 29]. The membrane lipids were more damaged in rye and oats due
to salt stress. Such high MDA increases explain an
insufficient growth of these species. Similarly,
Ashraf et al. [30] reported negative correlations
between growth and lipid peroxidation levels under
salinity stress in wheat. Plants capable of keeping
high antioxidative enzymes activities were protected against high lipid peroxidation [31]. Increasing
MDA and decreasing protein contents indicated that
the ROS production exceeded the oxygenscavenging capacity of antioxidative enzymes. The
MDA content was less affected in barley, this may
be because of high increases in antioxidative capacity under salinity stress. Increases in APX activity
are corresponding with MDA content in barley, but
not in bread wheat. Likewise Hernandez et al. [20]
reported that salt-tolerant plants had higher APX
activity. Oats are less tolerant to salt stress than
wheat and barley [32]. Among cereal types, the
highest increase in MDA, and besides that the highest increase in CAT activity, was determined in
oats. The fact that such high CAT activity in oats
has been insufficient to prevent oxidative damage
caused by salt, indicates that oxidative damage is
more severe in salt sensitive plants. These results
supported the dramatic reduction in dry matter of
oat under salinity. Dry matter yield was less affected by salinity stress in barley and bread wheat (reVXOWV DUH QRW VKRZQ  6LPLODUO\ LW ZDV GHWHUPLQHG
that the increase in APX activity has been insufficient in preventing oxidative damage caused by salt
in oats. Yassin et al. [33] found having a lower
MDA with a higher peroxidase and CAT activity in
wheat makes this species less affected by salt stress
than other species.
An overproduction of ROS under stress conditions damage membrane proteins as well as the
membrane lipids [34]. Protein levels can be used as
an indicator of salt tolerance in plants. In this study
an 8-day salt treatment caused significant reductions in the protein content of leaves in all cereals
GXHWRVDOWWUHDWPHQWV 7DEOH 6XFKUHGXFWLRQVLQ
protein content may be related with increased ROS
production under salinity stress. Similar reductions
in total protein were also reported in tomato by
Doganlar et al. [35] and in wheat by Patel et al.
[36]. A decrease in protein content of rye was the
smallest at 100 mM NaCl while it was the highest
at 150 mM NaCl. Although salinity stress induced
decreases in protein content of all species, the reduction rate was higher in barley and rye than in
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other cereals DWKLJKVDOLQLW\ P01D&O  7D
EOH   $NWDú HW DO >@ reported that the protein
content under salt stress in pepper was decreased in
sensitive genotypes while increased in tolerant
genotypes. In our study, such an increase due to
salinity in the protein content was not detected in
any species. The highest increase in lipid peroxidation, which is another consequence of oxidative
damage, was also found in rye, along with the most
obvious reduction in protein content at a high salt
OHYHO P01D&O  This result indicates that the
coping ability of rye with oxidative stress is low. In
barley, severe decreases in protein content did not
correspond with the moderate increases in lipid
peroxidation. This situation was estimated to be
related to CAT activity, which showed a higher
increase compared to the other cereal species, and
less significantly to APX increase in barley.
To equilibrate high ROS levels under salinity,
plant cells enhance the enzymatic antioxidant defense systems, covering SOD, CAT and POD [38].
In this study CAT and APX activities increased
significantly in all plants under salinity stress (Table 3-  WR HQKDQFH WKH R[\JHQ-scavenging ability
for creating tolerance to salinity [39]. Gill and Tuteja [40] and Sairam et al. [41] reported that antioxidative enzymes are found in higher concentrations
in stress-tolerant species. Conversely, Wang et al.
[42] reported that salinity induced a decline in antioxidative enzymes activities leading to lipid peroxidation.
CAT is a basic antioxidant enzyme that disrupts H2O2 from producing O2 and H2O [43]. Overcoming the damage caused by ROS via increment
in CAT is thought to be an adaption mechanism
under salinity stress [44]. In the current research
CAT activity was significantly enhanced by increasing VDOLQLW\LQDOOVSHFLHV 7DEOH 7KHJUHDW
est increases were recorded in oat, followed by
barley and rye. Also, Tounsi et al. [45] found great
increases in CAT due to salt stress in wheat. In
contrast, Qin et al. [46] found decreased CAT activities under salinity stress while they report increments in SOD, POD activities and MDA level.
On the other hand, the highest enhanced CAT
activity in oats is accompanied by the highest lipid
SHUR[LGDWLRQXQGHUVDOWVWUHVV 7DEOH $SSDU
ently, such increased CAT activity in oats was
insufficient in preventing the oxidation of lipids.
However, the slight reduction in protein content of
oats suggests that the CAT enzyme plays a role in
preventing the destruction of proteins. Although the
increases in CAT and APX activity of salt-tolerant
bread wheat were lower than in other species, it
displayed low MDA content. It was clearly understood that this low rise in enzymes activity have
been sufficient to cope with oxidative stress, using
these enzymes intensively in bread wheat. Additionally, the data obtained in this study indicated
that non-enzymatic antioxidant substances of anti-
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oxidative systems should be determined in stress
studies, for a better understanding of the salt tolerance mechanisms of different species.
The APX level in leaves of the cereals are also
VLJQLILFDQWO\ DIIHFWHG E\ VDOLQLW\ 7DEOH   7KH
APX was found to be more increased at 150 mM
NaCl than at 100 mM NaCl treatment with significant variations. Our results analog to the results
found by Tuna et al. [31], who found significant
increase in APX, CAT activities and MDA contents, due to the increasing salinity in tomatoes. The
highest increase rate in APX activity was recorded
in barley which was followed by durum wheat and
oat, due to the salinity level. The increased rate of
APX activity in barley was just about two-three
times higher than in the other cereals at 150 mM
NaCl. However, barley was having the most severe
protein decrease and considerably lower increase in
lipid peroxidation than the other cereals. Lesser
damage in lipids determined in barley may be relatHG ZLWK KLJK $3; DFWLYLW\ %DUOH\ LV NQRZQ to be
more tolerant to environmental stresses such as
salinity and drought than other cereals >@. Higher
increases in APX activities in barley was well correlated with low increments in MDA, which represents the role of antioxidant systems in alleviating
oxidative stress and protecting cells against oxidative damage [48]$OVR%D]UDIVKDQDQG(KVDQ]DGHK
>@ reported increased levels of APX and CAT
which correspond lower lipit peroxidation providing higher salt tolerance in sesame. The role of
APX in the H2O2 scavenging at the ascorbateglutathione cycle of plant cells has been well established [49]. The lowest APX increment was found
in bread wheat, followed by rye at both NaCl levels. Similar to findings of this study, Latef, A.A.A.,
[29] stated that NaCl stress activated APX and led
to significant increases in CAT activity in different
wheat varieties.
Low MDA levels in barley and bread wheat
indicated that the detoxification system, including
enzymes, protects cells against the oxidative damage by coping with reactive oxygen species under
salinity stress.
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variations among the cereal species. High lipid
peroxidation due to salt stress in oats and rye has
shown that these species have a low ability to cope
with oxidative stress. It was thought that non-severe
increases in lipid peroxidation versus severe decreases in proteins at high salinity stress in barley
were related to enhanced antioxidative capacity,
including CAT and APX. Despite the low increases
in CAT and APX activities, low MDA increments
showed bread wheat was having an effective defense mechanism, including antioxidative substances, as well as enzymes in coping with oxidative
stress.
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RESEARCH ON SAFETY AND ENVIRONMENTAL
PROTECTION CONTROL METHODS BASED ON
UNDERGROUND AND FOUNDATION PIT ENGINEERING
Weiguo Chen*
School of Economics and Management, Wuhan University, Wuhan, Hubei 430000, P.R. China

and other projects has increased cities’ underground
excavation depth and the area taken up by foundation pits, making the safety and environmental
protection of underground and foundation pits a key
focus [5,6]. After excavation of the underground
soil layer, the initial boundary conditions are
changed, and the initial stress field in the rock and
soil body is also adjusted, resulting in a loss of the
stratum in the engineering area [7]. The safety and
environmental protection issues associated with
underground and foundation pits should be a key
concern during engineering projects, and failure to
address these issues can have very severe consequences. Underground and foundation pit engineering design calculations and construction schemes
directly affect project success rates, and construction should strictly follow the standard construction
process [8-11]. Accidents in foundation pits have
occurred frequently in recent years. Therefore,
construction quality must be strictly ensured to
avoid engineering shifts caused by construction
methods and human errors. The destruction of
foundation pits due to deformation laws after excavation is likely to cause safety problems [12,13].
The excavation of foundation pits is a wellestablished topic in the construction of foundations
and underground works, but it also poses a comprehensive geotechnical engineering problem. In recent years, there have been many major foundation
pit collapse accidents at home and abroad, such as
in Singapore, Hangzhou and Cologne, which have
resulted in severe losses [14-17]. The destabilization and destruction of the foundation pit is a very
complicated process, especially in cases where the
foundation pit is deeper and larger, the plane shape
is more irregular, and the supporting structure is
more complicated. Any compromise to the foundation pit can develop into a variety of failure modes,
which may be caused by the destruction of local
supporting structures or local soil instability and
then cause the surrounding supporting structures to
collapse [18]. That is, the collapse of deep foundation pits forms part of a continuous failure process.
There have been many studies on the continuous
collapse of multi-tall buildings, long-span structures, bridges and other structures in sudden situations such as explosions, earthquakes, fires and
other impacts. The research methods used in these

ABSTRACT
The number, scale and difficulty of underground and foundation pit projects in cities are
increasing, and stricter safety and environmental
requirements are being imposed on these projects.
This study examined current safety and environmental protection control methods for underground
and foundation pit engineering. It first analyzed
safety and environmental classifications and indicators before using the principle of strength reduction
to evaluate the safety of the surrounding environment of the foundation pit based on the displacement control value of the supporting structure. The
safety factors of different monitoring points in the
foundation pit project were evaluated based on the
obtained safety factors. The safety and environmental protection indicators of underground and foundation pit engineering were addressed by the principal component analysis method using the evaluation results. These were then inputted into the BP
neural network to ensure safety and environmental
control during foundation pit engineering. The
experimental results showed that this method can
be used to control horizontal displacement and
surface settlement of different monitoring points in
underground and foundation pit projects, and control performance can exceed 95%.

KEYWORDS:
Underground, safety, Environmental protection, Engineering, BP neural network, Surface settlement

INTRODUCTION
With the rapid development of China’s economy and science and technology, the subway has
become the main mode of transportation in cities.
Underground space is becoming increasingly valued by many people [1-3]. Cities are developing
faster, and underground space is becoming an important resource to cities [4]. A large number of
subway projects have been built in China. The
subway serves as a transportation hub for developed cities. The growth in the number of subways
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studies have been comprehensive, including theoretical derivation, model tests and numerical simulations [19]. At the same time, many countries and
regions have formulated relevant specifications and
guidance documents for the continuous collapse
resistance design of superstructures. Compared with
continuous failure research in structural engineering, significant progress has been made in this area
[20]. Currently, in the field of geotechnical engineering, continuous failure research is still scarce
and has not attracted the attention it deserves. However, due to the high complexity and uncertainty of
multi-field multi-body foundation pit projects, the
possibility of continuous damage accidents, the loss
caused by these accidents and the wide range of
social impacts of these accidents can exceed that of
superstructure projects.
The complexity of underground engineering is
significantly higher than that of aboveground engineering. The safety and environmental protection of
underground and foundation pits is an important
part of construction safety control [21]. To improve
the safety and environmental protection performance of underground and foundation pits, based
on the latest control methods for underground and
foundation pits, this paper evaluates the safety of
the surrounding environment of the foundation pit
through the principle of strength reduction to obtain
the safety factors at different monitoring points and
evaluate the project. These results will help to ensure the safety and environmental protection of
underground and foundation pit projects in the BP
neural network to provide a basis for the safety and
protection of underground and foundation pits.

Fresenius Environmental Bulletin

disasters caused by destruction and soil erosion are
as follows, which is for the classification of safety
and environmental protection issues in underground
and foundation pit projects. (a) Environmental
disasters and environmental impacts caused by
deformation during construction in urban underground and foundation pit projects can be effectively used by constitutive models, conventional underground and foundation pit engineering analysis
theories and methods, numerical analysis methods
and seepage and consolidation theory to simulate
the safety and environmental issues caused by this
situation [23].
(b) Continuous damage and local damage.
This type of safety and environmental protection
problem mainly refers to local damage to the supporting structure due to underground and foundation pit projects, foundation pit leakage, local seepage damage to the soil and local damage to the
underground and foundation pit due to the above
conditions. A city’s underground works are continuously destroyed or even collapsed [24]. Nonlinear,
large deformation and multi-field strong coupling
dynamic problems can be used to understand the
evolution and generation mechanisms of local damage to structures caused by continuous failure or
asymptotic failure and resulting in the collapse of
three-dimensional developments.
(c) Disasters such as soil erosion. The construction process of underground and foundation
pits may cause man-made and natural disasters,
such as voids in the soil, local soil collapse, soil
erosion and other environmental impacts. Disasters
such as soil erosion are mainly due to the interaction of water and soil with strong coupling. The use
of seepage and consolidation theory, numerical
analysis theory, conventional underground and
foundation pit engineering analysis theory is not
applicable.
The safety and environmental protection control indicators for the safety and environmental
protection control methods during underground and
foundation pit engineering can be seen in references
[25]. It can be seen that the safety and environmental protection control indicators of underground and
foundation pit projects mainly include the project
construction stage and completion acceptance stage
[26]. The construction emergency control indicators
mainly include emergency plan preparation, emergency rescue configuration, accident reports and
investigations. Safety and environmental protection
control indicators mainly include the number of
safety and environmental protection accidents and
the number of casualties and losses.

MATERIALS AND METHODS
In order to test the effectiveness of the safety
and environmental protection control method based
on underground and foundation pit engineering in
this paper, the subway foundation pit engineering in
a city-centre park was selected as the experimental
object. Using Matlab 7.0 simulation software as the
experimental platform of this method, the Matlab
platform has visualisation technology and different
toolbox functions, which can guarantee the reliability of this method.

RESULTS
Classification of safety and environmental
issues. The environmental and stability safety problems associated with the construction of underground and foundation pit projects at home and
abroad can be divided into a number of categories,
including the deformation and environmental impacts caused by construction, continuous damage
and local disturbances [22]. The three types of

Strength reduction principle. The strength
reduction principle is an important theory applied to
the stability analysis of underground and foundation
pit engineering. The strength parameters of underground and foundation pit rock and soil are ex-
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determines the strength parameter after reduction.
The relationship between the displacement value
and the design value of the protective structure is
obtained by adjusting the reduction factor, using the
obtained relationship value to set the calculation
termination time and the strength reduction principle to obtain the safety factor process. From this,
the environmental safety and environmental performance of the underground and foundation pit
can be evaluated, as shown in Figure 1.
When the safety factor value of buildings and
underground pipelines around the foundation pit is
greater than the set safety factor value, it indicates
that the safety and environmental protection performance is threatened, and damage has occurred.
At this time, the calculated reduction factor should
be reduced. The strength coefficient is recalculated
after the reduction of the soil parameters, and when
the displacement value is less than the set displacement value, the surrounding environment of
the underground and foundation pit project is in a
safe state at this time. Therefore, the safety factor
value needs to be increased, and the reduction continues according to the increased safety factor value
[10-12]. Repeat the above process until the displacement value obtained is close to the design
control value. At this time, the underground and
foundation pit engineering damage is already in a
critical state, and the reduction factor for the surrounding underground pipelines and buildings during the construction of the underground and foundation pit can be obtained.

(1)

In which, FS is the strength reduction coefficient. d, Ĳ and dr, Ĳr is the actual strength parameters
of the soil and the strength parameters of the soil
after reduction, respectively. Through calculation
and analysis of geotechnical structures and adjustment of the reduction factor, the reduction factor
that can achieve critical damage can be obtained,
which is the safety factor for underground and
foundation pit engineering [9]. When the underground and foundation pit works meet the shear
strength parameter conditions, the geotechnical
structure is set to the limit equilibrium state. In the
calculation process, the external load is kept constant, and the parameters of the ultimate equilibrium state for underground and foundation pit engineering are obtained using the reduction strength
parameters. The reduction strength obtained at this
time is the safety factor of the geotechnical structure.
When using the strength reduction principle to
obtain the safety factor to evaluate the environmental safety and environmental performance of the
underground and foundation pits, the actual
strength parameter of the soil body is reduced by
the principle of dichotomy calculation, and the
calculation input value introduced to the program

FIGURE 1
The calculation process of safety factor
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Neural network control based on principal
component analysis. By combining the relationship between the explanatory power and the variance of the explanatory variables, and replacing the
complex index system with principal components,
principal component analysis can be used to reduce
the dimensions of the original index system. This
method can help to effectively remove the correlation between different indicators and reduce the
complexity of calculating operation efficiency [13].
The principal component analysis method and BP
neural network method are commonly used in engineering safety and environmental protection control
methods. The principal component analysis method
and BP neural network method are applied to safety
and environmental protection control methods for
underground and foundation pit projects to effectively improve control efficiency.
The safety and environmental protection control indicators of underground and foundation pit
projects are relevant. Different indicators and data
complexity and correlations will increase the redundancy of the BP neural network and reduce the
safety and environmental protection control of the
project. In ensuring safety and environmental protection control during underground and foundation
pit engineering, the safety factor evaluation results
obtained based on the strength reduction principle
are reduced by the main component analysis method and then input into the BP neural network,
which can effectively eliminate the correlation of
different indicators and improve control performance. The safety and environmental protection
control process for underground and foundation pit
engineering combined with the BP neural network
and principal component analysis method is as
follows:
Set the number of indicators for the safety and
environmental protection control of underground
and foundation pit projects. The number of experts
is the initial decision matrix composed of experts
and indicators as follows:

y12 L y1n ·
¸
y22 L y2 n ¸
M M M¸
¸
ym 2 L ymn ¹

§ y11
¨
y
Y = ¨ 21
¨ M
¨
© ym1

R

yij  D j
sj

lij

1 n
¦ wki gwkjD j
n 1 k 1

lij

(4)
ˈ
In which, lij is the correlation coefficient between index i and j. lij is equal to lji, and take the
value of 1. w indicates the correlation coefficient
parameter. Therefore, feature vectors Įi and the
corresponding roots can be obtained. Set the score
of the principal component variable selected in the
previous step as the input variable of the BP neural
network, set the structure and related parameters of
the BP neural network and realise safety and environmental protection control combining the BP
neural network and the principal component analysis method.
nu n

Example calculation and analysis. The subway foundation pit project in a city park is selected
as the experimental object. The size of the foundation pit is 524 m × 56 m, the construction area is up
to 20,000 m2 and the maximum depth of the excavation is about 10 meters. The construction site is
relatively open, and the south and north sides are
close to a main urban arterial, and there are also
underground water transmission pipelines and natural gas pipelines. There are 7-story residential
buildings on the east side. The residential buildings
are brick-concrete structures, and the deformation
requirements are extremely strict. The geotechnical
parameters of the stratum at the construction site
are shown in Table 1.
TABLE 1
Geotechnical parameters of engineering stratum
WeathSilt
GravGeotechnical
Plai
ered grany
el clay
type
n fill
ite
clay
Layer thick0.3- 0.60.70.6-17.3
ness/m
8.3
6.7
15.7
Adhe15.8 26.7
27.8
16.9
sion/Mpa
Test
17.7
18.1
weight/kN·m- 18.3 17.9
3

Poisson's ratio
Internal friction angle/°

(2)

0.27

0.29

0.28

0.24

14

19

21

27

One of the pile-anchor supporting structures
was selected to analyse the effectiveness of the
method used in this paper. The length and diameter
of the piles were 16 meters and 1 meter, respectively, and the depth of the soil was 4 meters. The excavation depth of the support structure under different working conditions is 2m, 5m, 7m, 9m and
13m, respectively. According to the design requirements of underground and foundation pits, the
horizontal displacement of the supporting structure
needs to be less than 2% of the maximum excavation depth. It can be seen that the horizontal dis-

Initialisation decision matrix for standardised
processing. Firstly, Using standardised indicators
wij to replace safety and environmental protection
control indicators yij, the formula is as follows:

wij
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(3)

In which, sj represents the total amount of
safety and environmental protection control indicators. Then , we can obtain the correlation coefficient matrix, and which is as follows:
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placement of the supporting structure cannot exceed
26 mm. When the calculated value of the supporting structure displacement is 26 mm, the calculation
stops, and the reduction factor is the safety factor of
the supporting structure of the underground and
foundation pit. The horizontal displacement of the
supporting structure under different reduction factors is counted. The statistical results are shown in
Table 2.
It can be seen from the experimental results in
Table 2 that the horizontal displacement of the
supporting structure increases with an increase in
the reduction factor. When the reduction factor is
1.00-1.25, the horizontal displacement of the supporting structure gradually increases, but it has not
yet reached the control value; when the reduction
factor gradually increases to 1.40, the horizontal
displacement of the supporting structure increases
faster than the control value, indicating that the
surrounding environment of the supporting structure has been compromised. It can be seen from the
experimental results that the strength reduction
coefficient method can be used to effectively evaluate environmental safety around the foundation pit.
The continuous horizontal displacement changes
increasingly exacerbate the soil settlement and
horizontal deformation, until the pipeline is damaged. Therefore, effective safety and environmental
protection of the foundation pit project is needed.
The safety factor of the supporting structure changes with construction conditions, as shown in Figure
2.
It can be seen from the experimental results in
Figure 2 that the safety factor of the supporting
structure decreases continuously with an increase in
the excavation depth of the foundation pit. The
safety factor decreases rapidly during the working
condition 1-3, and after working condition 3, the
rate of decline begins to slow down at a relatively
gradual rate. However, the safety factor drops from
an initial 4.9 to about 1.7 in working condition 6,
and the overall safety factor of the supporting structure decreases significantly. The surface settlement
curve of the surrounding surface outside the pit near
the supporting structure from 1 May to 9 May 2019
is shown in Figure 3.
It can be seen from the experimental results
that the method used in this paper to predict the
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surface settlement outside the pit near the supporting structure produces a value very close to the
actual surface settlement. The error between the
predicted value and the measured value is within 1
mm. The accuracy is relatively stable, which indicates that the prediction method used has high accuracy and is more effective in practical applications.
The method used in this paper to control the surface
settlement structure outside the pit near the supporting structure is shown in Figure 4.

FIGURE 2
Safety factor changes with operating conditions

FIGURE 3
Prediction of surface settlement around the pit

TABLE 2
Change of horizontal displacement of supporting structure under different reduction factors
Reduction factor
1.00
1.10
1.20
1.21
1.23
1.25
1.30
1.40
1.50
2 meters depth/mm
8
12
13
14
13
17
25
28
49
5 meters depth/mm
9
11
15
15
17
18
23
32
67
7 meters depth/mm
7
13
17
13
16
19
24
41
74
9 meters depth/mm
10
14
16
17
17
17
21
37
79
11 meters depth/mm
11
15
17
19
16
21
19
36
82
13 meters depth/mm
12
12
13
17
14
23
26
21
74
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ronmental protection control provided by this
method.
Statistics. The method used in this paper monitors the effectiveness of the foundation pit project
over a long period. The statistical time covered
spans the beginning to the end of the foundation pit
project. The method used in this paper is compared
with the fuzzy control method and the support vector machine method. The comparison results are
shown in Figure 5.
It can be seen from the experimental results
that the safety and environmental performance of
underground and foundation pit engineering, as
controlled by this method, is obviously superior to
the control given by the fuzzy control method and
the support vector machine method. The control
performance of the method in this paper exceeds
95% at each monitoring point, and control over the
safety and environmental protection performance of
underground and foundation pits at different monitoring points is basically the same, and control
performance is relatively stable. The experimental
results effectively verify the long-term control performance of this method.

FIGURE 4
Ground settlement control around the pit

It can be seen from the experimental results in
Figure 4 that by using this method to control the
underground and foundation pit works, the surface
settlement is reduced, and the surface settlement
can be reduced by about 5 mm after the control, and
the control effect is good. The experiment proves
that the control provided by this method can effectively improve the safety and environmental protection of the underground and foundation pit project.
The experimental results effectively verify the control performance of this method. The method used
in this study can also be used to monitor the cumulative settlement changes at different monitoring
points of the foundation pit project over a long
period, as shown in Table 3.
It can be seen from the experimental results in
Table 3 that after using this method to control the
underground foundation pit over a long period, the
cumulative settlement of different monitoring
points is significantly reduced, and the slope rate
also decreased. The reduction of accumulated settlement can effectively avoid environmental problems, such as safety issues and soil erosion, and
effectively improve the safety and environmental
protection performance of underground and foundation pit projects. The experimental results effectively verify the effectiveness of the safety and envi-

FIGURE 5
Comparison of control performance by different
methods

TABLE 3
Variation of cumulative settlement at different monitoring points
Monitoring points

1

2

3

4

5

6

7

8

9

Uncontrolled

28.45

27.45

23.52

21.74

23.85

24.67

22.84

23.67

21.74

controlled

25.64

24.81

21.67

20.46

21.67

22.04

20.86

21.46

20.87

Uncontrolled

2.34

2.16

2.43

2.35

2.85

2.67

2.46

2.68

2.19

controlled

1.84

1.67

1.85

1.91

2.37

2.28

2.16

2.23

1.87

Cs/mm

Sr/%
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CONCLUSIONS
The safety of underground and foundation pits
is a very important part of the safety of engineering
projects. The strength reduction principle is used to
study the safety factors of the surrounding environment during the excavation of underground and
foundation pits based on the safety factors of the
surrounding environment. Based on the evaluation
results, the BP neural network and principal component analysis methods were used to effectively
control the safety and environmental problems
caused by underground and foundation pit project
construction. This method cannot only evaluate the
safety of the surrounding environment of underground and foundation pit projects and ensure the
safety of the surrounding buildings and underground pipelines but can also achieve convenience
and practicability for ongoing safety and environmental control.
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THE EFFECT OF ORGANIC FERTILIZERS ON
GRAIN YIELD AND SOME YIELD COMPONENTS OF
BARLEY (HORDEUM VULGARE L.)
Arzu Mutlu*
Harran University, Akcakale Vocational College, Sanliurfa, Turkey

and should be increased to compensate the feed requirement of the animal husbandry. The producers
use intensive chemical fertilizers to increase the
yield and quality. However, synthetic and chemical
substances disrupt the environment and cause serious problems in human health. The degradation of
agricultural soils deteriorates the nature and pollutes
the fresh water sources. The decrease in soil quality
which is defined as the functioning ability of soils
causes the loss of soil fertility and threatens the
healthy and balanced food production of future generations [7].
Organic fertilizers improve the physical,
chemical and biological properties of soils [8].
Studies conducted in different parts of the world
clearly demonstrated the importance of organic
fertilizer on soil properties and crop growth [9, 10].
The organic fertilizers stimulates biological activity
in the soil by providing food and habitat for soil
organisms.
The increase in soil fertility with the addition of
organic fertilizers can be attributed to the increasing
the organic matter content of soils. Soluble carbon
and nitrogen content increase with the organic fertilizer application to soil. Organic matter addition to
soil enhances soil quality through increased soil organic carbon, cation exchange capacity, soil water
content as well as beneficial soil microorganism
[11].
Nine barley cultivars (Akhisar-98, Bilgi-91,
Bornova-92, Kaya, Sur-93, Süleymanbey-ùDKLQ ùHULIHKDQÕP- DQG 9DPÕNKRFD  ZHUH extensively cultivated in the southeastern Anatolia Region
'L\DUEDNÕU&H\ODQSÕQDU RITurkey. Karahan et al.
[12] conducted a study to investigate the yield, yield
components and some quality criteria of aforementioned nine barley cultivars. The number of spikes
per m2 ranged between 378 and 661 units, and the
hectoliter weight varied between 60.0 and 69.7 kg.
Several studies conducted to determine the effects of
organic amendments on plant growth and yield of
barley. Markonil et al. [13] reported a significant increase in plant height and grain yield of barley with
the application of SP-36 fertilizer and cattle manure.
In another study investigating the growth and yield
of barley cattle manure and organic manure signifi-

ABSTRACT
This study was conducted to assess the effects
of organic fertilizers on yield and some yield components of barley (Hordeum vulgare L.). Field experiments were carried out under supplemental irrigation conditions in Harran Plain during 2014-2015
and 2015-2016 growing seasons. The fertilizers
tested in the study were poultry manure, compost,
cattle manure, chicken manure + liquid fertilizer,
compost + liquid fertilizer, and cattle manure + liquid fertilizer. The results of combined ANOVA for
two consecutive years indicated that cattle manure +
liquid fertilizer treatment significantly increased the
grain yield, plant height and 1000-grain weight. The
highest mean grain yield (463.05 kg da-1), 1000grain weight (48.81 g) and plant height (93.60 cm)
values were obtained from cattle manure + liquid fertilizer application. The results revealed that combination of organic and microbial fertilizers increased
the grain yield, plant height and 1000-grain weight at
a rate of between 50 and 56%.

KEYWORDS:
Barley, organic fertilizer, microbial fertilizer, yield

INTRODUCTION
Barley is one of the major crops cultivated in
all over the world [1], and also is one of the first cultivated plants such as wheat in cool climate cereals.
The barley can be cultivated in arid and semi-arid regions with low precipitation, and the plant has tolerance to salt, drought and frost [2, 3]. However, water
shortage during growing season causes a significant
yield reduction and the yield loss could be as much
as 50% [4]. In Turkey, 23.4 million ha land is cultivated [5], and excluding the fallow land, approximately 71% (11.1 million ha) of the arable land is
cultivated for field crops. Wheat is the most common
(69%) cereal cultivated followed by barley with a
share of 22% [6]. The shortage in forage is the most
important problem of the animal husbandry. Therefore, barley production is important for the country
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cantly increased the leaf area index, grain filling period, spikes per m2, the number of grains per spike
and grain yield. The increase in grain yield of wheat
was reported between 25.6 and 23.2% [14].
Similarly, organic manure application increased the wheat yield between 11.13 (105%) to
13.53 (128%) g pot–1compared to the control. The
researchers indicated that plant height, number of
tillers, spike length, straw yield, grain yield and
1000-grain weight of wheat were statistically different from the control [15].

Organic fertilizers were applied to five plots, while
the microbial fertilizer was applied to three plots.
The treatments of the experiment included the poultry manure, compost, cattle manure, poultry manure
+ liquid fertilizer, compost + liquid fertilizer, cattle
manure + liquid fertilizer and the control.
Barley seeds were planted with a seeder at 20
cm interrow spacing to 4 to 6 cm depth with 475
grains per square meter [16]. In organic agriculture,
250 kg da-1 processed farm manure, 200 kg da-1 processed compost manure and 130 kg da-1 poultry manure were applied. No mineral fertilizers and herbicides were used in the organic farming. Climate data
obtained during the growing periods were given in
Table 5.
Microbial fertilizer, the BM-Cotton Plus, was
applied in addition to cattle manure, compost manure
and chicken manure in the tillering period. The
microbial fertilizer contains free nitrogen bonding,
organic acid and hormone producing bacterias,
increases the efficiency of many plant nutrients,
promotes plant growth and affects the yield. Bacillus
subtilis and Paenibacillus azotofixans are the two
bacteria in the microbial fertilizer [18].
In the preperation of microbial fertilizer; 1 kg of
BM-Coton Plus was added to 20 L of water and mized
throughly. Then, 1 kg of powdered sugar was added
and kept in a hot environment overnight. Total volume
was completed to 100 L by adding 80 L of chlorine-free
water. One L of the product as diluated in 100 L of
water was used per 1000 m2 field.

MATERIALS AND METHODS
The field experiment was carried out in Harran
Plain of Sanliurfa province, Turkey in 2014/2015
and 2015/2016 growing seasons. Some of chemical
properties of the experimental site were given in
Table 1.
The experiment was conducted for two growing seasons in 2014-2015 and 2015-2016 in the research and experimental fields of Akçakale Vocational School of Harran University. Akhisar barley
cultivar was used as the plant material of the study.
The organic fertilizers used in the experiment were
cattle manure, chicken manure, compost and microbial manure. Some of chemical properties and nutrient contents of organic fertilizers used in the experiment were presented in Table 2, 3 and 4.
The experimental lay out was split-split plot
with three replications. The plot size was 5 x 1.2 m.

TABLE 1
Some of soil chemical properties of the experimental field
Saturation with
water (%)
66

Year
2014

Total salt
(%)
1.36

pH saturated
paste
7.82

Plant available nutrients (kg/da)
Phosphorus
Potassium
2.96
14.61

CaCO3
(%)
26.9

Organic
Matter (%)
1.11

TABLE 2
Some of chemical properties of the cattle manure
Organic
matter
(%)

Total
N
(%)

Organic
N
(%)

pH

Total
Humic-fulvic
(%)

K (%)

P
(%)

Mg
(%)

Fe
(%)

Zn
(ppm)

Mn
(ppm)

40

1.5

1

68

28.2

2

2

1.1

0.24

129

90

TABLE 3
Some of chemical properties of the compost
Organic
matter
(%)
40

Total N
(%)

Organic N
(%)

pH

2

2

6.5-8.5

Total
Humic-fulvic
(%)
28.2

K
(%)

P
(%)

Mg
(%)

Fe
(%)

Zn
(ppm)

Mn
(ppm)

2

2

1.1

0.24

129

90

TABLE 4
Some chemical properties of the poultry manure
Organic matter
(%)
40

Total
N (%)
1

Organic
N (%)
1

pH
6.4-8.4

Total
Humic-Fulvic (%)
15

10841

K
(%)
2

P
(%)
2

Max. Moisture
(%)
20

C/N
15.1

EC
(ds/m)
6.5
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TABLE 5
Some of meteorological parameters during barley growth periods [17]

2015/2016

2014/2015

Year

Month
Max. Temperature (oC)
Min. Temperature (oC)
Average Temperature (oC)
Ave. Relative Humidity (%)
Total Precipitation(mm)
Max. Temperature (oC)
Min. Temperature (oC)
Av. Temperature (oC)
Av. Relative Humidity (%)
Total Precipitation (mm)

11
23.7
1.0
11.5
59.6
14.4
24.6
0.1
13.0
56.6
18.6

12
17.6
0.0
9.5
82.2
71.4
18.6
-1.9
7.3
59.8
16.4

1
17.4
4.5
5.9
74.2
22.0
15.3
-7.0
5.1
74.9
18.2

2
18.2
-0.7
8.1
74.33
54.8
25.2
-1.3
11.2
68.6
26.4

3
24.5
-1.5
11.7
65.2
69.0
26.1
0.2
13.4
56.0
18.8

4
33.4
3.1
15.5
55.8
14.8
33.0
4.3
20.1
42.3
8.8

5
38.1
9.8
23.1
42.0
4.4
36.3
9.2
23.2
41.7
1.8

6
39.0
15.5
27.4
39.0
5.2
42.8
17.1
29.6
31.6
0.2

FIGURE 1
Barley plants in the experimental field
TABLE 6
Combined variance analysis for grain yield, 1000-grain weight and plant height obtained in the fertilizer
applications during 2014-2015 and 2015-2016 growing seasons.
Variance
Year
Replications
Treatment
Year x Treatment
Error
Overall error
CV (%1)
* Significant at p<0.05

SD
1
4
6
6
24
41

Grain yield
2194.594
1877.099
30778.239
328.539*
6343.628
41522.099
3.907

Mean Squares
1000-grain weight
1.30381
3346667
528.59571
16.35952*
106.11333
685.83905
4.829

Plant height
1.0060
38.8724
2330.8995
1.8690*
38.9543
2411.6012
1.496

(p<0.01) effect on grain yield. The average grain
yield varied between 463.05 kg da-1 (cow manure +
liquid fertilizer) and 374.85 kg da-1 (control)
(Table 6).
Organic fertilizers and organic fertilizers + microbial fertilizers increased the grain yield of
Akhisar barley cultivar during 2014 -2015 and 20152016 growing seasons (Table 7).

RESULTS AND DISCUSSION
The results for plant height, 1000-grain weight
and grain yield obtained in 2014-2015 and 2015-2016
growing seasons were presented in Table 6 and 7.
The combined analysis of two-year data indicated
that fertilizer type had a statistically significant
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TABLE 7
Grain yield and 1000-grain weight of Akhisar barley cultivar obtained in
different organic fertilizer applications
Grain Yield (kg da-1)
2014-2015
2015-2016
Average
Poultry Litter Manure
400.23 efg
419.73cde
409.98c
Cattle Manure
430.13 bcd
438.50bc
434.31b
Compost Manure
391.86fgh
400.13efg
396.00c
Poultry Litter + Liquid Manure
420.03cde
444.36abc
432.20b
Cattle Manure +Liquid Manure
455.96ab
470.13a
463.05a
Compost Manure + Liquid Manure
394.13efgh
410.40def
402.26c
Control
369.70h
380.00 gh
374.85 d
LSD (0.05)
17.935
* Column followed by the same latter are not statistically significant (p<0.01)

Grain Yield (kg da-1)

Fertilizer

1000-grain weight (g)
2014-15 2015-16 Average
45.53bc
43.30bc 43.41cd
45.63ab
46.20ab 45.91bc
40.13cde 43.43bc
41.78d
46.63ab
46.13ab 46.38ab
49.03a
48.60a
48.81a
40.96cd
41.00cd
40.98d
37.60 de
37.33 e
37.46 e
2.505

400

200

Grain Yield 2014-2015

Grain Yield 2015-2016

Grain Yield Average

FIGURE 2
Grain yield in different organic fertilizers during 2014-2015 and 2015-2016 growing seasons.
The results indicated that organic fertilizer and
organic fertilizer + microbial fertilizer increased
grain yield of Akhisar barley cultivar in 2014-2015
and 2015-2016 growing seasons (Table 7). The highest grain yield was obtained from cattle manure +
liquid fertilizer application. Microbial fertilizer application resulted in an increase in grain yield value
in both growing seasons (Table 7).
The fertilizer types used in the experiment increased the grain yield compared with the control.
The use of organic fertilizers and microbial fertilizers increases the concentration of plant available nutrients in the soil. Similar results have been reported
previously investigating the effects of organic fertilizers on grain yield [12, 13, 14, 19].
Microbial fertilizer applied in both growing
seasons increased the effectiveness of chicken and
cattle manure. The use of microbial fertilizer in cattle
manure significantly increased the grain yield
(Fig. 2).

grain weight (Table 6). The results showed that organic fertilizers and organic fertilizer + microbial
fertilizer increased the 1000-grain weight of Akhisar
barley cultivar in 2014–2015 and 2015–2016 growing seasons (Table 7). The average 1000-grain
weight varied between 48.81 g (cattle manure + liquid manure) and 37.46 g (control). The highest
1000–grain weight value was obtained from cattle +
liquid fertilizer application. Microbial fertilizer applications increased 1000-grain weight in both growing seasons.
The fertilizers used in the experiment increased
the 1000-grain weight compared with the control.
The increase in plant nutrient concentration with the
application of organic and microbial fertilizers improved the plant growth which resulted in higher
1000-grain weight of the barley cultivar.
The results are in agreement with some of the
previous studies conducted to investigate the effects
of organic fertilizers on yield and yield components
of several crops [8, 15, 20, 21, 22].

Thousand-Grain Weight. The variance analysis of the two-year data indicated that the fertilizer
type had a statistically significant effect on 1000-

Plant Height (cm). The effects of fertilizer
type on plant height was statistically significant
(p<0.01).
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1000 grain weight (g)

The result indicated that the application of organic fertilizer and organic fertilizer + microbial fertilizer increased the plant height of Akhisar barley
cultivar (Table 8). The average plant height value
ranged from 93.60 cm (cattle manure + liquid f) to
69.36 cm (control). The highest plant height was obtained from cattle manure + liquid fertilizer application. The plant height increased with the application
of microbial fertilizer.
Organic matter in the fertilizers is an important
source of plant nutrients. In addition, organic matter
has been reported to have several other beneficial effects on soil physical, chemical and biological prop-

Fresenius Environmental Bulletin

erties of soils. Therefore, application of organic substances significantly increased the plant height, consequently improved the grain yield and quality of
grains. Similar results on the effects of organic fertilizers have been reported by other researchers [8, 15,
20, 23].
The results for the –number of spikes per m2 obtained in 2014-2015 and 2015-2016 growing seasons
were presented in Table 9. The fertilizer type had a
statistically significant (p<0.01) effect on the –number of spikes per m2 (Table 9). The –number of spikes
per m2 varied from 493.91 (cow-manure + liquid fertilizer) to 266.16 (control).

50
40
30
20

1000 kernel Weight 2014-2015

1000 kernel Weight 2015-2016

Average

FIGURE 3
Grain yield values of Akhisar barley cultivar in different organic fertilizer treatments
during 2014-2015 and 2015-2016 growing seasons.
TABLE 8
Plant heights determined in different organic fertilizer applications.
Fertilizer Type

2014-2015
85.76 c
91.26 b
81.33 d
89.60 b
93.46a
84.43 c
69.46 e

Poultry Litter
Poultry Litter Manure
Cattle Manure
Compost Manure
Poultry Litter + Liquid Manure
Cattle Manure + Liquid Manure
Compost Manure + Liquid Manure
Control

Plant Height (cm)
2015-2016
86.23 c
90.70 b
82.00 d
89.86 b
93.73a
85.30 c
69.26 e
1.405

Average
86.00 c
90.98 b
81.66 d
89.73 b
93.60 a
84.86 c
69.36 e

TABLE 9
Combined variance analysis on the number of spikes per m2 in the fertilizer applications
during 2014-2015 and 2015-2016 growing seasons
Variance
Year
Replication
Treatment
Year x Treatment
Error
Overall
CV (% 0.01)

Standard Deviation
1
4
6
6
24
41
4.261
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The number of spikes per m2
361.21
1100.00
237467.83
1724.12*
5806.32
246459.49
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TABLE 10
The number of spikes in 1 m2 in different organic fertilizer applications.
The number of spikes per m2
2015-2016
Poultry Litter
292.67fg
Cow manure
336.67d
Compost fertilizer
307.00ef
Poultry Litter + Liquid Fertilizer
392.67c
Cattle Manure + Liquid fertilizer
492.67a
Compost Fertilizer + Liquid Fertilizer
442.66b
Control
269.86g
LSD
26.21
Note: Table 9, Table 10 and their explanations have been previously published in another journal.
Fertilizer Type

2014-2015
329.37e
341.67d
307.52ef
393.35c
495.17a
441.30b
266.90g

The results revealed that the use of organic fertilizers alone and organic fertilizers + microbial fertilizers increased the grain yield of Akhisar barley
cultivar during 2014-2015 and 2015-2016 growing
seasons (Table 10).

Average
311.02e
339.17d
307.26e
393.00d
493.91a
441.98b
266.16f

[4] Velthuizen, H.V., Huddleston, B., Fischer, G.,
Salvatore, M., Ataman, E., Nachtergaele, F. O.,
Zanetti, M., Zanetti, M., Bloise, M., Antonicelli,
A., Bel, J., Liddo, A.D., Salvo, P.D. Franceschini, G. (2007) Mapping biophysical factors
that influence agricultural production and rural
vulnerability. Rome: Food and Agriculture Organization of the United Nations.
[5] SDKLQ ( .DUDJ|] . &DNPDNoÕ 5 7RVXQ
M. (2010) The influence of N2-fixing and phosphate solubilizing plant growth-promoting rhizobacteria (PGPR) on barley growth. Turkey
IV. Organic Agriculture Symposium. June 28 July 1, Erzurum, Turkey.
[6] Gaziantep Commodity Exchange (2017)
http://www.gtb.org.tr/field/ pdf/ cereal- report2017.pdf (Accessed 2.5.2017).
[7] Acir, N., Gunal, H. (2020) Soil Quality of a
Cropland and Adjacent Natural Grassland in an
Arid Region. Fresen. Environ. Bull. 15, 275288.
[8] Shirani, H., Hajabbasi, M.A., Afyuni, M., Hemmat, A. (2002) Effects of farmyard manure and
tillage systems on soil physical properties and
corn yield in central Iran. Soil and Tillage Research. 68, 101-108.
[9] Olsen, R.J., Hensler, R.F., Attoe, O.J. (1970) Effect of manure application, aeration, and soil pH
on soil nitrogen transformations and on certain
soil test values. Soil Science Society of America
Proceedings. 34, 222-225.
[10] Sommerfieldt, T.G., Chang, C. (1985) Changes
in soil properties under annual applications of
feedlot manure and different tillage practices.
Soil Science Society of America Journal. 49,
983-987.
[11] Khasawneh, A.R., Othman, Y.A. (2020) Organic Farming and Conservation Tillage Influenced Soil Health Component. Fresen. Environ.
Bull. 29, 895-902.
[12] Karahan, T. (2010) Determination of yield and
yield components of some barley cultivars in
Southeastern Anatolia ecological conditions.
Journal of West Mediterranean Agricultural Research. 27, 1-11.

CONCLUSIONS
The results of the study indicated that grain
yield ranged from 463.05 kg da-1 (cattle + liquid manure) to 374.85 kg da-1 (control), and thousand grain
weight value varied from 48.81 g (cattle manure +
liquid manure) to 37.46 g (control). The highest
mean plant height was measured in cattle manure
(93.60 cm) application while the shortest plant
height was recorded in the control plants. Application of microbial effect was more prominent in cattle
manure. The fertilizers used increased the plant
height and consequently the 1000-grain weight and
the grain yield.
Organic fertilizers should be used to preserve
the balance in nature, to improve soil fertility, help
disease and pest control, sustain the biodiversity and
obtain high quality products.
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of large oil discharge area, high single well production, high reserves development degree, strong penetration, and can avoid harsh environmental zones
[1-4]. Therefore, in order to improve the oil production and recovery rate, horizontal wells and near-horizontal wells have been widely used in major oil
fields around the world. Although horizontal and
near-horizontal wells are extremely common, their
internal flow patterns are more complicated than
those of vertical wells [5-9]. The flow velocity of the
internal medium and fluid are no longer symmetrically distributed. These factors make the study of oilwater two-phase flow in horizontal wells more complicated than in vertical wells [8-12]. Therefore, it is
very necessary to study the oil-water two-phase flow
in horizontal wells [13-15].
People began to study the oil-water two-phase
flow in horizontal wells from the experimental observation, using different flow rates and water cuts
to observe the flow pattern type of oil-water twophase flow in horizontal wells. After the gradual development of the petroleum industry, people have
entered a deeper level of water retention and fluid
velocity research from the beginning of the popular
level of observation. As a new horizontal well array
imaging logging tool [16-20], MAPS has been improved on the basis of traditional logging tools. The
detection probe and the turbine are arranged in an array uniformly arranged on the cross section of the
wellbore, so that the fluid distribution state and the
flow speed of the horizontal wellbore cross section
can be better detected. In this way, people can better
understand the fluid flow characteristics in horizontal wells and near-horizontal wells.
For the study of oil-water two-phase flow in
horizontal wells, physical experiments are a very effective method. In this paper, we use the physical experiment system to study the flow characteristics of
oil-water two-phase flow in horizontal wells and
near-horizontal wells. This research has important
reference value for the development of complex oil
and gas reservoirs.

ABSTRACT
In order to improve oil recovery, more and
more oil fields use horizontal wells for oil and gas
development. Compared with vertical wells, horizontal wells have many advantages, and can produce
more oil and gas under the premise of the same input.
However, fluid distribution and flow patterns in horizontal wells are more complicated than in vertical
wells. In this paper, we use the physical experiment
system to study the flow characteristics of oil-water
two-phase flow in horizontal wells and near-horizontal wells. In this oil-water two-phase flow experiment, the latest horizontal well flow imaging logging
tool MAPS was placed in the wellbore. MAPS instruments are mainly composed of CAT, RAT and
SAT. CAT and RAT are holding rate meters, and
SAT is a flow meter. In this paper, only the measurement data of the CAT meter was used. A total of 30
schemes were used in the experiment, with total flow
rates of 100 m3/day, 300 m3/day, and 600 m3/day,
and water cuts of 20%, 40%, 60%, 80%, and 90%,
and well inclination angle of 90 degrees and 85 degrees, respectively. After the experiment, we classified the flow patterns of the photos taken in the experiment. It is found that when the total flow rate is
small, the flow pattern of the oil-water two-phase
flow in horizontal wells and near-horizontal wells is
stratified flow, and when the total flow rate is large,
it becomes a dispersed flow. In addition, we also analyzed the water holding capacity based on the response of the CAT instrument.

KEYWORDS:
Horizontal well, Oil and gas development, Physical experiment, Imaging logging, Oil-water two-phase fluid

INTRODUCTION
In recent years, with the increasing demand for
petroleum resources in many industries, oilfields
also need to increase their production efforts and increase their production to ensure the demand of various industries. Horizontal wells have the advantages
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of fluid. The range of fluid flow in different pipes is
different. Therefore, when the experimental flow
rate and water content are different, the valves to be
opened are different;
(5) Pressure source: It includes water pump, oil
pump and air pump. The water pump and the oil
pump absorb the liquid from the water storage tank
and the oil storage tank. The air pump absorbs the
gas in the air, no matter what kind of fluid, it will
eventually be pumped into the pressure stabilizing
tank on the derrick;
(6) Pipeline: It connects various pipelines of oil
storage tank, water storage tank, voltage stabilizing
tank and simulated wellbore;
(7) Fluid discharge control platform: it is responsible for the discharge of fluid after the experiment;
(8) Wellbore lifting device: the angle of the
wellbore can be adjusted by controlling the pneumatic pump to achieve the well deviation required
for the experiment;
(9) Cable speed operation attribute switching
device: it can adjust whether the cable lifting control
is artificial control or automatic control. It can be adjusted to automatic control when a stable speed is required during the tensile measurement of the instrument. After the end of the tensile test, the instrument
needs to be put into the bottom of the wellbore again
and then adjusted to manual control for operation to
prevent the instrument from bumping;
(10) Console of multi-phase flow simulation
device for horizontal wells: the display panel on the
console has functions such as test loop, control
equipment, display of operating parameters, and
alarm protection. The situation in the device will appear in the panel in time, and you can further adjust
the panel according to the panel display to achieve
the experimental effect.

MATERIALS AND METHODS
Experimental device. The multi-phase flow
simulation experimental device for horizontal wells
and high-inclination wells is shown in Figure 1. The
experimental medium is industrial white oil, air and
tap water, the liquid phase simulated flow range is 0600m3/d, and the gas phase simulated flow range is
0-1 000m3/d. The multi-phase flow experimental device includes the following components:
(1) Simulated wellbore part: The total length of
this part is about 16 meters. It is mainly composed of
two tubes with inner diameters of 159 mm and 124
mm side by side. In order to facilitate the observation
of the fluid flow state during the experiment, the
pipes are all transparent. At the bottom and top of the
wellbore, there is a section of 1m long stainless steel
pipe. The two wellbores are connected. During the
experiment, the fluid enters from one wellbore and
discharges from the other wellbore.
(2) Wellbore bracket: the wellbore bracket is
used to fix the wellbore under the wellbore, and there
is an air pressure pump under the bracket to provide
power to the bracket;
(3) Liquid storage tank part: This part contains
water storage tank, oil storage tank and oil-water
separation tank. During the experiment, oil and water entered the pipeline from the tank. After the experiment, the oil-water mixture enters the oil-water
separation tank and undergoes oil-water separation
under the action of gravity.
(4) Pipe row part: This part mainly includes
various pipelines connecting the pressure stabilizing
tank and the liquid storage tank, simulating the wellbore, and the valve that controls the flow direction of
the fluid. More precise instruments are installed on
the pipeline, which can accurately control the inflow

FIGURE 1
Simulator of multi-phase flow experiment system.
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FIGURE 2
Test instrument photos.
Experimental scheme and process. In order
to study the response of the MAPS instrument under
different flow rates and different water cuts in horizontal wells and near-horizontal wells, the following
experimental schemes for oil-water two-phase flow
were designed:
Water content: 20%, 40%, 60%, 80% and 90%;
Well deviation: 85, 90°; Total flow: 100m3/d,
300m3/d and 600m3/d; Total number of measuring
points: 30.
The oil-water two-phase flow experiment includes two parts: flow rate experiment and holding
rate experiment. The experimental instruments used
in the measurement of the two parts are not exactly
the same. We use the holding rate instruments CAT
and RAT to measure the response characteristics of
the two to oil and water, and view the changing characteristics of the holding rate under different flow
rates, different water cuts, and different well deviation conditions. The purpose of the flow experiment
is to study the flow velocity characteristics at various
positions in the wellbore under different flow rates
and different water cuts in horizontal wells and nearhorizontal wells.
Before conducting a formal experiment, we
first calibrate the experimental instruments and connect the experimental instruments together as shown
in Figure 2. Then put it into the simulated wellbore,
ensuring that the No. 1 probe and turbine of each instrument are directly above the wellbore. In particular, the angle of the wellbore adjusted when the instrument is calibrated is a horizontal angle, that is,
90°. After the response value of the instrument is calibrated in pure water, the water in the wellbore is
drained clean, and then flushed with a large flow of
oil to drain all the water in the wellbore [9, 21]. Repeat the calibration procedure in pure water and calibrate the instrument response in pure oil. The reason
why the calibration is performed in pure water first
and then in pure oil is because the viscosity of the oil
is relatively large, it will stick to the instrument and
is difficult to wash away. In order to avoid affecting
the calibration results, the calibration is now performed in pure water and then calibrated in pure oil,
which ensures the accuracy of the calibration data.

TABLE 1
Calibration of the starting displacement of SAT
and CFB.
Flow
SAT SAT SAT SAT SAT SAT
CFB
m3/day
1
2
3
4
5
6
Horizontal
well pure 160 230 220 180 180 210 240
oil
Horizontal
well pure 70 120 170 /
80 80 100
water
RESULTS
Calibration of response of each instrument
in pure water and pure oil. In this experiment, the
starting displacement of SAT and CFB and the response values of CAT and RAT were calibrated in
two states: pure water in horizontal well and pure oil
in horizontal well. The calibration results of SAT
and CFB starting displacement are shown in Table 1.
TABLE 2
Single-phase fluid scale of CAT.
Fluid
water
Response
CATROT
NCAP01
NCAP02
NCAP03
NCAP04
NCAP05
NCAP06
NCAP07
NCAP08
NCAP09
NCAP10
NCAP11
NCAP12
Mean NCAP

155.247 9
1.063 4
1.058 9
1.030 5
1
1
0.992 8
1
1
1
1.008
1
1
1.012 8

oi
l
161.839
0.366 3
0.393 7
0.413 3
0.295 0
0.293 7
0.308 1
0.221 4
0.640 8
0.227 1
0.888
0.384 1
0.280 7
0.392 7

The calibration of the single-phase fluid is
based on the LAS format file data obtained by the
corresponding instrument response, and then the
data curve is further decompiled. It selects the curve
data of the effective depth segment, derives the data,
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and obtains the valid data to obtain the scale value of
each single-phase fluid of the corresponding instrument. We selected the normalized NCAP value as
the single-phase fluid scale of CAT and the RATMN
value as the single-phase fluid scale of RAT (Table
2 and Table 3).
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measured values under different flow conditions.
First, we studied the response relationship of oil-water array flowmeters with different flow rates and
different angles. Then, we studied the response relationship of the retention meter under different water
cuts, so as to determine the influence of flow rate,
water cut and well angle on the water retention. The
selected flow rates are 100 m3/day, 300 m3/day, and
600 m3/day, respectively, and the selected well deviations are 90 degrees and 85 degrees, respectively.
The intersection of water retention and water content
is shown in Figure 3(a)-(b).
In horizontal wells, the water holding capacity
increases as the water cut increases. When the flow
rate is 100 m3/day and 300 m3/day, the difference in
water holding capacity between the two conditions
is small (Figure 3(a)). The greater the water content,
the closer the water holding capacity of the two conditions. In addition, the increase in water retention
and the increase in water content are approximately
linear. When the flow rate is 600 m3/day, the water
holding capacity changes greatly when the water
content increases from 20% to 40%. When the water
content reaches 40%, the increase of water retention
rate decreases obviously, and the water retention rate
is close to 1. This shows that the area occupied by oil
in the wellbore is particularly small at this time.
When the inclination angle is nearly 85 degrees, the water holding capacity increases as the
water cut increases (Figure 3(b)). When the flow rate
is 100 m3/day, the water holding capacity is basically
linear with the water content. When the water content is 20%, the water holding capacity at the flow
rate of 100 m3/day is the largest, and the water holding rate at the flow rate of 600 m3/day is the smallest.
After the water content reaches 40%, the water holding capacity becomes maximum when the flow rate
is 600 m3/day, and it has always been the case with
the increase of flow rate. When the water content
reaches 60%, the flow rate is 300 m3/day. The overtake flow rate is 100 m3/day. When the moisture content reaches 80%, the flow rates are 300 m3/day and
600 m3/day. The water rate was basically consistent.

TABLE 3
Single-phase fluid scale of RAT.
Fluid
water
oil
RATMN01
0.909 6
0.909 7
RATMN02
0.871 8
0.871 9
RATMN03
0.919 8
0.919 8
RATMN04
0.884 0
0.884 7
RATMN05
0.887 4
0.887 2
RATMN06
0.900 3
0.900 3
RATMN07
0.825 7
0.825 7
RATMN08
0.707 2
0.707 2
RATMN09
0.769 9
0.769 9
RATMN10
0.876 3
0.876 3
RATMN11
0.896 5
0.896 5
RATMN12
0.862 3
0.862 7
Mean value
0.859 2
0.859 3
From the scale results, the average response of
CAT in water is 1.012 8, and the average response in
oil is 0.392 7. It has a good recognition effect on oil
and water. The average response of RAT in water is
0.859 2, the average response in oil is 0.859 3, and
the average response is not much different, so the
recognition effect of oil and water is poor. Therefore,
in the analysis of water retention experiment data,
we selected CAT data with good oil-water recognition effect for research and analysis. Although two
flow measurement devices, SAT and CFB, were
added during the experiment, the response value of
the flowmeter was complicated and could not be directly compared with the results obtained by numerical simulation. Therefore, the response characteristics of the flowmeter are not studied in this paper.
Analysis of water retention data. We sorted
out the flow simulation experimental data, and examined the changing rules and characteristics of the

FIGURE 3
Relationship between oil-water two-phase water retention and water cut.
Notes: (a) 90-degree horizontal well, (b) 90-degree horizontal well.
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Relationship between the oil-water two-phase
water holding capacity and the inclination angle was
shown in Figure 4(a)-(c). When the flow rate is 100
m3/day, the water holding capacity of the inclination
angle of 90 degrees and 85 degrees increases with
the increase of water cut (Figure 4(a)). The distribution of water holding capacity of the two inclined angles basically shows two parallel lines. This shows
that the amount of water holding capacity increased
with the increase of water cut ratio at the two inclination angles is basically the same. However, the
water holding capacity when the inclination angle is
85 degrees is greater than when the inclination angle
is 90 degrees.
When the flow rate is 300 m3/day and the water
content is 20% and 40%, the water retention distribution is basically parallel (Figure 4(b)). When the
water cuts are 60% and 80%, the difference between
the water retention rates of the two wells becomes
larger, and when the water cut reaches 90%, the difference between the two conditions becomes
smaller. At a flow rate of 300 m3/day, the water holding capacity when the well angle is 85 degrees is
greater than when the well angle is 90 degrees.
When the flow rate is 600 m3/day, the water
holdup of the two wells varies greatly when the water cut is from 20% to 40% (Figure 4(c)). After the
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water cut reaches 40%, the change in water holdup
is small. Regardless of the water cut, the water holding capacity of the 85-degree well is greater than that
of the 90-degree well. When the water content
reaches 90%, the gap between the two is very small
and basically coincides.
According to the analysis of the response value
of the water holding rate meter, it can be seen that
the water holding rate in the wellbore has been increasing with the increase of the water cut rate when
the inclination angle is 90 degrees and 85 degrees.
When the water cut is the same and the flow rate is
different, the difference in the water holding capacity
of the 85-degree deflection is smaller than the difference at 90 degrees. Moreover, the water cut at different flow rates of 85° well deviation can be basically
the same at high water cut, but not at 90° well deviation.
Analysis of oil-water two-phase flow pattern.
Through observation, photographing and camera
data analysis in the course of the experiment, combining the classification method of oil-water twophase flow, we divided the distribution of oil-water
two-phase flow in the horizontal pipe and near-horizontal pipe into laminar flow, wavy flow, bubbly
flow and foam flow, milky flow [22-23].

FIGURE 4
Relationship between the oil-water two-phase water holding capacity and the inclination angle.
Notes: (a) 100 square meters / day, (b) 300 square meters / day, (c) 600 square meters / day.
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FIGURE 5
Different flow states during the experiments.
when the mixing flow rate is increased to a certain
degree, the oil-in-water dispersion flow (O/W) will
occur. The oil droplets are dispersed throughout the
pipeline and are relatively uniform. At this time,
there is no continuous oil phase, and the oil is completely dispersed in the water and extends to the entire flow cross section.

(1) Horizontal stratified flow and wavy flow
stratified flow (ST, ST & MI). Due to gravity, the
medium-density water in the wellbore is below the
wellbore and the oil is above the wellbore. Both are
continuous phases. When the total flow is low and
the wellbore is horizontal, a good horizontal interface is formed between oil and water. At this time,
the oil-water flow pattern is horizontal stratified flow
(ST). When the wellbore starts to tilt at a small angle
from the horizontal, the oil-water interface will fluctuate. At this time, the oil-water flow pattern is wave
stratified flow (ST&MI).

(3) Foam flow (DO/W & W/O). This flow pattern exists in the flow with oil as the continuous
phase. If the water content of the mixture is small, as
the mixing flow rate increases, a small amount of
water droplets on the upper part of the pipe are scattered in the oil phase, which is water-in-oil. The water phase in the lower part of the pipeline exceeds the
capacity of the oil-bearing phase, and some oil droplets are scattered in the water phase and appear in the
form of oil-in-water.

(2) Bubble flow (DO/W & W, O/W). This
flow pattern occurs when the water content is high
and is characterized by discrete oil bubbles suspended in a continuous liquid. When the flow rate of
the oil-water mixture further increases, more droplets begin to appear near the oil-water interface (that
is, the oil droplets are dispersed in the water phase).
Hydrodynamics and buoyancy act on droplets at the
same time. The former acts as an agitator, causing
droplets to be distributed across the entire cross section of the pipe, while buoyancy resists the sinking
tendency of gravity [13, 24]. This flow pattern is divided into two cases. One is oil-in-water and water
laminar flow. Under the effect of buoyancy, the oil
droplets gather in the upper part of the pipeline and
the water phase forms a continuous phase in the
lower part of the pipeline. This type of flow is named
mixed flow. The other is that in the former case,

(4) Milky flow (W/O). When the volume oil
content is high and the mixing flow rate exceeds a
certain value, water-in-oil emulsion (W/O) will appear. The oil is the continuous phase and the water is
dispersed in the oil. Because the oil is opaque, the
water dispersion cannot be seen through direct observation and high-speed imaging. From the outside
of the pipeline, only continuous oil flowing through
the pipeline can be seen, and occasionally scattered
water droplets can be observed.
Different flow states were observed during the
experiments as shown in Figure 5(a)-(e).

(a) well angle 90 degrees

(b) well angle 85 degrees
FIGURE 6
Flow pattern of oil-water two-phase flow at different flow rate.
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Observation of oil-water two-phase flow pattern is that the inclination angle is 90 degrees and 85
degrees; the flow rate is 100 cubic meters per day,
300 cubic meters per day, 600 cubic meters per day;
the water cut is 20%, 40%, 60%, 80%, 90%. The
flow patterns at different flow rates, different water
cuts, and 90° and 85° inclination are shown in Figure
6(a)-(b).
According to the above results, it can be seen
that the flow pattern of the oil-water two-phase flow
in horizontal wells and near-horizontal wells is stratified flow at a flow rate of less than 100 m3/h. However, the stratified flow in the horizontal well is a
smooth stratified flow. In near-horizontal wells, due
to gravity, a wavy flow forms between oil and water.
At a flow rate of 300 m3/h, all the flow patterns
in the near-horizontal wells are bubbly. But in horizontal wells, when the water content reaches 80% or
more, it is a bubbly flow. When the water content is
less than 60%, the flow pattern is foam flow. When
the flow rate is larger than 600 m3/day, the flow patterns in horizontal wells and near-horizontal wells
are both milky flows at low water cuts. At high water
content, a foamy stream is formed. The standard of
water cut in horizontal wells is 40% and above, and
the standard in near horizontal wells is 80% and
above.
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its sex before flowering stage because of mixed pollination [3]. The seed production of the shrub is few
almost (700 – 800 gm seed). However, jojoba is considered a promising plant that’s characterized by its
high content of secondary active constituents which
are very beneficial for several important industries.
Besides that, it can be cultivated in most of Arab
countries especially desert ones [4].
Micropropagation is a promising way for the
propagation of the distinguished genetic rootstocks
of jojoba to get the largest number of the desired
identical to original plantlets in the shortest possible
time [5].
One of the most important factors that extremely determines the success rate of tissue culture
technique in vitro is the used nutrient medium [6], as
its components (Organic and metallic), essential or
optional constituents are necessary for growth and
differentiation of the explanted tissues and organs.
The components of the nutrient medium usually vary
according to type of the plant and to the growth stage
they must be added with an optimum concentration
to achieve the best results [7].
Nutrient medium is usually consisted of metallic components (major and minor elements) and organic compounds; growth regulators, amino acids,
vitamins, and carbohydrates as recommended and
confirmed [7- 10].
Carbohydrates are one of the most important
organic compounds necessary for plant growth in
vitro. It is usually used with a concentration of 3-5%
§ 30-50 gm/l, as recommended by most former studies [11]. Sucrose is the most preferred to be used in
research labs or glucose, for being highly soluble
monosaccharide and for its importance for most biological processes. While, commercial lab prefers table sugar as an alternative to lower costs.
The growth of cells, tissue, and explant requires
to be supplied with carbohydrate to meet their needs
form carbon and to retrieve energy lost because of
ineffectiveness of metabolism of the explant in vitro
[12], due to weak lighting, low gas exchange rate,
and high humidity ratio. In addition to adjusting the

ABSTRACT
Carbohydrates are one of the largest and most
important food complexes added to the nutrient medium for the growth and development of the tissues
of jojoba plant and its propagation in vitro. Five
types of artificial sugars were studied with three gradient concentrations to determine the best. In addition, the study also investigated the possibility and
efficacy of replacing sugars as an artificial source of
carbon and industrial energy with natural ones such
as natural extract (date syrup) as a good, suitable,
cheaper, available and known in the Saudi Kingdom,
so the study also investigated date syrup (dibs) as a
natural source of carbohydrates. In general, the data
showed that the best rate of growth and development
of plantlets was with sucrose 30, then 45 g/l nutrient
medium, followed by glucose then fructose under the
same concentration. Whereas the results found that,
the lowest growth was with the explants grown in
media containing any concentration of mannitol or
sorbitol. On the other hand, the results clarified that
the best for the growth and development of the cultivated jojoba tissues was with the culture medium
that contains the natural extract (Dibs) at a concentration of 30 g/l. This indicates that date syrup can
replace sucrose, thereby reducing the total costs of
the micropropagation of jojoba in vitro.

KEYWORDS:
Date Syrup (Dibs), Fructose, Glucose, Mannitol, Micropropagation, Sorbitol

INTRODUCTION
Jojoba is a desert dioecious, perennial shrub belongs to order Caryophyllaces, family Simmondsiceae, with 52 chromosomes that endures
drought and salinity [1, 2]. It is hard to distinguish
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osmotic pressure around the explant [13]. Thus, the
study investigated several types of carbohydrates
(Sucrose, Glucose, Fructose, Mannitol, and Sorbitol)
with gradual concentrations to find out the optimal
carbohydrate for growth and development of the
shoots and roots of jojoba in vitro.
The study also, investigated date syrup as a natural alternative for carbohydrates because of its
abundant availability in Kingdom Saudi Arabia
(KSA). Besides, being a good source of carbon and
bioenergy needed for the explants in vitro. In addition to its content of other compounds useful for
growth and development of the explants.
Subsequently the approach of this study was to
investigate, discuss study positive and negative consequences of variant carbohydrates sources with
their different concentration in addition to study the
date syrup as a natural abundantly available carbohydrate source in KSA with an aim to lower production costs of jojoba in vitro.
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were carried out as indicated in our previous research
[15].
The plantlets under study were obtained
through the callus resulting from the culture of the
jojoba explants on the callus medium, and then transferred to the shoot proliferation medium referred to
in our previous study [4].
Initiation of aseptic cultures and culture establishment were carried out following the procedure of
[15]. All explants were transferred to callus medium,
then to shoot proliferation medium used as followed
by [4]. The basic Murashige and Skoog (MS) [8] medium concentration 4.4 g/l, was supplemented by
mg/l: 0.1 Myoinositol, 160 AdSO4, 3 BAP, 1.5 Kin
and 7000 Agar. Which was modified for carbohydrate sources. The different types and concentration
of carbon sources are given in Table (1 & 2).
After adjusting the pH 5.7± 0.1. The culture jars
were wrapped and autoclaved at 1.05 kg cm2 and
121°C for 20 min.
This study was conducted in order to determine
the best source of carbon and energy, natural or industrial on the growth and development of shoots of
Jojoba in vitro. The experiments conducted during
this study were as the following:
1) Study of the best types of different industrial carbon sources such as (sucrose, glucose, fructose, mannitol and sorbitol), with graduated concentrations starting from 30, 45, 60 g/l. As shown in the
Table (1).
2) Study the effect of date palm syrup “Dibs”
-natural extract- abundantly available in Saudi Arabia. It is chemically extracted and prepared as described by [15]. [16], has shown that Dibs is a natural
extract rich in some organic and mineral compounds
important for plant growth. This study was

MATERIALS AND METHODS
This experiment was carried out at Laboratories
of Agricultural Biotechnology Department, Faculty
of Agricultural and Food Sciences, King Faisal University, Al-Ahsa, Kingdom Saudi Arabia.
Plant material was taken from semi-hardwood
stems of field-grown female jojoba adult shrub,
Egyptian Natural Oil Company [14]. Single node
cuttings (2 cm) explants were excised from a 5 years
old shrub. Explants were collected to initiate cultures. Then the sterilization and primary cultivation
of the excised explants (nodal segments and buds)

TABLE 1
Code of treatments study the interaction effect of Sugars types and their concentrations on growth and
development of Jojoba in vitro.
Carbon Sources
Concentration (g/l)
Sucrose (S)
Glucose (G)
Fructose (F)
Mannitol (M)
D-Sorbitol (DS)

30
S1
G1
F1
M1
DS1

45
S2
G2
F2
M2
DS2

60
S3
G3
F3
M3
DS3

TABLE 2
Code of treatments study the interaction effect of Syrup and Sucrose on growth and development of Jojoba in vitro.
Sucrose (gm)
Syrup (gm)
30
45
60
30
45
60
75

A1
B1
C1
D1
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A2
B2
C2
D2

A3
B3
C3
D3
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conducted with the aim of finding a natural, alternative sucrose for available in Kingdom of Saudi Arabia at a lower cost. Different combinations of syrup
and sucrose in different concentrations were used to
determine the best mixture between them to achieve
the best growth parameters for jojoba plantlets. As
shown in Table (2).
Cultures were incubated for 8 weeks at 25±2 °C
under light intensity 2000 lux, 16/8 h photoperiod
and 50 % relative humidity.
After 8 weeks from the onset of the study, number and lengths of shoots (NS and LS), stem diameter (SD), number of leaf and averages (NL and
ANL). Were recorded fresh weights of shoots
(FWS), it was placed in a forced air oven for 3 days
(72 h), at 70 °C to determine dry weights (DWS).
The data was statistically analyzed by analysis
of variance (ANOVA) for the completely randomized design. The treatment means were compared using Least Significant Difference (LSD) at 5 % level
of probability [17]. All computations and statistical
analysis were performed using the facility of computer and SAS software package (2005). Analysis of
variance related to CR experiments was conducted
as described [18].
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differences between it and the other types, followed
by glucose, then fructose, then mannitol and sorbitol,
respectively. While, the concentration of 30 g/l was
the best concentration used for all types of sugars,
followed by the concentration of 45, then 60 g/l, respectively.
This is confirmed by the data from the interaction effect between the different sugars and their
concentrations that sucrose at a concentration of 30
g/l was the best of the other 14 treatments in the
study. The lowest concerning the growing plantlets
on the culture medium was sorbitol at a concentration of 60 g/l.
In general, the greater the concentration of any
type of sugars than the ideal concentration (30 g/l)
used, the worse the results were without exception.
These results are consistent with most previous studies.
Many former studies referred that sucrose is the
optimal carbohydrate to be used generally at tissue
culture laboratories [19]. Followed by glucose and
fructose or both together [20], for many reasons, first
for what it highly provides from energy needed for
the growth of the explant in vitro to make up for energy lost due to week metabolism [21]. Second, for
its high solubility in water and its electrical neutrality
besides its presence in the phloem of many plants
[20]. In addition that, deficiency of sucrose generally
inhibits most chemical biological processes [22].
Despite all of the previously mentioned points there
is no consensus regarding this aspect, especially for
wood trees like jojoba.
Usually, sucrose is preferred rather maltose as
a disaccharide despite that many studies has declared
that maltose reduces browning over sucrose [23]. As
sucrose is metabolized into glucose and fructose,
which extremely enhances the probability of browning [24]. The metabolism of carbohydrate is a complicated dynamic process that varies according to
growth and development stages and to the environmental changes like biological and non-biological
stresses [25].
Some of the most important regulatory roles of
carbohydrates in general besides being a main source
of carbon and energy are adjusting the osmotic pressure; metabolism and keeping balance between nutrients that facilitate completion of the physiological
processes inside plants cells and tissues [26]. Carbohydrates as well, play another very important role in
growth, development and proliferation of cells as the
cell wall that characterizes plant cells than animal
cells consists of 90% complicated polysaccharide
carbohydrates and 10% glycoproteins [27-28].
The views of the scientists vary concerning the
positive and negative effects of carbohydrates
sources on growth and development of explants in
vitro. Although that most of research labs count on
sucrose as the main source of carbohydrates. But, the
commercial labs mostly use table sugar as an optimum, cheaper substituent as it saves nearly

RESULTS AND DISCUSSION
Effect of sugars types and their concentrations. It has been observed from results represented
in Fig. (1 & 2) that the highest average for number
and lengths of shoots (NS= 17 & LS= 3.7 cm) was
achieved by plantlets cultured in nutrient medium
supplemented with sucrose as a source of carbon and
energy at a concentration of 30 g/l. While, the highest mean for number of leaves (AN= 94 & ANL=
8.30) was achieved by 45 g/l glucose. Whereas, the
best growth rates for stem diameter of shoots (SD=
0.45 mm), and for their fresh and dry weights of
shoots (FWS= 2.93 g & DWS= 0.372 g) were
achieved by plantlets cultured in medium supplemented with 45 g/l sucrose.
On the other hand, it has been observed that the
worst results were recorded by plantlets cultured on
medium supplemented with mannitol and sorbitol as
an evidence that they are poor source of energy for
in vitro cultured plantlets. It has been also, observed
that increasing their concentrations in the nutrient
medium 45 or 60 g/l has worsened the results, which
may be attributed to the elevation of osmotic pressure around the plantlets induced by mannitol and
sorbitol.
This study was based on fifteen treatments, representing five different types of industrial sugars
commonly used in the field of tissue culture, and
three gradient concentrations.
The obtained data showed that sucrose was the
best type of sugars under study. It showed significant
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FIGURE 1
Specific effect and Interaction effect of Sugars types and their concentrations on growth and development
of Jojoba in vitro.
34 % of nutrient medium production costs [29]. As
well, there are other laboratories that count on 4 %
glucose and fructose as a substituent for sucrose. As
[30] has proved that glucose and fructose contributed
to somatic embryos formation better than sucrose
[31]. Using fructose was the best for stem segments
and pollens [32]. While, glucose resulted in Hyperhydricity which lowers the chlorophyll content, even
in presence of nitrogen and sugar [33].
It’s known that in vitro cultured plant tissues do
not have the ability to photosynthesize and provide
the carbohydrates necessary for growth, as compared

to as plants grown in the field. The addition of carbohydrates in the nutrient medium is essential for the
success of plant tissue culture.
Sucrose is the preferred carbohydrate for most
tissue culture laboratories, due to the fact that its absorption by cultured tissue is higher than any other
sugars where it dissolves its molecules to glucose
and fructose, followed by in glucose then fructose,
respectively.
Sucrose is not only a source of carbohydrates
and energy, but also important for osmotic pressure
control in the nutrient medium.
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3+
FIGURE 2
Show the interaction effect of Sugars types and their concentrations on growth and development of Jojoba
in vitro.
used concentration of date syrup up to the ideal concentration, the better achieved results, contrary to
what the data showed in the presence of sucrose at
any concentration, the results were negative in most
parameters indicating the growth and development
of jojoba tissues in vitro.
This is due to the high content of date syrup of
total sugars, whether monosaccharide, disaccharide
or Polysaccharide (mono, binary or triple). As well
as its content of other organic and mineral compounds necessary for the growth and multiplication
of plant tissues, giving it a relative advantage over
the use of sucrose (only disaccharide) commonly
added in the media in micropropagation [16].
Date syrup is also characterized by its high content of monosaccharides (glucose and fructose),
which are up to 88% of total sugars. These sugars
turn into simple sugars before being absorbed
through the cultivated cells and tissues [36]. Which
may contribute to the enhancement effect of date
syrup in growth and propagation of jojoba in vitro.

Sucrose is usually added at a concentration of
2-3 % in the culture medium. However, some plant
species and explants require an elevation of sucrose
concentration in the nutrient medium such as potato.
Polysaccharides are considered cryprotective
substances that protect tissues from loss and deterioration. The most important of these sugars used for
this purpose are mannitol and sorbitol. As well as
high concentrations of sucrose and glucose [34, 35].
In fact, choosing the right type of sugar and its
ideal concentration for any plant depends mainly on
experimentation and trying according to the purpose
of the study.
Effect of date syrup (Dibs). This study was
conducted with the aim of determining the reliability
of a natural extract (Dibs) as an alternative to sucrose
that is suitable, cheaper and available in the KSA.
The data showed that the similar concentration
of date syrup to the control concentration (30 g/l sucrose) gave better results. It was observed that in the
absence of sucrose at any concentration, the greater
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FIGURE 3
Specific effect and Interaction effect of Syrup and Sucrose on growth and development of Jojoba in vitro.
that the best result was at 6 % Dibs, this may be attributed to the high date palm content of total sugars.
Regarding fresh and dry weight, data presented in
Fig. (3 & 4) indicated that adding date syrup at 3 %
produced the heaviest fresh and dry weights of cultures (1.415; 0.2280 g, respectively) compared to the
other treatments.
Lately, researchers started to consider using
some plant extracts as a good natural alternative for
carbohydrates in the agricultural nutrient medium,
like natural date syrups that is abundantly available
at KSA and the rest of Arabian Gulf countries [16].
As well, some former studies referred to the superiority and success of some botanical extracts as an optimum alternative for sugars explants growth in vitro
like banana, apple [37], organic, pineapple [38],
Juice of coconut [39], tomatoes, potato, onion [40],
and yeast [41]. Also, [16] confirmed that these extracts do not only contain carbohydrates but also
other useful compounds as vitamins, amino acids,
enzymes, some phenols, fibers, growth regulators

Data presented in Fig. (3) revealed that most of
the vegetative growth parameters measured were enhanced with date syrup in the medium at 30 g/l without carbon source compared to control. However,
with further increase of syrup (Dibs) more than 30
g/l the growth of plantlets were suppressed as shown
in Fig. (4).
This reduction of growth could be attributed to
a supra optimal effect caused by the more negative
osmotic potential generated by the increase of date
syrup. It is noted that the severe symptom of toxicity
caused by high syrup concentration is similar to that
caused by high sugar concentration due to dryness of
tissue because of water loss. These results agreed
with recorded by [16].
In addition, the results indicated that sucrose at
30 g/l significantly enhanced the vegetative growth
followed by date syrup “Dibs” at 3 % with no significant difference. These results don’t agree with those
obtained by some investigators as [16] mentioned
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FIGURE 4
Show the interaction effect of Syrup and Sugars on growth and development of Jojoba in vitro.

and proteins. Which is very beneficial for growing of
cultured plantlets [14].
[16] was the first to use date syrup in date palm
propagation in vitro. As well, previous study was the
first to use it for propagation of jojoba by tissue culture [14]. Also proved that the organic extract contains other important nutrients besides being a source
of carbon and energy like proteins, lipids, minerals
that enhances production of polychlorobiphenyl
(PLBS) which subsequently increases the size of the
cells and the somatic embryos of date palm [15]. The
same results were recorded [42].
It should be noted, that date syrups gives a dark
color for the natural medium similar to effect of adding active charcoal, which enhances rooting of the
explants [14]. Date syrup is also rich in antioxidants.
This means that date syrup is a natural extract that
can be used as an alternative for carbohydrates, active charcoal and antioxidants. All that besides its
characteristic control of other very important organic
and metallic compounds for the growth and development of micropropagation explants in vitro [43, 44].
Economically, date syrups are about a third
cheaper than sucrose as the price of sucrose reaches
150 SRA/Kg, while the price of date syrups reaches
50 SRA/Kg. The cost of sucrose is about 35 % of the
total production costs, when relying on date syrup,
the production costs of medium will be reduced to

about 11.67 %. This means that the total costs will
decrease by 23.33 %.

CONCLUSIONS
The study emphasized that sucrose is the preferred carbohydrate for most tissue culture laboratories, due to the fact that its absorption by cultured
tissue is higher than any other sugars, followed by
glucose then fructose, respectively. The results of the
study also revealed that mannitol or sorbitol is a poor
source of energy for jojoba in vitro, as they can’t be
absorbed or metabolized by jojoba tissues. They can
be used at low concentrations for conservation of
jojoba germplasm in vitro, they also can be used at
high concentrations as a neutral osmotic inducer in
screening of drought tolerance of jojoba varieties.
The study also declared that the date Syrup (Dibs)
can be effectively used as an alternative source of
energy for being cheaper, abundantly available at
KSA. Which lower cost production of the propagation of importants plants by tissue culture. We present a robust, rapid and efficient protocol for jojoba
that can be utilized as an efficient tool for further
studies of biochemistry and molecular genetics.
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ing this time, plant-chlorophyll content is a good indicator of environmental pollution and can be a valuable marker of environmental pollution. Plant chlorophyll is the fundamental source of organic matter
synthesis and energy acquisition and plays an important role in the absorption, transmission, and conversion of light energy [6, 7]. The main environmental factors affecting the chlorophyll content of pavement plants are temperature, pollutants and their levels in the air, enzymes related to chlorophyll biosynthesis, and light [7-9].
The environment is mainly polluted by automobile exhaust arising from increasing traffic volumes.
The components of automobile exhaust mainly include carbon monoxide, carbon dioxide, nitrogen
oxides, sulfur dioxide, carbon hydride and its derivatives, heavy metal ions, and suspended particles
[10]. Relevant studies show that sulfur dioxide can
bleach chlorophyll in plants and degrade it into magnesium-free pigments that lack photosynthetic activity [10]. In severe cases, it could cause the leaves to
be green or necrotic and affect the photosynthesis in
plants [10]. Heavy metals, such as lead and cadmium, inhibit chlorophyll synthesis and affect plant
biomass accumulation [10]. Some researchers studied the effect of traffic environment on the chlorophyll content of street trees and found that the chlorophyll content of street trees, including Euonymus
japonicus Thunb., Cinnamomum burmanni (Nees et
T. Nees) Blume, Lagerstroemia speciose (L.) Pers.,
and Mangifera indica L. in areas of traffic pollution
was lower than that of street trees in non-polluted areas [11-13]. However, the chlorophyll content of
Sophora japonica Linn. and Populus tomentosa in
polluted traffic areas was higher than that of the trees
in non-polluted areas [11]. The chlorophyll content
of certain specific plant species can be used as an indicator of air pollution [11-14]. At present, there is
not much research that reports the effect of light on
the chlorophyll content of roadside plants. Previous
studies have mostly focused on the effect of traffic
conditions on the chlorophyll content of roadside
trees. Therefore, it is necessary to study additional
pavement-plant species, including herbs, to identify
“indicator” plant species.

ABSTRACT
We studied the effects of different traffic flow
on the chlorophyll content of Ficus concinna Miq.,
Cinnamomum japonicum Sieb., Alternanthera Sessilis (Linn.) DC., and Erigeron annuus (L.) Pers., analyzed the effects of different light intensities on the
chlorophyll content of Ficus microcarpa Linn. f. and
Camellia-Oilfera Abel, and discussed changes of
leaf water content in different periods of the day.
Cinnamomum japonicum Sieb. and Erigeron annuus
(L.) Pers. was useful in indicating traffic flow change
or automobile exhaust pollution in the study area. Ficus microcarpa Linn. f. and Camellia-Oilfera Abel
were not suited as indicator plants of light-intensity
change. There was no significant relationship between leaf water content and chlorophyll content.

KEYWORDS:
Chlorophyll, Growth influencing factors of pavement
plants, Traffic pollution, Indicative function

INTRODUCTION
Presently, air, water, and soil environment are
mostly determined according to the selected physical
and chemical parameters [1-3]. The characteristics
of road pollution are different from single pollution
effects of air, water, or soil. The determination of any
one of the environmental factors or pollutants cannot
fully reflect the degree of pollution of different road
sections. Street plants are in a complex and rapidly
changing environment [4, 5]. The growth status of
pavement plants can comprehensively reflect various environmental factors. The symptoms of damage
exhibited by pavement plants can adequately reflect
the degree of environmental pollution. Additionally,
the symptoms of plant poisoning by high levels of
pollutants are easily reflected in the injury level and
physiological changes of pavement-plant organs,
such as leaves, flowers, and fruits. However, when
pavement plants are exposed to low concentrations
of pollutants, the initial damage is not obvious. Dur-
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FIGURE 1
Study area and sampling site
The goals of the present study were as follows:
(1) analysis of traffic-flow conditions on the chlorophyll content of common pavement plants including
herbs; (2) analysis of different light intensity on the

the determination of chlorophyll content of each
plant species. The determination of dry weight, fresh
weight, water content, and chlorophyll content of
leaves was based on the methods reported in previous studies [15-17]. All statistical analyses were performed using SPSS statistical package (SPSS 17.0,
IBM, USA).

MATERIALS AND METHODS
This study was conducted in the spring and
summer of 2018 and 2019. The road section near
Yangtze Normal University with heavy traffic was
selected as the traffic pollution area. A section of the
road with comparatively light traffic was selected as
the clean area. Ficus concinna Miq., Cinnamomum
japonicum Sieb., Alternanthera Sessilis (Linn.) DC.,
and Erigeron annuus (L.) Pers. were used to study
the effects of traffic flow on the chlorophyll content
of their leaves. Leaves of Ficus concinna Miq. were
collected in one day (8:30-18:30), while the leaves
of Cinnamomum japonicum Sieb., Alternanthera
Sessilis (Linn.) DC., and Erigeron annuus (L.) Pers.
were collected at the same time on two days. Ficus
microcarpa Linn. f. and Camellia-Oilfera Abel in the
clean area (near Shuangting mountain) were used to
study the effect of light intensity on the chlorophyll
content of leaves. Leaves of Ficus microcarpa Linn.
f. on the sunny and dorsal sides were collected.
Leaves of Camellia-Oilfera Abel in the clean area
(near student dormitory) were collected after shading treatment for 0, 2, 4, 6, and 8 hours. Leaves of
Cinnamomum camphora (L.) Presl. in the clean area
(near Shuangting mountain) were used to study the
changes in leaf water content during different periods of a day. The study area and sampling site are
seen in Fig. 1. Sufficient samples of each plant were
collected and three parallel samples were made for

RESULTS AND DISCUSSION
It was found that the maximum chlorophyll
content of Ficus concinna Miq. was 4.077 mg/g
when the traffic flow was 1090 vehicle/h, and the
minimum chlorophyll content of Ficus concinna
Miq. was 2.953 mg/g when the traffic flow was 1083
vehicle/h in areas with traffic pollution (Table 1).
Our results showed that the maximum chlorophyll
content of Ficus concinna Miq. was 4.096 mg/g at
16:30 hrs, while the minimum chlorophyll content of
Ficus concinna Miq. was 3.004 mg/g at 8:30 in the
clean area (Table 1). The change in traffic flow had
no obvious or regular effects on the chlorophyll content of Ficus concinna Miq. (Table 1). Ficus concinna Miq. was not a suitable plant to indicate a
change in traffic flow or automobile-exhaust pollution in the study area. However, the chlorophyll contents of Cinnamomum japonicum Sieb. and Erigeron
annuus (L.) Pers. in a traffic-free (clean) area were
both higher than those in areas with traffic pollution
(Table 2). Cinnamomum japonicum Sieb. and Erigeron annuus (L.) Pers. could be satisfactorily used to
indicate a change in traffic flow or automobile-exhaust pollution in the study area. In addition, the
chlorophyll content of Alternanthera Sessilis (Linn.)
DC. in the traffic-clean area near Yangtze Normal
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Abel (Table 3). Camellia-Oilfera Abel is a plant species that grows in semi-sunny areas, thus, brief
phases of shade promoted chlorophyll synthesis in
Camellia-Oilfera Abel as opposed to no shading (Table 3). Ficus microcarpa Linn. f. and CamelliaOilfera Abel were not found to be suitable to be used
as an indicator plant depicting a change in light intensity. Huang and Wei reported that the chlorophyll
content of sun-loving plants was often higher than
that of shade-loving plants [19]. The chlorophyll
contents of Rosa chinensis and Calliandra haematocephata were higher than that of other tested plants
in unit time, while their photosynthetic efficiency
was significantly higher [19]. Therefore, there was
enough organic matter to enable the blooming of
Rosa chinensis every month [19]. The chlorophyll
content of Syngonium podophyllum, Episcia cupreata, and Ophiopogon japonicus cvwas less, and
the accumulation of organic matter was relatively
small [19]. The number of flowering episodes in a
year as well as the flower diameter were relatively
small [19]. Therefore, in the process of evolution, the
leaf structures of shade-loving and sun-loving plants
differed, which explains the differences in the chlorophyll content between these plants [19].

University was higher than that in the traffic-pollution area near Ideal Packing Factory, but lower than
that in the traffic pollution area near Lidu Street Expressway intersection (Table 2). Alternanthera Sessilis (Linn.) DC. could not be used to indicate a
change in traffic flow or automobile exhaust pollution in the study area. Li et al. reported that the
changes in chlorophyll content of different plant species to traffic pollution varied, and not all plant species were suitable to be used as indicator plants [11].
Our study results were consistent with those from the
published study [11]. In addition to the traffic flow,
some other environmental factors affected pavement
plants [4, 5, 18].
Our results revealed that the chlorophyll content of Ficus microcarpa Linn. f. in the sunny side
was a little higher than that on the dorsal surface;
however, the difference was not significant (Table
3). Ficus microcarpa Linn. f. is a plant species that
grows well in sunlight, but the non-human processing of backlight had little negative impact on the
synthesis of chlorophyll of Ficus microcarpa Linn.
f. in the study area. Our results also indicated that
SURORQJHG VKDGLQJ   K  FRXOG VLJQLILFDQWO\ GH
crease the chlorophyll content of Camellia-Oilfera

TABLE 1
Effect of different traffic flow on chlorophyll content of Ficus concinna Miq.
Time

Traffic flow (vehicle/h)
Chlorophyll content (mg/g)
Traffic pollution area
Traffic clean area
Traffic pollution area
Traffic clean area
8:30
1370
/
3.278±0.009
3.004±0.006
9:30
1477
/
3.311±0.013
3.078±0.000
10:30
1175
/
3.387±0.006
3.265±0.003
11:30
1608
/
4.063±0.005
3.592±0.002
12:30
1090
/
4.077±0.001
3.904±0.003
13:30
1117
/
3.208±0.008
3.629±0.001
14:30
1354
/
3.262±0.003
3.803±0.005
15:30
1226
/
3.058±0.001
3.674±0.004
16:30
1083
/
2.953±0.004
4.096±0.004
17:30
1440
/
3.722±0.009
3.693±0.001
18:30
1398
/
3.156±0.004
3.315±0.006
Zhengyang department store sidewalk near Yangtze Normal University was chosen as the traffic-pollution area, while the
Shuangting mountain pedestrian road in Yangtze Normal University constituted the traffic-clean area.
(Mean±standard deviation, n=3).

TABLE 2
Effect of different traffic flow on chlorophyll content of Cinnamomum japonicum Sieb.,
Alternanthera Sessilis (Linn.) DC., and Erigeron annuus (L.) Pers.
Chlorophyll content
Chlorophyll content
Chlorophyll content
(mg/g) SP0
(mg/g) SP1
(mg/g) SP2
2018.5.19
Cinnamomum japonicum Sieb.
3.562±0.001
1.504±0.001
2.315±0.001
2.634±0.001
2.069±0.001
3.326±0.001
Alternanthera Sessilis (Linn.) DC.
Erigeron annuus (L.) Pers.
4.388±0.001
3.000±0.000
4.069±0.001
2018.5.25
2.312±0.001
1.029±0.001
1.257±0.000
Cinnamomum japonicum Sieb.
1.377±0.001
1.272±0.001
2.174±0.001
Alternanthera Sessilis (Linn.) DC.
Erigeron annuus (L.) Pers.
2.094±0.001
1.554±0.001
1.978±0.001
SP0: Sampling point of the traffic-clean area in Yangtze Normal University; SP1: Sampling point of the traffic pollution area
near the Ideal Packing Factory area near Yangtze Normal University; SP2: Sampling point of the traffic pollution area near
Lidu Street Expressway intersection near Yangtze Normal University.
(Mean±standard deviation, n=3).
Plant species
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TABLE 3
Effect of different light intensity on chlorophyll content of
Ficus microcarpa Linn. f. and Camellia-Oilfera Abel
Chlorophyll content
(mg/g)

Plant species
Ficus microcarpa Linn. f.
Camellia-Oilfera Abel
(Mean±standard deviation, n=3).

Sunny side
1.082±0.022
No shading
Shading 2 h
1.845±0.040
2.026±0.161

Shading 4 h
1.927±0.189

Back facet
1.057±0.048
Shading 6 h
Shading 8 h
1.603±0.520
1.723±0.209

TABLE 4
Effect of plant leaf water content on plant leaf biomass of Cinnamomum camphora (L.) Presl.
Leaf
(Time)
Dark green leaves (8:00-11:00)
Dark green leaves (11:00-14:00)
Tender green leaves (8:00-11:00)
Tender green leaves (11:00-14:00)
(Mean±standard deviation, n=3).

Dry weight
(g)
0.2162±0.0016
0.0075±0.0038
0.1985±0.0046
0.0341±0.0339

Fresh weight
(g)
0.5003±0.0007
0.4998±0.0007
0.5004±0.0006
0.4996±0.0005

Moreover, the soil water content may affect
plant growth [20], which in turn affects the chlorophyll content of pavement plants. Our results
showed that the water content of Cinnamomum camphora (L.) Presl. in the morning was lower than at
noon (Table 4). The temperature at noon was higher
than that in the morning; however, the humidity levels and water content of the soil did not follow this
trend. Qualitatively, the chlorophyll content of darkgreen leaves was higher than that of tender-green
leaves. However, the water content of dark-green
leaves and tender-green leaves had no obvious relationship with size. These results likely indicated that
there was no significant relationship between leaf
water content and chlorophyll content.

Water content
(g)
0.2841±0.0011
0.4923±0.0032
0.3019±0.0051
0.4655±0.0341

Rate of water content
(%)
56.78±0.27
98.49±0.76
60.33±0.96
93.17±6.78
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depth of shallow lakes ranges from three to eight
meters. Shallow lakes are known as polymictic,
meaning that through wind-induced turbulence,
they have not shown stratification in a long time
[5].
A routine ice coverage in winter would affect
many limnological variables in lakes [5]. Ice coverage will further affect the primary producers when
compared to the zooplankton. Nutrient concentrations and phytoplankton biomass were high in those
type of lakes when the lake was not covered with
ice, however zooplankton biomass did not show
any spesific difference [5].
Zooplankton, which is the second step in the
food chain in aquatic environments [6-7], plays an
important role in the energy flow between the different levels [8]. They are also known as water
quality indicators in aquatic environments [9-13].
The main zooplankton groups of freshwater environments are rotifers, cladocerans, and copepods
[14]. The life cycles of zooplankton are short, ranging from days to weeks, and they are obligate
aquatic organisms [15]. Each taxonomic zooplankton group has different feeding styles and reproductive strategies [16]; therefore, they have different
responses to physicochemical variations. However,
information about the relationship between the
community structure and environmental conditions
in aquatic habitats are restricted [17]. Also, another
factor affecting the distribution of zooplankton is
the presence of vegetation in the lakes. The plant
community in a lake provides shelter for pelagic,
larger-sized species, and may offer appropriate
habitats for benthic and macrophyte-associated
species [18]. Thus, the presence and abundance of
macrophytes may affect the zooplankton biomass
positively [19].
The present study aims to determine the density, biomass, size, and community structure of zooplankton in order to understand the effect of the
limnological conditions on their distribution in a
shallow and macrophyte rich lake emphasizing the
importance of zooplankton in assessing the water
quality of a lake.

ABSTRACT
Shallow lakes are ecologically and economically important ecosystems because they are significant for biodiversity and they provide many ecosystem services, but most of them are under the
eutrophication and desiccation hazard. The first
approach towards the evaluation of ecologic conditions of a lake is to determine the patterns of the
biological communities, and zooplankton is one of
the best indicators. Zooplankton have an important
position in the food web between the upper and
lower layers both as prey and consumer. Therefore,
the determination of species composition and the
diversity of zooplankton in a shallow lake can be
used as a biological indicator of ecosystem health.
In the present study, monthly (except snow covered
months) zooplankton variation of Lake Hafik (Sivas, Turkey), and their interaction with the environmental conditions were studied for the first time.
Lake Hafik is a mesotrophic lake based on its limnological variables. A total of 19 zooplankton species were recorded with Crustaceans (86% of the
total zooplankton abundance) were being dominant.
The main abundant taxa (N% > 5 of the total zooplankton abundance) were copepod nauplii, Arctodiaptomus bacillifer (Koelbel, 1885), Keratella
quadrata (Müller, 1786), and Daphnia (Daphnia)
cucullata Sars, 1862, respectively. The high density
and biomass of the zooplankton were determined in
May. In terms of diversity, Lake Hafik was not rich.
Statistically, the rotifer density and biomass were
mainly affected by physical variables (temperature,
DO, and pH), whereas the crustaceans was primarily related to nutrients and EC.

KEYWORDS:
Lake Hafik, zooplankton, diversity, RDA

INTRODUCTION
Shallow lakes are ecologically and socioeconomically important aquatic environments [1].
They are important areas for biodiversity and ecosystem services [2-4]. Generally, the maximum
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FIGURE 1
The location of Lake Hafik
vertically from a 2-meter depth to the surface and
fixed with a 4% formaldehyde solution. Zooplankters were identified under a stereomicroscope
to the species level. They were counted according
to the EPA Standard Operating Procedure LG403
[26]. The body size of minimum 20 randomly selected individuals of each species were measured
with a camera attachment. Zooplankton was identified according to [27], [28] and [29]. The densities
of zooplankton taxa are stated as the number of
individuals per litre (ind. L-1).
The body volumes of every rotifer taxa were
calculated using the closest geometrical formulae of
their body shape and converted to a biomass [30].
The Cladocerans body lengths were measured between the eye and the base of the tail spine, whereas the body length of the Daphnia was quantified
from the base of the helmet to the base of the tail
spine. To determine the length of copepods, the
cephalothorax was measured. The DW’s of each
crustacean species were determined according to
the regression equations treated by [31]. The estimation of the DW for the copepod nauplii was
handled with the length-DW regressions published
by [32].
The species richness (S) of zooplankton was
given as the total number of species. The ShannonWiener diversity index (H') [33], and Pielou evenness (J) [34] indices for zooplankton were computed monthly. The non-parametric correlation Spearman’s rank (N=21) was performed to determine the
relationships between limnological variables and
abundant zooplankton taxa (N% > 5 of total zooplankton) (Table 3) and their DW’s (Table 4). The
non-parametric Kruskal-Wallis analysis of the variance was used to test the monthly differences between the limnological and biological data.
For the multiple comparison of the biological
data (zooplankton densities and Chla) and limno-

MATERIALS AND METHODS
Lake Hafik is located in the northeast of TurNH\LQWKH.Õ]ÕOÕUPDNEDVLQ )LJXUe 1). The lake is
1290 m a.s.l., and is 40 km away from the city of
Sivas. It is a shallow lake with an average depth of
3 m. The surface area of the lake is 750 ha and its
volume is around 2.250.000 m3 [20]. Macrophytes,
Juncus L. and Phragmites L. constitute 2 - 15 meter
wide strip around the lake [21]. The lake basin is
surrounded by agricultural fields. The surface of the
lake is frozen for 1 - 2 months almost every year.
Lake Hafik is a karstic subsidence lake, and the
geological structure consists of gravels, conglomerates, limestones, gypsums, marls and mudstones
[22]. The climate of the lake is semiarid and a subMediterranean type.
The study on Lake Hafik was carried out in
May, June, July, August, September, October 2015,
and March 2016. The study was designed to represent the seasonal differences, but the field survey
could not be performed in the snow covered
months.
The water temperature, pH, dissolved oxygen
(DO), electrical conductivity (EC) and salinity (sal)
were measured by using the multiparameter (YSI
6820) and the transparency was detected by using
the Secchi disc, in situ (Table 1). The water samples were taken from the surface and 2 m depth,
and mixed to obtain a composite sample for Chlorophyll a (Chla) (according to [23]), suspended
particulate matters (SPM) (according to [24]), and
nutrients [total nitrogen (TN) and total phosphorus
(TP)] (according to [25]) analysis (Table 1). Chla
was measured for the estimation of primary production (phytoplankton biomass) (Table 2). All the
variables were measured in triplicate.
Zooplankton was taken with a closing net (55
μm mesh size, 0.6 m diameter opening, 1 m length)
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logical variables, the canonical ordination method
was applied. All the variables, except the pH, were
converted to log (x + 1) for the clustering analysis.
The linear model of redundancy analysis (RDA)
was preferred to determine the association of all the
variables due to the short gradient length (SD < 2)
on the first two axes of the biological data [35].
Because of the multicollinearity between the environmental variables, the data was controlled based
on the Variance Inflation Factor (VIF < 10) [36],
and a stepwise forward selection (FS) and the Monte Carlo permutation test (999 unrestricted permutations) were used to determine the environmental
variables, which were significantly correlated (P <
0.01). The computer program CANOCO 4.5 was
performed for the DCA and RDA analyses for
Windows. Ten limnological variables (Table 1)
were used in the RDA at the beginning of the clustering analysis, but due to the high inflation factors
(VIF > 10) of the alkalinity, salinity and TN, they
were eliminated from the data set.
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RESULTS
The water temperature, pH, DO, EC, salinity,
and transparency ranged between 7.03 - 24.59 ºC,
5.19 - 12.41 mg L-1, 6.6 - 8.81, 1.51 - 2.43 mS cm-1,
1.88 - 2.36 ppt, and 1.1 - 2.2 m, respectively. Also,
the alkalinity varied between 40 - 240 mg L-1 CaCO3, SPM between 1.62 - 11.67 mg L-1, TP between 12.46 - 28.41 μg L-1, and TN 1.49 - 2.5 mg
L-1, seasonally. According to the variance analysis,
the main limnological variables of the lake showed
significant differences between the months (P <
0.05) (Table 1), and they correlated with each other,
significantly. The pH correlated with the water
temperature (R = 0.614, P = 0.003, P < 0.01, N =
21), and the DO concentration (R = 0.509, P =
0.018, P < 0.05, N = 21). The EC values correlated
negatively with the water temperature (R = -0.543,
P = 0.011, P < 0.05, N = 21) and pH (R = -0.823, P
= 0.000, P < 0.01, N = 21), whereas it correlated
positively with TP (R = 0.643, P = 0.002, P < 0.01,
N = 21) and transparency (R = 0.480, P = 0.028, P
< 0.05, N = 21). A significant negative correlation
was found between the transparency and SPM (R =
-0.457, P = 0.028, P < 0.05, N = 21).

TABLE 1
Main environmental variables and variance analysis (Kruskal-Wallis) (P < 0.05) results of Lake Hafik.
Variable
mean±stdev.
Kruskal Wallis
Temperature (ºC)
18.35 ± 6.04
H = 9.325, P = 0.004
DO (mg L-1)
8.49 ± 2.17
H = 0.356, P = 0.001
pH
7.57 ± 0.76
H = 0.642, P = 0.004
EC (mS cm-1)
1.84 ± 0.34
H = 5.392, P = 0.042
Salinity (ppt)
2.08 ± 0.19
H = 9.186, P = 0.004
Transparency (m)
1.6 ± 0.4
H = 8.774, P = 0.005
Alkalinity (mg L-1 CaCO3)
101.82 ± 67
H = 4.123, P = 0.022
SPM (mg L-1)
4.96 ± 3.37
H = 0.751, P = 0.013
TP (μg L-1)
21.1 ± 4.74
H = 19.33, P = 0.011
TN (mg L-1)
1.81 ± 0.33
H = 1.656, P = 0.003
TABLE 2
Abundance and biomass [mean (min - max)] by group and total zooplankton and Chlorophyll a
concentration in Lake Hafik and variance analysis (Kruskal Wallis) results.
Abundance (ind. L-1)
mean (min - max)
Copepoda

51.2 (13.7 - 84.9)

Cladocera

8.7 (2.2 - 16.3)

K.W
P < 0.05
H = 1.28
P = 0.0012

Biomass (μg DW L-1)
mean (min - max)
168.5 (42.6 - 713.1)

H = 3.52

H = 1.41
28.4 (11.3 - 80.5)

P = 0.0268
H = 0.38

Rotifera
Total
zooplankton

9.7 (1.1 - 28.1)

Concentration
Chl a

P = 0.003
P = 0.0023

P = 0.0006
H = 0.57

0.4 (0.1 - 28.1)

H = 2.65
69.7 (17.2 - 100.6)

K.W
P < 0.05
H = 0.63
P = 0.0328

P = 0.001
H = 1.87

197.3 (54.3 - 793.6)

mean (min - max)
3.60 (0.89 - 11.1) μg L-1

P = 0.006
K.W
H = 3.623
P = 0.003
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The Chlorophyll a concentrations ranged between 0.89 - 11.1 μg L-1, and displayed significant
correlation with the SPM (R = 0.579, P = 0.006),
transparency (R = -0.714, P = 0.000), and water
temperature (R = 0.599, P = 0.002) (N = 21; P <
0.01). Also, differences were found depending on
time (K.W) (Table 2).
During the study period, a total of 19 zooplankton species (Table 3) were determined. Crustaceans were represented with 10 species (6 cladoceran and 4 copepods), whereas 9 species belonged
to the rotifers (Table 3). Copepoda represented
73.5% of the total zooplankton abundance (ind. L1
), which was followed by Rotifera (14%), and
Cladocera (12.5%). The most abundant taxa [N% >
5 of the total zooplankton abundance (ind. L-1)] of
the present study were copepod nauplii (41.8%),
calanoid Arctodiaptomus bacillifer (Koelbel, 1885)
(25.8%), rotifer Keratella quadrata (Müller, 1786)
(6.1%), and cladoceran Daphnia cucullata Sars,
1862 (5.4%). Dominant species were found in every sampling time throughout the study, and the
presence of all the identified species in Lake Hafik
are shown in Table 3.
The total zooplankton abundance varied between 17 ind. L-1 (October) and 101 ind. L-1 (May).
The rotifers and cladocerans were more abundant in
September (7 ind. L-1, and 16 ind. L-1, respectively),
but the copepods peaked in May with 85 ind. L-1.
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On the other hand, the most abundant copepod
nauplii, K.quadrata, and D.cucullata reached their
highest abundance in June (53 ind. L-1, 10 ind. L-1,
and 9 ind. L-1, respectively), while A.bacillifer was
dominant in May (74 ind. L-1) (Figure 2). Significant differences were found between the temporal
abundance of the zooplankton groups (Table 2).
The total zooplankton biomass ranged between 54.3 μg DW L-1 (August) and 794 μg DW L1
(May) (Figure 2). The Rotifer biomass was less
than 1 μg DW L-1 in every month, and the highest
value was determined in July (0.7 μg DW L-1). The
Cladoceran biomass changed from 11 μg DW L-1
(August) to 80 (May) μg DW L-1 and the highest
biomass was recorded in May (713 μg DW L-1),
while the lowest was determined in August (43 μg
DW L-1). The average lengths and DW's of the most
abundant taxa are given in Table 4. The mean individual lengths and consequently the individual
biomasses have significant seasonal variation
(Kruskal-Wallis, P < 0.05). In terms of the most
abundant taxa, the copepod nauplii reached its
highest biomass in August (10.7 μg DW L-1),
A.bacillifer (693.4 μg DW L-1), and the D.cucullata
(74 μg DW L-1) in May, and K.quadrata (0.41 μg
DW L-1) in June (Figure 2). The abundance and
biomass distribution of the dominant zooplankton
taxa are represented in Figure 2.

TABLE 3
Distribution of the determined zooplankton species by months.
Copepoda
May
June
July
Aug
Sep
Oct
March
†Arctodiaptomus bacillifer (Koelbel, 1885)
+
+
+
+
+
+
+
Diacyclops languidus languidus (Sars, 1863)
+
+
+
+
+
+
Eucyclops macrurus macrurus (Sars, 1863
+
Macrocyclops albidus albidus (Jurine, 1820)
+
+
+
+
+
†copepod nauplii
+
+
+
+
+
+
+
Cladocera
Coronatella rectangula Sars, 1861
+
+
+
Bosmina longirostris (O.F. Müller, 1785)
+
Ceriodaphnia quadrangula (O.F. Müller, 1785)
+
+
+
Chydorus sphaericus (O.F. Müller, 1776)
+
+
+
+
+
+
†Daphnia (Daphnia) cucullata Sars, 1862
+
+
+
+
+
+
+
Diaphanosoma brachyurum (Lievin, 1848)
+
+
+
+
Rotifera
Brachionus angularis Gosse, 1851
+
Colurella colurus (Ehrenberg, 1830)
+
Filinia terminalis (Plate, 1886)
+
Hexarthra mira (Hudson, 1871)
+
+
+
Keratella cochlearis (Gosse, 1851)
+
+
†Keratella quadrata (O.F. Müller, 1786)
+
+
+
+
+
+
Lecane luna (O.F. Müller, 1776)
+
+
Notholca acuminata (Ehrenberg, 1832)
+
Testudinella patina (Hermann, 1783)
+
+
+
+
8
6
11
12
10
9
8
S*
0.86
1.58
1.95
1.96
1.84
1.30
1.47
+ү
0.41
0.88
0.81
0.79
0.80
0.59
0.71
J***
†: dominant taxa; *S: 6SHFLHVULFKQHVVDVWKHWRWDOQXPEHURIVSHFLHV +ү6KDQQRQ V'LYHrVLW\,QGH[
-3LHORX(YHQQHVV
Index.
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FIGURE 2
Abundance and biomass distribution of dominant zooplankton taxa (a- A. bacillifer, b- Copepod nauplii,
c- D. cucullata,d- K. quadrata).

FIGURE 3
Monthly (a) relative density (ind. L-1) and (b) relative biomass (μg DW L-1) distribution of main
zooplankton groups in Lake Hafik.
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The mean body sizes of the dominant species
varied monthly, resulting in a variation in biomass
seasonally (Table 4). This reduced biomass was
especially seen in D. cucullata in June (Figure 2,
Figure 3) when the immature individuals dominated
the cladoceran population [37].
Depending on the species richness (S), the zooplankton fauna in the lake reached the highest
level in August with 12 species, and the lowest S
occurred in June (total 6 species) (Table 3). +үwere
determined between 0.86 (May) - 1.96 (August),
and J were ranged from 0.41 (May) to 0.88 (June)
(Table 3).
Ten limnological variables (Table 1) were
used in the RDA at the beginning of the clustering
analysis, but due to the high inflation factors (VIF >
10) of the alkalinity, salinity and TN, they were
eliminated from the data set. The clustering analysis
results of the RDA are summarized in Table 5.
The multiple comparison (RDA) of the biological and limnological variables depending on time,
resulted because of the grouping of the species by
their environmental condition preferences (Figure
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4). The first axis of the RDA primarily correlated
significantly with the transparency (0.4595) and
temperature (-0.4388), on the other hand, the second axis mainly related to the EC (0.4809) and TP
(-0.0640), (Figure 4).
The RDA showed that the total zooplankton
density was related to the abundance of crustaceans
and positively correlated with the DO concentration
(Figure 4). The Rotifer abundance and Chlorophyll
a concentration were related to the highest water
temperature in the summer months, and the rotifers
also reached their highest abundance in July. Furthermore, copepod nauplii and K. quadrata, the
other dominant taxa in the present study, reached a
peak density in June (22.2 ºC) when the pH was 8.1
and the DO was at the highest concentration (12.4
mg L-1) (Figure 2, Figure 4). The Zooplankton
fauna of the lake was affected negatively by the EC
values, especially in October (2427 μS cm-1) (Table
6, Figure 4). In contrast to the others, A. bacillifer
correlated positively (R = 0.605, P = 0.004, P <
0.01, N = 21) with the EC values (Table 6).

TABLE 4
Monthly individual length and dry weight (mean ± stdev) values of dominant zooplankton taxa and
variance analysis (Kruskal Wallis) results by lengths
May

June

July

1060 ±
201

705 ±
46.6

774 ±
85.4

974 ±
144

9.32 ±
273 ±
38
0.50 ±
0.12
1261 ±
113
9.93 ±
2.5

3.4 ±
151 ±
29.7
0.2 ±
0.1
819 ±
130
2.9 ±
1.4
120 ±
6.54
0.04 ±
0.01

4.3 ± 1.2
137 ± 17

N = 20
A.bacill
ifer

L(μm)
DW(μg)
L(μm)

nauplii
DW(μg)
D.cucul
lata

K.quadr
ata

L(μm)
DW(μg)
L(μm)

129 ± 7

DW(μg)

0.05 ±
0.01

Aug.
Sep.
individual mean ± stdev.

0.1 ±
0.03
1014 ±
211

Oct.

March

1104 ±
226

1092 ±
200

895 ± 156

7±2

10.3 ±

9.97 ±

6.7 ± 2

168 ± 42

157 ± 26

234 ± 37

196 ± 45

0.4 ± 0.1

0.27 ± 0.1

966 ±
181

0.2 ±
0.05
835 ±
249

5.6 ± 3.3

6 ± 2.1

3.4 ± 2.1

117 ± 5.2

116 ± 5

132 ± 6

176 ± 5

116 ± 5

0.037 ±
0.005

0.04 ±
0.005

0.05 ±
0.01

0.1 ±
0.0002

0.05 ±
0.0001

0.2 ± 0.1

1275 ±
162
12.8 ±
3.4

909 ± 121
6 ± 2.1

TABLE 5
Summary of RDA Analysis
Axes
Eigenvalues
Species-environment correlations
Cumulative percentage variance
of species data (%)
of species-environment relation (%)

1
0.572
0.989

2
0.265
0.520

40.2

51.6

57.2

83.6

Total variance explained (%)

48.4

Monte Carlo permutation test

F-ratio

P-value

on first axis

22.613

0.001

on all axes

12.255

0.001
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FIGURE 4
RDA ordination plot.
TABLE 6
Spearman’s correlations between physichochemical and biological variables (N = 21; *P < 0.05; **P <
0.01; ns: not significant). (ABA: A.bacillifer; naup: copepoda nauplii; cop: copepoda; DCU: D. cucullata;
cla: cladocera; KQU: K. quadrata; rot: rotifera; zoo: zooplankton).
abundances (ind. L-1)

biomass (μg DW L-1)

ABA

naup

cop

DCU

cla

KQU

rot

zoo

ABA

naup

TN

ns

ns

ns

ns

-

ns

ns

ns

ns

.465*

Alk.

.535*

ns

.747**

.535*

ns

ns

ns

.570**

ns

ns

SPM

ns

ns

ns

.500*

ns

ns

ns

.500*

ns

-.517*

Temp.

-.727**

.500*

ns

ns

ns

ns

.755**

ns

-.797**

DO

ns

.781**

ns

.535*

ns

.816**

.649**

ns

pH

-.622**

ns

ns

ns

.745

.710**

.649**

EC

.605**

-.552**

-.445*

ns

-

-.727**

ns

-.775**

-.670**

Sal.

ns

ns

ns

DCU

cla

KQU

rot

zoo

ns

ns

ns

ns

.444*

ns

ns

.710**

ns

ns

ns

ns

ns

ns

ns

ns

-.438*

ns

ns

-.797**

-.657**

-.447*

ns

ns

-.832**

-.482*

.605**

-.482*

ns

ns

.851**

.825**

ns

ns

-.552**

ns

-.552**

ns

ns

ns

ns

-.517*

ns

ns

.570**

ns

.570**

ns

ns

ns

ns

ns

ns

-.440*

.532*

-.844**

.530*

ns

-.521*

ns

.449*

cop

ns

pod A. bacillifer (26%) were the most abundant
taxa. The density of the dominant copepod taxa
varied throughout the study. After cold winter conditions in Lake Hafik, copepod nauplii increased
with the rising water temperature in the summer
months. As also clearly shown in the statistical
analysis, nauplii abundance displayed a strong
relationship with the water temperature and DO
(Table 6). Despite the hatching of nauplii being
positively affected by the increasing water tempera-

DISCUSSION
Lake Hafik is a shallow lake with a maximum
three-meter depth. According to the Carlson’s
Trophic State Index [38] based on Chlorophyll a,
Secchi disk depth, and total phosphorus, the lake is
mesotrophic [39].
The zooplankton community of Lake Hafik
consisted predominantly of copepoda (73.5%),
herein copepod nauplii (42%), and calanoid cope-
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ture, their body lengths showed significant seasonal
negative correlation with the water temperature (R
= -0.613, P = 0.003, P < 0.01, N = 140). As a result,
the summer peak of nauplii could not result in a
high biomass and their contribution to the total
biomass was also low.
Another dominant copepod A. bacillifer is
found both in deep and shallow lakes [40]. Largebodied calanoid A. bacillifer abundance was affected by the variations of the water temperature and
transparency. Its density descended with the increasing water temperature and declining transparency (Table 6). Similar behavior for A. bacillifer
was detected in another study by [41] in an oligotrophic water body. The presence of A. bacillifer is
mainly related to the conductivity of water. The
maximum abundance of A. bacillifer was established in May (EC = 1716 μS cm-1), and also other
relatively high values were determined in October
when the EC reached its maximum value (2427 μS
cm-1). A positive significant correlation (P < 0.01)
between the density of A. bacillifer and EC has
previously been reported, and the tolerance of A.
bacillifer to the EC was given between 2000-3000
μS cm-1 [42]. Another reason for the high abundance of A. bacillifer in the lake could be its tolerance to salinity. The mean salinity concentration
was 2.08 ppt (range 1.88 - 2.36 ppt) in Lake Hafik
and A. bacillifer was also dominant in the zooplankton fauna of the shallow Lake Eymir (Turkey)
with a salinity of 1.20 ‰ [43]. Also, it is known
that copepods have an advantage for competition
above 0.5 ‰ salinities [44]. This information explains the dominance of calanoid copepod A. bacillifer in Lake Hafik. The body size and therefore the
biomass of A. bacillifer, was negatively correlated
with the water temperature (R = -0.297, P = 0.009,
P < 0.01, N = 140).
Another dominant crustacean species in Lake
Hafik was the large-sized cladoceran D. cucullata
(5.4% of total abundance). Daphnia have a wide
distribution area including the shallow and deep
lakes and rivers [40]. In Lake Hafik, the lowest
individual number of D. cucullata was in August
when the TP value was lowest (12.5 μg L-1). However, no correlation was found between D. cucullata and TP, in contrast to other studies [19, 45-46].
Although, D. cucullata and other identified cladoceran species (B. longirostris, C. quadrangula,
C.sphaericus, D. brachyurum) in Lake Hafik are
also known as eutrophication indicators [47-49],
their abundance in the lake was low and they were
composed of 12.5% of the total zooplankton density
(5.4% D. cucullata and 7.1% others). The dominance of large bodied D. cucullata in Lake Hafik
may be attributed to the mesotrophic conditions
since the lack of the large- sized cladocerans was
interpreted as eutrophication in the shallow lakes
[50]. Another factor affected the presence and
abundance of the large-bodied cladocerans in the
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lake could be predation pressure; however, no data
was available on the fish fauna of the lake to confirm to this hypothesis in Hafik Lake.
Although rotifera constituted 14% of the total
zooplankton abundance in the present study, they
were represented in a few species (9 taxa) (Table
3). Salinity is the most important abiotic factor that
specify the density and diversity of the rotifer
community [51-52]. In terms of rotifers,
K.quadrata was dominant in mesotrophic Lake
Hafik (6.1% of the total zooplankton abundance)
and this species was known as the indicator of
higher trophic levels [53].
Other rotifer species in the present study constituted 7.8% of the total zooplankton abundance,
and among them, Brachionus and Hexarthra, members were stated as common species in shallow
lakes [54-56], and Lecane [57] and Testudinella
reported as littoral-based species [54-55]. According to the relative rates (N%) of the plant-associated
or littoral rotifer species to the pelagic ones, the
pelagic species have a high contribution to the total
abundance.
The tendency for increasing rotifer abundance
in the summer was associated with abundant food
and chlorophyll a concentration in shallow lakes
[58-59]. A significant relationship between rotifera
(R = 0.684, P = 0.001, P < 0.01, N = 21) and K.
quadrata (R = 0.622, P = 0.014, P < 0.05, N = 21)
abundances and Chlorophyll a concentration may
be seen on the RDA graph (Figure 4). However,
while rotifers may feed on detritus and bacteria,
they are not dependent on food quality [53, 60].
According to [61], rotifer responds to the lake
productivity with their increasing biomass; therefore, they are used as indicators to determine the
lake trophic status [9, 11]. As in some other studies
[19, 44, 62] the rotifer biomass in Lake Hafik was
not affected by the changing TP concentrations as
they correlated positively with total nitrogen (R =
0.444, P = 0.044, P < 0.05, N = 21) (Table 6). According to the statistical results, both rotifers and
dominant rotifer K. quadrata densities were influenced by the main environmental variables (the
water temperature, conductivity, pH, and dissolved
oxygen) (Table 6, Figure 4). The total rotifer abundance correlated significantly with the water temperature (R = 0.755, P = 0.000, P < 0.05, N = 21)
(Table 6), which is the critical variable for their
appearance and distribution [63-64].
The direct effects of the water temperature on
the rotifers are related with the available food and
density [65], whereas the indirect influences are
related with the rotifer reproduction and metabolic
activities [51]. On the other hand, the abundance of
the rotifers and K. quadrata showed considerable
correlation with the pH [14] (R = 0.649, P = 0.001,
P < 0.01, N = 21; R = 0.710, P = 0.000, P < 0.01, N
= 21, respectively) (Table 6). The negative correlation between the dominant rotifer species, K. quad-
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rata, and conductivity (mean 1.84 mS cm-1) (R = 0.797, P = 0.000, P < 0.01, N = 21) resulted in the
decreasing rotifer density in the present study when
the EC concentration was increased (Table 6). This
result shows that rotifer species of Lake Hafik do
not tolerate the high EC values.
The composition, abundance, and distribution
of zooplankton may be used as an indicator to identify the trophic condition of aquatic environments
[11], since trophic conditions and limnological
properties of lakes are the determining factor for the
zooplankton density and community structure [6667]. [68] and [69] characterized eutrophic lakes by
rotifera and cladoceran dominance, on the other
hand, dense cyclopoid copepods are also the main
members of eutrophic lake fauna, while calanoid
copepods adapt to oligotrophic conditions [48]. The
presence and dominance of calanoid copepod (A.
bacillifer) and also the large bodied cladoceran (D.
cucullata) in the present study describes nonpolluted environments [70]. The zooplankton community of Lake Hafik are represented by largesized Daphnia, Diaphanosoma, calanoid and cyclopoid copepods, and small-sized Bosmina, Ceriodaphnia, Chydorus sphaericus, nauplii, pelagic
rotifer species (Brachionus, Filinia, Keratella) and
also plant associated or benthic species Alona and
Lecane [19]. Even though, emerged and submerged
macrophytes are abundant in the lake, most of the
identified zooplankton species are planktonic. This
may be the result of the presence of pelagic and
herbivorous zooplankton species in high altitudes
[71] since Lake Hafik is located in §PDVO.
Because of weak solar light, primary production is generally low in winter [5]. Thereupon, ice
coverage on the lake in winter reduces both the
solar radiation and also the photosynthetic available
radiation (PAR) [5]. Also, another effect of ice
conditions is blocking the wind induced mixing,
and vertically increasing the water temperature
IURPWKHWRSWRWKHERWWRP IURP&WR& >@
In the present study, after the snow covered conditions, the high density of zooplankton in May, may
be related to the high fecundity of the over wintering population and the hatching of resting eggs [16,
72-73], and also the highest biomass in May, is
related to the dominance of large-sized zooplankton
and their high abundances (crustaceans, especially
calanoid A.bacillifer and relatively cladoceran D.
cucullata). The rotifer density and biomass was
mainly affected by physical variables (temperature,
DO, pH), whereas crustaceans were related to nutrients primarily. On the other hand, the main environmental variables affecting the zooplankton
community of Lake Hafik were high conductivity
and salinity concentrations. These high concentrations resulted in the restricted species diversity in
all the zooplankton groups. Most of the zooplankton species, especially rotifers and other small bodied crustaceans, may not tolerate these high concen-
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trations in Lake Hafik; therefore, these species
could not reach high abundances or biomasses in
the present study.
In terms of species richness (12 species), the
zooplankton fauna of the lake was diverse in August. On the other hand, the zooplankton densities
reached their highest rate in May with the lowest
species richness (8 species). The diversity index
results (H' = 1 - 3) indicated mesotrophic conditions
[74].

CONCLUSION
Throughout the study period a total of 19
zooplankton species were identified with the
contribution of nine rotifers, six cladocerans and
four copepods (Table 3). According to the multiple
comparison of the physicochemical and biological
results, the rotifer density and biomass was mainly
affected by physical variables (temperature, DO,
pH), whereas crustaceans were related to nutrients
primarily (Figure 4, Table 6). On the other hand,
the main environmental variables affecting the
zooplankton community of Lake Hafik were high
conductivity and salinity concentrations (Figure 4).
These high concentrations resulted in the restricted
species diversity in all the zooplankton groups.
Most of the zooplankton species, especially rotifers
and other small bodied crustaceans, may not tolerate these high concentrations in Lake Hafik; therefore, these species could not reach high abundances
or biomasses in the present study.
Finally, the reported zooplankton species in
the present study are the first records for Lake Hafik. This data may inform about their distribution
area and the environmental preference of the indicated zooplankton species. Also, given the relationships between zooplankton species and their environmental variables, this may give an idea for design comparative and interdisciplinary studies in
Lake Hafik.
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ABSTRACT

INTRODUCTION

Shale gas has become one of the hot spots of
energy research in the world. The marine shale in the
upper-middle Yangtze area of southern Sichuan has
always been an important field of shale gas research
in China. As a new unconventional energy source,
the geological surveys have revealed that the marine
shale in the upper-middle Yangtze area of southern
Sichuan has a large amount of shale gas resources.
On the basis of analyzing the characteristics of
Longmaxi Formation reservoirs, this paper predicts
and evaluates the Longmaxi Formation shale gas in
southern my country based on the analytic hierarchy
process. The following conclusions are drawn from
this study: All high-quality reservoirs in the
Longmaxi Formation are deposited in semi-deep to
deep-sea sedimentary areas, with high organic carbon content and well-developed reservoir spatial
characteristics, which allows the formation of a good
closure sequence, deposition environment, and pore
structure. Structural style and reservoir overpressure
are the main controlling factors affecting natural gas
enrichment. The enrichment method of the
Longmaxi Formation in the Middle Yangtze area is
closely related to the reservoir characteristics. The
Longmaxi Formation is a neritic deposit related to
the source rock development conditions. The analytic hierarchy process establishes a fuzzy comprehensive scoring system, calculates the membership
degree of comments in each block, and covers the
results of multi-regional surveys. The Longmaxi
Formation is the highest in Fuling and southern Sichuan, followed by eastern Henan and Central Yangtze.

Considering the world's scarce oil and gas resources and energy security, the exploration and development of shale gas resources has become one of
the hot spots of unconventional energy research in
the world [1-3]. The world is rich in unconventional
oil and gas resources, including coalbed methane and
tight sandstone gas about 456×1012m3, of which
North American shale gas resources are
108.7×1012m3, and Central Asia (including China)
shale gas resources are 10.7×1012m3. The total resource of shale gas in the top two areas reached 99.8
x 1012 m3 [4-5]. China has a large amount of marine
sediments. There are 1.49 million square kilometers
of marine sediments in Paleozoic waters. There are
several organic-rich shale in the basins of southern
China, especially the Lower Paleozoic Qiongzhusi
Formation (Niutitang Formation) and Upper Ordovician Longmaxi Formation and Changxing Formation
silty mudstone. The geological resources of shale gas
of these two reserves are estimated to be
16.89×1012m3 and 35.16×1012m3 (<4500m), respectively. The sum of the two accounts for 38.8% of the
total land shale gas resources in China, showing
huge exploration and development potential [6-11].
The marine shale in the upper-middle Yangtze
area of southern Sichuan has always been an important field of shale gas research in China [12-14].
The shale source rocks are well developed and shale
gas resources are abundant. Among them, the
Changning Longmaxi Formation is an important
prospect for shale gas exploration and development.
At present, the Longmaxi Formation has obtained
good development potential in southern Sichuan,
eastern Chongqing and northeastern Yunnan. However, the Longmaxi Formation is controlled by the
complex structural characteristics of shale gas in
southern China [15-16]. The prediction of favorable
areas for marine shale gas still needs to be carefully
studied. Based on the analytic hierarchy process, this
paper analyzes the characteristics of Longmaxi Formation reservoirs that are beneficial to the development of marine Longmaxi Formation shale gas in
southern China.

KEYWORDS:
Shale gas, analytic hierarchy process, favorable area, marine, Longmaxi Formation
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TABLE 1
Stratigraphic division and comparison of the Late Ordovician to Early Silurian in the upper and middle
Yangtze area
Period Unify
Wenlo
ckian

Order

Shenwoodian

North Sichuan
Guangyuan area

Landovian

Trechian

Elonian
Rudanian

Ordovician

O3

Hernantian
Kaidi
Overburden

Eastern SichuanWestern Hubei
area

Southeast Hubei
Tongshan area

Shamao Formation

Manshan Formation
Fentou Formation

Jintaiguan Formation
Ningqiang Formation

Silurian

Southern SichuanXiushan-Northeast
Northern Guizhou
Guizhou area
area

Wangjiawan Formation
Cuijiagou Formation
Longmaxi Formation
Wufeng Formation
Linxiang Formation

Hanjiadian Formation
Shiniunan Formation
Longmaxi Formation

Huixingshao Formation
Xiushan Formation
Rongxi Formation
Xiaoheba Formation
Longmaxi Formation

Guanyinqiao ForGuanyinqiao Formation
mation
Wufeng ForWufeng Formation
mation
Linxiang ForLinxiang Formation
mation

Xiaoheba Formation
Longmaxi Formation

Gaojiabian Formation

Wufeng Formation

Wufeng Formation

Linxiang Formation

Linxiang Formation

and 50%, gray cracks can be seen in hand-made
specimens, there is a huge layered calcareous shale.
Gray-black siliceous shale facies: mainly developed in semi-deep and deep sea environments.
The outcropping sample is gray-black, rich in microcrystalline silicon, with very fine particles and high
hardness. Gray-black silty mudstone facies: mainly
developed in coastal environment. The outcrop samples are gray, rich in fine quartz particles and high
hardness. Gray silt facies: mainly developed in
coastal environments. The outcrop sample is offwhite, rich in fine quartz particles and high in hardness. This indicates that the deeper the water body,
the finer the grain size of the sediment.

MATERIALS AND METHODS
The Longmaxi Formation in the Middle-Upper
Yangtze Region is a group of black carbonaceous
shale rich in organic matter. The appearance of marine shale is gray-green and carbon gray, rich in
graptolite, mainly siliceous shale, sandy shale and
carbonaceous shale. The Silurian source rocks are
the most widely distributed, including the Lower Silurian Longmaxi Formation shale and Wufeng Formation siliceous shale [17]. In the middle Yangtze
area, such as the northern part of Chengkou to Yichang, the thickness centers are mainly distributed in
Yichang, Shimen, Jiujiang, Xishui and Xuanzhou areas, usually about 700m thick, and the thickest is
1787m (Table 1).

Characteristics of organic carbon content of
source rocks. The Longmaxi Formation's transgression amplitude is smaller than that of the Qiongzhusi
Formation. It is mainly semi-deep sea sedimentary
facies.
Therefore, a high TOC area is formed on the
shelf with relatively deep sea water. Sulfur (S) is
usually considered as a typical mineral in the reducing environment. The higher the S%, the stronger the
reducing environment. According to the correlation
diagram of TOC% and S% content in Qiongzhusi
and Longmaxi Formations in the upper Yangtze
River (Figure 1), there is a positive correlation between TOC% and S% in this area. The stronger the
reduction environment, the more efficient the organic matter storage.

Lithological characteristics. Shales rich in
different types of organic matter are formed in different sedimentary environments. The paleo-depth,
sediment types and paleo-climate directly affect its
development characteristics. Sedimentary environment is the main controlling factor affecting the development of organic-rich shale in the study area
[18-19]. Black carbonaceous shale facies: mainly developed in semi-deep sea environment, rich in organic matter with organic carbon content around
3%-15%. Mud usually contains a lot of carbon. It is
difficult to distinguish other mineral components
with the naked eye. Small quartz particles are scattered around.
Layered black silty shale facies: mainly developed in the shelf environment, with relatively low
calcareous cementation and carbon content. A thin
layer exists between calcareous shale and silty shale.
Dark gray calcareous shale facies: mainly developed
in the transitional environment of shallow sea and
land-sea, calcium carbonate content is between 30%

RESULTS
Features of surrounding rock combination
controlled by sedimentary environment. Shale gas
itself is adsorbed on the surface of organic matter and
clay minerals in an adsorbed state, generated in pores
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FIGURE 1
Correlation between sulfur and TOC in the upper Yangtze area.

FIGURE 2
Schematic diagram of capillary sealing mechanism of surrounding rock.
and this value is the throat of the largest connected
pore in the rock. The more the surrounding rocks, the
higher displacement pressure is (P <Pc), which helps
to concentrate and store shale gas [13, 20].
The hydraulic conductivity and breakthrough
pressure of different rocks are very different. The average porosity of the second part of the WufengLongmaxi formation is 2.4% and the average hyGUDXOLF FRQGXFWLYLW\ LV  P' $W ႏ WKH
breakthrough pressure is 71.2MPa. The average porosity of the Linxiang layer and the pagoda layer is
1.58%, the average permeability is 0.0017mD, the
formation breakthrough pressure is 64.5 MPa, and
the continuous deposition of gray spherical limestone and others lithology is 70.4 MPa (Figure 3).

and microcracks in a free state, and exists in dissolved formation fluids and organic matter in a small
amount of dissolved state (can be ignored). Free
shale gas permeates, diffuses and migrates through
the caprock. In order to protect shale gas, the surrounding rock must prevent its migration and loss
without considering structural damage.
The sealing effect of surrounding rocks on
shale gas is mainly capillary sealing. The so-called
capillary sealing is due to the obvious physical difference between the surrounding rock and the reservoir rock (Figure 2). The pore throat (rc) is defined
according to the rock displacement pressure (the
minimum pressure required to displace the wet phase
fluid through the non-wet phase fluid in the rock),

FIGURE 3
Dark gray siltstone (Well Jy2, the second member of Longmaxi Formation); dark gray mud-bearing limestone (Well Jy2, Linxiang Formation) [21].
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TABLE 2
Sedimentary facies characteristics and evaluation of advantages and disadvantages
Organic
SurroundShale thickTOC
ing rock
Subphase
Feature description
ness
conditions
The lithological assemblages
mainly include dolomite-phosphorite and dolomite-siliceous rockphosphorite, etc. The bottom scour
Storm beach fastructure is common in the phosThin
Low
Poor
cies
phate deposit sequence, and the upper part is developed with moundlike cross bedding, parallel bedding, grain sequence bedding, and
small oblique bedding.
The sediments are mainly silt and
mud. Iron-manganese nodules, siliceous minerals, pyrite, etc. can also
MeLagoon facies
Thin
Poor
be seen. A large number of plants
dium
grow on the edge of the lagoon and
the tidal flat area, which can be
formed as peat deposits.
The sediments generally change
from medium-fine sand to silt and
MeTidal flat facies
Thin
Poor
clay, and the sorting changes from
dium
the subtidal upper tidal zone from
good to medium
Mainly argillaceous siltstone, silty
mudstone, and argillaceous siltstone or mudstone. The argillaMeShallow water
Thick
Good
ceous deposits often contain coarse
dium
shelf
silt or fine sand layers formed by
severe storms and a large number
of chemical and biochemical rocks.
Mainly silty mudstone, black mudstone, organic-rich mudstone, carThick
High
Excellent
Deep water shelf
bonaceous mudstone, siliceous
mudstone, etc.
Mainly composed of three parts of
Deep basin fasediments, namely mud, plankton
Medium
High
Excellent
cies
and detritus. Mud sediments account for the largest proportion.

FIGURE 4
Schematic diagram of analysis hierarchy process.

10884

© by PSP

Volume 29 – No. 12/2020 pages 10881-10889

The Wufeng-Longmaxi Formation is based on
limestone of the Linxiang Formation with higher water pressure. The sedimentary discontinuity of the
Wufeng-Longmaxi Formation is more common in
northern Guizhou and Hubei. It is characterized by
weathered crusts of bauxite and iron, or difficult
cross-sectional area. As we all know, the Meitan
Niuchang area with high sand content at the bottom
can form a specific escape channel in the weathered
crust. The upward dark shale of the Longmaxi Formation was deposited when the sea level rose,
mainly formed by the melting of glaciers, and covered with low organic matter on the top. These layers
are deposited in a shallow water environment,
mainly the typical upward shallow lime mud and silt
deposits. The upper layer is mainly composed of calcareous shale, marl with manzi and biolimestone.
The bottom layer is mainly composed of shale and
silty shale inserted with silt rock, which has a stable
lateral distribution and can form good capillaries seal.

Fresenius Environmental Bulletin

potential of the block was analyzed from two aspects
of geological conditions and development economic
indicators, and the initial geological conditions of the
block and the economics of the development process
were comprehensively considered. Therefore, the
factors affecting the analysis level are mainly geological conditions, oil and gas generation conditions,
storage conditions, and development economic indicators. Geological conditions are considered more
important than the development of economic indicators because most geological conditions can be modified and optimized artificially (traffic, water sources,
etc.) (1) (5).
Combined with "Technical Specification for
Calculation and Evaluation of Shale Gas Resources
Reserves (DZ/T 0245-2014)" [15, 23], the annotations and distribution results are shown in Table 3.
(3) Comprehensive evaluation and membership matrix. The hierarchical comprehensive evaluation is an efficient multi-factor decision-making
method, which is used to comprehensively evaluate
the factors affected by multiple factors. The evaluation result is not completely positive or negative but
expressed in a fuzzy set. Through the above analysis,
the evaluation factor set U is the level D of the analysis hierarchy process, and the annotation set V =
{excellent, good, medium, poor}. For continuous
measurement, a simplified semi-trapezoid is used to
calculate the membership order rij [9, 24]:
1, ( א ݔ0, ܵଵ ]

Evaluation of the advantages and disadvantages of Longmaxi formation shale gas enrichment zone. By summarizing the lithological combination formed by each sedimentary facies (Table 2),
the sedimentary facies that can be used as high-quality wall rocks include: shallow-sea shelf facies (shallow shelf and deep-water shelf) and deep-water basin facies.
Analytic Hierarchy Process Evaluation. (1)
Establishment of analysis hierarchy. The analytic
hierarchy process is an effective method to comprehensively evaluate complex systems with multiple
goals and multiple conditions. By dividing a complex problem into multiple levels, a multi-level hierarchical model can be established to quantify the importance of factors and obtain results through hierarchical calculations. The process of analyzing the hierarchy combines qualitative and quantitative analysis [22]. In the analysis process, the hierarchy is divided into upper target layer, middle reference layer
and lower reference layer (Figure 4). After evaluating and scoring the base layer of the plan, you can
calculate different plans to get the final score of the
target layer.
The weight scoring principle is proposed by the
founder of Analytic Hierarchy, Satty, to compare the
importance of various factors in the same level domain. During the analysis, the least important factor
is assigned a value of 1, the more important factor is
assigned a value of 3, the important factor is assigned
a value of 5, the very important factor is assigned a
value of 7, and extremely important is assigned a
value of 9. When establishing a paired comparison
matrix, the matrix element aij takes values among 1,
3, 5, 7, 9 and their reciprocal.

ௌమ ି௫

ݎଵ = ൞ௌ

మ ିௌభ

, ܵ( א ݔଵ , ܵଶ ]

(1)

0, ܵ( א ݔଶ , λ)

 ۓ0, ܵ(  ݔଵ , ܵଷ ]
ۖ ௫ିௌభ
ݎଶ = ௌమିௌభ , ܵ( א ݔଵ , ܵଶ ]
 ۔ௌయି௫
ۖ
, ܵ( א ݔଶ , ܵଷ ]
ەௌయିௌమ
 ۓ0, ܵ(  ݔଶ , ܵସ ]
ۖ ௫ିௌమ
ݎଷ = ௌయିௌమ , ܵ( א ݔଶ , ܵଷ ]
 ۔ௌరି௫
ۖ
, ܵ( א ݔଷ , ܵସ )
ەௌరିௌయ
0, ( א ݔ0, ܵଷ ]
௫ିௌయ

ݎସ = ൞ௌ

ర ିௌయ

, ܵ( א ݔଷ , ܵସ ]

(2)

(3)

(4)

1, ܵ( א ݔସ , λ)

In the formula, x is the actual value of continuous measurement, and S1-S4 are the standard values
of each measurement in the four stable states. For elements that have no upper limit on the evaluation criteria (such as TOC), the maximum measured value
is used as S4. For the discrete index, the degree of
membership is determined by the Delphi method.

(2) Analysis hierarchy construction and assignment. In the analysis process, the development
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TABLE 3
Evaluation interval of bottom-level factors
/
Gas generation condition
(C1)
3

/

Unit

Poor

Medium

Good

Excellent

Reference

TOC (D1)

%

ͻ1.0

1.0-2.0

2.0-4.0

ͽ4.0

Standard

Ro (D2)

%

<1.3

1.3-2.0

ͽ2.0

Standard

Thickness (D3)

m

ͻ6

6-10

10-30

ͽ30

Standard

%

ͻ2

2-5

5-10

ͽ10

Standard

%

ͻ1.0

1.0-2.0

2.0-4.0

ͽ4.0

Standard

m

ͻ6

6-10

10-30

ͽ30

Standard

m

ͻ500

500-2000

2000-3500

3500-4500

Standard

/

Tensile structure, basement breakthrough
structure

/

ͽ1.4

Effective porosity
ͧD4ͨ
Gas storage condi- TOCͧD5ͨ
tion
(C2)
ThicknessͧD6ͨ
3
Burial depth
ͧD7ͨ
Construction style
ͧD8ͨ
Structural complexityͧD9ͨ
Gas stor- Surrounding rock
age condiconditions
tions (C3)
ͧD10ͨ
1
Hydrogeological
conditions

/

Good reservoir

/

Formation of hydraulic escape

ͧD11ͨ
Permeability
ͧD12ͨ
Brittle minerals
Mining geͧD13ͨ
ological
conditions Gas content (ad(C4)
sorbed gas vol3
ume)ͧD14ͨ
Gas areaͧD15ͨ
Mining
economy
(C5)
5

Rock drillability
ͧD16ͨ
Burial depth
ͧD17ͨ

Landform
ͧD18ͨ

Engineering Geology (C5) Traffic condition
1
ͧD19ͨ
Water source
ͧD20ͨ

mD

ͻ1

Overlay structure style

1.2-1.4

1.0-1.2

Compression
structure style
ͻ1.0

Sandstone, limestone and doloTight sandy mud- Mudstone with
mite developed
stone, mudstone
low TOC
by fissure dissolution
Formation of a hydraulic seal

Formation of a
hydraulic plug

1-10

10-100

100-500

Self-made

Self-made

Coalbed methane geology
reference

orͽ500
%

ͻ30

30-40

40-50

ͽ50

m3/t

ͻ0.5

0.5-1.0

1.0-2.0

ͽ2.0

/

ͻ50

50-100

100-200

ͽ200

/

X~XII

VIII~IX

V~VII

I~IV

/

3500-4500

2000-3500

500-2000

ͻ500

/

Large terrain height
difference

/

Inconvenient

/

Insufficient water

The terrain height
The terrain height difference is difference is small
small, such as plains, hills, desert, and there is a ceretc.
tain exploration
depth
Extremely conAverage
Convenient
venient
Sufficient water
Sufficient water
source and easy
access

Standard

Standard

Self-made
Self-made

The rocks around the Longmaxi Formation are generally in good condition, consisting of abundant
source rocks in the upper section, Hanji Asian Formation and equivalent layered mudstone, and the

(4) Comprehensive evaluation of favorable
areas. Through the comprehensive analysis of the
lowest-level reference factors in each priority block,
the annotation set of each factor is calculated and the
membership order matrix is established (Table 4).
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Wufeng Formation limestone below. The surrounding rock and hydrogeological conditions are excellent.
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condition of the surrounding rocks. Therefore, the final evaluation of the two blocks is: Fuling Block =
{Poor, Medium, Good, Excellent} = { 0.003, 0.232,
0.197, 0.573}, block = {poor, medium, good, excellent} = {0.181, 0.258, 0.154, 0.410}. Fuling block
evaluation is better than E area.
Sangzhi block in northwestern Hunan: The organic carbon content and shale thickness in the middle reaches of the Yangtze River are lower than those
in the upper reaches of the Yangtze River, and the
average natural gas content is 0.3m3/t. The separated
surface forms several layers. There are inconsistencies between the different structural layers, and the
structural style annotation set is mainly of medium
deviation.
Enshi block in western Hubei and Hubei: Compared with the upper reaches of the Yangtze River,
this block has a large thickness change and a complex structure. The average gas content is 0.8m3/t
(Heye 1). The lower and the upper part are mainly
developed. In the formation of reverse faults, the
sealing capacity of each area does not match, and the
annotation set of its structural style has a moderate
deviation.
Wuxi block in Northeast Chongqing: The TOC
content and shale thickness at the northern end of the
upper reaches of the Yangtze River are relatively
large. Affected by the structural changes of the Dawa
Mountain, the structure is very complex. It is mainly
compressed in the superimposed system, with multiple reverse faults overlapping each other, forming a
compression structure type. The oil and natural gas
on the bottom wall of the fault are well captured. The
set of structural style annotations is good. The gas
content in this structure is high, with an average
of >2.0m3/t.

1) Sichuan Zigong Block: Located in the western part of Zigang in southern Sichuan, the organic
carbon richness averages 3.2%. The organic-rich
mud shale is thick with high porosity and high gas
content. The formed fold structure is mainly composed of the following facts: faults appear in different parts of the fold and have different sealing capabilities, and their structural style annotation set is
also very good.
2) South Sichuan block: Located in Gongxian
area of Yibin in southern Sichuan, similar to Zigong
block, it has high organic carbon content, thick shale,
and wide and soft anticline structure with anticline
core structure dominant. It promotes the enrichment
of oil and gas, and its structural style annotation collection is very good and incomplete.
3) Longshan block in northeastern Yunnan:
The organic carbon content and dark shale thickness
are slightly lower than those in southern Sichuan,
and the average gas content is low at 0.21 m3/t. The
structural style is dominated by valley folds. Deep
faults have not yet been developed, oil and gas
preservation conditions are good, and their structural
styles are also very good.
4) Xishui block in northern Guizhou: Compared with the Changning area in southern Sichuan,
the thickness of dark mud shale in northern Guizhou
is reduced, with an average gas content of 0.63m3/t
(Well Xiye 1), and the structure is formed by multiple groups at different times. The structures mainly
cross each other or only perpendicularly, the oil and
gas storage conditions are good, and the structural
style annotation set is quite good.
The Fuling block and Qianjiang block in eastern Chongqing are surrounded by the Qiyue Mountain fault. The difference in standards is mainly due
to factors such as structural style and gas content.
The Fuling block has a high gas content, with an average of 2.96 m3/t (Jye 1 well), and the Qianjiang
block is 0.66 m3/t (Qianqian 1 well). The structural
style is also one of the two main differences. The
structural style of the Fuling block is a diamondshaped fault anticline formed under compression,
which can mainly form structural traps under better
conditions, leading to the enrichment and release of
shale gas. The structure style of its annotation set is
excellent. The structural style of the Qianjiang block
in eastern Chongqing will be reversed under tensile
stress in the later period. Structural faults or extensional fault blocks, and structural styles that may escape from prematurely formed shale gas are moderate deviations. However, the thickness of the dark
shale in these two blocks is roughly the same as the

CONCLUSIONS
(1) All high-quality reservoirs in the Longmaxi
Formation have semi-deep to deep-sea sedimentary
belts, high silicic acid content and well-developed
storage spaces. In addition, the upward shallow sedimentary sequence helps to form low organic carbon
in the upper part of the source rock, and the clay-rich
rock section can form a good closed sequence.
(2) Sedimentary environment, pore structure,
structural form and reservoir overpressure are the
main controlling factors affecting gas concentration.
The enrichment mode of the Longmaxi Formation in
the Middle Yangtze area is closely related to the reservoir characteristics. The Longmaxi Formation is a
shallow-deep water facies with good topography and
source rock development conditions. The basic geological conditions of shale gas are similar, but shale
gas production is different in different regions. In
this study, we mainly believe that due to the
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TABLE 4
Comprehensive evaluation results of the main blocks of Longmaxi Formation in the southern area
Summary
Longmaxi Formation
Poor
Medium
Good
Excellent
Fuling
Block
in
Eastern
Chongqing
0.00
0.23
0.2
0.57
Ļ
Zigong block in southern Sichuan
0.03
0.18
0.35
0.44
ķ
ĸ
Ŀ
ļ
ĺ
Ĺ
Ľ
ľ

Changning block in Southern Sichuan
Wuxi block in Northeast Chongqing
Qianjiang block in Southeast Chongqing
Xishui block in North Guizhou
Yongshan block in Northeast Yunnan
Sangzhi block in Northwest Hunan
Enshi Block in Western Hubei

0.00

0.22

0.35

0.43

0.03

0.31

0.23

0.43

0.18

0.26

0.15

0.41

0.08
0.09
0.34
0.16

0.23
0.22
0.25
0.34

0.33
0.35
0.16
0.29

0.37
0.34
0.25
0.22

difference in the basis of structural evolution, the
controlling element is the formation of different
structural styles.
(3) We established a fuzzy comprehensive
evaluation system of analytic hierarchy process. The
decomposition and analysis of five key control factors show that TOC, thickness, structural style, and
surrounding rock and gas content are very important
criteria. The Longmaxi Formation has the highest
conditions in Fuling and southern Sichuan, followed
by eastern Chongqing, while the overall conditions
in the central Yangtze River are poor.
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ABSTRACT

INTRODUCTION

Promoting the position of countries along the
Belt and Road in the global green value chain is an
important part of the construction of the Green Belt
and Road. With the rapid growth of China's investment in countries along the Belt and Road, the "pollution paradise effect" of China's OFDI has also been
exaggerated. In order to explore the relationship between China’s OFDI and the rise of the global green
value chain in the Belt and Road region, this paper
constructs an indicator system and measures the position of 48 countries along the Belt and Road in the
global green value chain. At the same time, the twoway fixed effects model and the panel threshold regression model are used to test the impact of China's
OFDI on the rise of the green value chain of countries along the Belt and Road. The results show that
China’s rapidly growing number of green invention
patent applications and OFDI based on the concept
of environmentally sustainable development provide
an important guarantee for China’s OFDI’s green
technology spillover. China's OFDI has significantly
promoted the rise of countries along the Belt and
Road in the global green value chain, and China's
OFDI has the threshold effect of institutional quality
and human capital on the rise of the global green
value chain of countries along the Belt and Road.
When the quality of the host country’s system
crosses the threshold (6.7782) or the human capital
index falls below the threshold (1.6615), the introduction of China’s OFDI will be more conducive to
the promotion of the global green value chain of the
countries along the Belt and Road.

Against the background of the “Belt and Road”
initiative and the concept of green development, the
construction of the green “Belt and Road” is becoming an important direction for promoting the “Belt
and Road” [1-3]. In May 2017, President Xi clearly
pointed out at the first “Belt and Road” International
Cooperation Summit Forum, “We must practice the
new concept of green development, advocate green,
low-carbon, circular, and sustainable production and
lifestyles, and strengthen cooperation in ecological
and environmental protection, build an ecological
civilization and work together to achieve the 2030
sustainable development goals" [4-8]. In April 2019,
President Xi reiterated at the second “Belt and Road”
International Cooperation Summit Forum, “We must
adhere to the concept of openness, greenness, and integrity, and do not engage in closed and exclusive
small circles. We should use green as the background color to promote Green infrastructure construction, green investment and green finance, and
protect the common home on which we depend". It
can be seen that the “Belt and Road” is not only a
road to economic prosperity, but also a road to green
growth, and green investment is an important path to
promote the sustainable development of the “Belt
and Road”.
According to statistics from the Ministry of
Commerce of China, at the end of 2003, China’s direct investment stock in countries along the “Belt
and Road” was only US$1.317 billion, accounting
for 3.96% of China’s foreign direct investment in the
same period. As of the end of 2017, China's direct
investment stock in countries along the “Belt and
Road” has reached US$154.398 billion, an increase
of 117 times, accounting for 8.53% of China's foreign direct investment stock in the same period [910]. In 2019, China's non-financial direct investment
in the Belt and Road countries reached US$15.04
billion, and the turnover of foreign contracted projects was US$97.98 billion. Singapore, Vietnam,
Laos, UAE, Pakistan, Malaysia, Indonesia, Thailand
and Cambodia have become important destinations
for China's foreign investment. From the perspective

KEYWORDS:
Global green value chain, sustainable development, foreign direct investment, green patent application, green
technology spillover
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of investment industries, China's direct investment
along the Belt and Road is mainly concentrated in
the information technology, transportation and energy industries. Most of the investment projects are
environmentally friendly projects, while industries
with large emissions of carbides and nitrides are
rarely involved. For example, China and Arab countries jointly build a "1+2+3" cooperation pattern, and
greening is the main axis of cooperation. In the
China-Arab "1+2+3" cooperation pattern, "1" is to
green energy development, "2" is to strengthen the
green and low-carbon construction of infrastructure
and ecological investment and trade, and "3" is nuclear energy, aerospace satellites and new energy.
The inflow of OFDI in China has increased the
effective demand for capital, labor and other elements of the host country, and has changed the resource allocation structure of countries along the
Belt and Road. The green technology, advanced
management experience and system contained in
China's OFDI can play a "demonstration effect" for
enterprises in countries along the route. At the same
time, companies along the Belt and Road can use the
"learning effect" to transform and upgrade their own
technologies, accumulate human capital, improve
corporate production efficiency, and gradually eliminate high-energy, high-polluting companies, and
achieve high-end global value chains [11, 12]. On
the other hand, international direct investment may
also trigger pollution transfer. The “pollution refuge” hypothesis provides support for the transfer of
pollution from developed countries to developing
countries through FDI. However, while some countries along the “Belt and Road” are seeking China's
OFDI to help their economic development, they have
also begun to worry about whether China's rapidly
growing foreign direct investment will exacerbate
the deterioration of the local ecological environment.
Then an urgent question is whether China’s
rapidly growing OFDI effectively promotes the rise
of the countries along the “Belt and Road” in the
global value chain? Existing research mainly examines the reverse technology spillover effects of OFDI
in China, including the OFDI reverse technology
spillover mechanism and its influencing factors, and
the impact of OFDI reverse technology spillover on
the home country’s technological innovation, total
factor productivity and industrial upgrading [13].
From the perspective of the responsibility of the
home country of the international investment source
country, there are relatively few studies on how the
home country’s foreign direct investment affects the
green development of countries along the Belt and
Road and the rise of global value chains. In order to
ensure the green investment of Chinese enterprises
in the “Belt and Road” and promote green investment in the “Belt and Road”, Mo et al. [9] proposed
the establishment of a “Belt and Road” investment
green evaluation mechanism, and proposed quantitative green benefits, green costs and monetization of
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environmental benefits Methods. Xie et al. [11] used
the Global Malmquist-Lunberger method to systematically measure the green total factor productivity
of countries along the “Belt and Road” from 2003 to
2014, and empirically tested the impact of China's
OFDI on the green total factor productivity of heterogeneous host countries. The research results show
that the intra-product division of labor mainly promotes the global value chain to climb through economic growth, material capital accumulation, and
FDI technology spillover effects [14-17]. Some
scholars have actively explored the connotation and
influencing factors of green technology. In view of
this, in this paper, we used the 2003-2017 panel data
of 48 countries along the Belt and Road to empirically test the impact of the spillover effect of China's
OFDI on the green value chain of the countries along
the “Belt and Road”.

MATERIALS AND METHODS
Model construction. With reference to Sim
and Feenstra models [12, 13], the following multinational panel data model is constructed:
(1)
In the formula, i represents the country, t represents the year, GVCit is the explained variable, representing the global value chain status index of country i in year t, which is the proxy variable for the rise
of the global green value chain; OFDIit is the core
explanatory variable, representing China's direct investment level in countries along the Belt and Road;
Xit is the control variable, ȝi and Ȗt are the individual
fixed effects and time fixed effects, respectively, and
İit is the random disturbance term.
Variable selection and data description.
(1) Explained variable. Global Green Value Chain
Status Index (GVC). Learning from the practice of
Qing et al. (2018), the three indicators of export technology complexity, industrial height index, and carbon productivity are used for non-dimensional quantification and corresponding weight calculations,
and the totalization of the countries along the Belt
and Road in the global green value chain division of
labor in the location [6, 18]. Among them: the calculation formula of the complexity of export technology refers to Hidalgo and Hausman [17]. Hidalgo
and Hausman eliminated the income information
based on the economic complexity proposed by the
reflection method, which can better explain and predict the technical content of export products. The industry height index is calculated using the ratio of
the sum of a country's industrial value-added and
service industry value-added to the gross domestic
product. Carbon productivity is measured by the ratio of a country's gross production value to total energy consumption.
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TABLE 1
Comparison of GVC indicator values in the Belt and Road countries
Country
Egypt
South Africa
Zambia
Zimbabwe
Mongolia
Iran

2003
0.348
0.464
0.487
0.353
0.219
0.215

2017
0.374
0.439
0.447
0.318
0.178
0.300

GVC2017-GVC2003
0.026
-0.025
-0.040
-0.034
-0.041
0.085

Israel

0.649

0.661

0.011

Jordan
Turkey
Kuwait
Lebanon
Oman
Saudi Arabia
Greece
UAE
India
Pakistan
Bangladesh
Sri Lanka
Kazakhstan

0.488
0.497
0.200
0.480
0.139
0.256
0.506
0.309
0.389
0.338
0.363
0.533
0.338

0.460
0.499
0.195
0.523
0.183
0.369
0.535
0.321
0.416
0.340
0.332
0.540
0.357

-0.028
0.002
-0.005
0.043
0.044
0.112
0.029
0.012
0.027
0.002
-0.031
0.007
0.020

Uzbekistan

0.221

0.183

-0.037

Indonesia
Cambodia
Laos

0.406
0.343
0.471

0.377
0.273
0.456

-0.029
-0.070
-0.015

Country
Malaysia
Philippines
Singapore
Vietnam
Thailand
Belarus
The Russian
Federation
Ukraine
Croatia
Hungary
Lithuania
Latvia
Moldova
Macedonia
Poland
Romania
Czech Republic
Estonia
Albania
Bulgaria
Bosnia and
Herzegovina
Serbia
Slovakia
Slovenia

It can be seen from Table 1 that among the 48
representative countries of the Belt and Road Initiative, 31 countries have achieved an increase in their
position in the global green value chain, accounting
for 64.58% of the total number of countries in the
sample. However, the value chain position of 17
countries has declined, accounting for 35.42% of the
total number of countries in the samples.

2003
0.483
0.483
0.827
0.229
0.513
0.535

2017
0.485
0.514
0.831
0.265
0.527
0.496

GVC2017-GVC2003
0.002
0.031
0.005
0.036
0.015
-0.038

0.474

0.462

-0.012

0.414
0.572
0.636
0.519
0.561
0.424
0.355
0.560
0.444
0.646
0.508
0.320
0.461

0.433
0.593
0.679
0.604
0.614
0.384
0.417
0.571
0.598
0.649
0.538
0.312
0.496

0.019
0.022
0.043
0.085
0.053
-0.040
0.061
0.011
0.154
0.003
0.029
-0.008
0.035

0.456

0.455

-0.001

0.467
0.618
0.678

0.479
0.634
0.666

0.012
0.016
-0.012

(3) Threshold variable. <1> System quality
(INS). Draw lessons use the economic freedom index released by the independent institution Fraser Institute to measure a country's institutional environment. <2> Human capital (HUM). Learning from the
method of Qi and Xu [18-19], a human capital index
calculated based on years of education and rate of
return is used to measure a country's human capital
level. <3> Transportation service (TRANS). Drawing lessons from Francois and Manchin [20], on the
basis of aviation, maritime, railway, highway and
other sub-projects, the principal component analysis
method is used to obtain the traffic service variables.

(2) Core explanatory variable. China's foreign direct investment (OFDI). Considering that
China's OFDI flow data contains a large number of
negative numbers, this article uses China's OFDI
stock data for research. The data are all from the
"China's Foreign Direct Investment Bulletin" over
the years.
It can be seen from Figure 1 that from 2003 to
2018, China's average financial direct investment in
the Belt and Road countries and regions showed an
overall upward trend. In terms of subregions, the top
four countries in terms of average amount of direct
investment are ASEAN 8 countries (3597.16 million
U.S. dollars), Central Asia 2 (1593.19 million U.S.
dollars), East Asia 1 (1592.69 million U.S. dollars),
and the CIS 3 countries (1938.25 million US dollars). The bottom two countries are 4 countries in Africa (USD 23.75 million) and 16 countries in Central
and Eastern Europe (USD 61.17 million). The host
country's market scale, technology, system and cultural differences significantly affect the scale of China's foreign direct investment.

(4) Control variables. <1> The proportion of
FDI in the host country’s GDP (FDI). It is expressed
as the ratio of direct investment attracted by the host
country from non-China to its GDP. <2> Trade
openness. The ratio of total imports to GDP (IM) and
total exports to GDP (EX) of the host country are respectively used to measure.

RESULTS
China actively promotes the construction of
the green “Belt and Road”, which provides an important guarantee for the realization of China’s
OFDI’s green technology spillover. The construction of the green "One Belt One Road" is guided by
the concept of ecological civilization and green development. It adheres to the principles of resource
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conservation and environmental friendliness, improves the green level of policy communication, facility connectivity, unimpeded trade, financial connectivity, and people-to-people connectivity, and integrates ecological and environmental protection, so
that the results of green development can benefit the
people of all countries [13, 21]. Drawing on the
thinking of Hansen [22], if the green invention patent
technology is searched according to keywords in the
Chinese intellectual property patent search data, we
can finally get 624 IPC classifications in China (excluding Hong Kong, Macao and Taiwan regions)
from 2003 to 2018. The number of applications for
green invention patent technologies under Level 3
subjects. As shown in Figure 2, the total number of

applications for green invention patents in China
rose from 3570 in 2003 to 126, 900 in 2018, with an
average growth rate of 26.88%. Most of China's investment entities in the areas along the Belt and
Road are well-qualified large and medium-sized
state-owned enterprises, which have a strong sense
of social responsibility and environmental protection
awareness, and have relatively advanced pollution
control technologies and equipment. Therefore, under the background that the current “dual loop” value
chain system with China as the hub has been initially
formed, China’s OFDI based on the concept of environmentally sustainable development has significant
positive green technology spillovers to countries
along the Belt and Road.

Investment amount/One million U.S. dollars

14000.00
4 Countries in Africa

12000.00

1 Country in East Asia
10 Countries in West Asia

10000.00
8000.00

4 Countries in South Asia
2 Countries in Central Asia
8 Countries in ASEAN

6000.00

The three countries of the CIS

4000.00
2000.00
0.00
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Year

Number of green patent applications/pieces

FIGURE 1
The average amount of China's direct investment in the Belt and Road region
140000
120000
100000
80000
60000
40000
20000
0

Year
FIGURE 2
The track of the number of green applications in China from 2003 to 2018
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TABLE 2
The impact of China's OFDI on the rise of global green value chains in countries along the Belt and Road
Variable

I
II
III
IV
V
0.0075
/
0.0124*
/
0.0134*
LnOFDI
(1.177)
/
(1.746)
/
(1.745)
/
-0.0006**
/
-0.0005*
-0.0004*
FDI
/
(-2.158)
/
(-1.916)
(-1.721)
/
/
0.0014**
0.0011
0.0012*
EX
/
/
(2.256)
(1.554)
(1.792)
/
/
-0.0018**
-0.0013
-0.0013
IM
/
/
(-2.224)
(-1.436)
(-1.431)
-0.1753***
-0.1486***
-0.2437***
-0.1631**
-0.2551***
Constant
(-4.628)
(-4.796)
(-3.497)
(-2.585)
(-3.435)
R2
0.728
0.721
0.758
0.743
0.761
Number of samples
720
720
720
720
720
Notes: ***, **, * indicate significant at the level of 1%, 5%, and 10%, respectively. The t statistic is in brackets.

TABLE 3
Regression result of threshold model
Variable
I
II
III
,16
0.0023(0.284)
/
/
INS˚6.7782
0.0068***(4.579˅
/
/
+80
/
0.0409***(5.617)
/
HUM˚1.6615
/
0.0031(0.457)
/
75$
/
/
0.0257***(3.295)
TRA˚3.7812
/
/
0.0156**(2.256)
***
-0.0014*(-1.785)
-0.0005*(-1.697)
FDI
-0.0025 (-3.001)
**
***
EX
0.0015 (2.184)
0.0051 (5.582)
-0.0022(-1.387)
IM
-0.0002(-0.075)
-0.0056***(-6.453)
0.0037**(2.275)
Constant term
-0.1587*(-1.759)
-0.2485***(-2.967)
-0.287(-1.068)
2
R
0.302
0.411
0.353
Number of samples
720
720
720
Notes: ***, **, * indicate significant at the level of 1%, 5%, and 10%, respectively. The t statistic is in brackets.

research of Hansen [22], taking the threshold regression model of the two-zone system as an example,
and selecting system quality, human capital accumulation, and transportation service level as the threshold variables, we constructed a panel of China's
OFDI and the host country's global green value chain
climbing threshold measurement model [23]:

Benchmark regression analysis: Does China's OFDI promote the global green value chain
of countries along the Belt and Road? As shown
in Table 2, when the control variables are not included in column I, China's OFDI has a positive effect on the rise of the countries along the Belt and
Road in the global green value chain, but it is not
significant. In column II, when the control variables
are not considered, the non-Chinese investment attracted by countries along the Belt and Road has produced a certain negative hindrance to the growth of
the country's global green value chain. Columns III
and IV are the results after adding the control variables, and column V is the results of adding Chinese
investment and non-Chinese investment at the same
time. The benchmark regression results show that
China's OFDI has a positive role in promoting the
global green value chain of countries along the Belt
and Road.

(2)
Among them, I(·) is the threshold indicator
function, Thr is the threshold variable, ĳ is the specific threshold value, and the other variables have the
same meaning as above. As shown in Table 3, Model
I, Model II, and Model III respectively represent how
China's foreign direct investment affects the rise of
global green value chains in countries along the Belt
and Road when institutional quality, human capital,
and transportation services are used as threshold
variables.
It can be found from Table 3 that when the
quality of the system is used as the threshold variable, and when the quality of the host country's system is below the threshold (6.7782), the global green
value chain of the countries along the OFDI Belt and

Panel threshold analysis: The non-linear relationship between China's OFDI and the global
green value chain of countries along the Belt and
Road under the background of the host country's
system quality, human capital accumulation, and
transportation service heterogeneity. Based on the
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Road in China has a positive effect, but it is not significant. However, when the institutional quality of
the host country crossed the threshold (6.7782), China's OFDI significantly improved the position of the
countries along the Belt and Road in the global green
value chain. When human capital is the threshold
variable, and when the human capital index is lower
than the threshold (1.6615), China's OFDI significantly promotes the host country's position in the
global green value chain [15, 24]. However, when
the human capital index crosses the threshold
(1.6615), the coefficient is positive, but not significant. This may be because when the host country's
human capital has accumulated to a certain level, it
has strong independent innovation and research and
development capabilities, which has led to the gradual weakening of the green technology spillover effect of China's OFDI. One possible reason for the
failure to pass the threshold test when the transportation service is the threshold variable is that the
transportation infrastructure of the countries along
the Belt and Road is relatively backward and the
quality of transportation services is not very
different.
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DESIGN OF A NOVEL RURAL CHARACTERISTIC
TOURISM ENVIRONMENTAL MONITORING SYSTEM
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sumers and farmhouse businesses [2-3]. With the increase in the number of tourists, rural tourist attractions are facing great ecological pressure and environmental pressure. The existing environmental
monitoring system cannot meet the environmental
monitoring requirements of rural tourist attractions.
Therefore, it is necessary to carry out the research of
the design method of rural characteristic tourism environmental monitoring system [4].
Literature [5] proposes an environmental monitoring system design method based on ZigBee technology. This method constitutes the overall architecture of the environmental monitoring network
through the monitoring application layer, data transmission convergence layer, and sensor network
layer. They use the ZigBee technology to construct a
sensor network, including collection terminals and
the router. Finally, they realize the data wireless
transmission and data collection function through the
collection terminal and use the router to realize the
data forwarding function between the coordinator
and the collection terminal. The system designed by
this method has a long communication time and the
problem of long response time. Literature [6] proposes a mobile-based environmental detection system design method. This method uses sensors and
single-chip microcomputers to collect environmental data. The collected environmental data is transmitted to the client through a wireless WiFi module
to achieve environmental detection. The system designed by this method has poor safety. Literature [7]
proposed a design method of environmental monitoring system based on WIA-PA environmental parameters. This method collects information through
STM8 and uses it as a controller, combining WIAPA protocol and periodic data transmission mechanism to transmit the collected data to the system in
the upper computer to realize environmental monitoring. This method takes a long time to transmit
data, and there is a problem of long response time.
Although the above methods have achieved
certain research results, there are still many problems
that cannot be ignored for the current development
of rural characteristic tourism. In order to solve the
shortcomings of the above methods, a rural characteristic tourism environmental monitoring system
under the theme experience perspective is proposed.

ABSTRACT
The monitoring data of rural characteristic tourism environment takes a long time and has low safety
factor. Problems of long response time and poor
safety exist in the data monitoring. Therefore, the design method of rural characteristic tourism environmental monitoring system from the theme experience perspective is proposed. The multi-sensor system and RFID system constitute the overall hardware structure of the rural characteristic tourism environmental monitoring system. The wireless sensor
network structure and sensor nodes constitute a
multi-sensor system. The RFID system is composed
of RFID electronic tags and RFID readers. The database management system and the incident emergency system are used to realize the operation of the
rural characteristic tourism environmental monitoring system and complete the monitoring of the rural
characteristic tourism environment. The experimental results show that the method in this paper has
a short response time and high security in the monitoring of rural characteristic tourism environment,
which improves the system's environmental monitoring security.

KEYWORDS:
Theme experience perspective, Rural characteristic tourism, Environmental monitoring system, RFID electronic
tag, RFID reader

INTRODUCTION
Under the background of the continuous adjustment of the tourism system, people will gradually introduce leisure tourism into their lifestyle [1], especially the introduction of rural characteristic tourism
theme experience. Nowadays, tourism business has
become the support of tourism development. The
tourism service industry, farmhouse and tourism ecommerce are combined to launch the corresponding
farmhouse businesses services under the demand of
consumers and develop related service items for consumers to achieve a win-win situation between con-
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FIGURE 1
The hardware structure of the rural characteristic tourism environmental monitoring system.

The design method consists of a multi-sensor system
and an RFID system to form the system hardware
and realizes the environmental monitoring of rural
tourist attractions based on the database management
system and the accident emergency system.

structures with good reparability and good expansion
performance and low energy consumption.
In rural scenic spots, the monitoring range is relatively wide, and the communication range and the
number of nodes are limited. Nodes need to be deployed in remote scenic spots and key areas of scenic
spots. Therefore, the design method of the rural characteristic tourism environmental monitoring system
from the theme experience perspective chooses the
cluster structure type to arrange the nodes in the scenic environmental monitoring system [9].

MATERIALS AND METHODS
The multi-sensor system and the RFID system
constitute the hardware part of the rural characteristic tourism environmental monitoring system. The
collection of rural characteristic tourism environment data is realized through the above two systems.
The collected data usually includes scenic wind data,
tourist location data, and humidity data information
and temperature information. The hardware results
of the rural characteristic tourism environmental
monitoring system are shown in Figure 1.
Multi-sensor system design. Multi-sensor network describes a network system composed of multiple sensor nodes in certain specific areas according
to certain coverage requirements. In a distributed environment, a multi-sensor system connects different
types of sensors, collects and transmits data information to the computer management terminal in real
time and accurately through signals, and manages
and controls sensor networks and facilities through
the management terminal [8]. From the theme experience perspective, the design method of rural characteristic tourism environmental monitoring system
uses sensor devices to collect data such as wind
speed, humidity and temperature, and builds a wireless sensor network based on ZigBee technology to
realize the transmission of information and data.

Sensor node design. Sensor nodes usually consist of power modules, processors, ZigBee transceivers, and sensors. The processor is divided into two
parts, namely the memory and the micro control unit.
The main purpose of the memory is to store routing
information and sensor information. The main purpose of the micro control unit is to process management control information and data collected by the
sensor [10]. The main purpose is to collect various
sensor information in the designated area. The main
purpose of the ZigBee transceiver is to realize the
wireless transmission and reception of data and information. All sensor nodes communicate through
wireless communication modules.
RFID system design. RFID systems usually
consist of electronic tags and readers. When electronic data with a certain format is stored in the label,
the electronic tag is usually used as the landmark information. On the basis of the communication protocol, electronic tags and readers can realize data transmission [11]. The reader transmits data collection
commands in a contactless manner. According to the
communication protocol, the electronic tag parses
the commands and transmits the execution data in
the memory to the reader of the system.
The RFID system has a monitoring effect on cultural
relics information and tourists and can work in harsh
environments and geology. It has the following advantages:

Wireless sensor network structure. ZigBee
technology has a mesh topology, a cluster topology,
and a star topology. Among them, the mesh topology
has higher energy consumption and high reliability.
The star topology is simple to deploy and consumes
less energy but has poor ductility. The clustered
structure combines the advantages of the above two
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Easy to read. The cultural relic positioning
chip data and electronic tickets can be read without
contacting the card reader. The card reader can read
and process multiple chips in rural characteristic
tourist attractions at the same time.

attractions, tourist concentrated areas, tourist must
pass intersections, and popular attractions in small
areas to ensure these card readers do not interfere
with each other in the active area, and the card reader
sets the cycle time of the card reader through the
reading mode of timing polling.
Using RFID as an electronic ticket, when visitors pass a specific area, the RFID reader reads the
electronic ticket information within the sensing
range, and the collected data is integrated and analyzed in the data processing center.
The RFID chip is attached to the historical relics, and the closer RFID reader obtains the information of the historical relics. When items in scenic
spots move illegally, the RFID card reader sends the
current location information of the items to the data
processing center of the system to facilitate the recovery of lost items.

Dynamic real-time communication. The
RFID electronic chip and the card reader realize data
communication of the monitoring system at a frequency of 50-100 times per second. The electronic
chip enters the effective identification range to monitor and locate the actual location of the identified
item [12].
Environmental protection and cost advantages. The carrier of data information can use
electronic chips and use specific reading equipment
to realize unmanned ticket identification in key areas
of the scenic spot, reducing labor costs and saving
resources. Compared with ordinary tickets, the production cost of RFID electronic tickets is higher, but
the recycling method and longer service life of RFID
electronic tickets can bring more benefits. The material of traditional tickets is usually paper. The wood
consumption and printing costs in the production
process are high. Electronic tickets can be used multiple times, which can protect the ecological environment and reduce the demand for natural resources.

RFID electronic tags. The coding information
corresponding to the identification items is the main
function of the RFID electronic tag in the monitoring
system. Compared with the barcode, the RFID electronic tag is read in a different way. The data information existing in the electronic tag can be transmitted under external force or automatically prompted
to go out [13]. There are antenna circuits, controllers,
storage media, and magnetic field induction coils in
electronic tags. According to classification standards, electronic tags can be divided into the following types:

High safety and reliability. Compared with
traditional tickets, RFID e-tickets are more secure
and reliable. Traditional tickets are usually one-dimensional and have poor security during the use.
Due to operational errors and equipment failures,
barcodes are being produced. The problem of wrong
tickets is prone to appear in the ticketing process.
RFID electronic chips have high sealing properties
and are produced according to industrial processes.
They have great advantages in dust, moisture, and
water resistance, and the data is encrypted in the chip
with high security.
The workflow of the RFID system in actual application is shown in Figure 2.
Divide rural scenic spots to obtain several independent small areas. Set up RFID readers at key locations such as historical cultural relics concentrated

Passive and active tags. Electronic tags can be
divided into two categories according to different
power supply methods, namely passive tags and active tags. The way for an active tag to obtain power
is to embed a battery inside the tag. Because the active tag has a long transmission distance, sufficient
power, strong signal and high circuit stability [1415]. However, the battery power of the active tag is
limited, the production cost is high, and the tag is
large in size. The signal transmission distance is continuously shortened as the power of the electronic tag
decreases, which will affect the normal operation of
the rural characteristic tourism environmental monitoring system.

Cultural relics

E-ticket

Electronic chip

Store data information

FIGURE 2
RFID system workflow.

10899

Database
Data analysis and
display

Tourist

Card reader

Fresenius Environmental Bulletin

computer

© by PSP

Volume 29 – No. 12/2020 pages 10897-10904

Fresenius Environmental Bulletin

Passive tags need to be read with the support of
external energy because there is no battery inside.
Antennas and coils are commonly used in passive
tags. The antenna is the main way for passive tags to
receive electromagnetic waves in the working area.
The circuits in the system are integrated according to
the magnitude of the induced current to obtain the
energy required for operation. Compared with active
tags, passive tags have a long service life and low
cost of production. The signal is limited by the current and the short data reading distance is the main
disadvantage of passive tags.
The working distance is also called the reading
distance, which is an important performance index
used to reflect the longest distance that the reader can
communicate with the electronic tag stably and reliably. In the actual operation of the rural characteristic tourism environmental monitoring system, the
operating distance varies greatly, which is mainly
determined by factors such as cost budget and application requirements.

order, and the reader controls the sending and receiving of the data stream according to the obtained additional information.
Designing the reader of the monitoring system
based on the electronic tag is the core of the radio
frequency identification technology. Although the
price of the reader is higher than the price of the electronic tag, the number of electronic tags is larger in
practical applications, so the number of readers used
is smaller.
The reader uses an antenna to send radio frequency signals in the work area, activates the electronic chip, and generates induced current, and then
uses the antenna in the chip to transmit the acquired
coded information to other modules of the monitoring system. The reader antenna transmits the tag antenna. The carrier information is transmitted to the
reader, and the reader transmits the decoded and demodulated signal to the server and makes relevant
reflections.

Read and write tags and read-only tags.
There are two kinds of media inside the read-only
tag. The manufacturer can write the identifying information of the electronic tag and the descriptive information of the system in the process of producing
the tag, and the user can also write the information
according to their own needs [2, 16]. The main purpose of the system is to store the temporary data information existing in the transmission process. In addition to the random-access memory and the readonly memory, the read-only tag also has a buffer
memory, and the main purpose is to store the information to be sent in the system.
The readable and writable tag includes inactive
programmable memory and all the memories used
by the read-only tag. Programmable memory has information storage function and information repeated
writing function in the monitoring system. Tourists
can also use electronic tags as tickets for scenic
spots, which is convenient to carry and use. Electronic tags can be placed on items in scenic spots to
have an identification function.

RESULTS
Database Management System. Design of
database management system. The main task of
the rural characteristic tourism environmental monitoring system is to count and process the data stored
in the database and display the processed data to users in the form of reports, images and text. Users can
query the original data in the tourism environmental
monitoring system to help users understand the characteristics of rural tourism. Users can realize remote
control through the control module existing in the rural characteristic tourism environmental monitoring
system.
Understand the overall trend and specific conditions of rural tourism through the following three
aspects:
Data query. In the rural characteristic tourism
environmental monitoring system, users can query
by year, month, parameter, and site. They can count
the original data according to time and date, and use
different colors to display the data according to grade
standard values and thresholds.

RFID reader. The design of the reader varies
greatly depending on the actual system function and
the type of electronic chip. The most basic function
of the reader in the rural characteristic tourism environmental monitoring system is to read information.
In addition, the reader also has functions such as signal state control and error checking. The electronic
chip needs to store error checking information, specific additional data and transmission information in
the rural characteristic tourism environmental monitoring system [17-19]. The additional information
and valid data information are sent to the outside according to a certain arrangement order and structural

Report printing. Design print and preview
functions in the rural characteristic tourism environmental monitoring system, process the data query
structure, and retain the content in the form.
Graphic display of data. In the form of bar
graphs and graphs, statistics of rural characteristic
tourism data are carried out according to the user's
query conditions. Users can monitor the information
of rural characteristic tourism in the report module
and understand the rural characteristic tourism environment.
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Data processing and release. Data collection
is to input the data collected from the outside of the
rural characteristic tourism environmental monitoring system into the inside of the environmental monitoring system [20]. Each monitoring station conducts data collection and automatic monitoring in the
rural characteristic tourism environmental monitoring system and uses the communication network to
transmit the collected information to the monitoring
center database server.
Use the control module to monitor the central
database server to set the working status and working
parameters of the communication equipment and acquisition equipment. The control module is divided
into five parts, namely, immediate sampling setting,
threshold setting, sending cycle setting, standard
value setting, and sampling time interval setting.
The working process of the control module in
the rural characteristic tourism environmental monitoring system is shown in Figure 3.
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management functions of the administrator in the rural characteristic tourism environmental monitoring
system. Among them, personal information, new users, user management, and password modification
provide management functions in the environmental
monitoring system. According to the user login environmental monitoring system, the user's login
time, IP and login name information are obtained
and recorded in the user log table. The administrator
can manage users on the basis of IP address and
username, such as adding users to a blacklist or removing them user.
Users need to verify personal information before they can enter the database. The user needs to
register with the real-name system in the rural characteristic tourism environmental monitoring system
to verify the identity, and the database administrator
transmits the verification information to the registered mailbox.
Incident Response System. The emergency
system is a bridge between various parts in the rural
characteristic tourism environmental monitoring
system and has the monitoring and forecasting function in the monitoring system.
The emergency system is guaranteed by the geographic information system GIS technology. During the emergency rescue process, the geographic information system can provide electronic maps,
which can visually, quickly, and easily display the
environmental information of the accident site. The
emergency system can provide relevant information
in the rescue and investigation after the incident [21].
The GIS system can graphically display information
to users in the environmental monitoring system, reducing the workload. The GIS system also has the
functions of report output, data statistics and information query. The above-mentioned data can be
shared among different departments through the network. The report information and data obtained by
analyzing GIS technology provide relevant data support for decision-making and avoid accidents in rural
scenic spots.
The incident emergency system is mainly divided into two parts: the foreground and the background. The user operates the background in the
foreground, which is the interface for data display,
analysis, and management. The main purpose of the
background is to collect the data collected by the GIS
system and process it. After analyzing the data, the
processed results are transmitted to the front end of
the system in the form of reports and data.
The emergency system is divided into five subsystems, namely decision support, monitoring and
early warning, post-disaster assessment, emergency
command, and emergency on-site handling. The rural characteristic tourism environment can be monitored and early warning. After an accident, the emergency system can analyze data in databases such as
emergency sources, pollution source information,

Start

Setting parameters
N
Verify success
Y
Write the verified control
signal to the database
Transfer control signals to on-site data
acquisition equipment
N
Whether the device
is subject to control
signals
Y
The device responds and modifies
the response parameters
Feedback on the revised results

End

FIGURE 3
Control module workflow.
Database management. In order to ensure the
security of the database in the rural characteristic
tourism environmental monitoring system, a management module is designed to manage and set the
user authority of the rural characteristic tourism environmental monitoring system. The management
module includes five parts: system log, new users,
personal information, user management, and password modification, to realize the maintenance and
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expert knowledge bases, geographic information,
etc., and provide command and dispatch plans based
on the analysis results, and respond to incidents later
to carry out assessment and formulate disposal
measures.
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vironmental detection system based on mobile terminal in literature [6] are used for testing. The response time of different methods is compared, and
the test result is shown in Figure 4.
Analysis of the data in Figure 4 shows that
when the method in this paper is tested, the response
time in multiple iterations is less than 0.3s. If the
method of literature [5] is used for testing, the response time obtained in multiple iterations is 0.5s
with some fluctuations and if the method of literature
[6] is used for testing, the response time obtained in
multiple iterations fluctuates around 0.6s. Comparing the test results of the method in this article, the
method in literature [5] and the method in literature
[6], it can be seen that the response time of the
method in this article is the shortest. This is because
that the method in this paper uses the frequency of
50-100 times per second RFID electronic chip and
card reader to realize the monitoring system data
communication which improves the response time of
the system.

Results analysis. In order to verify the overall
effectiveness of the design method of the rural characteristic tourism environmental monitoring system
under the theme experience perspective, it is necessary to test the design method of the rural characteristic tourism environmental monitoring system under the theme experience perspective. The hardware
environment of this test is hard disk: 500GB,
memory: 5GB, CPU: Intel i5-2310. The software environment is the operating system: windows7.
The design method of rural characteristic tourism environmental monitoring system from theme
experience perspective, the design method of environmental monitoring system based on ZigBee technology in literature [5] and the design method of en1.0

The method of this paper
The method of reference [5]
The method of reference [6]
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FIGURE 4
Response time of different methods.
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Safety factors of different methods.
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[2] 6WHIăQLFD0DQG%XWQDUX*  5HVHDUFK
on Tourists' Perception of the Relationship between Tourism and Environment. Procedia Economics & Finance. 20, 595-600.
[3] Kilipiris, F. and Zardava, S. (2012) Developing
Sustainable Tourism in a Changing Environment: Issues for the Tourism Enterprises (Travel
Agencies and Hospitality Enterprises). Procedia
- Social and Behavioral Sciences. 44, 44-52.
[4] Lange, G. (2015) Tourism in Zanzibar: Incentives for Sustainable Management of the Coastal
Environment. Ecosystem Services. 11, 5-11.
[5] Amelung, B., Student, J., Nicholls, S., Lamers,
M., Baggio, R., Boavida-Portugal, I., Johnson,
P., Jong, E., Hofstede, G., Pons, M., Steiger, R.,
and Balbi, S. (2016) The Value of Agent-Based
Modelling for Assessing Tourism–Environment
Interactions in the Anthropocene. Current Opinion in Environmental Sustainability. 23, 46-53.
[6] Novas, N., Gázquez, J., Maclennan, J., García,
R., Ros, M., Manzano-Agugliario, F. (2016) A
Real-Time Underground Environment Monitoring System for Sustainable Tourism of Caves.
Journal of Cleaner Production. 142(4), 27072721.
[7] Yang, X., Dong, L., and Li, C. (2019) Microclimate Tourism and Microclimate Tourism Security and Safety in China. Tourism Management.
74, 110-133.
[8] Randelli, F. and Martellozzo, F. (2019) Is Rural
Tourism-Induced Built-Up Growth a Threat for
the Sustainability of Rural Areas? The Case
Study of Tuscany. Land Use Policy. 86, 387398.
[9] Carson, D. and Carson, D. (2017) International
Lifestyle Immigrants and their Contributions To
Rural Tourism Innovation: Experiences from
Sweden's Far North. Journal of Rural Studies.
64, 230-240.
[10] Fatimah, T. (2015) The Impacts of Rural Tourism Initiatives on Cultural Landscape Sustainability in Borobudur Area. Procedia Environmental Sciences. 28, 567-577.
[11] Blancas, F., Lozano-Oyola, M., González, M.,
Guerrero, F., and Caballero, R. (2011) How to
Use Sustainability Indicators for Tourism Planning: The Case of Rural Tourism in Andalusia
(Spain). Science of the Total Environment. 412,
28-45.
[12] Akadiri, S., Alola, A., and Akadiri, A. (2019)
The Role of Globalization, Real Income, Tourism in Environmental Sustainability Target. Evidence from Turkey. Science of the Total Environment. 687, 423-432.
[13] Ning, B. and He, Y. (2007) Tourism Development and Water Pollution: Case Study in Lijiang
Ancient Town. China Population, Resources
and Environment. 17(5), 123-127.

Set the safety factor a to take a value in the interval [0,1]. The higher the safety factor, the better
the safety of the system. The safety factors of the
method in this paper, the method in literature [5] and
the method in literature [6] are shown in Figure 5.
From the data in Figure 5, it can be seen that
the safety factor obtained in multiple iterations of the
method in this paper is higher than that obtained in
the method of literature [5] and the method of literature [6] in multiple iterations. The management module in this article includes five parts: system log, new
user, personal information, user management and
password modification, which improves the safety
factor of the system. The higher the safety factor, the
better the safety of the system, which verifies the
overall effectiveness of the method in this article.

DISCUSSION AND CONCLUSIONS
The tourism environment is an important indicator for the development of rural characteristic tourist attractions. Efficient and real-time monitoring of
the rural characteristic tourist environment has become a necessary means to ensure the property and
personal safety of tourists and protect the natural environment of the scenic area. With the continuous
popularization and maturity of network technology
and computer technology, which has promoted the
rapid development of the tourism industry. Environmental issues have become an important issue in the
development of rural characteristic tourism. It is necessary to design a rural characteristic tourism environmental supervision system. The current tourism
environmental monitoring system design method has
the problems of long response time and poor security.
The design method of the rural characteristic
tourism environmental monitoring system from the
theme experience perspective is proposed, which
shortens the time used for data communication, and
designs the management module to improve the security of the system. This study laid a foundation for
the development of the rural characteristic tourism
environmental monitoring system.

ACKNOWLEDGEMENTS
The authors would like to show sincere thanks
to those persons who have contributed to this research and all the authors of the references.

REFERENCES
[1] Zhang, S. and Liu, X. (2019) The Roles of International Tourism and Renewable Energy in Environment: New Evidence from Asian Countries. Renewable Energy. 139, 385-394.

10903

© by PSP

Volume 29 – No. 12/2020 pages 10897-10904

[14] Yao, H. and Liu, B. (2020) Study on the Problems of Rural Tourism Eco-Environment and its
Countermeasures. Fresen. Environ. Bull. 29(3),
1489-1492.
[15] Dickinson, J., Filimonau, V., Cherrett, T., Davies, N., Hibbert, J., Norgate, S., and Speed, C.
(2018) Lift-Share Using Mobile Apps in Tourism: The Role of Trust, Sense of Community
and Existing Lift-Share Practices. Transportation Research Part D: Transport and Environment. 61, 397-405.
[16] Gedik, S. and Mugan-Ertugral, S. (2019) The
Effects of Marine Tourism on Water Pollution.
Fresen. Environ. Bull. 28(2), 863-866.
[17] Waylen, K., Blackstock, K., Van Hulst, F.,
Damian, C., Horváth, F., and Johnson, R. (2019)
Policy-Driven Monitoring and Evaluation: Does
It Support Adaptive Management of Socio-Ecological Systems? Science of the Total Environment. 662, 373-384.
[18] Repetti, A., Soutter, M., and Musy, A. (2006)
Introducing Smurf: A Software System for
Monitoring Urban Functionalities. Computers
Environment & Urban Systems. 30(5), 686-707.
[19] Atampugre, G., Nursey-Bray, M., and Adade,
R. (2019) Using Geospatial Techniques to Assess Climate Risks in Savannah Agroecological
Systems. Remote Sensing Applications Society
& Environment. 14, 100-107.
[20] Gross, J., Goetz, S., and Cihlar, J. (2009) Application of Remote Sensing to Parks and Protected
Area Monitoring: Introduction to the Special Issue. Remote Sensing of Environment. 113(7),
1343-1345.
[21] Wei, W. and Jiang, H. (2018) Problems on Radiation Environment Monitoring from the Perspective of Environmental Protection and Countermeasures. Chemical Engineering Design
Communications. 44(10), 224.

Received:
Accepted:

28.07.2020
07.09.2020

CORRESPONDING AUTHOR
Xianfeng Chen
Tourism College
Beijing Union University
Beijing 100101 – China
e-mail: 372239470@qq.com

10904

Fresenius Environmental Bulletin

© by PSP

Volume 29 – No. 12/2020 pages 10905-10914

Fresenius Environmental Bulletin

EXPERIMENTAL ANALYSIS ON RESERVOIR
CHARACTERISTICS OF SHIHEZI FORMATION IN SULIGE
GAS FIELD, ORDOS BASIN, CHINA
Zhen Yuan1,*, Haili Yuan2, Beibei Luan3, Yao Ma1, Qicong Wang1, Yanqin Guo1
1

School of Earth Science and Engineering, Shaanxi Key Laboratory of Petroleum Accumulation Geology, Xi‘an Shi You University, Xi’an
710065, China
2
Exploration and Development Research Institute of PetroChina Qinghai Oilfield Company, Dunhuang 736202, China
3
YanChang Oil Field Co.Ltd, Yan’an 710065, China

ABSTRACT
The Sulige Gas Field is the main natural gas development area in the Ordos Basin, and the Permian
Shihezi Formation is the main natural gas producing
zone. It is a typical tight sandstone gas reservoir with
low porosity and permeability which requires artificial fracturing. In order to analyze the reservoir characteristics of the Shihezi Formation and provide reference for the development of natural gas in this section, the petrological characteristics of the reservoir
are analyzed through core casting thin sections, scanning electron microscopes, gas permeability testers,
mercury intrusion testers, etc. Diagenesis, physical
properties, pore structure and seepage characteristics
have been studied in detail. The results show that the
Shihezi Formation reservoir is mainly composed of
quartz sandstone with a high content of quartz, followed by lithic debris, and the sandstone is mostly
medium-coarse and coarse-grained. After sorting
well to sub-prismatic shape, it is regenerative-porous
cementing. The average porosity of the Shihezi Formation sandstone reservoir is 7.2% and the average
permeability is 0.42×10-ȝP 7KH SRURVLW\ LV
mainly distributed between 6~9% (Accounted for
63.1%), and the permeability is mainly distributed
between 0.12~0.4 (Accounted for 58.2%), indicating
that the reservoir is a low porosity and low permeability reservoir. The characteristic parameters of
mercury intrusion reflect the poor reservoir physical
properties in the study area. The large changes in
pore throat size and distribution parameters, indicating that the distribution of pore throats in sandstone
has strong heterogeneity.

KEYWORDS:
Ordos Basin, Sulige Gas Field, Shihezi Formation, petrological characteristics, reservoir physical properties.

INTRODUCTION
The Ordos Basin is located in central China,
spanning the five provinces of Shaanxi, Gansu,

Ningxia, Mongolia and Shanxi (Figure 1). The Mesozoic in the southern part of the basin is rich in oil,
and the Paleozoic in the north-central part is rich in
natural gas. The Sulige super large gas field is located in the Suligemiao area on the west side of the
Jingbian gas field in Changqing. The regional structure belongs to the northwestern part of the northern
Shaanxi slope of the Ordos Basin [1-4]. The administrative area is under the jurisdiction of Wushen
Banner and Otuoke Banner, Inner Mongolia Autonomous Region. The exploration area is About
2×104km2. The surface is mainly desert grasslands,
with a relative elevation difference of about 20m.
The ground elevation is generally 1330~1350m. The
annual average temperature is -ႏa-ႏLQZLQ
WHUDQGႏaႏLQVXPPHU7KH8SSHU3DOHR]RLF
strata develop from bottom to top the Upper Carboniferous Benxi Formation, Lower Permian Taiyuan
Formation, Lower Permian Shanxi Formation, Middle Permian Lower Shihezi Formation, Middle Permian Upper Shihezi Formation, and Upper The Permian Shiqianfeng Formation has a total deposition
thickness of about 700 meters [5-8]. The main gasbearing zones are located in the Shanxi Formation
and the Lower Shihezi Formation. The thickness of
the Lower Shihezi Formation is about 120-160m. It
is a set of fluvial-alluvial plain deposits. It has developed a set of light gray-white gravelly coarse sandstone, medium-coarse sandstone and gray-green
lithic quartz sandstone. The sandstone has developed
cross-bedding. With low shale content, it is a typical
tight sandstone gas reservoir.
The concept of tight gas sandstone first appeared in the United States. As early as 1978, the
United States stipulated in the Natural Gas Policy
Act that gas reservoirs with sandstone reservoirs
with a permeability to natural gas equal to or less
than 0.1×10-ȝP ZHUH GHILQHG DV WLJKW VDQGVWRQH
gas reservoirs [9-10]. The Federal Energy Commission (FERC) also defines tight gas sandstone as
sandstone with an air permeability of less than
0.1×10-ȝP7KHWLJKWVDQGVWRQHJDVUHVHUYRLUVLQ
China have a wide range of distribution areas, diverse types and great potential. Sichuan, Ordos,
Qaidam, Songliao, Bohai Bay, Tarim, Junggar and
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Tuha basins have favorable geological conditions for
the formation of tight sandstone gas reservoirs with
prospective resources around 20×1012 ̚
100×1012m3. The natural gas output of tight sandstone gas reservoirs accounts for about 1/5 of China's
total annual natural gas output, and it has become an
important part of natural gas supply.
Due to the low porosity and low permeability
of tight sandstone reservoirs, this type of gas reservoir generally has the following characteristics: gas

Fresenius Environmental Bulletin

reservoirs are gently structured and deeply buried.
The tight gas reservoirs have strong heterogeneity
and unstable lithology [11-13]. The tight and low lithology Porosity and secondary pore dissolution are
relatively developed. These reservoirs have high water saturation, high irreducible water saturation, low
resistivity, low sediment maturity, high diagenetic
maturity, high capillary pressure. Therefore, starting
from the geological genesis of the reservoir,

FIGURE 1
Structural division map of the Ordos Basin.
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FIGURE 2
Structural diagram of gas permeability tester.
analyzing the formation process of tight sandstone
gas reservoirs and grasping the genesis and distribution of the reservoir are of great significance to natural gas exploration. In this paper, observations by
ordinary rock thin slices, cast thin slices and scanning electron microscopes, combined with mercury
injection curve analysis, X-ray diffraction analysis
are used to analyze and determine the porosity and
permeability to further understand petrological characteristics, physical characteristics, and diagenesis
characteristics of the reservoir, which provides a basis for the evaluation and prediction of favorable reservoirs.

݇ =

ଶொమ ఓబ
൫భమ ିమమ ൯

× 10ିଵ

(1)

In the formula, kg-JDV SHUPHDELOLW\ ȝP 4-The
gas flow rate at the outlet end of the core, ml/s; Lcore length, cm; A-The constant cross-sectional area
of the core, cm2; P0-atmospheric pressure (absolute), MPa; P1-Absolute pressure at the entrance of
the core, MPa; P2-Absolute pressure at the outlet end
oI WKH FRUH 03D ȝ-The gas viscosity at experimental temperature and atmospheric pressure,
mPa·s.

RESULTS
MATERIALS AND METHODS
Experimental equipment and materials. Several
drilling cores for reservoirs of Shihezi Formation in
Sulige Gas Field, Ordos Basin; QTS-2 gas permeability tester of Haian County Petroleum Scientific
Research Instrument Co., Ltd. (Figure 2); core
holder, kerosene, beaker, Ningbo ring test equipment
Co., Ltd. soap film flowmeter; Shenzhen Lidaxin Instrument Co., Ltd. Bettersize2000 laser particle size
distribution analyzer; Dongguan Sanben precision
instrument Sigam300 scanning electron microscope;
American Mike Instruments AutoPore VI 9510 mercury intrusion tester, etc.
Experimental method. By observing the core
and thin slices, collecting physical property data, recording the composition, composition ratio and pore
type, pore combination and structure of the clastic
particles, studying the type, combination and degree
of diagenesis, analyzing the pore evolution process
and box gas, the relationship between reservoir physical properties, diagenesis and heterogeneity can be
derived.
The calculated gas permeability is shown in the
following formula [5, 14]:

Petrological characteristics. The petrological
characteristics of the reservoir refer to the rock clastic composition, the type and content of interstitial
materials, the way of cementation and arrangement
of particles, rounding, sorting, etc. They often determine the physical properties of the reservoir [15].
Therefore, the petrological characteristics of the reservoir determine the diagenesis, porosity, permeability, pore structure, and throat type of the reservoir,
which are the basis for the study of reservoir physical
properties.
Classification and naming of reservoir
rocks. The rock types in the study area are determined according to the content of the miscellaneous
base, and the 15% of the miscellaneous base content
can be divided into sandstone and miscellaneous
sandstone. According to the thin section analysis of
the reservoir rocks in the study area, the content of
miscellaneous bases is low, and sandstone is the
main component, followed by miscellaneous sandstone.
Analysis of the Shihezi Formation sandstone
thin slices in the study area obtained the content of
quartz, feldspar and lithic debris (Table 1). The main
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sandstones developed in the study area can be divided into quartz sandstone, lithic quartz sandstone
and lithic sandstone. Quartz sandstone and quartz
sandstone are relatively developed, and lithic sandstone is rare.
Quartz sandstone. The content of quartz is extremely high, the content of cuttings is low, and there
is no feldspar. The quartz content is 90%-98.8%,
with an average of 92.2%, and the cuttings content is
1.2%-10%, with an average of 7.8%. The cuttings
are mainly metamorphic rock cuttings (0%~10%,
average 6.3%), a small amount of magmatic rock
cuttings (0%~3.6%, average 0.8%) and sedimentary
rock cuttings (0%~5%, average 0.1%). The detritus
is well sorted, sub-edge-sub-round. Q/(F+R) is between 9 and 85, with an average of 13.8, and the ingredients are mature.
Detrital quartz sandstone. It is dominated by
quartz, with low rock debris content and extremely
low feldspar content. The quartz content is
75%~89.9%, an average of 83%, the feldspar content
is 0%~9.6%, and the lithic content is 6%~25%, with
an average of 17%. The cuttings are mainly metamorphic rock cuttings (3.3%~25%, average 11.6%),
a small amount of magmatic rock cuttings (0%-9%,
average 0.6%) and sedimentary rock cuttings (0%9%, average 0.6%). Debris sorting is good, sub-angular-sub-round. Q/(F+R) is between 3 and 8.9, with
an average of 5.3, and the ingredient maturity is medium-high.
Detrital sandstone. The content of quartz is
high, the content of cuttings is low, and the content

Type of
rocks
Quartz
sandstone
Detrital
quartz
sandstone
Detrital
sandstone
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of feldspar is extremely low. The quartz content is
40% to 74.7%, with an average of 65.1%, the feldspar content is 0% to 2.6%, with an average of 0.1%,
and the rock debris content is 24.6% to 60%, with an
average of 34.9%. The cuttings are mainly metamorphic rock cuttings (5%~55%, average 23.1%), followed by magmatic rock cuttings (0%-25%, average
5.6%) and sedimentary rock cuttings (0%~35%, average 2.4%). Detritus sorting is poor-medium, angular-sub-angular. Q/(F+R) is between 0.7 and 3.7,
with an average of 2.1, and the ingredient maturity is
low.
Characteristics of rock composition. Statistics from 48 thin sections show that the mineral composition of the reservoir rocks in the study area is
dominated by quartz (69.5%), followed by cuttings
(16.1%), the content of feldspar is low (0.04%), and
the average interstitial content is 14.3 %. The quartz
content of the strata gradually increases from bottom
to top, while the content of cuttings continues to decrease, and the content of interstitial materials does
not change much [16-17].
Further analysis showed that the rock debris of
the reservoir in the study area is dominated by metamorphic rock debris (11.0%), followed by igneous
rock debris (2.9%), and the content of sedimentary
rock debris is low (0.04%). Among them, igneous
rock debris is dominated by eruptive rocks, while
granite debris is rare (Figure 3). Therefore, the low
content of feldspar in the rock composition of the
study area is closely related to the type of parent
rock.

TABLE 1
Contents of various sandstone clastic components in Shihezi Formation reservoirs
Q
F
R
Content
Feld- Sedimen- Mag- Metamor- Other
(%)
Quartz Flint Total
Total
spar tary rock matic phic rock cuttings
Maximum 96.5 5.8 98.8 0.0
5.0
3.6
10.0
6.0
10.0
Minimum 84.8 0.0 90.0 0.0
0.0
0.0
0.0
0.0
1.2
Average 90.9 1.4 92.2 0.0
0.1
0.8
6.3
0.5
7.8
Maximum 89.9 15.4 89.9 9.6
9.0
14.0
25.0
11.8
25.0
Minimum 65.4 0.0 75.0 0.0
0.0
0.0
3.3
0.0
6.0
Average 81.3 1.7 83.0 0.0
0.6
2.5
11.6
2.3
17.0
Maximum 73.3 11.0 74.7 2.6
35.0
25.0
55.0
19.2
60.0
Minimum 40.0 0.0 40.0 0.0
0.0
0.0
5.0
0.0
24.6
Average 63.2 1.8 65.1 0.1
2.4
5.6
23.1
3.7
34.9
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/(F+R)
85.0
9.0
13.8
8.9
3.0
5.3
3.7
0.7
2.1
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FIGURE 3
SEM photo of the sandstone in the Shihezi Formation of Sulige Gas.
Notes: a. Fine-grained lithic complex sandstone with high mica content, mainly for normal complex filling with sericitization; b. Fine-grained quartz sandstone; c. Fine-grained quartz sandstone, visible muscovite, vein quartz, flint, pyrite; d. Granulite quartz sandstone, vein quartz development, visible biotite, local chlorite, siliceous Stronger cementation).

Characteristics of particle composition. The
sandstone components of the Shihezi Formation include quartz, cuttings and feldspar. Quartz is the
mian component (40%-98.8%, average 80.6%), followed by cuttings (1.2%-60%, average 19.4%), feldspar content is very low (0%~9.6%). The cuttings are
mainly metamorphic rock cuttings (0%~55%, average 1.33%) (quartzite and phyllite, followed by
schist, slate and metamorphic sandstone), a small
amount of magmatic rock cuttings (0%~25%, An average of 2.9%), sedimentary rock debris (0% to 35%,
an average of 0.9%) and other debris (calcified clastics, argillaceous clastics and volcanic clastics, accounting for 0% to 19.2%, an average of 2.3%). In
general, the content of quartz and cuttings is relatively high, while the feldspar is extremely low. The
characteristics of the clastic components are as follows [18-20]: ᬅ Quartz: It is composed of single
crystal quartz, polycrystalline quartz and flint.
Monocrystalline quartz is the main component, with
less flint content, mostly from magmatic rocks, and
a few from metamorphic rocks. Polycrystalline
quartz is granite type, gneiss type, metamorphic
quartzite type and schist type. ᬆ Feldspar: The content of feldspar is generally low. Most of them are
potassium feldspar, such as orthoclase, plagioclase
and striped feldspar. The orthoclase is mostly semiautomorphic, with some columnar crystal faces remaining, and it is mostly eroded into kaolinite,

mainly from granite. Microplagioclase mostly comes
from granite and gneiss. Striped feldspar is rare,
mostly normal striped feldspar, mainly from granite
and granite gneiss. The content of plagioclase is not
high, mainly from intermediate-acid magmatic rock
and igneous rock. ᬇ Cuttings: The types of cuttings
in the study area are diverse and their content varies
greatly. Metamorphic rock fragments are the main
ones, followed by intermediate-acid magmatic rocks
and extruded rocks. Sedimentary rock fragments are
generally low in content. Common metamorphic
rock fragments include quartzite, quartz schist, granite gneiss, phyllite, slate, and metamorphic sandstone. Sedimentary rock cuttings are mostly mudstone and siltstone cuttings, and sometimes a small
amount of carbonate rock and siliceous rock cuttings
are seen.
Features of interstitial. The Shihezi Formation sandstone interstitials are mainly clay minerals (hydromica, kaolinite, chlorite), siliceous and
carbonate cements. The Shihezi Formation sandstone is rich in clay minerals, mainly illite and kaolinite. Siliceous cement is a ubiquitous cement in the
main reservoir section of the Upper Paleozoic in this
area. It has various forms and occurrences, such as
pore filling and enlarged ring edges. Because the siliceous cement is difficult to dissolve, the secondary
pores are difficult to form due to its dissolution,

10909

© by PSP

Volume 29 – No. 12/2020 pages 10905-10914

which has a greater impact on the physical properties
of the reservoir. The carbonate cement is mainly iron
calcite, and calcite and iron dolomite are only scattered in local well points [21-22]. The average iron
and calcite of the Shihezi Formation sandstone is
1.5% and 1.7%, respectively. Most of the iron calcite
appears as filling intergranular pores or metasomatic
feldspar fragments. The authigenic calcite in different wells is quite different.
Pore structure characteristics. The distribution of the borehole ratio of the reservoirs in the
study area is mainly between 0 and 2 (54.3%), followed by 2 to 4 (20.5%). The borehole ratio is generally small. According to the classification standard
of pore size and the statistics of the cast thin section
identification report, the pore size of the reservoir
rocks in the study area is mainly fine pores and micro
pores (accounting for 79%), and coarse pores and
mesopores only account for 21%.
According to the analysis of mercury intrusion
experiments, the median pressure of the sandstone
reservoirs of the Shihezi Formation is about 10MPa
on average, which is relatively high. The average
displacement pressure is 0.95Mpa, and the displacement pressure is relatively high. The median throat
UDGLXVDYHUDJHGȝPLQGLFDWLQJWKDWWKHUHVHUYRLU
is dominated by the middle throat. The maximum
mercury inlet saturation is 81.4% on average, and the
mercury removal efficiency is on average 40.6%.
Among them, the throat radius of the main production zone is larger, and the physical properties are the
best. Further statistics show that the proportion of
large throats with a throat diameter greater than 0.7
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ȝPLVWKHSURSRUWLRQRIPLGGOHthroats with a
WKURDWGLDPHWHUEHWZHHQDQGȝPLVWKH
proportion of small throats with a throat diameter beWZHHQDQGȝPLVDQGWKHSURSRUWLRQRI
micro-throats with a throat diameter less than
ȝP LV  7KHUHIRUH WKH UHVHUvoirs in the
study area are dominated by fine-medium throats,
and the proportion of micro-throats and coarse
throats is only 19.8% (Table 2 and Table 3).
The above research shows that the pores in the
study area are mostly fine to micro pores less than
100 ȝP7KHWKURDWLVPDLQO\DFRPELQDWLRQRIILQHmedium throat, with a small median radius and medium displacement pressure. The main pore throat
combinations are fine to micro pores and fine to medium throat types [23-25]. The characteristic parameters of mercury intrusion reflect the poor physical
properties of the reservoirs in the study area, and the
large changes in the pore throat size and distribution
parameters, indicating that the distribution of pore
throats in sandstone has strong heterogeneity. For
example, Well Su X has a core depth of 3,634.31m,
a displacement pressure of 0.15MPa, a median saturation pressure of 1.02MPa, and a median saturation
throat radius of 0.72um, which is considered a good
reservoir layer (Figure 4). The Su X-1 well has a
depth of 3,584.28m, a displacement pressure of 2.0
MPa, a poor concentration of pore throat radius,
which is considered as poor reservoirs (Figure 5).
According to the statistical analysis of the
physical properties of each type of lithology (Table
4), the following conclusions are drawn:

FIGURE 4
Analysis of core characteristic parameters in Shihezi Formation of Well Su X.
Notes: (a) Capillary pressure curve, (b) Cumulative curve of pore size distribution.
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FIGURE 5
Analysis of core characteristic parameters in Shihezi Formation of Well Su X-1.
Notes: (a) Capillary pressure curve, (b) Cumulative curve of pore size distribution.

TABLE 2
Statistics of core porosity distribution of Shihezi Formation reservoir in Sulige Gas Field
Extra
Ultra
Porosity level
Large
Medium
Small
small
small
Porosity(%)



9~<12

6~<9

3~<6

᧸3

Sample 1
Sample 2
Sample 3
Sample 4
Sample 5

0
0
0
1.0
0

35.7
33.3
14.1
13.3
13.1

46.4
42.4
58.7
41.8
63.1

17.9
24.2
22.8
42.9
23.0

0
0
4.3
1.0
0.8

TABLE 3
Statistics of core permeability distribution and proportion of Shihezi Formation reservoir in Sulige Gas
Field
Permeability level
Large
Medium
Small
Extra small Ultra small Tight small
Permeability

0.8<1.2
0.4~<0.8
0.12~<0.4 0.08~<0.12
<0.08
(10-ȝP-2)
Sample 1
6.9
13.8
34.5
31.0
6.9
6.9
Sample 2
6.3
12.5
28.1
43.8
9.4
0
Sample 3
6.5
3.3
16.3
58.7
10.9
4.3
Sample 4
3.1
4.1
15.3
57.1
16.3
4.1
Sample 5
4.1
5.7
27.0
58.2
4.1
0.8
TABLE 4
Statistics of porosity and permeability of various sandstones of Shihezi Formation in Sulige Gas Field
Rock type
Quartz sandstone
Detrital quartz sandstone
Detrital sandstone
Properties
Maximum
14.65
19.29
12.51
Porosity
Minimum
2.03
1.22
0.91
(%)
Average
8.00
7.78
6.49
Maximum
2.8954
72.2468
3.3180
Permeability
Minimum
0.0182
0.0069
0.0065
(10-ȝP
Average
0.4694
1.2940
0.2783
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Quartz sandstone: porosity is 2.03%~14.65%,
with
an
average
of
8%,
permeability
(0.0182~2.8954) ×10-3ȝP2, with an average of
0.4694×10-3ȝP2.
Lithic quartz sandstone: porosity is 1.22%19.29%, with an average of 7.78%, permeability
(0.0069-72.2468) ×10-3ȝP2, with an average of
1.2940×10-3ȝP2.
Lithic sandstone: porosity is 0.91%~12.51%,
with an average of 6.49%, permeability is
(0.0065~3.3180) ×10-3ȝP2, with an average of
0.2783×10-3ȝP2.
Diagenesis. According to the observation of
multiple casting thin sections in the core of 300
wells, combined with scanning electron microscopy
and cathodoluminescence analysis, it is concluded
that the sandstone of the upper paleo gas reservoir in
the Sulige Gas Field has mainly undergone mechanical compaction and calcite filling and cementation
in the early diagenetic stage, late diagenetic stage,
the stage of pressure dissolution, secondary clay
minerals and siliceous filling cementation, dissolution and fracture, etc., among which the diagenesis
that has a destructive effect on the reservoir is mainly
mechanical compaction and the filling effect of minerals and siliceous material [11, 26]. The diagenesis
that directly contributes to the development of the
reservoir is mainly the dissolution and the transformation of micro-fractures. The diagenesis sequence
is mechanical compaction, detrital mineral alteration, authigenic chlorite clay edge, quartz cementation, dissolution authigenic clay minerals, and carbonate cementation.
Looking at the flakes, it can be seen that the detritus particles are mainly in line contact. The part of
the unevenness, line contact, suture line contact and
point contact are rare, indicating that the compaction
strength is medium to strong (Figure 6). Rigid particles into plastic particles and rigid fragments of
quartz produce microcracks and feldspar breaks
along the cleavage. Most of the easily deformable
soft particles in the lithic sandstone are easily compacted under the overlying load. Coupled with the
hydration and alteration of the volcanic rock combination in the lithic sandstone, a large amount of it is
muddy, making the rock easier to compact, which
can be proved by the universally visible false heterobase.
The detrital particles, impurities, and cements
in sandstone can undergo different degrees of dissolution and form secondary dissolution pores under
certain diagenetic environment and physical and
chemical conditions. In the syngenetic and early diagenesis period, unstable clastic components such as
feldspar and biotite first dissolve, forming intragranular and intergranular dissolved pores [27-28]. These
dissolved pores and intergranular pores were filled
by cements in the middle and late diagenesis periods.
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As the organic matter matures and removes light bases, organic acids are formed to dissolve the aluminosilicate detrital minerals, heterobases and cements
(Figure 7). Therefore, dissolution has occurred many
times in the sandstone of Shihezi Formation, resulting in many types of secondary dissolution pores,
which greatly changes the pore structure characteristics of sandstone in this area.

FIGURE 6
Shihezi Formation, 3422.86m, bumps, line contact, quartz fracture.

FIGURE 7
Shihezi Formation, 3214.53m, calcite cement.

CONCLUSIONS
The sandstone reservoir of the Shihezi Formation in the Sulige Gas Field belongs to the braided
river delta sedimentary environment. The main
source rock is the coal and active carbonaceous mudstone of the lower Carboniferous-Permian transitional facies. As the main reservoir sandstone of the
Shihezi Formation of the Upper Paleozoic has undergone long diagenesis, most of the primary pores in
the reservoir rock have been destroyed, replaced by
residual intergranular pores, secondary dissolved
pores of various soluble minerals, and kaolinite. Intercrystalline pores constitute a low-porosity and
low-permeability sandstone reservoir system in the
Shihezi Formation of the Upper Paleozoic. Affected
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by provenance conditions, sedimentary facies and
diagenesis, the lithology of this area is complex and
the reservoirs are highly heterogeneous in vertical
and horizontal directions.
The Shihezi Formation reservoir is mainly
composed of quartz sandstone, with a high content
of quartz, followed by cuttings. Only a small number
of feldspar particles are occasionally seen in some
intervals. The content of quartz is the highest, generally 80% to 90%. The content of cuttings is 8%-12%,
mainly metamorphic rock debris and a small amount
of igneous rock debris. Sandstone is mostly mediumcoarse-grained and coarse-grained. It is sorted to a
sub-prismatic shape and is a regenerative-porous cement.
The porosity of the sandstone reservoirs in the
Shihezi Formation ranges from 2.5 to 11.1%, with an
average of 7.2%. The permeability ranges from 0.07
to 2.09×10-ȝP ZLWK DQ DYHUDJH RI îȝP$PRQJWKHPWKHSRURVLW\LVPDLQO\GLVWributed between 6-9% (63.1%), and the permeability is
mainly distributed between 0.12~0.4 (58.2%), indicating that the main reservoir is a low porosity and
permeability reservoir.
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Smart city is an advanced form of urban informatization, after digital and intelligent cities. With the
deepening of the practice, the concept of news
smart city is proposed in 2015 to solve a series of
problems in its construction. It is a complex system
engineering to construct new smart city because it
is influenced and constrained by many factors. It is
very important to grasp the key influencing factors
to get twice the result with half the effort. It will be
discussed how to recognize the key influencing
factors in this paper.

ABSTRACT
The construction and development of new
smart city involves very complex systematic engineering, where its development is affected by various factors directly and indirectly. It is difficult to
get which factors are more important. To solve it,
the influencing factors index system of its construction and development in China is built from the
aspects of urban infrastructure construction, technical support, the foundation of the humanistic and
social economy, and government support. The mutual restriction relations among influencing factors
are analyzed and the comprehensive influence matrix can be got by decision making trial and evaluation laboratory (DEMATEL) method. According to
the comprehensive influence matrix, the causative
degree and the central degree of each index have
been calculated and the key influencing factors of
its construction and development will be recognized. Countermeasures are promoted to speed up
its construction and development.

Literature review. Related scholars in China
and internationally have conducted abundant research and analysis on the key influencing factors
of the construction and development of smart city
and new smart city.
Among foreign scholars, the key factors of capacity to construct smart city were analyzed from
policy, economy and technology aspects. It was
emphasized that the policy and national IT industry
development were consistent. Economy provided
funds to meet the development of smart city construction, and we need to absorb the world's advanced technologies to support the construction of
smart city [2]. It was believed that the evolution of
smart city is not only affected by the city's own
background factors, but also by the socio-economic
and urban infrastructure [3]. The resource planning
and operation of smart city using methods of modeling and simulation were analyzed to to provide
the high quality of life for residents propose an
optimal energy management model in smart city
environment [4]. It is pointed that smart city used
digital, information and communication technologies to improve the quality and performance of
urban services, thereby enhancing the urban living
standards of residents [5]. It is concluded that smart
buildings have more potential to become smarter by
utilizing smart cities capabilities in the areas of
smart energy, smart mobility, smart life, and smart
environment. Smart cities are the most prominent
trend in creating a cohesive environment [6]. It was
shown that people in a smart city had the differing
expectations for the role of technology in promoting quality of life, analyzed by using Creative Ana-

KEYWORDS:
New smart city, Decision making trial and evaluation
laboratory (DEMATEL) method, Method, Key Influencing factors.

INTRODUCTION
In 2008, IBM first proposed the new concept
of the "Smart Earth", which can not only provide a
new model of urban development in the future, but
also promote the development of new industries,
such as the Internet of Things. Moreover, it soon
became an important strategy to come over the
financial crisis, expand employment and seize
commanding heights for the future technology [1].
Especially, with the development of big data, mobile intelligent equipmentˈ"Internet plus" technology and New infrastructure, many countries, including China, started to view the development of
smart city as their national development strategy,
which became one of the hot issues of the world.
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lytic Practice (CAP) approach [7]. Those research
results had provided some factors that influencing
new smart city.
In China, it was argued that the process of
construction and development in smart city was
affected by low efficiency and other issues due to
the lack of market competition mechanisms and
cost budget constraints [8]. The impact of various
factors on smart city construction and development
were summed up from the city infrastructure, technical support, talent construction, and government
support aspects, and construct an influencing factor
index system of smart city construction and development [9]. The effect of the Internet of Things’
development was analyzed on traffic, municipal,
medical, community, service, cultural and agriculture and forestry construction [10]. The influencing
factors of smart city demand included economy,
society, culture, technology and innovation aspects,
and DPSIR model was used to sort out the five
dimensions of "motivation, stress, state, shock and
response" to get their influencing factors [11]. analyze the performance of smart city construction
based on the research status of smart city construction at home and abroad, and draw the conclusion
that the quality of urban life, the sustainability of
urban construction and the effect of operation are
important intelligent city construction dimensions
[12]. The above research provides scientific decision support for the development of China's smart
city construction, and vigorously promotes the
development of China's smart city. After the concept of new smart-city was promoted, the evaluation index of new smart city had been promulgated,
which contained 8 first-level indicators, 21 secondlevel indicators and 54 indicators on the whole. It is
thought that new smart city development included
five dimensions of infrastructure, technological
innovation, information industry, people's livelihood services, and value realization [13]. Those
research results had provided the other factors that
influencing new smart city.
At present, no unified conclusion has been
made regarding the influencing factors of the construction and development of new smart city, where
mutual restraints and the influence of each factor
form complex relationships. It is difficult to determine which key influencing factors to control, and
which secondary factors need not be focused on.
This problem just will be solved in this paper.

In the early years, smart city was based on the
technology of information and communication and
a new generation of Internet applications to achieve
sustainable urban development [14]. Smart city
construction should be clear with small users to
meet the needs of small people with small levels of
the same stage [15].The concept of a smart city was
the brightest contemporary trend integrating the
ideas of smart mobility, smart economy, smart
people, smart government, smart environment, and
smart living. In China, smart city was an important
content of the new urban development model and
new form, which consider advanced information
technologies, smart technologies and multinetworks as a basis with the important contents
including the wisdom technology, wisdom industry,
wisdom human life, and so on [16].The smart city
achieves the city residents’ wisdom, comfort, and
convenient ways of life by using the Internet of
Things, cloud computing, large data and other advanced information and interconnection technologies under the influence of the city infrastructure,
technical support, humanistic foundation, government support and other factors [17].
In the later years, the concept of new smart
city was firstly proposed in Chinese Government
Work Report in 2015. And it had been defined in
detail in the information about organizing the evaluation of work practice new-type smart city to promote its development healthily and rapidly, jointly
issued by Chinese National Development and Reform Commission, Central Net Letter Office, National Standards Commission. New smart city concept was defined as follows: (1) It emphasizes on
data driven, people-oriented, overall intensive,
pragmatic. (2) It will use the key technology including Narrow Band Internet of Things (Nb–LoT), 5
G, big data, artificial intelligence, chain blocks,
platforms and operating systems, etc. (3) Information system will become the transverse and longitudinal joint evolution direction of the big system,
and information sharing way will change from the
movement type to the functions of sharing.
From the above definition, the construction
and development of new smart city is a complex
system engineering which influenced by urban
infrastructure construction, technical support, foundation of humanistic and social economy, and government support perspectives, and so on. It is necessary to hold the key influencing factors to speed
up to its construction and development.

MATERIALS AND METHODS

The influencing factors of the construction
and development of new smart city. An influencing factor index system of the construction and
development of new smart city in China is established from the urban infrastructure construction,
technical support, humanistic foundation and government support perspectives according to its definition. By using Analytical hierarchy process

The definition of the new smart city. Despite
the description of new smart city in some studies,
there is no universally accepted and authoritative
definition. The description of new smart city is
based on that on smart city.
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(AHP), all factors that influence its construction
and development are taken into consideration,
shown in Table 1.
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teams(A16)" and "urban construction policy(A18)".
At the same time, "internet of things(A8)", "cloud
computing technology(A9)" and "big data technology(A10)" are affected by the "construction of
talent teams(A16)". Therefore, the complex relationships are formed among various factors. In
order to find out direct influential relationships
among factors, we adopt the experience and
knowledge of experts involved in the assessment
system of the construction and development of new
smart city:HDVVLJQHDFKLQIOXHQFLQJIDFWRU³¥´LI
more than half of the experts agree that factor can
influence factor GLUHFWO\RWKHUZLVHZHDVVLJQ³î´
As a result, we obtain the direct influence relations
shown in Table 2. However, based on the relations
alone, we cannot conclude which factors are the
key factors affecting the construction and development of new smart city. Consequently, it is difficult
to perform its construction and development effectively. Accordingly, this paper introduces a factoranalysis model based on decision making trial and
evaluation laboratory (DEMATEL) method to
evaluate the influence and influenced degree of
each factor to get its key influential factors.

TABLE 1
Influencing factor index system of new smart
city construction
Names of influencing
First level indexes
factors
(A1) Traditional industry
(A2) Information interconnection
(A3) Energy system
Urban infrastructure con(A4) Transportation
struction
(A5) Ecological environment
(A6) Medical hygiene
(A7) Urban security
(A8) Internet of things
(A9) Cloud computing
technology
(A10) Big data technolTechnical support
ogy
(A11) Technical patents
(A12) Intellectual property
(A13) The degree of
smart
(A14) Social responsibility
Foundation of humanistic
(A15) Level of education
and social economy
(A16) Construction of
talent teams
(A17) Economic development
(A18) Urban construction policy
(A19) Research support
policy
(A20) Urban development planning
Government support
(A21) Industrial management policy
(A22) Tax System
(A23) Investment financing policy
(A24) Propaganda power

RESULTS
The outline of the factor analysis model
based on DEMATEL method. In this paper, DEMATEL method will be used to judge the key influencing factors. This model is a systematic factor
analysis method proposed by American scholars.
The direct influence matrix is constructed using
mutual restraint relationships among various factors
in the system. The influence of each factor on other
factors is calculated, where the degree of influence
is calculated as well. The degree and centrality
degree are also calculated to obtain key factors
within the system and analyze them. In this paper,
we apply the method to analyze the integrative
influence and influence degrees of factors, and the
degrees of their influence on the construction and
development of new smart city, to find out key
influencing factors.
The DEMATEL method is as follows [18].
Step 1. Define influencing factors. Take the elements of the influencing factor indexes of the construction and development of new smart city as
direct and indirect influencing factors, then take the
construction and development of new smart city as
the total factor. Name the factors as F , F , L , F in

Direct influential relationships among factors. The influential factors, which all influence the
construction and development of new smart city,
affect some other factors directly. Relationships
among factors are complicated and interactive. For
example, "Traditional industries(A1)" have impact
on the "economic development(A17)", while the "
economic development (A17)" affects "internet of
things (A8) ", "cloud computing technology(A9)",
"big data technology(A10)", "construction of talent

1

the sequence, and let n=25.
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TABLE 2
Direct influence matrix among factors
No. A1 A2 A3 A4 A5 A6 A7 A8 A9 A10A11A12A13A14A15A16A17A18A19A20A21A22A23A24A25
A01
A02
A03
A04
A05
A06
A07
A08
A09
A10
A11
A12
A13
A14
A15
A16
A17
A18
A19
A20
A21
A22
A23
A24
A25

trix

×
×
×
×
×
×
×
¥
¥
¥
¥
¥
¥
×
¥
¥
×
¥
¥
¥
¥
¥
¥
¥
×

¥
×
×
×
×
×
×
¥
¥
¥
¥
¥
×
×
¥
¥
×
¥
¥
¥
¥
¥
¥
¥
×

¥
¥
×
×
×
×
×
¥
¥
¥
¥
¥
×
×
¥
¥
×
¥
¥
¥
¥
¥
¥
¥
×

¥
¥
¥
×
×
×
×
¥
¥
¥
¥
¥
×
×
¥
¥
×
¥
¥
¥
¥
¥
¥
¥
×

¥
¥
¥
¥
×
×
×
¥
¥
¥
¥
¥
×
×
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
×

¥
¥
¥
¥
¥
×
×
¥
¥
¥
¥
¥
×
×
¥
¥
×
¥
¥
¥
¥
¥
¥
¥
×

¥
¥
¥
¥
¥
¥
×
¥
¥
¥
¥
¥
×
×
¥
¥
×
¥
¥
¥
¥
¥
¥
¥
×

×
×
×
×
×
×
×
×
×
¥
¥
¥
×
×
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
×

×
×
×
×
×
×
×
¥
×
¥
¥
¥
×
×
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
×

×
×
×
×
×
×
×
×
×
×
×
¥
×
×
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
×

×
×
×
×
×
×
×
×
×
¥
×
¥
¥
×
¥
¥
×
×
×
×
×
×
×
×
×

×
×
×
×
×
×
×
×
×
¥
×
×
¥
×
¥
¥
×
×
×
×
×
×
×
×
×

×
¥
¥
¥
¥
¥
¥
¥
¥
¥
×
×
×
¥
¥
¥
×
¥
¥
¥
¥
¥
¥
¥
×

Step 2. Build the direct influence ma. This is a matrix with n rows and n

¥
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×

×
×
×
×
×
×
×
×
×
×
¥
¥
×
×
×
×
¥
×
×
×
×
×
×
×
×

×
×
×
×
×
×
×
×
×
×
¥
¥
×
×
×
¥
¥
¥
×
¥
¥
×
¥
¥
×

×
×
×
×
×
×
×
×
×
×
¥
¥
×
×
×
×
×
¥
×
×
×
×
×
×
×

×
×
×
×
×
×
×
×
×
×
¥
¥
×
×
×
×
×
¥
×
¥
×
×
¥
¥
×

×
×
×
×
×
×
×
×
×
×
¥
¥
×
×
×
×
¥
¥
¥
¥
¥
×
¥
¥
×

×
×
×
×
×
×
×
×
×
×
¥
¥
×
×
×
×
¥
¥
×
¥
×
×
×
¥
×

×
×
×
×
×
×
×
¥
¥
×
×
×
×
×
¥
¥
¥
¥
×
¥
×
×
×
×
×

¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
×
¥
¥
¥
¥
¥
¥
¥
×

factor Fi on factor F j or the comprehensive influ-

direct influence on factor F , that is, if the cell of
j

ence degree of factor F j by factor Fi .

i and column i in Table 1 LV ¥, otherwise
= 0 , if the cell of row i and column i in Table

row

Step 5. Calculate the total influencing degree,
total influenced degree, central degree and causative degree of each factor Fi .

is got

which reflects direct influential relationships among
factors.

(3)

Let

Step 3. Standardize the direct influence matrix. Let the direct influence matrix be divided by
the maximum of the sum of all elements in each
, then
row. Let the largest row sum equal
.

×
×
×
×
×
×
×
×
×
×
×
×
×
×
¥
×
¥
¥
×
¥
¥
¥
¥
×
×

tij reflects the comprehensive influence degree of

i

1 is ×. The direct influence matrix

×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
¥
×
¥
¥
¥
¥
¥
¥
×
×

(2)

columns. Let aij = 1 , shows whether factor F has

aij

¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
×
¥
¥
×
¥
¥
¥
¥
¥
¥
¥
×

is the sum of the comprehensive influence degrees
of factor Fi , we call it the total influencing degree
of factor Fi .
(4)

Let

(1)

is the sum of the comprehensive influenced degrees
of factor F j we call it the total influenced degree of

Step 4. Calculate the comprehensive influence
matrix. In order to survey comprehensive influence
relationships including indirect ones, it is necessary
to calculate the comprehensive matrix T according
to the following formula:

factor F j .
Let
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formation engineering, networking and other
emerging is necessary. Increasing the intensity of
personnel training and spending more funds on
science and technology, such as wireless positioning systems, RFID, bar code identification, urban
information interoperability and other high-tech
fields, is helpful, which can speed up the peaceful
development of such technologies and promote the
construction and development of new smart city.

(6)

Here, ui is called the central degree of factor
Fi that reflects its degree of importance in the

construction and development of new smart city.
vi is called the causative degree of factor Fi . In
addition, if vi > 0 , factor Fi is a cause factor, and
if vi < 0 , factor Fi is a result factor.

TABLE 3
Influenced degree, causative degree and centrality degree of each factor (×100)
A25 construction
causative
central degree
No. and development
degree
of smart city
A01
6.93
57.21
-55.34
A02
6.70
47.40
-62.49
A03
6.39
40.70
-79.19
A04
6.10
34.30
-96.05
A05
5.83
28.20
-118.37
A06
5.56
22.37
-130.70
A07
5.31
16.81
-148.31
A08
8.22
81.14
-5.66
A09
7.85
72.90
-22.79
A10
9.20
102.66
30.77
A11
10.91
140.44
99.24
A12
11.87
161.54
126.76
A13
6.42
41.46
-126.85
A14
5.07
11.50
-179.02
A15
10.66
134.96
88.77
A16
11.10
144.49
100.41
A17
4.54
100.05
89.93
A18
12.59
177.45
159.06
A19
9.52
109.66
52.96
A20
12.02
164.84
146.06
A21
10.50
131.28
93.26
A22
9.59
111.24
53.94
A23
11.00
142.30
105.54
A24
10.48
131.01
82.43
A25
0
0
-204.35

Step 6. Analyze the characteristics of each
factor and the mechanism of the construction and
development of new smart city.
In the DEMATEL method, each factor’s centrality degree and causative degree have nothing to
do with the factor’s order in the index system.
Using the above calculations, we can determine the impact of each factor on the development
of the construction and development of new smart
city according to the degree of influence. Then, we
can determine each factor’s importance degree in
the influencing factor index system according to the
centrality degree, and can analyze relationships
among various factors according to their causative
degrees.
The key influencing factor analysis. The the
direct influence matrix among the influencing factors can be got according to their influencing relations shown in Table 1. We can calculate the comprehensive influencing degree between each pair of
factors of the construction and development of new
smart city, as well as each factor’s causative degree
and centrality degree, which are shown in Table 3.
According to the integrative influence degree
of each factor, Urban construction policy (A18),
Urban development planning (A20), Intellectual
property (A12), Construction of talent teams (A16),
Investment financing policy (A23), and Technology
patent (A11) have greater integrative influence on
the construction and development of new smart city
than the other factors. This indicates that they are
the main influencing factors. First, China has implemented a pilot project on smart city from the
beginning of 2012, and now it has implemented a
plan regarding smart city construction for more
than 500 cities. In 2014, a new urbanization plan
(2014-2020) clearly proposed to promote the construction of smart city. These construction policies
and development plans have played a good role in
promoting the construction and development of
China's new smart city. Second, the construction of
talent teams has become a core factor influencing
the construction of new smart city in our country.
Strengthening the construction of talent teams not
only does promote the construction of intellectual
property rights, but also increases the number of
technical patents. In colleges and universities,
strengthening the professional construction of in-

Third, China will gradually improve investment and finance policies that are suitable for the
construction of new smart city. Based on the accurate definition of the classification of new smart
city construction projects, we choose different investment and financing models, design investment
and dividend sharing mechanisms, and actively
introduce social capital to participate in new smart
city construction. Moreover, constructing multilevel capital market systems and creating innovative financial products, including bills, long-term
financing bills, options and other derivatives, tools
for the profitability of diversification is helpful to
provide financial channels for the construction of
new smart city.
According to the pros and cons of each factor’s causative degree, we divide influencing factors into two classes, based on whether the degree
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of the influence of each factor is greater than zero.
One class consists of reason factors, when the causative degree is greater than zero. Observing reason
factors’ causative degrees in descending order,
urban construction policy (A18), urban development planning (A20), intellectual property rights
(A12), investment and financing policies (A23),
construction of talent teams (A16), technical patents (A11), industrial management policy (A21)
and economic development (A17) are direct influencing factors, which have positive impact on the
construction and development of new smart city.
Strengthening the construction and control of these
factors plays a catalytic role in China's development
of new smart city. The other factors have degrees
less than zero. In the order of their absolute values
from the largest to the smallest: the sense of social
responsibility (A14), urban security (A07), medical
hygiene (A06), the degree of smart (A13), ecological environment (A05), transportation (A04), energy system (A03), information interconnection
(A02), cloud computing technology (A09) and
Internet technology (A08). Other factors affect
these factors and indirectly affect the construction
and development of new smart city. The comprehensive influence of urban construction policy
(A18), urban development planning (A20), intellectual property rights (A12), construction of talent
teams (A16), investment financing policies (A23)
and other factors has greater impact on the sense of
social responsibility (A14). Accordingly, we can
strengthen the policy to guide the public to establish
the sense of social responsibility regarding the
construction of new smart city to speed up their
construction and development. The comprehensive
influence of urban development planning (A20),
construction of talent teams (A16), urban construction policy (A18), level of education (A15), industry management policy (A21), tax system (A22)
and other factors has relatively larger impact on
urban ecological environment (A15). This can be
considered as adjusting and implementing these
factors to improve the urban ecological environment, and thus strengthening the construction and
development of new smart city.
According to each factor’s centrality degree,
we can see the degree of importance of influencing
factors w.r.t. the construction and development of
new smart city. Firstly, the sense of social responsibility (A14), urban construction policy (A18), urban
security (A07), urban development planning (A20),
the degree of smart (A13), intellectual property
rights (A12), investment financing policies (A23),
and the construction of talent teams (A16) have
larger centrality degrees. The government should
expand publicity and increase the public expectations of new smart city to raise public awareness of
social responsibility, and accordingly introduce
smart urban development policies, leading smart
development from every citizen to every industry of
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the city. Secondly, the problem of urban intellectual
property in China is a fundamental problem of new
smart city construction. In recent years, most of
China's urban development of advanced technologies was introduced by foreign companies, which
led to higher costs of urban construction due to
technology monopolies and other issues. Therefore,
China's cities should keep up with technological
innovations, focus on their strengthening, master
the core technologies of foreign countries, provide
solid technical support for the construction of new
smart city, break through the problems of intellectual property rights and technology patents in the
process of building new smart city, and accelerate
urban construction. Finally, we need to strengthen
the training of qualified personnel, and cultivate
professional talents, while the government should
involve talents to introduce policies to expand talent teams. Only when we have strong human resources, we can achieve a breakthrough in the development of philosophy, technology and industry
related to the construction and development of new
smart city.
TABLE 4
Result of urban infrastructure construction,
technical support, humanistic foundation and
government support’s influence-analysis
Influence
degree on
construction Cause Centrality
Index
and develop- degree degree
ment of new
smart city
Urban infrastructure con-613.3
997.1
44.1
struction
Technical
213.6
762.8
55.6
support
Foundation of
humanistic
1.6
586.8
31.7
and social
economy
Government
398.1
1158.3
71.8
support
The four first-level influence degrees are calculated, the cause degree and centrality degree. The
results are shown in Table 4, derived from the sums
of the second-grade indexes included in each firstlevel index, such as urban infrastructure construction, technical support, humanistic foundation and
government support.
According to Table 4, the government has the
greatest influence on the construction and development of new smart city, followed by technical support. Therefore, in order to let the construction and
development of new smart city, the government
should first provide correct guidance and issue
development planning and related policies on the
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construction of new smart city. Second, based on
the degree of cause being greater than zero, the
government support and technical support are larger
impact indicators. Therefore, this verifies that the
government influences the construction of new
smart city positively to the greatest extent, while
the developing degree of urban technology promotes its construction and development. When the
degree of cause is less than zero, the construction of
urban infrastructure is the largest indicator based on
its absolute value. This indicates that the factors
that it contains are impacted by the construction of
new smart city, and then have reaction to the construction of new smart city. Third, we sum up all
factors in secondary indicators of factors affecting
the construction of new smart city, where the centrality degree of government support and urban
infrastructure construction are relatively large. This
shows that we should take measures from two aspects in order to speed up the process of building
new smart city. On the one hand, government support is a prerequisite for the construction and development of new smart city. On the other hand, as we
know, the urban infrastructure is also central to new
smart city, as well as the development of various
industries in the city, which leads to the process of
urban modernization, so strengthening the construction of urban infrastructure and transformation of
traditional industries is an important measure for
the development of new smart city. Therefore,
government support and the construction of urban
infrastructure are key factors in the improvement of
the construction and development of new smart
city.
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important action to promote the construction and
development of new smart city. Third, the function
must be made full use of the supporting role of New
Infrastructure for new smart cities. New Infrastructure will be given priority support which have been
proposed in Government Work Report of State
Council for 2020. The new supporting policies have
been made in Beijing, Shanghai, Guangdong, and
the other provinces.
From the technology perspective. First, following the innovation-driven-development strategy
proposed by President Xi Jinping, it is essential to
promote the development of technology, such as the
Internet of Things and cloud computing. It is necessary to focus on technological innovations, master
foreign core technologies, and strengthen information technology research and development. Our
country should take away from technology dependence, technology monopoly, and other issues. In
addition, avoiding high costs caused by technical
patents and intellectual property can provide some
technical support for the construction and development of new smart city. Second, saving many resources during the construction process will promote its development and apply research information commonly into cities, making various subsystems operate under technologies such as the
RFID, sensors, cloud computing, new databases
and others. By the way, relationships among enterprises, people and businesses are more informational, improving the level of urban intelligence. Third,
the new technology must be developed vigorously,
such as 5G base station construction, UHV, intercity high-speed railway and urban rail transit, new
energy car battery pile, large data centers, artificial
intelligence, Internet, seven areas involved in many
industry chains, which are the key technology of
New Infrastructure. It has a panoramic insight into
the whole state of the city’s all elements, realizing
the digitalization and virtual simulation of the
whole city's all elements, real-time and visualization of the whole city's all states, collaborative and
intelligent urban management decision-making city
comprehensive decision-making, intelligent management, global optimization to provide a platform
and means to speed up the construction and development of new smart city [20].

DISCUSSION
From the government perspective. First, the
government should strengthen the policy support
system, establish and improve the investment and
financing mode, as well as increase the financial
support of the construction of new smart city. This
way, there is certain protection for the construction
and development of new smart city. Strengthening
technological development support policies and
research support policies is necessary. A sound
policy system provides a sufficient prerequisite for
the construction and development of new smart
city. In addition, providing unified scientific and
rational urban development planning, and having a
clear development direction, is very important, as it
plays a guiding role in the construction and development of new smart city [19]. Second, implementing innovation-driven theories, accelerating the
transformation of traditional industries, and upgrading industries are effective measures to solve the
issue of the urban industrial management model.
Moreover, vigorously developing the emerging
information industry and wisdom industry is an

From the humanistic perspective. First, China should strengthen the training of qualified personnel. The construction of new smart city needs
strong human resource protection, so it is urgent to
develop application-based and complex types of
talent. One the one hand, focusing on professional
and technical personnel training, strengthening
information industry's personnel training, and focusing on training human resources related to new
smart city are essential; on the other hand, setting
up an industry-led core guide course, and being
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close to the production and research in colleges and
universities are necessary. At the same time, we
should attach great importance to the introduction
of talent in the construction and development of
new smart city to provide talent assurance. Second,
increasing the publicity of new smart city to residents is very useful. In addition, the construction of
a more functional experience museum of new smart
city, and use of sound, light, electricity and advanced equipment and technology to show the
future of new smart city's lifestyle by interactive,
experience, art and vivid ways can make people
learn more about new smart city. Urban residents
can experience the advanced smart life of new
smart city, building a solid foundation for the construction of new smart city.
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[3] Paolo, N. (2014) Current Trends in Smart City
Initiatives: Some stylized facts. Cities. 6(38),
25-36.
[4] Calvillo, C.F., Sánchez-Miralles, A., Villar, J.
(2016) Energy Management and Planning in
Smart cities. Renewable and Sustainable Energy Reviews. 55, 273-287.
[5] Vijcndcr, K.S., Somcsh, K., Vijay, B.S. (2016)
Advanced Automated Module for Smart and
Secure City. Procedia Computer Science. 78,
367-374.
[6] Apanaviciene, R., Vanagas, A., Fokaides, P.A.
(2020) Smart Building Integration into a Smart
City (SBISC): Development of a New Evaluation Framework. Energies. 13, 1-19. Article ID:
2190.
[7] Edge, S., Boluk, K., Groulx, M. (2020) Exploring Diverse Lived Experiences in the Smart
City through Creative Analytic Practice. Cities.
96. Article ID: 102478.
[8] Zu, G.S., Wu, Y.J., Ri, L.J. (2013) Problems in
the Development of Smart City in China and
Their Solution. China Soft Science. 12(1), 6-12.
[9] Li, H.W., Wang, M., Tao, M. (2015) Study on
Influencing Factors of the Development of
Smart city Construction and its Countermeasures. Chinese Journal of Economic Research.
16, 174-177.
[10] Sun, T., Dong, Y.K. (2015) Study on the Influence of the Development of Internet of Things
Industry on the Construction of Smart city.
Theoretic Research. 2, 86-95.
[11] Li, H.Y. (2015) Research of the Scheme
Matching for Smart city Based on Urban Demand. Hangzhou: Master's Thesis of Zhejiang
University.
[12] Wan, C.H., Cui, Q.H. (2016) Empirical Research on Objective Performances of Smart
city Construction. Journal of Soft Science. 30
(7), 124-128.
[13] Chen, W.Q., Zhao, W.C., Zhang, X.Y. (2019)
Study on the Construction of New Smart-City
in Nanning Based on Principal Component
Analysis. Ecological Economy. 35(4), 99-103.
[14] Toppeta. (2013) The Smart city Vision: How
Innovation and ICT Can Build Smart Sustainable Cities. Innovation: Management Policy
Practice. 3, 136-145.
[15] Augusto, J. (2014) Past Present and Future of
Ambient Intelligence and Smart Environments.
Agents and Artificial Intelligence. (7), 425-432.
[16] Zhang, Y.M., Du, Z.C. (2013) Construction
Status and Thinking of Smart City in China.
China Information Industry. 2, 28-32.
[17] Li, H.W., Tao, M., Wang, M. (2015) Analysis
on the Influencing Factors of the Development
and Countermeasures of Smart city. Economic
Research Guide. 16, 174-177.

CONCLUSION
The question of how to implement the construction and development of new smart city in
China is the main problem of the process of urban
construction currently. Based on the DEMATEL
method, this paper calculates the key influencing
factors of the construction and development of new
smart city according to mutual influence relationships among influencing factors. The key factors
include the policy of the new smart city, intellectual
property rights, urban development planning, construction of talent teams, technology patents and so
on. The paper comes to the conclusion that government support and technical support have greater
impact on the factors of the construction and development of new smart city from the construction of
urban infrastructure, technical support, humanity,
and socio-economic and government support aspects. Therefore, we can see that in order to speed
up the process of establishing new smart city, we
should focus on the government's implementation
of new smart city’s policies, and ideal development
planning of cities, as well as strengthening technology innovations and R&D. Only by these means
can we provide a decision-making basis for the
construction and development of new smart city.
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earthquakes. Under dynamic action, the dam body
and the dam foundation often produce excess pore
water pressure, which reduces the effective stress of
the soil body. The shear strength of the soil body is
seriously weakened, which will eventually lead to
sandblasting, uneven settlement, foundation failure,
and landslides [2-8]. Therefore, it is of great significance to study the structural dynamic characteristics
of earth-rock dams and the dam response under dynamic-seepage action. Many experts and scholars
have conducted a lot of research on the seepage and
seismic stability of earth-rock dams. In terms of theoretical research, Lv et al. [9] et al. proposed a Monte
Carlo-based seismic reliability analysis method for
high earth-rock dams by introducing a probability
model of seismic intensity, considering the relationship between dam material parameters and dam crest
subsidence rate. Yang et al. [10] compared the dynamic stability calculation results of the dam slope
based on the Monte Carlo stochastic finite element
method and the conventional deterministic method,
and believed that considering the spatial variability
of the dam material can better reflect the dynamic
stability of the dam. Han et al. [11] et al. proposed a
method of applying seepage force in static and dynamic calculations based on a certain homogeneous
loam retaining dam section and carried out seismic
response analysis of the dam. In terms of experimental research, Li et al. [12] conducted centrifuge
shaking table tests on saturated sand liquefaction
seismic sites to analyze the dynamic response of pile
groups and soil in the liquefaction site. Cai et al. [13]
et al. used centrifuge shaking table tests to study the
dynamic response and liquefaction laws of deep-buried sand foundations. In terms of numerical simulation, Yu et al. [14] et al. used numerical simulation
software to simulate the dynamic response law of
earth dams in strong earthquake areas and soft soil
layers. Liu et al. [15] used LS-DYNA software to analyze the failure characteristics of large earth-rock
dams under explosive loads.
Under dynamic loads such as earthquakes or
explosions, earth-rock dam slopes often suffer from
landslide instability and cracks in the dam body,

ABSTRACT
In order to study the change law of excess pore
water pressure of earth-rock dam under dynamic action and its influence on the dam slope stability, a
certain dam is used as the research object. The see/w,
slope/w and quake/w module in the geo-slope software are used for analyzing the development law of
excess pore water pressure of the dam under dynamic action, the displacement changes of typical
nodes of the dam body, and the dynamic stability of
the dam slope. The calculation results show that unGHUWKHHIIHFWRIWKHIRUWLILFDWLRQLQWHQVLW\RIფ the
dam body's infiltration line has been elevated, and
the elevation is about 0.2m. The development rate of
excess pore water pressure of the liquefiable soil
layer directly below the dam is relatively slow, and
the development level of excess pore water pressure
of the liquefiable soil layer on the water side is the
highest. The top displacement of the dam is the largest, followed by the middle of the dam, and finally
the foot of the dam. The time point of the maximum
displacement is lagging behind the time point of the
maximum input acceleration. In the process of dynamic action, the upstream dam slope has a safety
factor of less than 0 and may be unstable, but the
downstream dam slope has remained stable. This
study can provide a reliable reference for the stability
study of earth rock dam slope under complex geological environment, and effectively prevent the occurrence of geological disasters.

KEYWORDS:
Complex geological environment, dam, dynamic action,
excess pore water pressure, dam slope stability, permanent
deformation

INTRODUCTION
China has more than 98,000 earth-rock dams
[1], ranking No.1 in the world. At the same time,
China is also one of the countries with frequent
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Slope dynamic safety factor. According to the
definition of anti-sliding stability, the dynamic
safety factor of a slope can be expressed as [20-21]
Equation 4:

leading to leakage of the reservoir, salinization of the
downstream soil, and serious disasters such as dam
failure, which may cause damage to the surrounding
environment. Therefore, based on a dam project, this
paper uses geo-soil software Geo-slope to numerically simulate the soil layer containing liquefiable
dam body, and analyzes the change law of the excess
pore water pressure of the liquefiable soil layer of the
dam body under the action of earthquake, the characteristics of the typical nodes of the dam body, the
displacement changes, and dam slope stability
which could provide a certain reference for similar
projects.

Where:
the i-th unit;

W d ,i are

li

is the arc length of the sliding arc in

V s,i , V d ,i , ud ,i , u w,i , J 0 zi , W s,i ,

the static normal stress, dynamic normal

stress, dynamic pore water pressure, static pore water pressure, external water pressure, static shear
stress and dynamic shear stress of the i-th unit;

M d' ,i ,

cd' ,i are the shear strength index of the i-th unit.
MATERIALS AND METHODS

Seismic permanent deformation of slope. In
this paper, the permanent deformation analysis
method of slope under earthquake proposed by Newmark [22] in 1965 is used to simultaneously calculate
multiple potential sliding surfaces and calculate the
maximum deformation slope sliding surface. After
obtaining the maximum deformation sliding surface,
Geo-slope calculates the yield acceleration ay when
the coefficient Fs is 1 and the average acceleration a
of the potential sliding surface over time, the (a-ay)
quadratic integration with respect to time can obtain
the Newmark permanent displacement of the potential sliding surface.

Saturated-unsaturated seepage theory. The
unsaturated soil seepage control equation [16-17] is
as follows Equation 1.
Where: xi, xj are the position coordinates in the
i and j directions; kijs is the saturated permeability
tensor; kr is the relative permeability; hc is the pressure head; ȕ is the unsaturated constant; Ss is the water storage capacity; Q is the source-sink term; C is
the specific water capacity; ș is the function related
to the pressure head; n is the porosity; t is the time.
MFS pore pressure model. In this paper, the
nonlinear material model is used in the dynamic
analysis. The nonlinear material model in Geo-slope
uses the MFS pore pressure model to calculate the
excess pore water pressure generated during the
earthquake. The specific equation is as follows
Equation 2:

RESULTS
Calculation model and boundary conditions.
Based on the engineering research background of a
certain reservoir dam, this paper divides the dam into
three materials for the convenience of research. The
outermost layer is clay sand, the middle layer is
dense sand, and the dam foundation is sandy loam.
According to the survey, the middle-dense sand layer
is a liquefiable soil layer [23-24]. The height of the
model is 100m, the length is 350m, the dam height is
44m, the upstream dam slope ratio is 1:2.5, the
downstream dam slope ratio is 1:4, and the normal
water storage level is 33m. At the same time, in order
to facilitate the observation, several monitoring
points are set up around the dam to monitor the dynamic response of the unit at that point under the action of the earthquake.

Er'Hvd
(2)
Where 'u is the increase in pore water pressure; Er is the modulus of resilience; 'HQd is the in'u

crease in volumetric strain generated under drainage
loading. The MFS pore pressure function expression
in Geo-slope is Equation 3 [18-19]:

C2H vd2
J  C4H vd

'H vd

C1 (J  C2H vd ) 

Where:

J is the shear strain of the soil, H vd is

the cumulative volume strain, C1 , C2 ,
are the model constants.

C3

(3)
and C4
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The typical geometric dimensions of the dam
are shown in Figure 1(a), and the corresponding
mesh division is shown in Figure 1(b). The global
element size of the grid map is 3m, the mesh element
size of the medium-density sand layer is refined to
1m, and the element types are quadrilateral elements
and triangle elements. The entire model is divided
into 7195 nodes and 7156 elements.
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shown in Table 1. In the dynamic simulation, a nonlinear model is used, and the dynamic characteristics
of the soil are shown in Figure 3.
According to the feasibility study report, the
peak ground acceleration of the reservoir area where
the dam is located is 0.20g, and the corresponding
VHLVPLFLQWHQVLW\LVფ6LQFHWKHTXDNHZPRGXOH
in geo-slope can only input the horizontal acceleration time history curve, and according to most studies, horizontal seismic waves are the main factor
causing structural damage, so this article uses the internationally commonly used EI-Centro horizontal
seismic acceleration time history curve, intercepts
the first 14s of seismic amplitude as the input wave,
and adjusts peak value to 0.20g based on the filtering
and baseline correction of the seismic wave, as
shown in Figure 4.

Soil parameters and seismic wave input. The
dam is mainly composed of three materials. In the
unsaturated seepage simulation, the fredlund-Xing
model is used to simulate the functional relationship
between the soil permeability coefficient and the matrix suction. The permeability coefficient curve and
the soil-water characteristic curve are shown in Figure 2. The seepage parameters of each soil layer are

TABLE 1
Physical mechanics and seepage parameters of each soil layer of embankment
Saturated
Saturated
Internal
permeability
moisture
friction anDensity
Cohesion
Poisson's
Soil layer
system
content
/(kN/m³)
/(kPa)
gle
ratio
/(m/s)
/(m³/m³)
/°
Clay sand
2.5×10-6
0.3
18
5.0
34
0.3
Dense sand
1.3×10-5
0.45
20
0
30
0.4
Sandy
3.2×10-6
0.32
25
15
30
0.2
loam

FIGURE 1
Geometry size and numerical analysis calculation model of the dam. Boundary conditions.
Notes: (1) bc and cd are the total head boundary, the total water head value during the normal storage level and steady seepage
period is 33m; fg is the potential seepage surface; gh is the outflow boundary, and the pressure head is 0m; (2) Dynamic
calculation: fix the vertical displacement of ab and hi, and the horizontal and vertical bidirectional displacement of ai.
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FIGURE 2
Soil-water characteristic curve and permeability coefficient function of each soil layer.
Notes: (a) Volumetric water content function, (b) Permeability coefficient function.

FIGURE 3
Dynamic characteristic curve of soil layer.
Notes: (a) Relationship curve between damping ratio and cyclic shear strain, (b) Relationship curve between G/Gmax and
cyclic shear strain.

FIGURE 4
Input acceleration time history curve.

dam body [17, 25]. This is because under dynamic
action, the medium-dense sand layer soil continuously generates excessive pore water pressure,
which makes the infiltration line continue to rise. For
the clay sand, because the pore pressure is not greatly
affected by the vibration, the infiltration line rises.
The high amplitude is small.
Figure 6 is a diagram showing the change law
of excess pore water pressure and effective stress at
the monitoring point at the topmost layer of the medium-dense sand layer during the earthquake. It can
be seen from Figure 6(a) that the monitoring points

RESULTS
Pore water pressure analysis. Figure 5 is a diagram showing the change law of the dam body's internal wetting line during the earthquake. It can be
seen from the figure that the internal saturation line
of the dam body continues to rise during the earthquake. From upstream to downstream, it shows a
pattern of slowly rising first, then rapidly rising, and
finally slowly rising. The maximum increase of the
seepage line is about 0.2m, which is located in the
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FIGURE 5
Change of wetting line under dynamic action.

1#, 2#, 3# and 4# at the same elevation located at the
top of the middle-dense sand layer are arranged in
the order of 1#>2#>4# >3# during the earthquake.
The excess pore water pressure at 1# keeps increasing from 0 to 10.8s, reaches the maximum value of
79.03 at 10.8s, and remains unchanged from 10.8 to
14s. The excess pore water pressures of 2#, 3# and
4# continue to increase during the seismic action.
The increments of excess pore water pressure of 1#,
2#, 3# and 4# are 79.03kPa, 55.84kPa, 12.83kPa and
30.56kPa, respectively. This is because 1# is close to
the upstream water surface and is always below the
infiltration line, and the initial effective consolidation stress is small. During the earthquake, the excess
pore water pressure continues to increase [26-28].
When the effective stress decreases to 0, the excess
pore water pressure reaches maximum value and will
remain unchanged afterwards. 3# is located directly
below the dam crest, and the initial effective consolidation stress is relatively large, so the excess pore
water pressure continues to increase during the
earthquake. 4# is located on the back water surface
and always above the wetting line. Although the initial consolidation stress is relatively small, it is located in the unsaturated zone, so the excess pore water pressure develops slowly. It can also be seen from
Figure 6(b) that the initial effective stresses of each
monitoring point are different. The initial effective
stresses of the four monitoring points are 82.2kPa,

132.9kPa, 180.7kPa and 163.5kPa, respectively. The
initial effective stress of 3# which is located directly
below the top of the dam is the largest. The effective
stress reduction at each monitoring point is approximately equal to the increase in excess pore water
pressure. The effective stress of 1# is reduced from
the initial 80.07kPa to 0kPa, and the effective stress
reaches the minimum value at 10.8s, indicating that
the soil here has liquefied. The effective stress at 3#
is reduced by 10kPa, and there is not much change,
so the possibility of liquefaction in 3# is the smallest.
Figure 7 is a diagram showing the change law
of excess pore water pressure and effective stress at
different monitoring points on the same level at the
middle elevation of a medium-dense sand layer. It
can be seen from Figure 7(a) that the variation law
of the excess pore water pressure at each point is
similar to the distribution law of the top surface. The
excess pore water pressure of 5# on the water surface
and 8# on the back surface reached a stable state during the earthquake. Among them, 5# reached the
maximum value of 37.5kPa at 1.9s, and 8# reached
the maximum value of 121kPa at 9.2s. The super
pore water pressure development speed of 7# located
directly below the dam crest is still the slowest.
Figure 8 is a diagram showing the change law
of excess pore water pressure and effective stress at
different monitoring points on the same horizontal
surface of the middle-dense sand layer. It can be seen

FIGURE 6
Seismic stress response diagram of characteristic points in the upper layer.
Notes: (a) Over-pore pressure at characteristic points in the upper layer, (b) Effective stress at characteristic points in the upper
layer.
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FIGURE 7
Seismic stress response diagram of characteristic points in the middle layer.
Notes: (a) Over-pore pressure at characteristic points in the middle layer, (b) Effective stress at characteristic points in the
middle layer.

FIGURE 8
Seismic stress response diagram of characteristic points in the lower layer.
Notes: (a) Over-pore pressure at characteristic points in the lower layer, (b) Effective stress at characteristic points in the lower
layer.

from Figure 8 (1) that the super pore water pressure
of 9# near the water surface reaches its maximum
value at 1.6s, which is about 38.8kPa. 10#, 11# and
12# have a relatively low level of development of
excess pore water pressure. At the end of the earthquake, the values of excess pore water pressure at
these three monitoring points were 16.1 kPa, 3.7 kPa
and 17 kPa, respectively.
In summary, the soil near the water surface develops higher levels of excess pore water pressure
during earthquakes. The higher the elevation, the
faster the development level of excess pore water
pressure and the greater the effective stress reduction,
which tends to cause soil liquefaction [29]. The soil
directly below the dam crest is often not easy to liquefy due to the large effective stress. The development level of excess pore water pressure in the middle of the soil on the back water side is relatively
high, and it is also prone to liquefaction under the
action of earthquake. The level of excess pore water
pressure in the bottom soil is the slowest and the possibility of liquefaction is the least.

show that the horizontal displacement of the monitoring points 13# and 14# located in the upper part
of the dam body changes more than the bottom monitoring point during the earthquake, reaching the
maximum value at 3.3s, about 12cm (Figure 9(a)).
The horizontal displacement at the top of the dam is
the largest, and the horizontal displacement at the
foot of the upstream dam is the smallest. The horizontal displacement of 17# on the downstream side
is smaller than that of 14# on the same horizontal
plane. This may be due to the restraint of the soil outside 17# (Figure 9(b)).
It can be seen from Figure 9(c) that the magnitude of the vertical displacement of the soil on the
upstream side is dam crest> dam middle> dam foot.
The maximum vertical displacements of the dam
crest monitoring points 13#, 14# and 15# were
0.06m, 0.0304m and 0.0056m, respectively, which
appeared in 8.6s, 9.1s and 8.3s, respectively. The
maximum value of input acceleration appears at
8.22s. It can be seen that the maximum vertical displacement of the dam lags behind the maximum
value of input acceleration. The vertical displacement versus time curve is closer to the input acceleration but has a hysteresis effect [30-31]. The vertical
displacement of the soil on the downstream side is
similar to that on the upstream side. The maximum
vertical displacement is dam crest> dam> dam foot,

Displacement analysis. Figure 9 shows the
horizontal and vertical displacement changes at different elevations on the outermost sides of the upstream and downstream clay sand layers. The results
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FIGURE 9
Horizontal and vertical displacement diagram of typical nodes of the dam.
Notes: (a) Horizontal displacement on the water side, (b) Horizontal displacement on the back water side, (c) Vertical displacement on the water side, (d) Vertical displacement on the back water side.

FIGURE 10
Static and dynamic stability of upstream and downstream dam slopes.
Notes: (a) Time-history graph of dam slope safety factor, (b) Newmark permanent deformation displacement.

but the maximum value is smaller than the upstream
side [32]. The maximum values of dam crest, dam
middle and damn foot are 0.037m, 0.035m and
0.015m, respectively (Figure 9(d)).

the upstream dam slope is 0.085m, and the downstream dam slope is 0m. This result is consistent with
the change of the safety and stability coefficient.

Stability analysis of upstream and downstream dam slopes. Figure 10 shows the variation
of the safety and stability coefficient of the upstream
and downstream dam slopes with time during the
earthquake. It can be seen from Figure 10(a) that the
safety factor of the upstream dam slope is less than 0
during the earthquake, while the downstream dam
slope is always greater than 1 throughout the earthquake, indicating that the downstream dam slope is
always in a stable state during the earthquake. Figure
10(b) shows the Newmark displacement of the upstream and downstream dam slopes. It can be seen
from the figure that the Newmark displacement of

CONCLUSIONS
(1) Under the action of dynamics, the infiltration line in the dam body rises, and from upstream to
downstream, it shows a change law of first slowly
rising, then rapidly rising, and finally slowly rising.
The development level of excess pore water pressure
of the soil on the upstream side of the water is high,
mainly located in the left center of the middle-dense
sand layer. The maximum excess pore water pressure on the downstream side occurs at the far right of
the middle-dense sand layer.
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(2) Under dynamic action, the stability coefficient of the upstream and downstream dam slopes is
less than 1, and the minimum safety factors of the
upstream and downstream dam slopes are 0.77 and
0.93, respectively. The Newmark displacement of
the upstream dam slope is 0.085m, indicating that
landslide may occur. The downstream dam slope is
always in a safe state.
(3) The probability of instability of the earthrock dam slope increases under dynamic action,
which may cause dam breakage and flood surrounding farmland and buildings, posing a serious threat
to the surrounding complex geological environment.
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ABSTRACT

INTRODUCTION

Coalbed methane is a kind of efficient and
clean energy. Magnetic guidance drilling technology
is use of magnetic guidance instrument measuring
the distance between the signal source and the
location of the instrument, and it is used to control
the well trajectory to connect or parallel the target
layer. And it is an effective supplement of the
existing steering drilling technology. And magnetic
guidance technology is the key of drilling coalbed
methane well successfully. It plays an important role
in drilling of parallel horizontal wells and connected
wells. In this paper, the components, structures and
functions of the magnet ranging system are
described, and then the design is discussed on
underground system of target-side, strong
magnetism sub on source and other key down-hole
structures. By analyzing the principle of the
algorithm of RMRS and characteristics of the
magnetic field strength based on Hilbert transform
method, a high precision guide positioning method
suitable for dynamic alternating magnetic field is
proposed. Surface simulation tests show the
rationality of the RMRS and correctness of the
positioning algorithm. With the shortening of
distance between source side and the target
decreases, higher accuracy and smaller error can be
obtained to enable accurate ranging within 40 m. At
present, the magnetic guidance drilling technology is
mainly applied to drill horizontal wells in pairs for
the super heavy recovery, CBM horizontal
connected wells, underground soluble minerals,
relief well and so on. Research results may provide
solid technical supports for the development of
domestic magnetic orientation instruments and the
technical improvement of magnetic guided drilling
techniques in China.

With the advent of the era of low-carbon
economy, coalbed methane (CBM), as a clean and
high-quality energy, has gradually attracted the
attention of the world. And magnetic guidance
technology is the key of drilling coalbed methane
well successfully. Under such a background, the
magnetic guidance drilling technology is gradually
widely used [1-3]. And this technology is mainly
applied to drill horizontal wells in pairs for the super
heavy recovery, CBM horizontal connected wells
and underground soluble minerals. And we must
rely on the magnetic guidance drilling technology to
control the well trajectory to drill these kinds of
special wells, and the regular magnetic guidance
survey instrument and the gyroscopic inclinometer
are unable to meet the accuracy of these kinds of
special wells [4-6].
The core of the magnetic guidance prototype is
the active space oriented locating algorithm of the
alternating magnetic field, and the essence is space
location of the active magnetic field [7-11].

MATERIALS AND METHODS
According to the signal source of the magnetic
field, the magnetic guidance tools can be divided
into two categories: dynamic magnetic field signal
and static magnetic field signal. The dynamic
magnetic field signal refers to a man-made dynamic
magnetic field signal in the well, and then to
measure the location between the signal source and
the detecting instrument, mainly including the
magnetic guidance system, rotary magnetic ranging
system and so on [12]. The static magnetic field
signal refers to the magnetic signal generated by the
completion casing or the magnetic short casing joint,
and realize the spatial orientation through measuring
the static magnetic field signal, mainly including
padding horizontal well trajectory system and

KEYWORDS:
Clean energy, magnetic guidance, drilling technology,
horizontal connected wells, coalbed methane
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magnetic field signal tracking system (Figure 1).
And now, field operation of horizontal wells in pairs
and CBM horizontal connected wells mainly apply
the dynamic magnetic field signal, and the reports of
the static magnetic field signal are few.

z

The spread characteristic model of single
magnetic dipole. The magnetic conductivity is μ, P0
(R, ʌ/2, ș) is a point in the current loop circle, and the
current element is ldl (Figure 2). Based on the
Biot-Savar's law, P(r, ĳ0, ș0) is a point on the current
element, and the Magnetic induction intensity vector
at P is [3, 13]:

*
dB

* *
P Idl u a
4S a 3 ˈ a z 0

S
P0 (R, , T)
2 Idl

PH

R

y

T0

FIGURE 2
Magnetic field of any magnetic dipole.

(1)

The propagation model which is based on
low frequency alternating magnetic field. First of
all,
we set up the near bit magnetic source
mathematical model, w is the rotation axis of the
near bit,

and

are a pair of magnetic dipole

which are orthogonal to each other. And P is the

(3)

location where the sensor is set up. R is the distance

The expression of the magnetic field is [3]:

M

° H x 8S r 3 3sin 2M0 cos T 0
°
M
°
3sin 2M0 sin T 0
®Hy
r3
8
S
°
M
°
° H z 8S r 3 (3cos 2M0  1)
¯

r

x

And r is the distance between any point and the
origin of coordinate, R is the radius of the current
circle, and it could be neglected, and the magnetic
moment is:
M S IR 2
(2)
And

B

M0

P(r, M0 , T0 )

between P and the origin. Based on the Biot-Savar's
law (Figure 3), the magnetic field distribution is
[14-15]:


° Hsw
))* °°
Hs : ® Hsu
°
°
° Hsv
¯

(4)
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FIGURE 1
The working principal of the magnetic guidance drilling technology.
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the power. The surface system is connected with the
bottom system by the winch and the single core
cable. The surface system controls the bit to extend
the well trajectory along the drilling design.
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The Related Software Development of the
Active Magnetic Measuring Instrument. First of
all, we analyzed the whole system, and then
considered the basic architecture of the active
alternating magnetic orientation system. The system
has three parts: the top part includes computer and
thermal printer, the middle parts included control
box, and the bottom part includes probe.
The whole relation of the active alternating
magnetic field orientation system is shown in the
Figure 5.

w

Y
FIGURE 3
The near bit magnetic source mathematical
model.
The calculating principle of the low
frequency
alternating
magnetic
field
orientation.First of all, we should measure the value
of the three axis at P point with triaxial flux-gate
(Figure 4), and each of them is Hx, Hy, Hz. Secondly,
Hu, Hv, Hw are obtained by the coordinate conversion.
And then we can get [16]:

T 0

D

M0

E

tan 1 (

arctan(

Hcsv
)
Hcsu

Hcsv2  Hcsu2
)
Hcsw

f 1 (D )

FIGURE 5
The whole relation of the active alternating
magnetic field orientation system.

(6)

The data flow of the software system is shown
in the Figure 6.
The dotted lines represent the default
parameters, and the solid lines represent the
measuring data. And the data flow is shown below:
(a) The default parameters are saved in the
database and the measurement data module through
the setting parameters function.
(b) The measurement data is transferred from
the bottom tool to the lower computer, and the we
could read the data from the lower computer.

(7)
(8)

At last, we can make sure the location of P
point to hit the target.
The development of the prototype. The
system includes the surface and the bottom system.
And the bottom system includes sensor unit, data
collecting unit, CPU, data communication unit and

FIGURE 4
The calculating model of special location.
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FIGURE 6
The data flow of the software system.
(c) Through processing the data, we could get
the relative location between the source and the
target and the temperature.
(d) The calculation is saved in the database.
(e) The well trajectory is drawn with the
calculation.
(f) The data can be replayed from the database.

permission through defining the module interface in
order to call the module (Figure 7).
Data processing program based on the
Matlab. Matlab has the numerical computation and
simulation analysis function, and it is very beneficial
to verify the algorithm. And the data processing
program based on the Matlab is shown in the Figure
8.

The system framework design. The main
framework contains the interface file of each module,
and we can get the corresponding module entry

DataBase

DataProcess

RMRSProjectView

Display

MainFrame

XYZViewBar

TaskPane

LowLayerUSB
FIGURE 7
The system framework.
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FIGURE 8
The main interface of the magnetic guidance program.

FIGURE 9
Magnetic guidance drilling technology test apparatus.
the magnetic sub aligned with the track, and the
vertical probe laser ensured that the magnetic sub
was set in the position of the EW.

RESULTS
Test apparatus. The test apparatus is shown
below, and it includes the fixture part and the mobile
part. And the fixture part includes the magnetic
source, the probe and the data acquisition system
(the interface box and the laptop). And the magnetic
source could excite the alternating magnetic field,
and the rotation speed is 0~600rpm. The probe could
measure the inclination and the azimuth. The fixture
includes the outdoor track and the fixed points, and
the track part is the EW direction, and the whole
length is 48m, and there is one rivet every other one
meter to position (Figure 9).
We moved the magnetic sub and the target
probe to simulate the bottom situation of the
magnetic sub orientation process. The magnetic sub
car oriented with the two laser probe, and the
horizontal laser probe ensured that the azimuth of

Test plan. We made the following test plan to
test the orientation locating algorithm, and the test
included two steps. And the step one is to calibrate
the magnetic moment coefficient, and the step two is
to place the source magnetic sub and the probe in
two fixed points, and collect the test data. Finally, we
compared the test results to the calculation.
Well location optimizing. (1) Well location
optimizing of CBM horizontal connected wells.
CBM horizontal wells have three forms: multiple
branches horizontal connected wells, U horizontal
connected w optimization of well location of the ells
and V horizontal connected wells. Firstly, we should
drill a vertical well from the surface to the coal seam.
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Secondly, we would drill a vertical section from the
first well 100~200m, and then build angle to extend
the wellbore through the first well. And the second
well is called engineering well. The engineering well
continues to extend horizontally in the coal seam,
when the wellbore extends a certain distance to form
the main branch, and the drill many other multiple
branches wellbores on both sides of the main branch
wellbore to increase the contact area with the coal
seam, and it is called multiple branches horizontal
connected well.
The high-angle coal seams have high
inclination and high permeability, so it makes little
sense to drill multiple branches horizontal connected
wells, and we can drill U horizontal connected wells
to solve the problem [12, 17]. The horizontal section
of U horizontal connected wells extends from the
high end to low end of the tendency of coal seam, so
U horizontal connected wells make full use of the
advantage of gravity of the coal seam water, and this
kind of well is advantageous to the drainage.
According to the characters of the coal-bearing
strata of the Huolin River basin, the intended
coal-bearing strata of this basin is lower group of
Huolin River of the lower range of the cretaceous
system. Huo 1 well block was the target area, and the
R0 was 0.3%~0.4%, the depth was 900m, one of the
largest thick single layer is 20m, reservoir pressure
gradient of the reservoir is 1.08MPa/100m, the
permeability is 0.91×10-3ȝP2, the density is 1.5
g/cm3, the dip angle is 12°~15°. We designed the V
horizontal connected wells in the condition of the
coal seam, and the most important point was the
connected point of the vertical where we chose. And
we can divide the well into three parts as the target
range of the horizontal well and vertical well
connected.
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technology to control the inclination of the well.
After the electric logging, fiber glass casing was ran
in. The operator uses the hole enlarger to enlarge the
borehole, the enlarging diameter need to be more
than 500mm. b) In the process of drilling the
horizontal section, the operator should control the
well trajectory along the drilling design, and use the
LWD to ensure the target hitting quality. c) We
should filter the magnetic signal data with the well
trajectory data to calculate the distance between the
bit to the target, the deviation between the bit to the
target and the deviation of the vertical depth to
achieve the precise connection.
(2) Working process of horizontal wells in
pairs. a) According to the drilling design and the
geological design, we should check the location of
the wells. And the distance between the two wells is
15m. b) The first well is upper production well, and
the second well is lower injection well. The first well
is drilled with LWD, and then cased. c) Through the
crab locomotive, the magnetic guidance instrument
is put into the A target of the first well. d) With the
crab, the data is transferred to the surface, the
operator controls the well trajectory of the second
well. The instrument is put into 30m after one pillar
is drilled, and this process is repeated when the
second well is drilled to the design depth.
Field test. (1) 10.1 DFS-C04-H2 well field
test. a) We had mastered the connected well drilling
technology through DFS-C04-H2 well and
DFS-C04-V1 field test. And we must control the
inclination of the vertical well, and the diameter of
the borehole should be not less than 500mm. b) The
horizontal well should be drilled along the design. c)
We utilized the NMDP to decrease the magnetic
interference. d) We mastered the magnetic guidance
drilling apparatus and the software to direct the
directional engineer to control the well trajectory
accurately.

(2) Well location optimizing of horizontal
wells in pairs for the super heavy recovery.
Horizontal wells in pairs are mainly applied in the
steam assisted gravity drainage (SAGD) petroleum
engineering of the heavy oil [18]. SAGD requests
that one horizontal well must be drilled first above
the oil-water interface near the bottom of the oil
column, and the steam was injected through the
second upper horizontal well which was parallel to
the first horizontal well, so the steam chamber above
the production well was formed. And the steam and
the oil were output together from the production
well.

(2) ZM 1 connected well field connected well
field test. The magnetic guidance drilling
technology was further perfect through two field
tests. And the magnetic guidance apparatus could
calculate within 82m, and the magnetic field tend to
be more standard sine wave signal waveform, and
the working performance was good.
(3) SN06 well cluster field test. a) The first
time: The magnetic interference was serious when
the distance was 74.34m, and the signal was well
when the distance was 60m. And the azimuth
deviation is 9º when the distance is 50m, and the
engineer decided to lift 100m to sidetrack.

Working process. (1) Working process of
connected wells. a) The quality of the vertical well
affects the difficulty of the horizontal connected
wells. Optimizing the assembly and the drilling
parameters, we should use the deviation control
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FIGURE 10
DFS-C04-H2 well and DFS-C04-V1 well connected successfully.

FIGURE 11
The signal interference was bad when the distance was 74.34m.

FIGURE 12
The signal was well when the distance was 27.69m.
technical support for the production of the coalbed
methane and heavy oil reservoir.
(b) Through the research of this projection, we
have solved the working principle of the magnetic
instrument, well location optimizing and working
process to form the magnetic guidance drilling
technology.
(c) Through the field tests, we found the data
acquisition circuit could satisfy the dynamic low
frequency alternating magnetic field range of
10uV~1V. And the hardware and software were
improved with the test on the ground to reach the

b) The second time: The signal was well when
the distance was 48.9m. And the azimuth deviation
is 2.31º.
This run failed to connect, so the engineer
decided to lift 50m to sidetrack. c) The third time:
the two wells were connected successfully.

CONCLUSIONS
(a) Coalbed methane is a kind of efficient and
clean energy. This technology offers a good

10939

© by PSP

Volume 29 – No. 12/2020 pages 10933-10940

indexes stipulated in the project. The AOM-35A
probe could detect the signal within 60~70m, and the
system could orient accurately within 50m.
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to seawater and vice versa [4,5]. The Mugilidae family comprises 17 genera and 72 species worldwide
[6]. The flathead gray mullet Mugil cephalus has a
widespread distribution in the world's moderate, subtropical and tropical areas, associated to its coastal
ecology, raising crucial questions as to whether genetic connectivity is maintained among geographically distant populations and how and when such a
distribution occurred [7]. The M. cephalus is the
most commercially essential in the fisheries and aquaculture in Egypt, due to its higher growth rates and
market acceptance. Egypt is the world's top producer
of cultured mullet. Mullet farms in Egypt depend on
the collection of mullet fry from natural resources
and there are no artificial hatcheries to meet the demand for mullet fry [8]. Despite its aquaculture importance, there is little information available on genetic structure of M. cephalus [9]. Several investigations on mullet population genetics on a global as
well as regional-scale eventually lead to strong evidence that mullet should be considered a species
complex [7].
In general, the morphometric methods in recent
years support the usefulness of morphometric research in the identification of fish populations to facilitate the sustainable use of fishery resources and
biodiversity conservation [10]. Multivariate analysis
is one of the efficient methodological methods used
in fisheries to analyze compound data for a wide
number of variables [11]. This approach aims at testing multiple traits at the same time, which can be difficult to quantify or difficult to understand for selection and conservation programs, particularly when
there is a negative genetic association between them
[12]. Multivariate methods, such as principal component analysis (PCA) and discriminant analysis
(DA), were commonly used in fisheries research
[13,14]. PCA has been used to explain the structural
relationship between the various traits and to exclude
redundant traits, thus the sample size of the initial
range of variables [15]. Therefore, the present survey
was carried out to study multivariate morphometric
trait analysis for Mugil cephalus which collected

ABSTRACT
In the present study, one hundred and fifty flathead grey mullet Mugil cephalus, specimens were
randomly collected from Qarun, Manzala, and Burullus lakes in Egypt to investigate with a view to
differentiate them based on principal components
and discriminant analyses. The results from principal
component analysis (PCA) showed that most of the
phenotypic variation was found on the first three
axes, which included more than 87.96%, for Mugil
cephalus populations. The results of the DFA stepwise explained 100% of the variance with two functions only. Dorsal fin length (DFL), pectoral fin
length (PecFL), maximum body height (MBH), caudal peduncle depth (CPD) and condition factor (CF)
were the most important characteristics of distinction
between populations. The present screening clearly
differentiated the M. cephalus examined using a
simply accessible, comparatively quick, and cheap
morphometric analysis.

KEYWORDS:
Flathead gray mullet Mugil cephalus, Principal component analysis Discriminant analysis

INTRODUCTION
Identification of species, discrimination of populations and geographic variations are essential for
fisheries management and conservation of genetic
resources [1,2]. Morphological differentiation can be
a result of two reasons: genetic variation or ecological factors, or interactions between them. Genetic
variations and reproductive isolation between species may result in local adaptation, expressed in the
morphology, physiology, behavior, and characteristics of life history [3].
Mullets are coastal and diadromous marine
fishes, commonly known to migrate from freshwater
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from three lakes in Egypt to examine intra-specific
variations and identify the most significant morphometric traits for population differentiation. Also, to
provide information on the stocks of mullet used for
genetic monitoring and aquaculture.
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Morphometric traits. Characteristics of nineteen morphometric traits recorded in family Mugilidae specimens were as follows: Body weight (BW)
of fish from different populations was measured using balance to the nearest 1 gram. Seventeen morphometric traits were studied according to [17-20].
The morphometric characters were measured to
nearest 0.01 mm using a digital caliper connected to
a computer. The morphometrics under study were:
standard length (SL), total length (TL)fork length
(FL), head length (HL),distance of first dorsal fin
(Dl), distance of second dorsal fin (D2), distance of
ventral fin (DV), distance of the central of anus
(DCA), distance of anal fin (DA), maximum body
height (MBH), eye diameter (ED), caudal peduncle
depth (CPD), dorsal fin length (DFL), snout length
(NL), head depth (HD), width (W) and pectoral fin
length (PecFL) which are illustrated in (Figure 2).
Condition factor (CF) was calculated according the
following formula:
CF = 100W/Lb where; W = Fish weight (g), L
= Fish total length (cm) and b = Regression coefficient = 3 (Tudorancea et al., 1988). All morphometric measurements were made on the left side of fish.
To minimize the effect of fish size, the data transformed by dividing each measurement by the standard length of each fish [21].

MATERIALS AND METHODS
Mullet samples. A total of 150 specimens of
Flathead grey mullet, three populations of family
Mugilidae, representing fifty specimens of each population were randomly collected from commercial
landings from three different lakes in Egypt: Qarun
Lake (29°25`34" N , 30°34`49" E), Manzala Lake
(31°15'36" N, 31°50'54" E ), and Burullus Lake
(31°28'35" N, 30°51'35" E) (Figure 1). The samples
were identified based on morphological characters
following [16] (Figure 2).

Statistical analysis. The morphometric measurements from the sampled fish (150 individuals)
were performed using the IBM SPSS Statistics, version 23.0 software [22]. Data were expressed as
means and significant level differences between populations means were performed at a 5%.
FIGURE 1
Map of Egypt showing the three sampling sites.

Analysis of variance. data findings have been
systematically analyzed using univariate analysis of
variance (ANOVA). The findings obtained were expressed as mean and significant differences between
populations means were determined using Tukey’s
test in each morphometric trait.
Principal component analysis (PCA). PCA is
a linear aspect reduction technique which can be
used to reduce a wide variety of variables to a
smaller number but also retains much of the original
details [23]. Most of the variability in the results appear through the first principal component while the
second principal component is orthogonal to the first
and incorporates as many as possible of the residual
variance, etc. [24]. The dimensions number to be retained for data analysis was estimated by the competent eigenvalues (which should be greater than one),
by the Cronbach’s alpha parameter (that must be
positive) and the percentage of total variance (that
should be as higher as possible).

FIGURE 2
a. Illustration the Mugil cephalus which used in
the present study and b. Illustration of morphometric measurements.

Discriminant function analysis (DFA). The
discriminant analysis describes a set of variables
such that the first function provides the most general
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distinction between classes, the second set the second-most, and so on [25]. DFA was used to classify
the mullet species according to their morphometric
measurements. It is a stepwise method, using the
:LONV¶ȜPHWKRGZLWKXVLQJWKH)- to-remove statistic, to apply for variable selection. The :LONV¶ȜWHVW
was applied in order to verify which discriminant
functions were significant. To avoid over-optimistic
modulation of data, a cross-validation leave-out procedure was performed to evaluate model performance. Moreover, the discriminant model output
was tested for the ability to an index to classify the
specimens using the Jackknife classification [25].
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among morphometric traits. Much of this morphometric variation may be obscured if analyses based
exclusively on one-way ANOVA variation [26]. The
principal component analysis (PCA) loadings on
PC1 were large and positive for longitudinal measurements, and this component accounted for 65.49%
of variance. PC1were highly positively correlated
with TL, FL, PecFL, HL, DCA, DA, D2, HD and
TailL ratios. PC2 explained 16.14% of the variance.
PC2 was correlated highly positively with CPD and
CF. PC3 explained an additional 6.34% of the variance and was highly positively correlated with BW.
Cumulative variance of PC1, PC2 and PC3 were
87.96% of the total variance (Table 2). Principal
components analysis clearly the separation of the
different populations based on the morphological
traits in Mugil sp. from the Mediterranean and Argentina for the first two principal components axes.
According to this study, the loadings on the first
three components (axes) identified in the analysis
showed appreciable variation among Egyptian mullet populations[27].

RESULTS
Univariate analysis and morphometric
polymorphism. In order to determine the importance of morphometric parameters for species
identification, one-way ANOVA analysis for 19
traits attributed to the standard length as a percentage for fish was performed (Table 1). All the
measurements showed differences among populations significantly (P< 0.05). Earliest analyses
of morphometric variables for stock identification
were univariate comparisons [10].

Morphometric variations among populations. The scatter of standardized scores of
PC1 against PC2 for populations examined was
given in (Figure 3). The plot of PCA scores for
19 morphometric variables showed that all M.
cephalus Manzala specimens were located on the
positive sector of the first component, and all M.
cephalus Qarun specimens were located on the
negative sector of the first component PC1. While

Principal component analysis. A major benefit of the multivariate technique is its ability to integrate covariation directly into the study of variance

TABLE 1
Univariate analysis for Mugil cephalus in Qarun, Manzala and Burullus lakes.
Trait
Qarun Lake
Manzala Lake
Burullus Lake
BW
-0.178b
-0.104ab
0.282a
TL
-1.251c
0.806a
0.449b
c
a
1.067
0.114b
FL
-1.185
-0.492b
1.169a
CPD
-0.689b
c
b
0.382
0.677a
DFL
-1.059
0.961a
0.143b
PecFL
-1.102c
c
a
1.218
-0.326b
HL
-0.890
1.122a
-0.430b
DV
-0.685c
1.090a
-0.115b
DCA
-0.974c
c
a
1.089
-0.071b
DA
-1.019
1.211a
-0.364b
NL
-0.831c
c
a
1.139
-0.315b
ED
-0.824
1.028a
-0.172b
D1
-0.861c
c
a
0.808
0.129b
D2
-0.935
0.821a
0.349b
HD
-1.162c
c
a
0.784
0.467b
MBH
-1.252
0.371b
0.824a
W
-1.195c
0.806a
0.449b
TailL
-1.255c
c
b
-0.098
1.095a
CF
-0.998
Means within the same row bearing different superscript differ significantly (P<0.05).
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TABLE 2
Component matrix and eigen values of morphometric traits for Mugil cephalus collected from Qarun,
Manzala and Burullus lakes in Egypt.
Component
Trait
1
2
3
BW
-0.117
0.580
0.776
TL
0.904
0.124
0.006
FL
0.920
-0.064
0.133
CPD
0.303
0.831
-0.287
DFL
0.576
0.581
0.229
PecFL
0.955
-0.051
-0.078
HL
0.903
-0.317
0.158
DV
0.828
-0.402
0.003
DCA
0.926
-0.145
0.068
DA
0.939
-0.108
0.105
NL
0.780
-0.420
0.225
ED
0.821
-0.488
-0.134
D1
0.864
-0.097
0.256
D2
0.910
-0.113
-0.268
HD
0.919
0.049
-0.245
MBH
0.877
0.333
0.179
W
0.784
0.503
-0.207
TailL
0.904
0.124
0.006
CF
0.533
0.753
-0.250
Eigen values
12.442
3.066
1.205
% of Variance
65.485
16.136
6.34
Cumulative %
65.485
81.62
87.96

all of M. cephalus Burullus specimens were situated on positive sector and majority of M. cephalus Manzala specimens were situated on the negative sector of the second component PC2 (Figure
3). The first component PC1 was defined by TL,
FL, PecFL, HL, DCA, DA, D2, HD, TailL. The second component PC2 was defined by CPD, DFL, W,
CF ratios as percentage of total length. Most
character differences between geographical locations can reflect local adaptations to different lakes environment, enabling the fish to
maintain their place in the water column [28].
The Duncan test indicated that mean standardized PC1 scores for specimens of M. cephalus
from Manzala lake (12.82) were significantly
higher than Burullus lake (2.0) and Qarun lake (14.8) (Table 3) which indicated that M. cephalus
populations from different lakes were different in morphometric traits. A plot of PC1 and PC2
scores, for all fish, indicated that the three M.
cephalus. Populations from different lakes were
separated along PC1 and PC2 (Figure 3). The
overall pattern of spacing of samples on the PC1
and PC2 co-ordinates (Figure 3) can be explained by differentiation between (Qarun,
Manzalla and Burullus lakes) samples. Manzalla samples tended to display higher values of
PC1 and lower values of PC2 compared to Burullus and Qarun lakes samples. When standard
scores for the PC1 specimens of M. cephalus from
different geographical localities were graphed

as a multidimensional distribution (Figure 3),
there was a clear separation between the fish from
different lakes. Morphometric characters separated the samples of Mugil cephalus from Manzala lake clearly from those of Burullus and
Qarun lakes. Morphometric traits are affected
by ecological factors in fishes because they can
impact growth, reproductive, and behavior
[29]. For most fish, the extent to which genetic
and environmental factors determine the morphometric variation is poorly understood.
Pravious study, worked on morphological differentiation among three species of the genus Mugil Linnaeus, 1758 (mugilidae) [30]. They found highly
significant variation among the 3 groups according
to ANOVA. Discrimination of these groups was
proofed through one-way ANOVA and multivariate
analysis. A high percentage of accurate classification
of individuals from various classes was obtained
(99.72%).
The second principal component PC2 which
described the dimensions or trunk shape indicated
that Manzalla population of M. cephalus was longer
in most of body characters (Table 4), which may be
due to the larger head length and larger tail length
in these populations. Results obtained from
principal component analysis on morphological data of all populations of M. cephalus indicated
that three the major groups are discerned and the
majority of specimens from the three geographical regions can be distinguished from each
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other. Bronte et al., [31] indicated that the structure of morphometric traits in fish are related to
their feeding and habitat niches [32]. The deeper
peduncle and smaller head of the deep-water forms
are deemed as adaptations to a benthic life condition [33]. These two morphometric traits are required to planktivory swimming well for fish
(the body is more fusiform shape). Fast-start
swimming of fish greater by deeper peduncle increase [34]. M. cephalus populations had divergent
morphometric traits. The most important result of
this study is the fact that populations from different
lakes are morphometrically divergent from each
other. The analysis of morphometric landmarks as a
potential indicator of phenotypic stocks is a valuable
tool that complements other techniques of identification of stocks. For population modeling, which generally assumes homogeneous ontogenetic rates
within a stock, identification, discrimination, and delineation of phenotypic stocks are key [10].
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Discriminant function analysis. Thirteen morphometric traits were selected from morphometric data for three M. cephalus populations
using step-wise discriminant function analysis
(DFA). These characters indicated, significantly,
three different morphotypes among the three populations. The characters selected on fish were BW, TL,
FL, CPD, DFL, DV, DCA, DA, NL, ED, D1, MBH,
and CF. Morphometric variable analysis generated
two discriminant functions significantly, from which
groups were distinguished by the first discriminant
function (Table 5). Two canonical functions in the
DFA accounted for 100% of the variance in the data
(First function 70.28% and second function 29.72%).
The first axis had high positive loads for BW, TL,
FL, ED and MBH ratio and high negative loadings
for TL and DCA ratio. While, the second axis had
high negative loadings for DCA ratio and high
positive loadings for DA, CF and TL ratios. BW,
TL, FL, CPD, DFL, DV, DCA, DA, NL, ED and
MBH were important in discriminating groups.
Standardized coefficients of the first function.

TABLE 3
Standardized scores for the first component PC1 for Mugil cephalus collected from Qarun, Manzala and
Burullus lakes in Egypt.
Qarun Lake
Manzala Lake
Burullus Lake
-22.150
-6.769
11.945
4.582
12.311
-0.399
-8.994
-19.377
6.093
11.114
7.244
5.264
-13.033
-19.362
12.681
11.795
-5.489
-0.630
-12.360
-6.066
11.731
9.347
-0.646
4.021
-17.022
-9.725
14.605
13.369
5.080
1.963
-12.505
-10.110
7.492
14.789
-7.009
0.961
-14.942
-9.447
14.525
18.075
1.293
-0.174
-15.570
-15.547
13.641
17.161
-3.414
0.398
-20.420
-22.543
14.932
16.444
-2.933
-0.862
-22.624
-21.456
15.990
15.641
3.183
-1.168
-18.020
-8.384
7.524
15.749
3.147
7.088
-20.615
-9.027
15.747
14.627
2.280
-2.481
-22.085
-22.353
15.060
13.702
6.726
0.440
-5.702
-9.506
4.352
16.421
1.975
7.227
-22.356
-8.841
13.540
11.889
7.845
0.263
-17.938
-22.315
4.990
17.439
-3.519
6.747
-15.435
-17.846
11.623
15.549
-0.058
9.090
-7.823
-10.007
13.957
9.911
5.098
12.670
-9.498
-13.210
12.357
17.257
-6.275
-1.766
-20.264
-11.153
12.944
10.593
7.585
2.423
-18.130
-17.642
15.395
16.863
-0.297
5.474
-18.813
-7.166
10.604
5.609
10.542
0.522
-12.764
-10.634
15.575
17.199
4.176
-4.350
-20.767
-17.578
9.359
14.897
-5.059
-1.025
-6.603
-17.531
14.806
9.610
-5.185
9.983
-14.8c
12.822a
2.005b
Means within the same row bearing different superscript differ significantly (P<0.05).
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FIGURE 3
Scatter plot of PC1 and PC2 from the analysis of morphometric characters for Mugil cephalus collected
from Qarun, Manzala and Burullus lakes in Egypt.
TABLE 4
Standardized scores for the second component PC2 for Mugil cephalus collected from Qarun, Manzala
and Burullus lakes in Egypt.
Qarun Lake
Manzala Lake
Burullus Lake
-3.706
0.132
-1.267
1.640
5.034
2.256
-5.290
-2.661
2.555
2.761
1.797
2.101
-1.670
-3.126
-0.078
-0.052
3.020
2.613
-1.760
-4.082
-1.176
1.302
0.722
1.652
-3.482
0.058
-0.758
-0.337
2.508
2.776
-3.544
0.595
1.481
-3.025
3.165
3.032
-1.898
1.302
-2.898
-0.145
2.191
1.863
-2.321
-1.837
-0.189
-1.373
2.406
3.192
-2.615
-4.175
-2.042
-1.086
3.358
2.697
-4.142
-3.026
-1.820
-1.356
2.518
3.160
-2.859
-3.080
-0.048
2.893
1.998
3.184
-3.248
1.695
-2.363
-0.645
2.630
3.294
-4.092
-2.995
-2.845
-2.200
3.244
3.314
-3.048
1.504
2.093
-1.234
3.505
3.807
-3.014
-3.968
-0.007
0.606
3.356
2.466
-3.692
-3.629
0.476
-2.576
2.342
2.733
-2.251
-1.855
-0.432
-1.594
3.177
3.263
0.774
-3.490
-2.889
0.407
2.600
3.197
-4.849
-1.408
-1.491
-0.694
2.916
3.994
-2.677
1.791
-0.864
-1.256
2.934
1.629
-3.957
-2.349
-1.913
-2.538
2.612
4.214
-3.769
-2.198
-1.153
0.055
5.041
2.556
-3.439
1.078
-1.494
-1.936
4.994
3.236
-2.164
-2.287
-1.233
-0.922
3.170
2.622
1.263
-2.575
-1.273
0.420
3.632
2.349
-2.241c
-0.69b
2.921a
Means within the same row bearing different superscript differ significantly (P<0.05).
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Scatter plot. Figure (4) showed the bivariate plot of two canonical functions, the first
function separated M. cephalus Manzala population from M. cephalus Qarun and M. cephalus Burullus. The plot of the first discriminant function scores showed that all the scatter points of M.
cephalus Manzala specimens were located in the
positive sector of the first function, while all the
scores M. cephalus Qarun and most of the scores
M. cephalus Burullus specimens were situated on
the negative sector of the first function. Scatter
plots of two discriminant function scores demonstrated the separation of the three morphotypes,
Manzala, Qarun and Burullus lakes morphotypes
(Figure 4).
Examination of the bivariate scatter-plot
and between locations Duncan statistics for the
first function and the second function (Table 6 and
7) indicated that sp ec ime n s fro m Ma nz a lla
lake wer e sign if icantly d if fer en t f ro m
those of Qarun and Burullus lak es in th e f irst
function scores (Table 6). While, th e second
function scores (Table 7) spe c ime n s from Burullus lak e we re significantly different from those
of Manzalla and Qarun lakes and no significant difference was detected between specimens from Man-
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zalla and Qarun lakes. Morphometric differences between the three mullet populations were used to
check stock structuring presence. Significant morphological heterogeneity among the three mullet
populations was exposed through one-way ANOVA
and discriminant function analysis (Table 1, 6 and 7).
Between morphotype discrimination for three M.
cephalus population's forms was based on measures
of BW, TL, FL, ED, MBH ratios. Sixteen morphometric traits were significant to distinguish two
groups of killifish Fundulus lima populations using
discriminant function analysis [35].
In general, morphometric variations within a
population are usually related to geographical separation due to the interactive impact on individuals of
the environment, selection and genetics [10,36]. An
individual's phenotype is a manifestation of its underlying genotype, as expressed during development
in the local ecology [28]. Individuals forming and
maturing in the same drainage region should also be
expected to have a similar phenotype since they are
likely to undergo the same ecological and genetic
factors [37]. Morphometric data demonstrated
that M. cephalus populations are highly structured
morphologically, however, It does not conclude
that these morphological variations are adaptive.

TABLE 5
Eigen values and standardized canonical discriminant function coefficients for Mugil cephalus collected
from Qarun, Manzala and Burullus lakes in Egypt.
Discriminant function
Discriminant stepwise function (se(all characters)
lected characters)
Trait
1
2
1
2
BW
TL
FL
CPD
DFL
PecFL
HL
DV
DCA
DA
NL
ED
D1
D2
HD
MBH
W
CF
Eigen values
% of Variance
Cumulative %

1.869
-0.928
0.913
-0.823
0.551
-0.113
0.365
0.199
0.668
-0.031
-0.648
2.426
-0.438
-0.112
-0.060
0.807
0.244
-0.642
35.779
70.281
70.281

-0.097
0.931
-0.203
0.421
0.191
0.403
-0.022
-0.677
-2.765
2.726
0.304
-0.139
-0.783
-0.082
0.024
-0.304
0.160
1.091
15.129
29.719
100
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1.796
-0.964
0.899
-0.770
0.639
0.250
0.461
0.198
-0.596
2.429
-0.284
0.853
-0.671
33.955
70.052
70.052

0.084
0.974
-0.250
0.533
0.251
-0.589
-2.943
3.003
0.120
0.330
-0.788
-0.266
1.100
14.516
29.948
100
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FIGURE 4
Scatter plot of two discriminant functions of morphometric characters for M. cephalus collected from
Qarun, Manzala and Burullus lakes in Egypt.
TABLE 6
Standardized scores for the first standardized canonical discriminant function for Mugil cephalus collected from Qarun, Manzala and Burullus lakes in Egypt.
Qarun Lake
Manzala Lake
Burullus Lake
-3.248
-1.591
1.761
5.237
-1.890
-1.177
-2.848
-3.083
6.025
6.515
-3.023
-1.168
-2.175
-3.066
4.433
4.667
0.014
-1.550
-1.347
-3.277
3.568
4.467
-1.403
-1.505
-3.345
-2.350
3.525
4.435
-1.782
-1.637
-3.386
-2.001
5.350
3.272
0.288
-1.844
-2.888
-0.319
3.576
2.601
-1.594
-1.696
-2.509
-2.601
4.803
3.093
0.749
-1.149
-3.158
-2.344
4.200
3.030
0.651
-2.433
-3.070
-3.390
3.593
2.158
-1.542
-0.220
-3.278
-4.191
4.592
6.100
-0.890
-3.282
-3.170
-0.640
4.034
4.173
-1.610
-1.010
-3.375
-3.064
4.003
1.964
-1.507
-1.395
-3.140
-0.365
5.565
4.232
-2.752
-3.305
-3.581
-3.780
4.142
5.273
-0.971
-1.647
-2.467
-3.141
4.517
4.156
-0.682
-2.872
-3.319
-3.599
4.854
2.562
-1.754
-1.036
-2.201
-3.230
2.700
4.229
-0.876
-1.033
-3.244
-2.754
4.611
2.625
-0.524
0.288
-3.622
-0.383
4.438
4.664
-1.488
-1.255
-2.966
-3.060
4.020
4.509
-0.904
-2.456
-2.779
-3.598
2.713
4.074
-1.994
-1.789
-3.512
-1.219
3.201
3.085
-2.911
0.386
-4.208
-2.851
4.104
4.488
0.570
-1.501
-1.799
-3.006
3.382
5.195
0.604
-1.867
-2.751c
4.05a
-1.307b
Means within the same row bearing different superscript differ significantly (P<0.05).

10948

© by PSP

Volume 29 – No. 12/2020 pages 10941-10953

Fresenius Environmental Bulletin

TABLE 7
Standardized scores for the second standardized canonical discriminant function for Mugil cephalus collected from Qarun, Manzala and Burullus lakes in Egypt.
Qarun Lake
Manzala Lake
Burullus Lake
-0.573
-1.723
0.838
-0.174
2.837
1.925
-1.739
-1.028
-0.608
-0.702
0.609
2.608
-1.444
-1.216
-1.035
-0.608
2.671
1.969
-1.155
-1.627
-0.612
-1.554
2.346
2.129
-1.442
-2.215
-1.680
-0.717
2.595
2.567
-1.453
-1.567
-0.837
-1.234
2.071
2.345
-1.683
-1.525
-1.781
-1.342
0.645
1.413
-1.687
-1.173
-0.250
-1.117
2.351
2.102
-0.503
-1.276
-0.979
-1.667
2.820
1.901
-0.241
-0.412
-1.161
-0.535
3.190
2.543
-0.886
-0.540
-0.419
0.146
1.939
1.259
-0.543
-2.022
-1.578
-0.429
1.909
2.543
-0.667
-0.141
-2.308
-1.945
2.959
1.713
-1.496
-1.756
-0.150
-1.286
1.677
1.411
-0.405
-1.816
-0.955
-0.495
2.964
2.824
-1.505
-0.569
-0.504
-1.763
1.913
0.564
-0.781
-0.843
-0.567
-1.812
2.169
3.165
-1.855
-1.895
-1.222
-1.063
2.756
1.987
-1.566
-1.787
-0.443
-0.820
2.495
2.897
-0.729
-1.506
-0.674
-0.365
2.614
2.468
-1.541
-0.258
-1.839
-1.808
1.884
1.844
-0.937
-1.534
-0.589
-0.964
2.140
2.704
-1.632
-2.015
-1.169
-2.120
1.380
2.236
0.089
-0.725
-1.025
-1.034
2.947
1.895
-1.379
-1.079
-0.685
-0.628
1.994
1.363
-1.2b
-0.965b
2.165a
Means within the same row bearing different superscript differ significantly (P<0.05).

population. Mugil cephalus specimens were correctly classified to location of origin (Table 8).
Using the developed formula, the classification
rate was highest for Manzala lake population
(100%). Jacknife classification of Mugil cephalus
populations was based on the first discriminant
function scores: positive scores (more than zero) for
Manzala lake population and negative scores (less than
zero) for Qarun and Burullus lakes populations.

Previous study, studied comparative morphometrics
of two populations of Mugil curema with nine morphometric variables using discriminant analysis, the
results showed that the diameter of the eye differentiated between the two populations [38]. The stepwise canonical discriminant analysis generated
standardized canonical coefficients for the five morphometric variables that separate M. cephalus populations.
Standardized canonical coefficients generated for the
first function that explained 70.05% of the total variance
were as follows:
BW ratio (1.796), TL ratio (-0.964), FL ratio
(0.899), ED ratio (2.429) and MBH ratio (0.853).
These coefficients were subsequently used as an index to classify the specimens of the three M. cephalus populations.

Score 2 = 0.974 (TL) -2.943 (DCA) + 3.003 (DA)
+ 0.119 (CF). According to score 2 obtained from the
second function, the scores of Mugil cephalus
specimens were distributed in a histogram according to population (Figure 5b) based on the discriminant index, using only morphometric characters.
Generally, Burullus population scored positively (> zero),
while all other populations scored negatively (< zero) suggesting the separation of the two groups (Table 9).
The model was successful in discriminating Mugil cephalus from Burullus lake population. Mugil
cephalus specimens were correctly classified to
location of origin. Using the developed formula, the classification rate was highest for Burullus lake population (100%), (Table 9).

Score 1 = 1.796 (BW) -0.964 (TL) + 0.899 (FL)
+ 2.429 (ED) +0.853 (MBH). According to score 1 of
M. cephalus, specimens were distributed in a
histogram according to population (Figure 5a) based
on the discriminant index, using only discriminant
morphometric characters. Generally, Manzala population scored positively (> zero) while, all other populations
scored negatively (< zero) suggesting the separation of
two groups (Table 8). The model was successful in
discriminating Mugil cephalus from Manzala lake
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Lake Qarun
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(
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(2 2.5)
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(-3 > )

(-3 -2.5)

0
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FIGURE 5a
Classification histogram for M. cephalus populations in Qarun, Manzala and Burullus lakes according to
the first discriminant scores.
TABLE 8
Jacknife classification matrix (numbers of specimens within population) based on the first discriminant
function scores calculated from measurements of Mugil cephalus in Qarun, Manzala and Burullus lakes
specimens.
Number of specimens within populations
Score
Qarun Lake
Manzala Lake
Burullus Lake
(>3)
0
42
0
(2.5 - 3)
0
5
0
(2 - 2.5)
0
1
0
(1.5- 2)
0
2
0
(1 - 1.5)
0
0
0
(0.5 - 1)
0
0
4
(0 - 0.5)
0
0
4
(-0.5- 0)
3
0
1
(-1 -0.5)
1
0
6
(-1.5-1)
2
0
11
(-2 -1.5)
2
0
16
(-2.5 -2)
6
0
2
(-3 -2.5)
8
0
3
(-3 >)
28
0
3
Jacknife edge = Zero score.

10950

© by PSP

Volume 29 – No. 12/2020 pages 10941-10953

Fresenius Environmental Bulletin

Lake Qarun
18
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Lake Burullus
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(2 2.5)
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FIGURE 5b
Classification histogram for Mugil cephalus in Qarun, Manzala and Burullus lakes populations according
to the second discriminant scores.
TABLE 9
Jacknife classification matrix (numbers of specimens within population) based on the second discriminant
function scores calculated from measurements of Mugil cephalus in Qarun, Manzala and Burullus lakes
specimens.
Number of specimens within populations
Score
Lake Qarun
Lake Manzala
Lake Burullus
(>3)
0
0
2
(2.5 - 3)
0
0
16
(2 - 2.5)
0
0
11
(1.5 - 2)
0
0
13
(1 - 1.5)
0
0
5
(0.5 - 1)
0
1
3
(0 - 0.5)
1
1
0
(-0.5 - 0)
5
8
0
(-1 -0.5)
12
17
0
(-1.5 -1)
11
11
0
(-2 -1.5)
18
10
0
(-2.5 -2)
3
2
0
(-3 -2.5)
0
0
0
(-3 >)
0
0
0
Jacknife edge = Zero score.
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[5] Arai, T., Chino, N. (2012) Diverse Migration
Strategy between Freshwater and Seawater
Habitats in the Freshwater Eel Genus Anguilla.
J. Fish Biol. 81, 442-455.
[6] Nelson, J.S. (2006) Fishes of the World (4th
ed.), John Wiley & Sons Inc., New Jersey, 601.
[7] Crosetti, D., Blaber, S.J.M., (2016) Biology,
Ecology and Culture of Grey Mullets (Mugilidae), (1st ed.), CRC Press.
[8] Suloma, A., Ogata, H.Y. (2006) Future of RiceFish Culture, Desert Aquaculture and Feed Development in Africa: The Case of Egypt as the
Leading Country in Africa. Jpn. Agr. Res. Q. 40,
351-360.
[9] Suresh, E., Tiwari, V., Sekar, M., Sankar, M.,
Kathirvelpandian, A. (2013) Genetic Structure
of Populations of Mugil Cephalus Using RAPD
Markers. Afr. J. Biotechnol. 12, 6262-6266.
[10] Dwivedi, A., Dubey, V. (2013) Advancements
in Morphometric Differentiation: A Review on
Stock Identification among Fish Populations.
Rev. Fish Biol. Fisher. 23, 23-39.
[11] Hassanien, H., Kamel, E.A., Salem, M., Dorgham, A. (2011) Multivariate Analysis of Morphometric Parameters in Wild and Cultured Nile
Tilapia Oreochromis Niloticus. Journal of the
Arabian Aquaculture Society. 6, 424-440.
[12] Ibañez, A.L., Cowx, I.G., O'Higgins, P. (2007)
Geometric Morphometric Analysis of Fish
Scales for Identifying Genera, Species, and Local Populations within the Mugilidae. Can. J.
Fish. Aquat. Sci. 64, 1091-1100.
[13] Oliveira, S.N., Ribeiro, R.P., Oliveira, C.A.,
Lopera-Barrero, N.M., Borquis, R.R.A., Zardin,
A.M.S.O., Souza, F.P., Poveda-Parra, A.R.
(2019) Multivariate Analysis Using Morphometric and Ultrasound Information for Selection
of Tilapia (Oreochromis Niloticus) Breeders.
Revista Brasileira de Zootecnia 48, 1-9.
[14] Bhosale, M.M., Pawar, R.A., Sawant, M.P.,
Pawase, A.S. (2018) Truss Based Morphometric
Approach for the Analysis of Body Shape in
Portunid Crabs (Charybdis Feriatus, Portunus
Felagicus and P. Sanguinolentus) along
Ratnagiri Coast, India. J. Entomol. Zool. Stud.
6(2), 2641-2648.
[15] Cronin-Fine, L., Stockwell, J.D., Whitener,
Z.T., Labbe, E.M., Willis, T.V., Wilson, K.A.
(2013) Application of Morphometric Analysis
to Identify Alewife Stock Structure in the Gulf
of Maine. Mar. Coast. Fish. 5, 11-20.
[16] Saleh, M. (2008) Capture-based Aquaculture.
Global Overview. FAO Fisheries Technical Paper. 508, 109-126.
[17] Rutten, M.J.M., Bovenhuis, H., Komen, H.
(2004) Modelling Fillet Traits Based on Body
Measurements in Three Nile Tilapia Strains
(Oreochromis niloticus L.). Aquaculture. 231(14), 113-122.

CONCLUSIONS
The results from principal component analysis
(PCA) showed that, Mugil cephalus populations
from Qarun, Burullus and Manzala lakes had higher
degree of morphometric polymorphism. Which were reflected in variation primarily along three axes PC1, PC2
and PC3. Together these components accounted for
more than 87.96% of variation. Univariate analysis exhibited significant differences among
populations for most characters which were enabled to separate along PCI and PC2. BW, TL, FL,
ED, and MBH ratios were selected by step-wise discriminant function analysis which indicated significantly three different morphotypes. Two canonical
functions accounted for 100% of the variance, with
only first function accounted 70.05% of variance. First
function separated Manzala population which scored
positively (> zero), while, the second function successfully separated Burullus population scoring negatively (< zero).
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unfortunately, to improve yoghurt texture, milk or
skim milk used in its making is traditionally
fortified with skim milk powder (SMP), whey
powder (WP), whey protein concentrate (WPC) and
some other dairy ingredients [4] . In, this case final
product is richer in lactose in some cases or in
protein from the other side. Such product is not
suitable for some individuals who are suffering
from lactose intolerance or from milk protein
allergy. For such reasons, and also from the
economical point of view, supplementation of
yoghurt and many dairy products with ingredients
of plant origin is gaining a growing attention.
Development of milk-based fermented products
using wheat germ (WG) was the objective of many
studies [5-11].Concerning WG it is a part of the
wheat kernel (2.5 % of the total weigh) and
normally removed during wheat processing as a byproduct [6] Richness of WG with vitamins,
minerals, fibers and protein was given in -details- in
the literature [6,8,10,11,12]. The objective of the
present study was to manufacture functional
yoghurt based on partial replacement of skim milk
powder (SMP) with wheat germ (WG).

ABSTRACT
Yoghurt like- product was manufactured from
reconstituted skim milk powder (SMP, 10% w/w)
without (The control) and with partial replacement
of SMP with 2% (T1) or 4% (T2) wheat germ
powder (WGP) supplemented with xanthan gum
(XG) as a stabilizer. Fermentation time was
affected by the used WGP since the decrease in pH
during fermentation was faster in case of T1 and T2
than in the control. Analysis of the prepared
samples revealed significant increase in total solids,
fat and carbohydrates contents due to the applied
treatments whereas protein and ash decreased.
Acidity and pH of fresh and stored products were
not affected by T1 and T2, whereas acetaldehyde
content significantly increased. Curd tension
significantly increased in the treated samples and
this was accompanied by significant decrease in
wheying-off. Organoleptically, the darker colour of
the treated product was responsible for decreasing
the scores given for some sensorial properties,
whereas no significant differences were recorded
for flavour attributes due to the use of WGP and
XG.

MATERIALS AND METHODS
KEYWORDS:
Yoghurt, skim milk powder, wheat germ, xanthan gum

Materials. Skimmed milk powder (SMP,
German product) was obtained from Green Fields
Company and contained 4% moisture, 1.25% fat,
52. 5% lactose, 36 % protein and 8 % ash, whereas
wheat germ powder (WGP) was purchased from
Future Food for Food Additives Company and
contained 4 % moisture, 10-12 % protein,4-5% fat
and 6 % ash. Xanthan gum (XG) was obtained from
(Green Fields Company). Yoghurt starter culture
(YC – X11) consisting of Streptococcus
thermophilus and Lactobacillus dellbreuckii
subsp. bulgaricus at ratio (1:1) was obtained from
CHR - Hansen’s lab, Denmark.

INTRODUCTION
Yoghurt is considered as the most popular
fermented dairy products in many parts of the
world, while the basic raw material for its making is
milk from different species. The therapeutic aspects
of fermentation, the nutritional benefits – in general
– of yoghurt were recently reviewed by Deeth and
Tamime [1], McKinley [2], Weerathilake et al. [3].
In this respect, Tamime and Robinson [4] attributed
most of such benefits of yoghurt to its high
digestibility and bioavailability of nutrients and also
yoghurt can be recommended to the individuals
with lactose intolerance and gastrointestinal
disorders. This is quite important, but
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Duncan’s test as well as average and standard error
were carried out using SPSS computer program
[20]. at P 0.05.

MATERIALS AND METHODS
Yoghurt like product was mainly made using
the traditional method given by Tamime and
Robinson [4]. In this respect, the control product
was made from reconstituted SMP (10 %, w/w),
whereas the treated samples were made by partial
replacement of SMP with WGP at level of 2 % with
adding 1 % XG (mixture 1) and at level of 4 % with
also adding 1 % XG (mixture 2). Mixtures 1 and 2
were used to give treatment (T1) and treatment (T2)
respectively. In all cases, the prepared premixtures
were heated at 90° C for 15 min and then cooled to
42° C for incubation with yoghurt starter culture
(YSC). Fast cooling was done after achieving the
complete fermentation. The pH was measured at
different intervals during fermentation period as
indicator to the activity of the used cultures [13].

RESULTS AND DISCUSSION
Activity of yoghurt starter culture (YSC)
expressed as pH during fermentation is shown in
Table (1). The attained results revealed that the rate
of pH decrease was affected by the addition of
wheat germ powder (WGP) and xanthan gum (XG).
The higher was the amount of WGP added as given
LQ7WKHORZHUZDVWKHS+ 3 7KLVPHDQV
adding WGP encouraged activity of YSC during
fermentation. This agrees with finding of Seleet et
al. [10], whereas XG in the present study and the
study given by El-Sayed et al. [21] had no impact in
this respect. However, the study was given by
Lamsal and Faubion [22], showed the beneficial
effect of cereals germs on the growth and activity
of lactic starters.
Gross chemical composition (Table 2) was
significantly affected by the applied treatments
since total solids (TS), fat and carbohydrate
increased, while protein and ash decreased due to
T1 and T2 .The increase in TS could be attributed
to adding XG in the used mixtures, since the
replacement of SMP with WGP was at the same
quantities. The changes in the other constituents
could be due to SMP and WGP contained different
amounts of them. The significant decrease in milk
powder and the replacement of lactose with plant
protein via WGP are quite important for individual
who are suffering from milk protein allergic or
lactose intolerance. Storage of the prepared samples
caused significant changes- except carbohydrate
content – in the composition that could be
explained on loss of some moisture [23-26]. The
use of XG as a stabilizer significantly contributed to
increase carbohydrates content since it is wellknown that XG is a polysaccharide used in foods
for
many
useful
purpose
[21,27,28,29].

Methods of analysis. The fresh and cold
stored (7 days) samples were analysed for acidity
(as lactic acid, %) and pH as given by Ling [14],
whereas TS, fat (Gerber method), protein (microkjeldahl method) and ash contents were measured
as described by AOAC [15] The carbohydrate was
calculated by difference, whereas the method of
Lees and Jago [16] was used for determination of
acetaldehyde content .Curd tension (CT) was tested
as described by Chandrasekhara et al. [17], while
the method of Lucey et al. [18] was followed for
measuring wheying-off of the prepared fermented
gels.

SENSORY EVALUATION
It was done following the suggested scoring
card given by ELShibiny et al. [19].
Statistical Analysis. All data were statistically
analyzed by the SPSS statistical software using
one-way ANOVA. Analysis of variance and

TABLE 1
The changes in pH values during fermentation of reconstituted skim milk powder (SMP) without (The
control) and with partial replacement it with wheat germ, T1 and T2 (Average ± SE of 3 replicates) *
Timeb(Min)
Control
T1
T2
zero time
6.62 ± 0.01 a
6.61 ± 0.00 b
6.61 ± 0.00 b
30
6.18 ± 0.02 a
6.14 ± 0.02 ab
6.12 ± 0.01b
6.00 ± 0.08 a
5.78 ± 0.02 b
60
6.05 ± 0.03 a
90
5.83 ± 0.07 a
5.69 ± 0.11 ab
5.46 ± 0.01 b
5.28 ±0.09 ab
4.96 ± 0.01 b
120
5.59 ± 0.14 a
4.98 ± 0.02 ab
4.81 ± 0.01 b
150
5.18 ± 0.15 a
180
4.91 ± 0.10 a
4.79 ± 0.01 ab
4.62 ± 0.01 b
4.59 ±0.01 ab
4.46
±0.01 b
210
4.68 ± 0.06 a
Control: It was made from RSMP (10 %, w/v).
Treatment 1: It was made from RSMP (8 %) and mixture 1 containing 2 %WGP and 1% xanthan gum.
Treatment 2: It was made from RSMP (6 %) and mixture 2 containing 4 %WGP and 1% xanthan gum.
$YHUDJHVZLWKGLIIHUHQWVXSHUVFULSWV DEF«HWF GXHWRWKHDSSOLHGWUHDWPHQWVGLIIHUHGVLJQLILFDQWO\ 3 
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TABLE 2
Gross chemical composition (%) of fresh (A) and stored (B) yoghurt like – product made from
reconstituted skim milk powder (SMP) without (The control) and with partial replacement it with wheat
germ, T1 and T2 (Average ± SE of 3 replicates) *
property
Control
T1
T2
11.07± 0.14 aB
11.40 ± 0.10 aB
9.62 ± 0.03 bB
Total solids, A
10.31 ± 0.04 bA
11.58 ± 0.20 aA
11.90 ± 0.03 aA
B
0.18 ± 0.02 bB
0.19 ± 0.01 bB
0.26 ± 0.00 aB
Fat, A
0.25 ± 0.01 bA
0.31 ± 0.01 aA
0.26 ± 0.00 bA
B
3.60 ± 0.04 aB
3.28 ± 0.02 bB
2.34± 0.02cB
Protein, A
3.54 ± 0.01bA
2.78 ± 0.01 cA
3.92 ± 0.01 aA
B
5.04± 0.08 cB
6.84± 0.13 bA
8.04± 0.08 aA
Carbohydrate, A
7.00 ± 0.18 bA
8.11 ± 0.07 aA
5.29± 0.06 cA
B
0.80± 0.01 aB
0.76± 0.01 bB
0.76± 0.01 bB
Ash, A
0.79 ± 0.00 bA
0.78 ± 0.01 bA
0.83± 0.01 aA
B
-* Control: It was made from RSMP (10 %, w/v);treatment 1: It was made from RSMP (8 %) and mixture 1 containing 2
%WGP and 1% xanthan gum; treatment 2: It was made from RSMP (6 %) and mixture 2 containing 4 %WGP and 1%
xanthan gum.
- * a, b, c, d: Averages in the same roZZLWKGLIIHUHQWVXSHUVFULSWVGLIIHUHGVLJQLILFDQWO\ 3 
$%&'$YHUDJHVLQWKHVDPHFROXPQZLWKGLIIHUHQWVXSHUVFULSWVGLIIHUHGVLJQLILFDQWO\ 3 

TABLE 3
Acidity (%) , pH and acetaldehyde (μmolࡵ 100 g) of fresh (A) and stored (B) yoghurt like – product made
from reconstituted skim milk powder (SMP) without (The control) and with partial replacement it with
wheat germ, T1 and T2 (Average ± SE of 3 replicates) *
property
Control
Acidity, A
0.73 ± 0.00 aB
Acidity, B
0.88 ± 0.01bA
pH, A
4.76 ± 0.01aA
pH, B
4.42 ± 0.01 aB
Acetaldehyde, A
10.35 ± 0.33 cB
Acetaldehyde, B
13.18 ± 0.40 cA
* See legend to Table (1) for details.

T1
0.73 ± 0.00 aB
0.85 ± 0.02aA
4.75 ± 0.01aA
4.45 ± 0.00 aB
12.77 ± 0.25 bB
16.05 ± 0.23bA

T2
0.73 ± 0.003 aB
0.86 ± 0.00 aA
4.74 ± 0.00 aA
4.45 ± 0.01 aB
13.98± 0.19 aB
17.21 ± 0.21 aA

TABLE 4
Curd tension (CT, g) of fresh product and wheying off (%) of its gel and the percentages of their increase (+)
or decrease (-) as affected by partial replacement of SMP with WGP (Average ± SE of 3 replicates) *
property
Curd tension
%(+)
Wheying-off
%(-)
* See legend to Table (1) for details.

Control
13.66±0.16 c
---------10.77± 0.17 a
----------

T1
17.67±0.17 a
29.36
6.11± 0.29 c
43.27

T2
15.70±0.33 b
14.93
7.67± 0.29 b
28.78

TABLE 5
Sensory evaluation of the fresh yoghurt like – product made from reconstituted skim milk powder (SMP)
without (The control) and with partial replacement it with wheat germ, T1 and T2 (Average ± SE 9 panelists
from 3 replicates) *
Property
General appearance (10)
Firmness (10)
Smoothness (10)
Wheying off (10)
Flavour (60)
Acid (10)
Bitterness (10)
Flat (10)
Foreign (10)
Cooked (10)
Unclean (10)

Control
6.60 ± 0.25 a
6.62± 0.24 a
6.80 ± 0.20 a
6.80 ± 0.20 a
56.60 ± 0.25 a
6.60 ± 0.25 a
10 ± 0.00 a
10.00 ± 0.00 a
10 ± 0.00 a
10 ± 0.00 a
10 ± 0.00 a

* See legend to Table (1) for details.
*The maximum attainable scores were given in parentheses.
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T1
3.60 ± 0.25 b
4.60 ± 0.25 b
4.80 ± 0.20 b
7.40 ± 0.40 a
56.20 ± 0.38 a
6.40 ± 0.25 a
10 ± 0.00 a
9.80 ± 0.20 a
10 ± 0.00 a
10 ± 0.00 a
10 ± 0.00 a

T2
3.20 ± 0.20 b
4.60 ± 0.25 b
3.60 ± 0.24 c
7.60 ± 0.20 a
56.00 ± 0.00 a
6.20 ± 0.20 a
10 ± 0.00 a
9.60 ± 0.20 a
10 ± 0.00 a
10 ± 0.00 a
10 ± 0.00 a
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Acidity and pH of the fresh and stored product
were not affected by the applied treatments,
whereas acetaldehyde content significantly
increased from 10.35 in the control to 12.77 and
13.98 μmoleࡵ 100 g in T1 and T2 respectively
(Table 3). In the literature, addition of WG
enhanced acidity development [10], while the use
of XG had no impact on pH [21,30]. Rasic and
Kurmann [31] reported that rate of acetaldehyde
production is highly dependent on acidity level and
decreased during prolonged storage of yoghurt. In
general, the change -on storage – with respect to
acidity and pH are in agreement with the trend
given by Mehanna and Hefnawy [32].
The changes in acetaldehyde due to storage
agree with Mehanna and Hefnawy [32], Aita et al.
[33] who demonstrated that the development of
acetaldehyde content continued up to the 6th and 7th
day of storage period respectively.
In the preliminary study (not shown) , the use
of WGP as a SMP replacer did not significantly
improve the physical properties of the resultant
yoghurt like – product , so in the present work XG
was added to WGP and the prepared mixtures (T1
and T2) were used to achieve the partial
replacement of SMP with WGP .Table (4) shows
that the curd tension (CT) significantly increased
from 13.66 g in the control to 17.67 and 15.70 g
T1 and T2 in order. This increase was accompanied
by a significant decrease in wheying- off, since the
corresponding values were 10.77,6.11 and 7.67 %
in order. The increase in CT as calculated
percentages were 29.35 and 14.93 %, whereas the
calculated decrease in wheying-off were 43.27 and
28.78 % respectively.
Such improvement in the physical properties
is mainly due to the used XG, while some role
could also due to WGP since its richness with fibers
helps in holding more water and minimize or
prevent syneresis [10].The use of XG as
hydrocolloid to improve yoghurt and other related
products was given in the literature[21, 27-29]. The
advantages of using XG in foods are mainly due to
(1) solubility, (2) high viscosity, (3) stability in acid
system, (4) unique rheological properties, (5)
excellent suspending properties, (6) excellent
compatibility with a wide range of salts, (7)
excellent thermal stability and (8) the ability to
provide good freeze- thaw stability [21]. In general,
according to some earlier studies revealed the role
hydrocolloids- in general – in such improving and
attributed it to the polysaccharides interact with
casein network and contribute to the formation of
gels in two phase (liquid- solid) system : a
continuous, solid , these dimensional network
structure forming the gel matrix holding a finely
dispersed liquid phase [27]. This besides also the
hydrocolloids controls the water activity of the
system by forming colloidal solutions. The dark
colour and the slight roughness of WGP caused
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unpleasant appearance of the product for some
judges, as the scoring points given for general
appearance as well as smoothness were always low
in the WGP – treated samples (Table 5). This
finding agrees with the results given by Seleet et al.
[10] who recorded the same impact of WG slurry
on the appearance of milk- based fermented
product, whereas Bilgiçli et al. [5] observed the
same in Terhana (a Turkish fermented wheat flour yoghurt product). In agreement with the results
shown in Table (4), less wheying-off was noticed in
the present of WGP (Table 5) since such plant
material was mixed with XG in T1 and T2.
However, the differences in scoring points given for
all flavour attributes tested were insignificant
suggesting significant impact on the flavour of the
prepared yoghurt like- product.

CONCLUSION
It can be concluded that this is first study
according to the best of our knowledge in which
find out that, special functional yoghurt (for people
who are suffering from milk protein allergic or
lactose intolerance) can manufactured by using 6%
reconstituted skim milk powder and 4% wheat
germ powder supplemented with 1% xanthan gum
as a stabilizer. The resultant yoghurt characterized
with high fat, carbohydrates and acetaldehyde
whereas, low wheying-off and free of off-flavour.
In addition, the modified combination cheaper than
skim milk powder thereby, saving cost of hard
currency.
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nuclei (SCN) of the hypothalamus and is reset by
light through the retino-hypothalamic tract. The
biological clock controls the circadian pattern of
body temperature, metabolic rate and the state of
arousal and amplitude of other variables and functions [4, 5]. Serum biochemical parameters might
be altered by different factors such as feeding, season, sex, milking, pregnancy, age or environmental
stresses. Changes in the concentration of serum
biochemical parameters in different physiological
conditions have been investigated in different species [6].
Laboratory blood analysis is becoming an essential tool for dairy practitioners in their assessment of cow health and prevention of metabolic
disease. Many factors such as breed, age, physiological stage, and season affect cattle blood analyses concentration. For this reason, each laboratory
measurement should be compared with appropriate
reference limits for its correct interpretation [7].
Values from blood analysis are generally compared
with the population average or ranges of standard
values [8].
The chronobiology of the sheep has been well
described due to their seasonal physiology and
diurnal behaviour patterns. There have been many
studies reporting photoperiodic regulation of
rhythmicity in sheep kept in controlled, experimental conditions, but little is known about the
rhythmicity of sheep under field conditions [1]. The
aim of this study was to measure the variations in
the bloods calcium, magnesium, chloride, cholesterol and triglycerides content in different times in
different photoperiods in female Awassi sheep in
Jordan.

ABSTRACT
Circadian rhythms entrainment (CR) to the 24
hour day and night cycle has been described under
different conditions. The objective of this study was
to measure different blood metabolites in female
Awassi sheep in regard to daily and seasonal fluctuations under normal pastoral conditions. A total
of 6 blood samples were collected from each female
sheep in the period from 20/12/2019 to 20/6/2020,
the blood samples were analyzed for calcium, cholesterol, triglycerides, and chloride and magnesium
contents. A significant difference was noticed in the
measured parameters between the samples in one
day and after six months in the same animal.

KEYWORDS:
Awassi sheep, Blood, Calcium, Ttriglycerides, Light,
Circadian

INTRODUCTION
The health of sheep depends on balanced and
adequate quantities of necessary nutrients to meet
their requirements for a given physiologic conditions. Photoperiodic animals, like sheep, synchronize their physiology and behaviour to the seasons
at northern latitudes principally by entrainment to
changes in day length, this photic signal is transduced through multi-synaptic pathways from the
suprachiasmatic nucleus that innervate the pineal
gland and suppress secretion of melatonin during
daylight. In this way, the circadian pattern of melatonin secretion provides a seasonal timing cue that
serves to regulate annual changes in physiology and
behaviour in photoperiodic animals [1].
The circadian clock, an endogenous timing
system, generates biochemical, physiological and
behavioural rhythms. To be useful, these clocks
must be synchronized (entrained) to environmental
time cues [2, 3]. Circadian clocks allow animals to
adapt their physiology and behaviour in an anticipatory manner to the rhythmic changes in their environment. In mammals, the master clock controlling
circadian rhythms resides in the suprachiasmatic

MATERIALS AND METHODS
Blood Collection. All animal handling procedures were conducted in accordance with the guidelines, set out forth by the Jordanian Society for
Animal Production. Blood was collected three
times a day from jugular vein, 5ml of blood was
collected into EDTA containing tubes, blood was
centrifuged directly (6000 rpm/10 minutes), plasma
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was transferred to Eppendorf tubes, plasma samples
were kept in the refrigerator (-20 °C) until the time
of analysis.
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macro-minerals may have adequate concentrations
in grazing animals [12]. Forage and soil mineral
imbalances are common and forages are frequently
low in essential minerals [12]. The results obtained
during the experimental period indicate the existence of a daily rhythm of serum calcium and chloride in the blood of goats, As described in previous
studies, calcium parameters whose rhythmicity
shows different periods (from circadian to circannual) in almost all domestic animals [13] and chloride [14]. This result agrees with the results of the
current study where calcium shows daily and seasonal rhythmicity. According to Nazifi et al. [6]
there was no significant difference in calcium,
cholesterol, triglyceride and magnesium serum
levels.
The changes in the content of calcium and
magnesium in the blood of sheep were not significantly manifest in relation to the season and the
physiological state of the sheep [15] which contradicts with the results of the current study. The
rhythm of cholesterol in the blood of goat falls
during the light phase and rises during the dark
phase [16], which also agrees with the results of the
current study. Robust daily rhythmicity was exhibited triglycerides only in group 1, who mentioned
that Lamb presence was able to influence serum
triglycerides rhythms, Lamb presence was able to
influence serum triglycerides rhythms. In fact, as
previously observed in cows [17], the amounts and
composition of the lipids circulating in the blood of
dairy animals depend on a number of physiological
variables, such as stage of lactation, and lamb presence [18]. These results agree with the results of the
current study but in this study all animals where
females and the presence of the lamb was not
studied.

Animals and Housing. All animals in this
study were clinically healthy and not pregnant nor
lactating female sheep before and during the study,
they were kept in an open barn, taken to pasture for
5 hours a day and kept under the natural photoperiod of the Jordan valley. Jordan lies within a latitude
of 32º North and longitude of 36º East. Day length
in June in Jordan is 14h whereas in December the
length of the day is 10 hours. Animals used in this
experiment were of ages ranging (16-36 months
old) and were fed twice daily (8 am and 4 pm) they
received commercial sheep concentrate as per normal husbandry practice.
Measurements. Magnesium, cholesterol, calcium, chloride, triglycerides were measured using
kits from Biosystems, spectrophotometry method
was used [9].
Statistical Analysis. The collected data were
appropriately coded and entered into an excel
spreadsheet, which was later entered into SPSS
version 25 (SPSS Inc. Chicago). The data were
analyzed by repeated measure of analysis (RMA).
RMA is an extension of the dependent t-test and is
considered ideal for such assessment. The mean
values were further assessed to identify any false
occurrences among the data. The differences among
group means were considered significant at p<0.05.

RESULTS
As seen in Figures 1-5 and Table 1, a significant decrease is noticed in all measured parameters
(triglycerides, cholesterol, calcium, magnesium and
chloride) within a day, the values of these parameters are higher in the early morning and lower in the
evening. The values in December when the sun
rises for about 10 hours a day are significantly
higher than the values in June when the sun rises
for about 14 hours a day.

CONCLUSION
In conclusion, the results can be expressed as
recommendations for sampling and interpretation:
A certain time of specimen collection based on the
results cannot be recommended. Therefore, the time
of the sample collection can be adjusted according
to the operational processes. However, care shall be
taken in a course of study at the time of sampling,
otherwise the comparative values of the sampling
time points may differ significantly from each other, without a pathological state. Dividing the herd
into different control groups is recommended for
assessing its all-over health. At least 3 to 6 samples
within the groups shall be taken to obtain a better
overall picture of a study group. This project paper
is an instrument to evaluate the highlighted results
in order to provide a statement regarding the metabolism and health status in Awassi sheep.

DISCUSSION
Epidemiological studies have in the past been
very fruitful in linking low levels of trace elements
in the tissues of subjects to particular disease states
[10].
For humans, animals and plants, these minerals and trace elements are essential for all biological
processes. They are part of structural components of tissues, act as electrolytes in fluids, and
serve as catalysts in the endocrine system or in
enzymes [11]. It has been shown that none of the
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FIGURE 1
Mean concentration of triglycerides in the blood of sheep

FIGURE 2
Mean concentration of cholesterol in the blood of sheep

FIGURE 3
Mean concentration of calcium in the blood of sheep
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FIGURE 4
Mean concentration of magnesium in the blood of sheep

FIGURE 5
Mean concentration of chloride in the blood of sheep
TABLE 1
Mean values and T test results of triglycerides, cholesterol, calcium, magnesium and chloride
Treatment
T 1A - T 2A
T1B - T 2B
T 1C - T 2C
Ch 1A - Ch 2A
Ch 1B - Ch 2B
Ch 1C - Ch 2C
C 1A - C 2A
C 1B - C 2B
C 1C - C 2C
M 1A - M 2A
M 1B - M 2B
M 1C - M 2C
Chl 1A - Chl 2A
Chl 1B - Chl2B
Chl 1C - Chl 2C
Total T1 - TotalT2
Total Ch1 – Total Ch2
Total C1 – Total C2
Total M1 – Total M2
Total Cho1 – Total Chol2

Mean

Standard Deviation

18.96
15.52
19.55
93.53
113.09
59.88
0.25
0.33
0.38
0.00
0.04
0.19
62.42
74.54
50.43
18.01
88.83
0.32
0.08
62.46

20.08
13.59
8.18
22.88
39.98
40.13
0.24
0.17
0.18
0.08
0.10
0.36
21.99
19.90
21.93
9.41
28.16
0.13
0.11
12.07

95% Confidence Interval of the Difference
Lower
Upper
9.57
28.36
9.16
21.88
15.72
23.38
82.82
104.24
94.38
131.80
41.10
78.66
0.14
0.37
0.25
0.42
0.30
0.47
-0.04
0.03
-0.01
0.09
0.02
0.35
52.13
72.71
65.22
83.85
40.16
60.69
13.61
22.41
75.66
102.01
0.26
0.38
0.02
0.13
56.81
68.11

P value
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.88
0.10
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00

T: triglycerides, Ch: cholesterol, C: calcium, M: magnesium, Chl: chloride, 1A: first sample in day 1, 1B: second sample in
day 1, 1C: the third sample in day 1, 2A: the first sample in day 2, 2B: the second sample in day 2, 2C: the third sample in
day 2.
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LOGISTICS INDUSTRY AND REGIONAL ECONOMY
SUSTAINABILITY BASED ON VAR MODEL IN
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INTERACTIVE DEVELOPMENT RESEARCH-TAKING
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ABSTRACT

INTRODUCTION

After analyzing the energy consumption environment of the regional economy and logistics industry in Guizhou Province, this paper selects the
GDP of the overall economy, primary industry, secondary industry and tertiary industry of Guizhou
Province as the regional economic indicators, and
the logistics industry GDP of Guizhou Province as
the logistics indicators. The VAR model uses
Granger causality test, impulse response analysis
and variance decomposition methods to study the relationship between the logistics industry in Guizhou
Province and the regional economic development
environment. Research shows that the logistics industry in Guizhou Province has begun to seek a sustainable low-carbon development path, but the energy consumption structure is unreasonable. The logistics industry has a low contribution to the regional
economic environment, while the regional economy
has a high contribution rate to the economic growth
of the logistics industry. The contribution rate of the
secondary industry is low, and the economic growth
of the secondary industry cannot adversely affect the
growth of the logistics economy. The development
of the tertiary industry has a relatively high contribution value to the development of the logistics industry, and the development of the logistics industry
has not promoted the development of the tertiary industry. This research will provide reference for the
sustainable and healthy interaction between regional
logistics industry and economic development in the
low-carbon economic environment.

The development of the logistics industry is
premised on the existence and development of the
economy, and the development of the logistics industry plays an active role in the development of the
local economy [1-3]. The "Several Opinions of the
General Office of the People's Government of Guizhou Province on Accelerating the Development of
Modern Logistics Industry" pointed out that the logistics industry has further enhanced the support and
guarantee capacity of the national economy, and
Guizhou has gradually established its status as an
important logistics hub in the southwest and a regional logistics center in the country. In 2018, the
GDP of the logistics industry in Guizhou Province
reached 115 billion yuan. The role of the logistics
industry in the economic development of Guizhou
Province has become more prominent. Promoting
the coordinated development of the logistics industry and the regional economy plays an important role
in promoting the "win-win" development of the regional economy and the logistics industry. The logistics industry is a large energy-consuming industry
[4-5]. With the continuous deterioration of the global
environment, the development of a low-carbon economy cannot be delayed. To achieve the coordinated
and sustainable development of the regional logistics
industry and regional economy, energy conservation
and emission reduction cannot be ignored. This paper studies the energy consumption of the regional
economy and logistics industry in Guizhou Province,
the interactive relationship between the logistics industry and regional economic development. In addition, this paper understands the energy conservation
and emission reduction status of the regional economy and logistics industry in Guizhou Province, and
the coordination mechanism of the logistics industry
and regional economic development [6-9]. The
shortcomings in the interactive development process
of the carbon economy, logistics industry and regional economy provide a reference for promoting
the sustainable and healthy interaction between regional logistics industry and economic development.

KEYWORDS:
Low-carbon economic environment, VAR model, logistics industry, regional economy, interactive relationship
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There are many studies on the relationship between logistics industry and regional economy at
home and abroad. Some domestic and foreign scholars represented [1] and it has found that the improvement of logistics efficiency is conducive to optimizing the industrial structure, and the logistics industry
can promote economic development [4-5, 10]. Some
scholars found that increasing investment in the logistics industry can promote economic efficiency,
but the degree of impact is different at different
stages [11-13]. The logistics industry has obvious effects on economic development with some hysteresis [14]. From the perspective of research methods,
the research methods for the relationship between
the logistics industry and the regional economy
mainly include VAR model analysis [4, 15], correlation analysis [16], regression analysis [17] and so on.
The current research on the relationship between the
logistics industry and the regional economy has no
consistent conclusions. There are few studies on the
relationship between the logistics industry and the
regional economy in Guizhou Province. There is no
in-depth research on the relationship between the
various industries and the logistics industry. This article will conduct an in-depth study on this topic. In
addition, in order to ensure sustainable economic development, there are many studies on low-carbon
economy.

Fresenius Environmental Bulletin

The energy consumption of the logistics industry in Guizhou Province is shown in Table 2. The energy consumption of the logistics industry continues
to increase with the growth of the logistics industry.
Energy efficiency has been greatly improved in 2017,
and the growth rate has reached 15%, indicating that
the logistics industry has begun to seek low-carbon
development. However, the proportion of energy
consumption in the logistics industry in the energy
consumption of the regional economy has always exceeded the contribution of the logistics industry’s
GDP to the regional economy, indicating that the energy consumption structure of the logistics industry
needs to be further adjusted and low-carbon technologies need to be further improved.

RESULTS
Indicator settings. This article selects the
added value of the logistics industry in Guizhou
Province from the “National Data” of the National
Bureau of Statistics of China as the economic indicator of the logistics industry, which is recorded as
LGDP. This article selects the GDP of Guizhou
Province as the economic indicator of Guizhou Province and further decomposes the GDP of Guizhou
Province, which is divided into primary industry
GDP (PGDP), secondary industry GDP (SGDP), and
tertiary industry GDP (TGDP).

MATERIALS AND METHODS
Data processing. The LGDP, GDP, PGDP,
SGDP, and TGDP of Guizhou Province over the
years have been removed from the price factor based
on 2004, and the results are shown in Figure 1. From
Figure 1, the scale of the logistics industry in Guizhou Province, the overall economy, and the econ
omy of the three industries are in a continuous
growth trend, indicating that the economic growth of
the logistics industry and the three industries have
the possibility of synergistic growth, but the growth
rate is much lower than the growth rate of the secondary industry GDP (SGDP) and tertiary industry
GDP (TGDP).

According to the "Guizhou Provincial Statistical Yearbook", the statistics sum up the energy consumption of the regional economy and logistics industry in Guizhou over the years (Table 1). With the
development of the economy, energy consumption is
gradually increasing, and energy utilization is increasing. However, in energy consumption, the consumption of severely polluted coal and electricity accounted for nearly 80%, while the consumption of
clean energy natural gas accounted for less than 2%.
The energy consumption structure of economic development is unreasonable, and it is necessary to vigorously develop the use of clean energy.

Years
2012
2013
2014
2015
2016
2017

TABLE 1
Statistics of regional economic energy consumption structure in Guizhou Province
Total energy conProportion of
Proportion of
Proportion of
Energy efficiency
sumption (10,000
raw coal con- natural gas conelectricity
(10,000 yuan/ton of
tons of standard
sumption
sumption
consumption
standard coal)
coal)
7873.57
38.33%
0.79%
38.50%
0.68
8715.48
38.23%
1.26%
37.37%
0.70
9015.18
37.91%
1.31%
37.13%
0.76
9319.6
42.57%
1.56%
35.45%
0.82
9444.78
39.84%
1.66%
37.18%
0.89
9783.61
39.14%
1.92%
40.53%
0.98
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FIGURE 1
The economic growth of logistics industry in Guizhou Province and the trend of regional economic
growth.

Years

2012
2013
2014
2015
2016
2017

TABLE 2
Statistics of energy consumption in the logistics industry in Guizhou Province
The proportion of
logistics industry
The contribution
Total energy conEnergy efficiency of
energy consumpof logistics indussumption of logistics
logistics industry
tion in regional ecotry GDP to reindustry (10,000 tons
(10,000 yuan/ton of
nomic energy congional economy
of standard coal)
standard coal)
sumption
610.45
0.87
7.75%
10.03%
665.41
0.88
7.63%
9.55%
711.87
0.86
7.90%
8.94%
778.49
0.86
8.35%
8.76%
857.42
0.82
9.08%
8.38%
785.01
0.97
8.02%
7.90%

Empirical analysis. For the study of the relationship between the logistics industry in Guizhou
Province and the regional economy, the original data
is a time series with large values and may have heteroscedasticity. In order to eliminate the effect of the
possible heteroscedasticity and the logarithm of the
time series data on the nature of the time series and
the relationship, this paper takes the natural logarithm of the five groups of time series LGDP, GDP,
PGDP, SGDP, and TGDP, which are respectively
recorded as LNLGDP, LNGDP, LNPGDP,
LNSGDP, LNTGDP.
First, in order to avoid false regressions, the
five sets of time series are tested for stationarity. Second, the cointegration test is used to examine
whether there is a long-term equilibrium between the
series. Third, the Granger test is used to test the logistics industry, the overall economy, and the three

industries. The causal relationship between the four
economic groups is tested. Finally, the dynamic influence trend and impact contribution rate of the five
groups of sequences are analyzed through the impulse response and variance decomposition analysis
method.
(1) Stationarity and cointegration test. This
paper uses the ADF test method to test the stability
of the five series of LNLGDP, LNGDP, LNPGDP,
LNSGDP, and LNTGDP to ensure the reliability of
the results. The test results are shown in Table 3. It
can be seen from the ADF test result that the secondorder difference of the five sets of sequences is stationary, that is, the five sets of time series are secondorder single integers.
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TABLE 3
ADF unit root test results
Significant
Inspection seCritical value
Test result
Test t statistic
level
quence
LNGDP
1.017331
10% level
-1.603693
Not stable
D(LNGDP)
-1.267879
10% level
-1.603693
Not stable
D(LNGDP,2)
-3.611774
1% level
-2.771926
Stable
LNPGDP
-1.808176
10% level
-3.342253
Not stable
D(LNPGDP)
-2.271259
10% level
-3.362984
Not stable
D(LNPGDP,2)
-5.112907
1% level
-4.992279
Stable
LNSGDP
-0.982734
10% level
-3.342253
Not stable
D(LNSGDP)
-2.547319
10% level
-3.362984
Not stable
D(LNSGDP,2)
-4.103716
1% level
-2.771926
Stable
LNTGDP
-1.623161
10% level
-3.342253
Not stable
D(LNTGDP)
-1.029658
10% level
-1.602922
Not stable
D(LNTGDP,2)
-6.034645
1% level
-2.771926
Stable
LNLGDP
0.531838
10% level
-1.603693
Not stable
D(LNLGDP)
-2.048365
10% level
-3.388330
Not stable
D(LNLGDP,2)
-4.085894
1% level
-3.420030
Stable
Notes: D(LNX) and D(LNX, 2) represent LNX first-order difference and second-order difference, respectively.

Null hypothesis
None *
At most 1
Null hypothesis
None
At most 1

TABLE 4
Johansen inspection results of LNLGDP and LNGDP
Significance level 5%
Eigenvalues
Trace statistics
critical value
0.830503
24.67259
15.49471
0.245068
3.373539
3.841466
Characteristic root trace test result
Significance level 5%
Eigenvalues
Trace statistics
critical value
0.507188
21.29905
14.26460
0.245068
3.373539
3.841466

P
0.0016
0.0662
P
0.0033
0.0662

Notes: * indicates that the null hypothesis is rejected at the 5% significance level.

Null hypothesis
None
At most 1
Null hypothesis
None
At most 1

TABLE 5
Johansen test results of LNLGDP and LNPGDP
Characteristic root trace test result
Significance level 5%
Eigenvalues
Trace statistics
critical value
0.507188
9.985896
13.42878
0.117088
1.494357
2.705545
Characteristic root trace test result
Significance level 5%
Eigenvalues
Trace statistics
critical value
0.507188
8.491539
12.29652
0.117088
1.494357
2.705545

Although the five sets of time series are nonstationary series, their linear combination may be a
stationary series. According to the ADF test results,
the five sets of sequences have the same single integral order, which meets the requirements of the cointegration test. Based on the unit root test, this paper
uses the Johansen test method to test the co-integration relationship between LNLGDP and LNGDP,
LNPGDP, LNSGDP, and LNTGDP, respectively.
For the long-term stable relationship between the
secondary industry and the tertiary industry in Guizhou Province, the test results are shown in Table 4.

P
0.2818
0.2215
P
0.3309
0.2215

Judging by the test results of the characteristic
root traces in Table 4 at the test level of 0.05, the null
hypothesis of "there is no cointegration relationship"
is rejected at the 95% confidence level, and the conclusion shows that there is a cointegration relationship at the 5% significance level. It can be seen from
the results of the largest eigenvalue test that there is
a cointegration relationship at the 5% significance
level. The double test results of the trace statistics
and the maximum eigenvalue statistics show that
there is a long-term stable proportional relationship
between the two sets of time series, that is, there is a
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long-term equilibrium relationship between the logistics industry in Guizhou Province and the regional
economy.
The double test results of the trace statistics and
the maximum eigenvalue statistics in Table 5 show
that there is no long-term stable proportional relationship between the two sets of time series, that is,
there is no long-term equilibrium relationship between the development of the logistics industry in
Guizhou Province and the primary industry in Guizhou Province.
The double test results of the characteristic root
trace statistics and the maximum characteristic value
statistics in Table 6 show that there are two longterm stable proportional relationships between the
two sets of time series, that is, there is a long-term
equilibrium relationship between the logistics industry in Guizhou Province and the secondary industry
in Guizhou Province.

Null hypothesis
None *
At most 1 *
Null hypothesis
None *
At most 1 *

Null hypothesis
None *
At most 1
Null hypothesis
None *
At most 1
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The double test results of the trace statistics and
the maximum eigenvalue statistics in Table 7 show
that there is a long-term stable proportional relationship between the two groups of time series, that is,
there is a long-term equilibrium relationship between the logistics industry and the tertiary industry
in Guizhou Province.
(2) Granger causality test. The co-integration
test shows that there is a long-term equilibrium relationship between the logistics industry in Guizhou
Province and the development of the regional economy, the secondary industry, and the tertiary industry. Causality, this paper uses Granger causality test
method to conduct an in-depth analysis of its relationship. The test results are shown in Table 8.
It can be seen from Table 8 that there is a twoway Granger causality between LNGDP and
LNLGDP, that is, the regional economic growth of

TABLE 6
Johansen test results of LNLGDP and LNSGDP
Characteristic root trace test result
Significance level
Eigenvalues
Trace statistics
5% critical value
0.798832
23.80020
15.49471
0.315957
4.556819
3.841466
Characteristic root trace test result
Significance level
Eigenvalues
Trace statistics
5% critical value
0.798832
19.24338
14.26460
0.315957
4.556819
3.841466
TABLE 7
Johansen test results of LNLGDP and LNTGDP
Characteristic root trace test result
Significance level
Eigenvalues
Trace statistics
5% critical value
0.771041
16.30711
15.49471
0.008219
0.090785
3.841466
Characteristic root trace test result
Significance level
Eigenvalues
Trace statistics
5% critical value
0.771041
16.21633
14.26460
0.008219
0.090785
3.841466

P
0.0022
0.0328
P
0.0075
0.0328

P
0.0377
0.7632
P
0.0243
0.7632

Notes: * indicates that the null hypothesis is rejected at the 5% significance level.

TABLE 8
Granger causality test results
Null hypothesis
F statistics
LNGDP does not Granger Cause LNLGDP
4.56891
LNLGDP does not Granger Cause LNGDP
16.4227
LNSGDP does not Granger Cause LNLGDP
0.20906
LNLGDP does not Granger Cause LNSGDP
11.2621
LNTGDP does not Granger Cause LNLGDP
8.57009
LNLGDP does not Granger Cause LNTGDP
0.01837
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P
0.0881
0.0103
0.8156
0.0047
0.0151
0.8949

Conclusions
Reject
Reject
Accept
Reject
Reject
Accept
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Guizhou Province drives the development of
the logistics industry, and the development of the logistics industry also has corresponding support for
regional economic development. LNLGDP is the
Granger cause of LNSGDP while the LNSGDP is
not the Granger cause of LNLGDP, indicating that
the strength of the secondary industry in Guizhou
Province is relatively weak. Due to the terrain, the
development of the primary industry in Guizhou
Province is subject to certain restrictions, and the development of the tertiary industry depends on the development of the secondary industry to a certain extent. Guizhou should increase efforts to develop the
real economy of the secondary industry in combination with the advantageous industries in the region.
LNTGDP is the Granger cause of LNLGDP, and
vice versa. The development of the logistics industry
has not promoted the development of the tertiary industry, indicating that the logistics industry has little
impact on the economic growth of the tertiary industry. The supply of the logistics industry is still at the
low end, and the business is concentrated on traditional transportation. Modern logistics capabilities
such as specialized distribution logistics and local ecommerce logistics need to be improved.
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try economy. We need to analyze the mutual dynamic influence and influence trend between regional economy, secondary and tertiary industry
economy. In order to obtain the impulse response
function, a VAR model is first established. The algebraic expression for eviews6.0 to estimate the parameters of the VAR model:
In order to determine whether the VAR model
is meaningful, the characteristic equation roots are
tested. The test results show that all characteristic
equations do not have roots greater than 1, and all
the roots fall within the unit circle, indicating that the
VAR model is a stationary system.
According to the results of Granger’s test, based on
the VAR model, the impact of a standard deviation
of the logistics industry’s economic growth on the
regional economic growth and the current and future
values of the secondary industry’s economic growth,
the regional economic growth and the first impact of
the economic growth of the tertiary industry on the
current and future values of the economic growth of
logistics are analyzed. The results of impulse response analysis are shown in Figure 2 and Figure 3.
In Figure 2, the horizontal axis represents the
lag period of the impact, the vertical axis represents
the fluctuation of LNGDP and LNSGDP, the solid
line represents the impulse response function, showing the response of LNGDP and LNSGDP to a standard deviation shock, and the dashed line represents
the deviation of plus or minus twice the standard deviation. From Figure 2(a), after a positive impact on

(3) Impulse response analysis. Through co-integration and Granger test, it is known that there is a
long-term equilibrium and causal relationship between the logistics industry in Guizhou Province and
the regional economy, secondary and tertiary indus-

LNGDP 1.202 u LNGDP (1)  0.283 u LNGDP (2)  0.266 u LNLGDP (1)
 0.264 u LNLGDP (2)  0.818

1.391 u LNGDP (1)  1.188 u LNGDP (2)  0.61 u LNLGDP (1)
 0.053 u LNLGDP (2)  0.291
LNSGDP 0.002 u LNLGDP (1)  0.108 u LNLGDP (2)  1.061u LNSGDP (1)
 0.207 u LNSGDP (2)  0.568
LNLGDP 0.588 u LNLGDP (1)  0.052 u LNLGDP (2)  0.71u LNTGDP (1)
 0.472 u LNTGDP (2)  0.405
LNLGDP

Response of LNGDP to LNLGDP

Response of LNGDP to LNLGDP

(a)

(b)

FIGURE 2
Impulse response of LNGDP and LNSGDP to LNLGDP.
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Response of LNLGDP to LNGDP

Response of LNLGDP to LNGDP
(a)

(b)

FIGURE 3
Impulse response of LNLGDP to LNGDP and LNTGDP.
LNLGDP in the current period, the lag phase has the
greatest positive impact on LNGDP, and then the impact gradually weakens. In the early period, with the
rapid expansion of the logistics industry, it quickly
meets the needs of local real economy and promote
the development of the real economy. In the short
term, the development of the logistics industry in
Guizhou Province will have a greater positive impact
on the development of the regional economy. However, with the passage of time, the impact of the logistics economy on the regional economy has gradually decreased, indicating that the logistics economy is gradually mature and stable, but the ability to
support the economy is not strong. It can be seen
from Figure 2(b) that after a positive impact on
LNLGDP in the current period, there will be a large
positive impact on LNSGDP, reaching the maximum
value after four periods, but the impact is small. It
shows that the development of the logistics industry
has not stimulated the local industry. The new round
of rising is due to the lack of supplies in Guizhou as
a whole, and there is little room for progress in the
development of the physical industry.
It can be seen from Figure 3(a) that when a positive impact is given to LNGDP in the current period,
it will have the greatest positive impact on LNLGDP
in the lag phase. After that, the positive impact will
smoothly decrease, and the impact will gradually
weaken and stabilize. The logistics industry has a
certain long-term impact, but the short-term impact
is more significant, indicating that Guizhou Province
needs to tap new economic growth points. It can be
seen from Figure 3(b) that after a positive impact on
LNTGDP in the current period, there will be a large
positive impact on LNLGDP fluctuations, reaching
the maximum after a lag of 2.5 periods, and then rapidly decreasing, and staying at a stable level after a
lag of 4 periods. In the short term, the development
of the tertiary industry has a significant impact on
the economic growth of the logistics industry. As the
market continues to mature, the impact tends to stabilize, indicating that the tertiary industry market is

currently relatively saturated, and the market should
sink to tap new logistics market.
(4) Variance decomposition analysis. The
following uses variance analysis to analyze the contribution of the logistics industry to the regional
economy and the secondary industry, and the contribution of the regional economy and the tertiary industry to the logistics industry. The decomposition
results are shown in Figure 4 and Figure 5, with the
horizontal axis in the figure represents the number of
lag periods, and the vertical axis represents the contribution rate (percentage).
It can be seen from Figure 4 that the contribution rate of the logistics industry in Guizhou Province to the regional economy and the development
of the secondary industry is relatively small, of
which the contribution to the regional economic development remains at about 6%. The contribution to
the secondary industry increases slowly after a lag of
two periods, but the overall contribution rate does
not exceed 20%. The development of the logistics
industry has a significant impact on the regional
economy and the development of the secondary industry in the short term. In the long run, it has a low
contribution to the regional economy and the secondary industry. Although the logistics industry
market develops relatively stable, its ability to support the economy is not strong.
It can be seen from Figure 5 that the contribution rate of the regional economy and tertiary industry in Guizhou Province to the development of the
logistics industry has increased from rapid to smooth
growth and lasted for a long time. Among them, the
regional economy has the largest contribution rate,
with the largest contribution rate reaching about 70%,
followed by the second tertiary industry, with a maximum contribution rate of 56%, indicating that economic growth is the fundamental driving force for
the development of logistics. The contribution of the
development of the tertiary industry in Guizhou
Province to the development of the logistics industry
is constantly increasing.
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Percent LNGDP variance due to LNLGDP

Percent LNGDP variance due to LNLGDP

(a)

(b)

FIGURE 4
The contribution rate of the development of the logistics industry in Guizhou Province to the regional
economy and the secondary industry.
Percent LNLGDP variance due to LNGDP
(a)

Percent LNLGDP variance due to LNGDP
(b)

FIGURE 5
The contribution rate of the regional economy and tertiary industry in Guizhou Province to the
logistics industry.
in Guizhou Province is relatively low due to factors
such as terrain, resources, and transportation. There
is a long-term equilibrium relationship between the
logistics industry and the secondary industry in Guizhou Province. The development of the logistics industry in Guizhou Province can promote the development of the secondary industry, but the economic
growth of the secondary industry cannot counteract
the logistics industry. The logistics industry has a
relatively stable positive effect on the secondary industry, but the overall contribution rate is low.
(3) There is a long-term equilibrium relationship between the logistics industry and the tertiary
industry in Guizhou Province. The development of
the tertiary industry in Guizhou Province can lead to
the development of animal logistics, but the development of the logistics industry does not promote the
development of the tertiary industry. The development contribution value is relatively high. In the
short term, the development of the tertiary industry
has a significant impact on the economic growth of
the logistics industry, and the positive impact in the
long term will be reduced and stabilized.

CONCLUSIONS
(1) The logistics industry in Guizhou Province
has begun to seek a low-carbon development environment, but the energy consumption structure of the
regional economy and logistics industry is unreasonable, and it is necessary to vigorously develop the
use of clean energy. There is a long-term equilibrium
relationship between the logistics industry in Guizhou Province and regional economic development.
The development of the logistics industry has a low
contribution to the regional economy, and the development of the logistics industry in Guizhou Province
has a greater positive impact on the regional economic development in the short term. The regional
economic development has a greater impact on logistics contribution rate of the industry. The regional
economy has a certain long-term impact on the logistics industry, but the short-term impact is more
significant.
(2) There is no long-term equilibrium relationship between the logistics industry and the primary
industry in Guizhou Province, which shows that the
degree of commercialization of agricultural products
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carbon dioxide (CO2) intake is hinderedunder
drought stress conditions; thus chlorophyll content is
reduced and plant growth is retarded. Different physiological and metabolic processes have been reportedunder drought stress conditions[6]. The
changes in fluorescence parameters such as growth,
chlorophyll and water content have been reported
under drought stress [1, 6]. The decrease in water
content ofplants increasestheturgor and plants start
to wilt. The decrease instomatal conductance during
cell development cause serious reductions in photosynthesis and transpiration[7, 8, 9].
Melon is one of the most popular sweet, edible,
and fleshy summer fruit. Turkey produces 1753942
tons melon each year and ranks the second in the
world [10].Turkey is generally known as a microgene center for the cucurbits, particularlyformelon
[11]. Several studies have been conducted to determine plant characteristics, chemical and biochemical
properties of melon genotypes under regular and
stress conditions [12, 13, 14]. However, the studies
aiming to investigate the effects of drought stress on
important physiological characteristics of commonly
grown melon genotypes are missing. Therefore, the
aim of this studywas to investigate thephysiological
characteristics of some melon genotypes and to determinethe drought-resistant varieties.

ABSTRACT
Drought is a major threat to sustain the crop
production in the world. This study was conducted
to determine the drought resistance andsensitivity of
five melon genotypes, which have been previously
tested at young plant stages. Water deficit treatments
of the experimentincluded theirrigation at field capacity to maintain100% of the plant requirement
(control), irrigation at 50% of the field capacity and
no irrigation (0%). Photosynthesis, transpiration, intercellular CO2 concentration (Ci), stomatal conductivity, water use efficiency, membrane damage index, yield and leaf temperature of melon genotypeswere measured. Drought treatments caused significant differences in the parameters investigatedbetween the melon genotypes. Photosynthesis, transpiration, stomata closure and yield had significant correlations. The results indicated that Mln 4 is more
sensitive and CU 179 is more tolerant melon genotypes in under drought stress conditions.

KEYWORDS:
Drought, stress, melon, water deficit, photosynthesis, transpiration

INTRODUCTION
MATERIALS AND METHODS
Drought is the most damagingabiotic stress factor that negatively affects the growth and production
of plants. Water depletion is a major problem in arid
and semi-arid regionsof the world. Water scarcity
hindersagricultural production and threatsthe sustainability by causing large economic losses [1,
2].Drought stress causes significantchanges in physiological characteristics, and decreases leaf area of
plants [3].Boughalleb et al.[4] reported a decrease in
xylem and phloem veins of plants under drought
stress. Plants growing underarid and semi-arid environments were reported to have reduced xylem vessel diameter and increased epidermis, phloem and
mesophyll tissues thickness[5].Theresponsesof
plants tothe severity of drought stressdiffer between
species and cultivars. Photosynthesis is severely affected by the drought stress. Stomas are closed and

The experiment was conducted in 2011 in the
research fields of the Horticulture Department of
Agricultural Faculty in Çukurova University, Turkey. Melon varieties of Mln 4, Mln9, Mln 26, CU179
and Cu316 were used as the plant materials of the
study. Drought stresstreatments of the experimentwereirrigation at field capacity to maintain
100% of the plant requirement (control), irrigation at
50 of the field capacity and no irrigation[15].The
droughtstress application was started one week after
the first flowering of the melon plants. The amount
of water per plant before the stress treatments was
31.2 L, 50.57 and 25.28 L water were used in controland 50% irrigation treatment. Total water used
during the experimentwas 137.38 L for 100%
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FIGURE 1
The highest, the lowest and the average temperature values (oC) during the experiment
Water Usage Efficiency (g L-1). Total yield
per plant were calculated by the sum of melon fruit
weights recorded during the harvest. Water use efficiency of genotypes in different irrigation treatments
was calculated by the ratio of total fruit yield to total
amount of water used in irrigation. Thus, the amount
of melon fruit produced per unit of water in water
restriction treatmentsfordifferent melon genotypes
can be compared.
Water use efficiency (g L-1) = Total yield (g
-1
plant ) / Total water applied(L plant-1)

irrigation, 112.09 L for 50% irrigation and 86.81 L
for 0% irrigation.
Experimentalwas slightly alkaline (8.1), nonsaline (EC, 0.3 dS m-1), low in nitrogen (0.19%),
high in plant available phosphorus (110 kg P2O5 ha1
) and extractable potassium (150.36 kg K2O ha-1)
contents. Fertilizers applied based on the recommendations of Gunday [16]were140 kg ha-1 N, 95 kg ha1
P2O5, and 220 kg ha-1 K2O, 20 kg ha-1. The highest,
the lowest and the average temperature during the
experiment were given Figure 1. Relative humidity
and precipitationin April (67.5% and 33.09 mm),
May (66.4% and 30 mm), June (67.5% and 29.64
mm), July (68.1% and 0 mm), and August (63.9%
and 0% mm) were alsorecorded.

Total Fruit Yield (kg m-2 or ton da-1). Total
fruit ofmelon genotypeswas calculated by the mean
of the replications in each treatment for a particular
genotype.

Leaf gas change. Threedifferent plants were
selected for each application. After the first fruit set
starts, photosynthetic ratio, stomatal conductivity
(gs), unit leaf area (A), perspiration ratio(E) were
measured on 6 melon leaves selected from upper and
lower parts of the plants using a photosynthesis device system (LI-6400XT, Li-Cor, Inc., Lincoln, NE,
USA). Al measurements were carried out between
08:30 and 09:30 a.m.

Statistical analysis. Statistical assessment of
the data obtained in the experiment was carried out
using JMP 13 software. The studywas conducted in
3 replications and the averages were subject to theleast significant test (LSD) at P<0.05 level of significance.

RESULTS AND DISCUSSION
Leaf Temperature (ºC). Leaf temperature was
measured onthe 6th leaf from the top of plant after the
first melon fruits setusing an optris Minisight brand
infrared thermometer.The leaf temperature measurements were carried out between 09:00 and 09:30
a.m.

Effect of drought stress on photosynthesis(μmol (CO2) m-2s-1) and stoma conductivity
(mmol m-2s-1). The melon genotypes of CU179 and
CU316 a higher tolerance index for photosynthesis
and stomatal conductancein response to thedrought
treatments. The photosynthesis parameter of CU 179
and CU 316 genotypes for control was 3.70 and
9.48μmol (CO2) m-2 s-1 for 50% irrigation was 13.62
and 14.90μmol (CO2) m-2 s-1 and for 0% irrigation
was 18.47 and 18.59μmol (CO2) m-2 s-1, respectively
(Table 1).

Membrane Damage in Leaf Cells (%). Five
leaves from the top of3 plants for each genotype
were used to determine the membrane damage in leaf
cells. Established protocol to assess membrane stability quantifies the extent of electrolyte leakage
from the membrane[17, 18].
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TABLE 1
Photosynthesis (μmol (CO2) m-2s-1) and Stoma Conductivity (mmol m-2s-1)of melon genotypes under
drought stress in response to different irrigation treatments
Genotype
100% Irrigation
50% Irrigation
0% Irrigation

Mln 4
Mln 9
Mln 26
CU 179
CU 316
LSD0.05

Photosynthesis StomatalCon- Photosynthesis StomatalCon- Photosynthesis StomatalConductivity
ductivity
ductivity
22.71 b
259.33 a
17.21 ab
105.33 c
11.23 b
88.66 c
17.65 c
249.00 a
14.65 bc
205.33 a
15.20 ab
231.66 a
25.38 a
173.66 b
18.54 a
117.17 b
12.20 b
115.00 b
9.48 e
93.33 c
13.62 c
76.33 d
18.47 a
93.00 c
13.70 d
76.83 c
14.90 bc
110.00 bc
18.59 a
92.00 c
2.02
31.40
3.04
8.47
6.12
19.80
the increase in drought severity. TheCO2 concentration of CU179 genotype in 100% irrigation was
283.66, while decreased to 234.00 and 236.66 in 50
and 0% irrigation treatments (Table 2). The transpiration value of Mln 26 and Mln 4 genotypes in 50%
drought treatment was 29.79 and 21.72% lowercompared to the control (Table 2). The changes of transpiration value for CU 179 and CU 316 genotypes
were lower than the other genotypes. The results revealed that CU 179 and CU 316 genotypes had a better drought resistancecompared to the rest of the genotypes investigated. The drought stress causes closure of stomata, restriction of the CO2 intake,production ofreactive oxygen species (ROS) and negatively
affectsthe transpiration of the plants. TheROS seriously damages the cellular structures of the
plants[22]. In general, the decrease inthe amount of
water decreases, transpiration theturgor loss, cell
growth, stomata, photosynthetic and perspiration
rates [7, 8, 9].

The melon genotypes of CU 316 was the best
tolerant genotypes with the stomatal conductivity
values forcontrol (76.83mmol m-2s-1), 50%
(110mmol m-2s-1) and 25% (92mmol m-2s-1) irrigation treatments (Table 1). The photosynthesis and
stomatal conductance in Mln4 were significantly decreased with the severity of the drought. The photosynthesis and stomatal conductance values of Mln 4
for 100% were 22.71 and 259.33, for 50% were
17.21, 105.33 and for 25% were 11.23, 88.66 (Table
1). The drought treatments caused a slight difference
in photosynthesis and stomatal conductance values
of Mln 26 genotype. The results are in accordance
with the findings of Akhtar et al. [19], Masood et al.
[20], and Abdel Latef [21]who stated that growth,
photosynthesis, and cell walls appearance of plants
significantly change with the stress conditions.The
increases in drought severity photosynthetic processes are affected. In addition, stomata closure and
carbon dioxide (CO2) intake of plants arereduced or
stopped [6].

Effect of drought stress on water use efficiency (%) and yield. The results indicated that
thewater use of Mln26 genotype in control treatment
wasthe lowest, while the CU 316 genotype wasmore
prominent in 50% irrigation treatment. The drought
stress significantly reduced the melon yield in all
genotypes investigated (Table 3). Similarly, Srinivas
et al. [23] and Kirnak et al. [24] also reported that
drought significantly reduced the melon yield under
stress treatments. The yield was significantly different between the melon genotypes.

Effect of drought stress on Ci (μmol mol-1)
and transpiration (μmol (co2) m-2s-1). Carbon dioxide concentrations of all genotypes were significantly affected by the drought treatments. The CO2
concentration of Mln 9 genotype in control treatment
was decreased with 50% and 0% irrigation treatments at a rate of 21.17 and 17.59%, respectively.
The results of CO2 concentration indicated that the
CU179 genotype was the least affected genotype by

TABLE 2
Ci (μmol mol-1) and Transpiration (μmol (CO2) m-2s-1) of melon genotypes under drought stressin response to different irrigation treatments
Genotype
100% Irrigation
50% Irrigation
0% Irrigation
Mln 4
Mln 9
Mln 26
CU 179
CU 316
LSD0.05

Ci
281.66 b
261.00 b
340.33 a
283.66 b
342.91 a
40.28

Transpiration
17.45 a
12.00 b
15.04 a
8.22 c
6.16 cd
2.49

Ci
226.66 b
204.66 b
269.33 a
234.00 b
271.66 a
32.15
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Transpiration
13.66 a
13.51 ab
10.56 ab
10.51 b
6.72 c
15.93

Ci
202.33 bc
168.66 c
230.66 ab
236.66 ab
255.00 a
36.35

Transpiration
10.36 ab
10.46 ab
7.88 b
12.60 a
12.25 a
3.21
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TABLE 3
Water use efficiency (%) and yield (kg m-2) of melon genotypes under drought stress in response to different irrigation treatments
Genotype
100% Irrigation
50% Irrigation
0% Irrigation

Mln 4
Mln 9
Mln 26
CU 179
CU 316
LSD0.05

Water Use
Efficiency
10.59 c
24.83 a
16.19 b
17.29 b
13.38 bc
3.68

Yield
1.18 ac
1.29 ab
0.92 d
1.32 a
0.92 cd
0.21

Water Use
Efficiency
9.49 d
25.84 a
12.86 c
27.36 a
18.38 b
1.86

Yield
1.16 b
1.32 b
1.31 b
1.71 a
1.25 b
0.25

Water Use
Efficiency
8.13 d
29.36 b
10.94 c
40.12 a
27.79 b
2.25

Yield
0.76 c
1.35 b
0.92 c
2.07 a
1.21 b
0.28

TABLE 4
Leaf temperature (oC) and membrane damage index (%) of melon genotypes under drought stress in response to different irrigation treatments
Genotype
100% Irrigation
50% Irrigation
0% Irrigation
Leaf Temp.
Leaf Temp. Membrane damage index Leaf Temp
Membrane damႏ
ႏ
ႏ
age index
Mln 4
25.40 b
26.72 c
8.22 a
34.54 a
5.65 ab
Mln 9
25.58 b
28.91 bc
6.69 ab
32.16 a
3.49 c
Mln 26
27.66 ab
31.14 ab
4.26 c
32.50 a
5.12 b
CU 179
29.42 a
31.38 a
6.36 b
35.90 a
6.80 a
CU 316
25.05 ab
30.85 ab
3.65 c
31.77 a
1.85 d
LSD0.05
2.88
2.32
1.52
4.61
1.55
The effects of 0% irrigation treatment on melon
yield was the highest for Mln26 and Mln4genotypes
whilethe effect was at the lowest level for CU 316
genotype. The highest melon yield under 0% (1.32
kg m-2) and 50% (2.07 kg m-2) and 100% (1.32 kg m2
) irrigation treatments was obtained from
CU179genotype (Table 3). The differences in melon
yield have been reported by Karatas and Guvenc [12]
who indicated that melon yield in local varieties was
between 825 and 8406 g per plant and in standard
varieties the changed between 1228 and 6324 g per
plant.

related to the responses of antioxidative system of
melon genotypes [13].

CONCLUSIONS
Drought stress had significant effect on the
yields of melon genotypes by affecting the water use
efficiency, membrane damage index, photosynthesis, transpiration and stomata closure. The results revealed that some melon genotypes are promising under stress. Theperformances of CU179 and CU 316
genotypes were better and they were consideredmore
tolerant to stress conditions. In contrast, the Mln 4
genotype was highly sensitive to drought stress as indicated by the parameters investigated. The results
of this study can be used to develop new drought
stress resistant lines and varieties especially in
breeding studies.

Effect of drought stress on leaf temperature
(oC) and membrane damage index (%). The effect
of drought stress treatments on membrane damage
index was the highest for Mln 9 at 50% (8.22%) irrigation treatment. The most tolerant genotype to
membrane damage under drought stress was CU 316
(3.65%) (Table 4). The leaf temperature measurements indicated that the increase in drought severity
had the highest impact on Mln 4 genotype. The CU
316 (2.96%) genotype was the least affected melon
genotype (Table 4). Cell membranes are damaged
under stress conditions. Tiwari et al. [25] reported
that the extent of cell membrane damage differs with
the severity of drought stresses. Drought stress negatively affects cell membrane proteins and membrane physiology and plays an important role in cell
growth [7, 26].The leaf temperature increases underdrought stress which causes severe water deficiency
[27]. The tolerance to abiotic stresses such as
drought, salinity and extreme temperatures may be
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ABSTRACT
This study investigates the impact of the
general trend of annual and autumn rainfall at five
weather stations in different climatic zones of middle
and northern Jordan. In this area, 50% of the
country’s wheat and 63% of its barley are cultivated.
The general trend of autumn rains in all the study
stations shows a decline, as indicated by several
statistical methods: simple linear regression, sevenyear moving averages, and T-test. The results also
indicate a decline in the cultivated areas of wheat and
barley due to the decline in autumn rainfall. The
reduction of the wheat area resulted in an expansion
of the barley area with the decrease in the annual and
autumn rains. This decrease had a negative impact
on the level of productivity of both crops. The year
of drought during the study period was 1999, while
1987 was the wettest, in which wheat and barley
production reached its peak.

KEYWORDS:
Rainfall trend change, Cereal farming, Climate, Jordan

INTRODUCTION
Rainfall is the main source of surface and
groundwater resources although it is the backbone of
life in different geographical environments, its
importance is more prominent in arid and semi-arid
environments, and in an environment that lacks
rivers and streams. The rains represent the artery of
rain-fed agriculture, which flourishes with abundant
rainfall and shrinks and retreats with its decrease and
fluctuation. The 300 mm isohyets’ the safe limit for
practicing rain-fed agriculture in Jordan. However,
rain-fed farming does occur below this figure
wherever temperatures drop, as is the case in the
mountainous highlands and in northern regions of
Jordan, where evaporation rates are lower and soil
moisture rates increase. Jordan receives an average
of 113 mm annually, and the dry tropical climate
(Bw) dominates about 85% of Jordan’s territory

[1,2,3,4]. A semi-dry climate, where the amount of
precipitation exceeds 200 mm, covers 13% of the
area, and only2.5% of Jordan’s total area
experiences a semi-humid climate with over 300 mm
a year [5].
Rain-fed farming is practiced in 55%of the
agricultural area of Jordan, most of which is under
cereals, predominantly wheat and barley [6].Cereals
are ancient traditional crops in the Jordanian
environment, and the Huwran (Irbid) plain supplied
wheat to much of the known world, including Rome
[6].
While wheat is irrigated in the lower part of the
Jordan Valley and on the Al-Dissah plain, it is rain
fed in the highland and Northern Ghors. Until the
mid-1960s, Jordan used to export wheat, but now its
production covers only 1.1% of its own consumption
[7]. This is because of rainfall fluctuation, climate
change in the eastern Mediterranean basin
represented by an overall decrease in the amount of
rain and the number of rainy days [8,9]. It may also
be attributed to some farmers moving to more
economically feasible crops, and urban expansion at
the expense of farmland.
Study Problem And Research Questions.
Many studies from the second half of the last century
until the beginning of the current century have
confirmed the existence of a clear change in
therainfall pattern in Jordan, represented by a
decrease in totalannual amount, a delay in the start
of the rainy season [10], a reduction in the number
of rainy days [9]and the recurrence of drought [11]
which negatively affect the water reserves and
especially the rain-fed agricultural areas.
Since the middle of the last century, the areas
devoted to wheat and barley in Jordan have been
reduced, and overall productionhasdecreased. A
sharp decline in the rate of self-sufficiency hasalso
been noted [7].
This study will therefore answer the following
questions:
• Will wheat and barley cultivation areas and
productivity in northern and central Jordan be
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negatively affected by the expected decrease in the
amount of rain?
• Will the trend towards decreasing rainfall
lead to the expansion of barley at the expense of
wheat cultivation?
Research hypotheses and objectives. The
research hypotheses are related to the previous
questions as follows:
• H1: The cereal production areas in Jordan
will be negatively affected by the expected decrease
in annual rainfall.
• H2: The decrease inautumn rainfall will
affect the area of land allocated tothe cultivation of
cereals, especially wheat.
• H3: Thedecrease inannual rainfall will
affect the quantities of cereal production in these
regions.
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The study thus aims toidentify the extent of
change in the amount of annual and autumn rain,
highlighting the effect of change in annual rainfall
amounts on the area cultivatedwith wheat and barley
and on the level of cereal productivity; and the effect
of autumn rainfall on this area.
The study area covers41.5% of Jordan (36,811)
km2, specificallythe cultivated landswherewheat
and barley depends on rain, in the governorates of
northern and central Jordan:Irbid, Balqa (Salt),
Mafraq, Amman, and the Northern Ghors of
Irbidgovernorate (Figure 1).Rainfall in the winter
months in this region isdirectly affected by the path
of the atmospheric depressions coming across the
Mediterranean, which are believed to have deviated
to the north due to climate change negatively
affecting the amount of winter rain falling on
northernJordan [8].

FIGURE 1
The study area

Station
Baqoura

Longitude
35q
37c

TABLE 1
Weathestations of the study area
Latitude
Altitude Annual Rainfall
-170
388.8
32q
40c

Irbid

35q

51c

32q

33c

616

466.2

Mafraq

36q

15c

32q

22c

686

153.8

Salt

35q

44c

32q

02c

796

552.6

Amman (civil
airport)

35q

59c

31q

59c

781

268.1

* [12]; ** [1]
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Climate Region **
Hot steppe
Bsh
Moderately
Csa
warm
Dry tropical
Bw
Moderately
Csa
warm
Cold steppe
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Table 1 shows Jordan’s climatic diversity,
according to the Koppen classification. Each station
represents a distinct climatic region in terms of
monthly rainfall distribution, annual total rainfall,
monthly rates, and annual average temperature. In
Irbid andSalt stations the moderate warm climate
(Csa) prevails, withaverageannual rainfall of 466.2
mm and552.6 mm respectively. The cold climate
(Bsk) is represented here in theAmman Civil Airport
station, where annual average precipitation is 268.1
mm.The Baqoura station in Northern Ghors is
dominated by ahot-steppe climate (Bsh), [1],with an
average annual rainfall of 388.8 mm and a moderate
annual temperature (22.4°C), under the influence of
moist air masses coming from the Mediterranean
through the Beisan gap(corridor). As far as the dry
tropical climate (Bwk) is concerned, it is represented
by Mafraqstation, wherethe annual average
temperature is 16.8°C, and annual rainfall is 153.8
mm.
Reasons for choosing the study area. North
and central Jordan were chosen to study the change
in the general trend of rainfall and its effect on the
cultivation of cereals, specifically wheat and barley,
for the following reasons:
a) The rainfall of this region in general and
during the winter months in particular issubject to
the impact of the atmospheric depressions that form
over the Mediterranean, some of which are
weakened by the deviation of their path towards the
north, reducingthe annual total rainfall [1].
b) This region is the main source of winter
cereal cultivation, especially wheat and barley, as it
constitutes over half of the cereal land in Jordan,
producing 50% of the country’s wheat and 71% of
itsbarley [7].
Significance of the study. The study is
important as it addresses two basic issues:
changingtrendsin rainfall and therelation to climate
change; Jordan is expected to be one of the countries
in the eastern basin of the Mediterranean most
affected by the negative consequences of climate
change [14]. The effectiveness of the atmospheric
depressions will decrease due to the deviation of
their paths towards the north, and it is expected that
this will negatively affect rain-fed agriculture,
including cereal cultivation.
Literature review. Thedecreasein rainfall in
the Middle East is expected to have a negative
impact on the agricultural sector and development
projects, and may lead to further political instability
in the region. Due to the importance of rain and its
role in the availability of water resources, especially
in arid and semi-arid environments, it has been
studied by many researchers, whose analysisfocused
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on changing trends in rainfall systems and
therelationship to climate change. Climate studies
and models predict a decrease in rainfall in the
countries of the eastern Mediterranean basin,
negatively affecting the availability of water
resources that are already unable to meet increasing
demand [14,15,16,17].
Some researchers have used statistical
methods, including linear regression and moving
arithmetic average, to identify the general trend of
rainfall during different study periods, and perhaps
to predict the future direction [18,19,20,21,22].
The study included in the second report of the
United Nations Convention on Climate Change in
Jordan confirmed that there was a general decrease
in the amount of rain in Jordan, ranging between 5%
and 20%, during the period 1961-2005[23]. The
amount of rain in Amman decreased by 26.6 mm,
and the number of rainy days by twelve days
between the periods 1984-1991 and 1992-2006[22].
A general decrease in rain during the periods 19831998 and 2003-2009 was recorded in all the northern
Jordan study stations, including Amman Civil
Airport [24]. A5% rainfall decrease during the 1980s
and early 1990s was seen in Jordan and a further
decrease is expected by the end of the current
century, which may reach 40% in some areas. A10%
decrease in the amount of rain resulting from climate
change, reducing the chance of groundwater renewal
in Jordan by 45-65%, is expected [25]. Another
report [21]concluded that climate change in the
Middle East region will lead to disturbances in
precipitation patterns and a decrease by15to25%.
An overall decrease in rainfall in Jordan of up
to 10.5% for the period 2010-2040 is expected,
varying spatially from5% in the mountainous areas
and 10.5% in the Jordan Valley,to15% in the desert
areas [26]. Climate change resulting from the shift of
atmospheric depressions towards the north will lead
to a decrease in rainfall in the southern part of the
Mediterranean basin, which includes Jordan [27]. In
a study to track the trend of changing annual rainfall
amounts and annual average temperatures in
northern Jordan for the period 1970-2009, it was
found that there was a clear increase in annual
temperatures, especially in the second part of the
study period (1989-2009). There was a trend towards
decreasing rainfall in both Mafraq and Irbid, and an
increase in rainfall as well but without statistical
significance, in Ras-Munif and Baqoura stations
[11]. Anotherstudy [9] confirmed the existence of a
statistically significant negative impact of climate
change on rainfall in northern and central Jordan,
althoughthis effect was not statistically significant in
southern Jordan. In an attempt to detect the effects of
climate change on agriculture in developing
countries, [28] reviewed various studies measuring
the magnitude of the impact of increasing
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FIGURE 2
Annuaprecipitation and weathestations [13].
temperatures,predicting that rising temperatures
would harm agriculture in developingcountries
during the current century despite all measures taken
to adapt to climate change. The study also confirmed
that high temperatures and the tendency towards
drought will harm agriculture in low latitudes.
A review of the effects of climate change on
agricultural productivity atthe beginning of the
twenty-first century expected an increase in
temperature;however, the effect on agricultural
productivity will depend more on the amount of the
increase and its reflection in evaporation and soil
moisture [29].

MATERIALS AND METHODS
Data collection. The autumn rains (September,
October, and November) were separated from the
total annual rainfall, in order to demonstrate their
impact on the areas of wheat and barley, as an
abundance of autumn rain is expected to motivate
farmers to plant these crops. Annual total rainfall
figureswere used to determine the general trend and
to predict thelevel in the coming years, and to
determine theimpact on the level of productivity and
production quantities. It is worth noting that more
than two-thirds of the annual rainfall occurs in the
winter months, which is the most affected by climate
change, asit is caused by atmospheric depressions.
With regard to cereals data, only wheat and barley

data were considered, as they constitute the bulk of
cereal crops in terms of cultivated areas and
production quantities.
Method of analysis. Since the data on rainfall,
wheat and barley productionare characterized asa
time series type, the following statistical methods
were used to detect the trend of change and
accordingly to predict the amounts of rain, the
cultivated area, the quantities of production, and
productivity.
Simple linear regression. The independent
variable is the years of study (1986-2017), while the
dependent variable is represented by the annual and
autumn rainfall amounts, the cultivated area, the
quantities of production, and the level of
productivity. The regression line which summarizes
the relationship between the two variables is drawn
using the regression equationdemonstrated in [30].
Moving average.The moving average’s used
to analyze time-series data, in order to remove any
short-term fluctuationsin the real data which might
distort the shape of the general trend. Here, the
seven-year moving average was used for each group
of seven years.The first seven values are added and
then divided by seven to get the first moving
average; then the arithmetic average is calculated
forvalues no. 2 to no. 8, and so on until the end of the
time series. After that, the shape and direction of the
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Baqoura
Irbid
Mafraq
Salt
Amman
(civil airport)
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TABLE2
T-test results of annual rainfall in the study stations (1986-2017).
Period
Number Average T value Degrees
Significant
Average
First
16
416.9
14.128
31
0.000
78.6
Second
16
338.3
First
16
384
14.101
31
0.000
-32.5
Second
16
416.5
First
16
177.5
11.471
31
0.000
44.7
Second
16
132.8
First
16
574.5
16.625
31
0.000
13.8
Second
16
560.7
First
16
241.4
14.28
31
0.000
12.1
Second
16
229.3

general trend line is determined in a graph, by
monitoring the years on the horizontal axis and the
moving average values on the vertical axis.
T-test. This is used to compare the arithmetic
mean of two separate samples. The study period was
divided into two equal parts, each consisting of
sixteen years; the first group comprised data for
1986-2001, andthe second for2002-2017. The
annual average for each group was calculated for
annual rainfall, autumn rains, cultivated area,
production quantities and the productivity level of
wheat and barley. In order to reveal the amount and
percentage of change, and determine the direction of
each, the arithmetic mean of the first sample was
compared with the arithmetic mean of the second
sample: is it increasing or decreasing, is this at a level
of statistical significance, and what is the percentage
of change? If the average of the first sample is the
larger, then thechange is trending downwards. The
value of t was calculated and a confidence level of
0.05 was adopted.
Coefficient of variation. This is used to
measure the variance of any frequency distribution
in annual and autumn rains, cultivated areas,
production quantities, and productivity level of
wheat and barley.

RESULTS AND DISCUSSION
Changing
trendsinrainfall
amounts.
Changing trend of total annual rainfall. Figure 3A shows the annual rainfall curves during the period
1986-2017, and highlights the annual fluctuation,

Percentage
18.85%
-8.46%
25.18%
2.39%
5.00%

which is a characteristic of the climate in arid and
semi-arid regions, as the coefficient of variation
ranged between 36% in Baqoura and 48% in Mafraq.
The coefficient of variation increases in Jordan as we
go east and south [1]. The figure also shows the slope
of the line descending from left to right in nearly all
study stations, indicating the trend of decreasing
rainfall throughout the study area, and the possibility
of this continuing in the following years. The
exception isIrbidstation, which showed a slight
increase in the trend. The level of rainfall decrease
reached was highest in Mafraq, where the
interpretation coefficient (R2) was 0.142, while its
lowest level was in Salt, at0.025.
However, when the real values of annual
rainfall were replaced by the seven-fold moving
average (Figure 3-B), the regression appeared more
clear in all study stations, including Irbid, since the
arithmetic moving average extracts the real data
from fluctuations that distort the general trend line.
This raised the value of R2 to (0.697 in Mafraq and
0.494 in Baqoura, while Irbid showed a very slight
decrease in its rainfall, as the value of R2was0.001.
The decline was again highest in Mafraq, where the
interpretation coefficient (R2)was 0.1425, while the
weakest (0.001) was in Irbid.
It is evident from the results of the T-test (Table 2)
that the average annual rainfall in the second half of
the study period decreased in all stations with the
exception of Irbid, which witnessed an increase of
8.46% over the first half. The level of decrease
varied,from 25.18% in Mafraq, which isthe furthest
study station from marine influences, to 2.39% in
Salt, the station closest to the path of atmospheric
depressions. These results agree with the results and
curves of the simple linear regression, and the sevenfold moving average (Figure3).
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FIGURE 3
Trend of annual rainfall in the study stations (1986-2017).
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FIGURE 4
Trend of the autumn rainfall in the study stations (1986-2017).
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Station

Baqoura
Irbid
Mafraq
Salt
Amman
(civil airport)
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TABLE 3
T- test results of the autumn rainfall in the study stations (1986-2017).
T
Degrees SignifiAverage
Period
numAuvalue of freecant
differber of
tumn
dom
level
ence
years
rain
average
First
16
62.1
6.052
31
0.000
2.9
Second
First
Second
First
Second
First
Second
First
Second

16
16
16
16
16
16
16
16
16

59.2
152.2
113.3
61.1
42
78.5
57.3
88
54.1

Changing trend of autumn rainfall. The
autumn rains are the beginning of the rainy season,
their quality and quantity affecting farmers’ decision
whether or not to grow wheat. The coefficient of
variation, which ranged between 39.8% in Baqoura
and 80.5% at Amman Airport, indicated that the
fluctuation of autumn rains is more intense than the
fluctuation of annual rain. The data also showed the
disappearance of September rains in the period
2012-2017 in all stations, meaning that less winter
grain was planted, thus shrinking its area and
reducing its production. Figure 4-A shows autumn
rain and its annual fluctuation, with a decreasing
trend in all stations and the possibility of this
continuing in the following years. The degree of
slope of the trend line varied among the stations,
steepest in MafraqandAmman, the most extreme
study locationstowards the east and south,withthe
least rain effectby atmospheric depressions. Salt,
where the interpretation coefficient (R2) was 0.011,
is the wettest study station.

Percentage
change

4.66%

7.955

31

0.000

38.9

25.54%

7.339

31

0.000

19.1

31.26%

4.978

31

0.000

21.2

27.00%

6.45

31

0.000

33.9

38.52%

The results of the seven-fold moving average
confirmed those shown in Figure 4-A, indicating
anevenstronger trend of decreasing autumn rain than
the simple linear regression. R2 increased to 0.829 at
Amman Airport and 0.828 in Mafraq, compared with
0.510 in Saltwhich showed the smallest decrease (the
largest and most regular amount of rain), but still ina
downward trend line from left to right (Figure 4-B).
Table 3 indicates a decrease in the amount of
autumn rain in all study stations in the second period
(2002-2017) over the first period (1986-2001). The
amount and percentage of the decrease varied from
one station to another. The highest rate of decrease
was recorded in Amman (38.52%), the furthest south
and furthest from the path of the atmospheric
depressions. The lowest was in Baqoura station
(4.66%), closest to the path of atmospheric
depressions, and marine effects. The (t) value was
statistically significant (0.000) in all stations.

FIGURE 5
Trend in area planted with wheat (1986-2017).
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FIGURE 6
The relationship between autumn rainfall and the areas cultivatedwith wheat and barley.

Region /
province

Period

Northern
Ghors
(Baqoura)
Irbid

First
Second

Mafraq
Salt
Amman
All study
area

First
Second
First
Second
First
Second
First
Second
First
Second

TABLE 4
T- testresults for wheat cultivated areas (1986-2017).
number Average
T
Degrees significant
Average
of years
area
value
of freelevel
difference
planted
dom
16
15689.8
17.19
31
0.000
4878.4
16
10811.4
16
16
16
16
16
16
16
16
16
16

98026
63695.8
99826
31390
14423.3
7954
114092
41217.7
342057.7
155069.8

Percentage
change
31%

12.371

31

0.000

34330.2

35%

7.664

31

0.000

68436

69%

7.738

31

0.000

6469.3

45%

7.43

31

0.000

72874.3

64%

9.865

31

0.000

186987.9

55%
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Changes in cereal cultivation. As already
indicated, central and northern Jordan is the main
area for growing winter cereals, specifically wheat
and barley, with 48% of wheat land, and 70% of the
barley area, and 50% of wheat production and 63%
of barley production. The wheat area is modest in
production because wheatis also grown under
irrigation in other regions of Jordan, unlike barley,
which is only grown as a rain-fed crop. Although the
downward rainfall trend is an indicator of climate
change that also includes temperature, humidity,
evaporation and drought, this study is confined to the
quantities of rain. This has a direct impact on the
cultivation of cereals, which is also affected by other
factors such as temperature, soil moisture, seed
quality, and nature of tillage.
Changes in cultivated areas.In recent years,
Jordan has witnessed shrinkage in the cultivated area
of wheat and,to a lesserextent, barley, despite their
importance inthe local market.Reasons include not
only rainfall but also the shift to cultivating crops
with greater economic viability, and urban
expansion on cereal lands adjacent to urban
centers.Although rainfall change was analyzed for
each station separately in order to understand their
different climatic characteristics, it was found more
appropriate to study the changes to cereal cultivation
in the study area as a whole, highlighting the spatial
variation wherever it appeared, and explaining it
through changes in the amount of rain caused by
climate change.
Changes in wheat cultivated area. The
average area of wheat cultivation was485,594dunum
(1 dunum = 0.1hectare),distributed over the five
study areas in varying proportions, from the Irbid
governorate (33%), Amman governorate (31%), and
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Mafraq governorate (26%), to Balqa (Salt) and the
northern Ghors (each5%). This disparity is attributed
to the variation in size of the area suitable for
growing wheat in each region, the disparity in the
amount of rain, and the competition between wheat
and barley crops on cereal lands.
The study area witnessed a fluctuation in the
area planted with wheat from year to year (Figure 5),
andthe coefficient of variation reached 36%; this
may be attributed to the fluctuation of the autumn
rains, as their early arrival and greater volumearean
incentive for farmers to cultivate their lands with
wheat, a strong relationship confirmed in Figure 5A. A descending trend line from left to right is
evidence of decrease in wheat areas (Figure 5). The
results of the T-test also showed that the area of
wheat land decreased by 55% in comparison with the
first half of the study period. This decline was most
obvious in Mafraq with a change rate 69% compared
to 64% for Amman. This may be due to the apparent
decrease in the amounts of autumn rain in these two
regions, which led to the expansion of barley
cultivation at the expense of wheat. On the other
hand, the northern Ghors witnessed the lowest retreat
of wheat cultivated area,asthe percentage of autumn
rain decrease was slim (4.6%).
All parts of the study area witnessed a decline
in the areas traditionally allocated for wheat
cultivation, due to decrease in autumn and annual
rains, and perhaps also to the transformation of some
wheat lands to grow other crops that have higher
economic returns, or are more adaptable to a lower
rainfall. Undoubtedly, urban expansion on to cereal
lands in general and wheat lands in particular, which
are the wettestand the closest to urban centers, has
played a role in the decline of wheat areas, as in Irbid
Plain. Considering the decline in annual rainfall,

FIGURE 7
Wheat versus barley areas (1986-2017).
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it can be said that someof the lands that had
beenwheat fields became occupied by barley,
especially the eastern marginswhere the amount of
rain is low. It is expected that, in the light of a
decreaseinannual rainfall, the retreat of the 300 mm
isohyet tends to be towards the west; therefore, the
wheat strip will shrink and shift to the west, where
the rain is more suitable for its cultivation. This
enables expansion of the barley area, as barleycan
bear drier conditions. This isillustrated in Figure 7,
which clearly shows how the decrease in the areas
allocated for wheat arematched by an increase in the
barley area. The value of t for the areas planted with
wheat was 9,865dunums with a statistical
significance 0.000. This level of significance was
repeated in the five parts of the study area.
Changes in thebarley cultivated area. The
average area cultivated with barley was 485,594
dunums, forming 63% of the area of barley in
Jordan; it was distributed unevenly over the parts of
the study area:from Amman(48%) and Mafraq
(40%), to Irbid(11%),Balqa(Salt)(2%), and the
northern Ghors(1%). Perhaps the reason for this
disparity is the low annual rainfall rates in Amman
and Mafraqwhich has resulted in barley field
expansion at the expense of wheat. The area of
barley witnessed a great fluctuation during the study
period; it reached its peak (863,181 dunums) in
1999, the year of drought in Jordan, and perhaps this
is attributed to the shrinking of the wheat area in that
year to let barley expand its land.Barley was at a
minimum of 219,110 dunums in 1986 (Figure 8-A).
The autumn rains have had a negative impact on the
barley areas, as the curves indicate a decrease as the
amounts of autumn rain increases and the wheat
areas expand (Figure 5-A).
Figure 8-B shows the trend line upward from
left
to
right,
which
confirms
barley
expansion.However, the T-test results show a
modest decline (4.7%) in the study area as a whole
in barley fields in the second half of the study period
compared with the first half. The northern Ghors
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witnessed the highestreduction in barley cultivation
(49.2%), with the least (1%) in-Mafraq.This can be
attributed to the spread of the phenomenon of barley
cultivation for grazing livestock in the event of crop
failure in areas of low rainfall.
As for the huge decline in barley lands in the
Northern Ghors, this may be attributed to the use of
barley land, which is often the poorest, to cultivate
alternative crops with higher economic returns
wherever irrigation water is available.
In the Irbid plain, the picture revealed the
behavior of the area planted with barley, completely
different from the rest of the study area. The area
cultivated with barley witnessed an increase in the
second half of the study period, compared to the first
half, by 15.6%, but barley farming showed a decline
of 12% in both Amman and Balqa (Salt)
governorates.
Changes in wheat productivity.The level of
wheat productivity is subject to several factors: the
most prominent of which are the amount of annual
rainfall and its distribution through the agricultural
season, the flatness of the land, soil fertility, seed
quality, and tillage quality. However, the level of
productivity in this study will be evaluated through
the amount of annual rainfall and the changes that
have occurred in it as the other factors are largely
fixed. Figure 9 shows the existence of a strong direct
relationship between the amount of annual rainfall
and the level of productivity, confirming the positive
effect.
The average productivity of wheat throughout
the study area was0.081 ton / dunum, althoughit
varied between thestudy regions: the highest was
recorded in the Northern Ghors(0.238 tons / dunum);
this may be attributed to the fact that rains in the
northern Jordan Valley are more regular than in other
areas, and the wheat areais restricted to lands that
receive sufficient quantities of rain. The lowest
productivity rate (0.038 tons/dunum) was found in
Mafraqgovernorate, where the annual rainfall is low

FIGURE 8
Cultivated area of barley (1986-2017).
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FIGURE 9
Relationship between annual rainfall and wheat and barley productivity.
(155.1 mm) compared to 377.6 mm in
Baqoura(Northern Ghors).
As for the second best level of wheat
productivity, thiswas found in the higher lands of
Irbidgovernorate, most of which fall within the
annual rainfall range of 400-500 mm (Figure 2),
where the average productivity was 0.103 tons /
dunum, compared with0.063 tons / dunum in
Ammangovernorate, in which the cereal cultivation
lands are located to the east of the 300 mm is ohyet.
T-test results showed that the percentage of
productivityincreased by 8% in the second half of the
studyperiod.This may be attributed to the retreat of
wheat cultivation to the wetter lands. This applies to
the
improvement
in
productivity
in
Mafraqgovernorate, increasing by 2% in the second
half of the study period.

On the other hand,the remaining parts of the
study area showed a decrease in the level of wheat
productivity among which the highest decline (16%)
was in Amman. The percentage of change for the rest
of the regions ranged between 9% in Irbid,5% in
Balqa (Salt) and 6% in the Northern Ghors. The Tvalue of the whole study area was (7.772) at a
significant level of (0.000). These were repeated in
all regions
Changes in barley productivity.Barley
productivity is subject to similar factors as wheat.
This study discusses the level of barley productivity
by examining its relationship to annual rainfall
amounts and their fluctuation. It isevident from
Figure 9 that there is a positive relationship between
the productivity of barley and the annual amounts of
rain. The average productivity of barley in the study
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area was0.032 tons / dunum,but this figure fluctuated
widely from year to year according to the variation
in the annual rainfall amounts and the percentage of
the harvested area.
Barley productivity reached its highest levelof
0.075 tons / dunum in 1988, although itdropped to
0.002 tons / dunum in the drought year of 1999.The
variation in barley productivity was not limited to
this temporal variation, asthe spatial variation had a
prominent effect in this context, the regions of the
study area differing accordingto the variation in local
conditions, especially the annual rainfall amounts.
Barley productivity reached its peak in the Northern
Ghors(0.200 tons / dunum), considering the
relatively high annual rainfall amounts (377.6 mm).
On the other hand, it declined to its minimum levels
in the governorates of Mafraq and Amman, where
the annual rainfall amounts were low (155.1 mm and
235.3 mm) respectively. In addition, these two
governorates have a low percentage of harvested
land, andlivestock is often allowed to graze crops
that fail to reach maturity and harvest as a result of
insufficient rainfall.
The T-test explained that the percentage change
in the level of productivity for the study area as a
whole was 23%, decreasing in all parts of the study
area, but at different rates. The highest rate of change
(decline) was recorded in the highlands of Irbid
governorate (46%), and the lowest (15%) was in
Mafraq governorate.
The value of (t) in the whole study area was
15.59at the level of statistical significance (0.000)
this level of significance occurred in all parts of the
study area.
Changes
in
quantities
of
wheat
production.The production quantity of any crop
represents the sum of the planted area and the level
of productivity. The larger cultivated area, the higher
level of productivity, or both, yields greater quantity
of production.
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The average annual production of wheat in the
study area was 20,241.9 tons, however it witnessed
a large fluctuation from year to another following the
variation of the annual rainfall amounts, the
cultivated area, and the level of productivity, with
the coefficient of variation at (68%).Wheat
production reached its peak at 59,770 tons in 1987,
and went down to only 1,884.8 tons in 1999 (the year
of drought). This variation was experienced in all
parts of the study area (Figure 10).
The contribution of each part of the study area
in the quantities of wheat production varied
according to the variation in the cultivated area and
the level of productivity for each of them. The higher
lands of Irbid governorate contributed approximately by(42%) of the total production of wheat
produced in the study area. This may be attributed to
the cultivated area allocated for growing wheat,
which is about (80,861) dunums on average, and the
high level of productivity (0.103) tons per dunum, as
a result of high annual quantities of rain (400.1 mm).
In contrast, the contribution of Amman governorate
of wheat production was 26.5%.
T-test results showed that the percentage
change in the average quantities of wheat production
in the study area as a whole was 55%, due to the
decline in average production from 27,893 tons in
the first half of study period to 12,590 tons in the
second half. Mafraq governorate witnessed the
highest rate of decrease by 75%, following by
Amman at 71%. The lowest percentage of decrease
was in the Northern Ghors (38%), where rain is
abundant and the cultivated area is more stable
(Table 5).
Generally speaking, all parts of the study area
witnessed a decrease in the quantities of wheat
production with different rates. This decrease is
mainly return to many reasons including the decline
in the areas traditionally allocated to wheat

FIGURE 10
General trend of wheat production in thestudy area (1986-2017).
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TABLE 5
T-test results of wheat production (1986-2017).
Governorate/
Province
Northern
Ghors
(Baqoura)
Salt
Amman
Irbid
Mafraq
All study area

Period

Number
of years

Average for
production

T
value

First
Second

16
16

3854.1
2377

First
Second
First
Second
First
Second
First
Second
First
Second

16
16
16
16
16
16
16
16
16
16

1103.8
561.8
8340
2384
10617.7
6273.3
3977
995
27893
12590

cultivation, the convert to barley production
following the decrease in the annual amounts of rain
in general and the autumn rains in particular, and the
decrease in the productivity level of lands.
Changes in the quantities of barley
production. The annual average of barley
production in the study area was 21,469.2 tons,
which constitutes 70% of Jordan production. Barley
production witnessed a clear fluctuation according to
various factors with the coefficient of variation at
54%.Of them, the fluctuation of rain, the fluctuation
of cultivated areas, and the fluctuation of
productivity levels. The decrease of Barley
production was clearly noticed in the years that
witnessed a decrease in annual rainfall, where
planted cultivated area shrinks, such asthe year of
1999 when the production of barley dropped to only
1,780.7 tons compared to 46,090.6 in 1986.
To determine the general trend line for barley
production, the simple linear regression method and
the seven-fold moving average approach were used.

Significant
level

Average difference

Percentage
change

9.136

Degrees
of freedom
31

0.000

1477.1

38%

3.97

31

0.000

542.1

49%

4.196

31

0.000

5956

71%

7.371

31

0.000

4344.4

41%

4.971

31

0.000

2982

75%

7.772

31

0.000

153.3

55%

These two techniques showed the general trend line
for barley production, descending from left to right,
although the intensity of its slope varied between
study area regions (Figure 11). The coefficient of
variation was 57%.
The results of T-test showed that the production
of barley decreased by 15% in the second half of the
study period compared to the first half. A different
picture was noticed inMafraqandIrbid regions,
where barley production showed an increase of
12%and 5%respectively. The increase in these two
regions can be attributed mainly to the expansion of
barley cultivation areas in the rainier lands, which
were previously designated for wheat production.
The NorthernGhors showed the highest percentage
of change, as the amount of barley production were
decreased by 66%, this sharp change can be
attributed to the shrinkage in the area cultivated with
barley, which decreased by more than 49%. The
value of T was (9.319) at a significant level of
(0.000).

FIGURE 11
General trend of barley production in the study area (1986-2017).
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RESULTS AND RECOMMENDATIONS
Main results.The general trend line for the
annual amount of rain and autumn rains in all study
stations showed a general decrease. This indicates
that the region is negatively affected by the
phenomenon of climate change, accompanied by the
fluctuation of annual and autumn rains with a
coefficient of variation of 48% in Mafraq and 80%
inAmman. This result was supported by previous
research [31]. This variation negatively affected the
cultivated area, the level of productivity and the
amount of production of wheat and barley. The mean
of the annual quantities of annual rainfall and
autumn rains decreased in the second half of the
study period over the first half, confirming the
downward trend. 1999 was a year of drought
throughoutJordan and in the study area, while 1992
was the wettestyear in most of the study stations.
Autumn rains disappeared completely in theMafraq
region in the drought years of 1999 and 2000.
The areas planted with wheat witnessed a great
fluctuation, with a coefficient of variation of57%.
All parts of the study area witnessed a decline in the
wheat area, with anaverage of 55% in the second half
of the study period.
Barley areas were concentrated in Amman and
Mafraq and showed moderate fluctuation with a
coefficient of variation of 29%. The area of barley
reached its peak in 1999 when itexpanded at the
expense of wheat, while itshrank to its lowest level
in 1986, the wettest year and the most widespread for
wheat.
Wheat productivity throughout the study area
averaged0.081 tons / dunum, ranging from 0.238 in
the Northern Ghorsto 0.038inMafraq. The average
productivity of barley was 0.032 tons / dunum, again
fluctuatingwith the rainfall, reaching 0.200 tons /
dunum in Northern Ghors and its lowest volume in
Amman and Mafraq. The average productivity of
barley declined in the second half of the study period
by 23%,and the highest rate of productivity decline
(46%) wasin Irbid.
Wheat production was atits peak in 1987 when
it reached 59,770 tons, when the annual rainfallwas
at its maximum;butit fell into a trough (1,884.8 tons)
in the year of drought in 1999. The average wheat
production decreased in the second half of the study
period by 55% over the first half.The highest decline
(75%) was in seen in Mafraq, and the lowest in
Northern Ghors where rainfall is abundant and
stable.
Barley production reached its peak (46,090
tons) in 1987 before it fell to rock bottom (1,680
tons) in 1999. The average production of barley
decreased in the second half of the study period by
15%. The highest percentage change in production
was the decline in the Northern Ghors(66%).
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Recommendations. It is clear that the annual
and autumn rainfall quantities decreased in all parts
of the study area. This fact reinforces the negative
reflection of the phenomenon of climate change on
the study area. We cannot control the amount of rain,
and it is rainfall that has adirect impact on cultivated
areas, on the level of productivity, as well as on the
production quantities of wheat and barley crops.
Therefore, all that can be done is to preserve the size
of the area’s growing wheat and barley, and to
increase productivity to stop the reductionin
production quantities, a more positive solution may
come through developing wheat and barley seeds to
adapt tothe new conditions resulting from climate
change represented by the decline in the amount of
rainfall.However, climate change is a global issue
and outside onecountry’s local capabilities to
control. The study therefore recommends
emphasizing the need to adhere to the UN
resolutions on climate change, foremost of which is
reducing the burning of fossil fuels to reduce the
level of greenhouse gas emissions, especially carbon
dioxide.
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market channels. Marketing channels are considered as a group of interrelated components operating on delivery the product from the point of production to final destination for the "Consumer"[1].
The role of marketing channels lies in creating benefits for consumer and plays a significant role in the
competitiveness of the value chain system. Improving the supply chain will have positive impact on
both consumer and producer. The exporting is considered as one of the marketing channels and a
main stone in improving the supply chain.
Trading patterns and export performance for a
given commodity could be evaluated by using Constant Market Shares (CMS) analysis. This method
uses an identity which examines if the comparative
export performance reflects changing market shares
or total market growth. The main advantage of this
method is that it can provide insights into competitiveness so as to help in designing export strategy
as well as evaluating the impact of existing policies.
On the other hand, its main disadvantage is that it is
descriptive not causal.
The constant market share analysis is an accounting method that enables the ex-post breakdown of the changes in total market shares of a
certain country over time. This technique was initially used in studies of variables such as employment or labor productivity within the scope of regional economics, where it is best-known as shiftshare analysis. Subsequently, it was applied to studies of international trade flows, where it was used
for the first time by Tyszynski [2]. Even if a country maintains its share of every product in every
geographical destination, it can still have a decrease
in its aggregate market share if it exports to individual markets that grow more slowly than the
world average.
The shown interests in the same subject study
were carried out by de Sousa [3] for marketing
channels, due to its important role in the competitiveness of the value chain of agro-industries where
research suggests building marketing channel models in agricultural business management, can also
considered as transaction costs. This model was
developed in two steps, diagnosis and decision-

ABSTRACT
Improving the supply chain will have a positive impact on both consumer and producer. Exporting is considered as one of the marketing channels and a key stone in improving the supply chain.
This study evaluates the level of competitiveness of
date export by using several types of indicators,
such as the most important countries exporting
dates in the world, dates export market share in
selected countries, Revealed Comparative Advantage (RCA), the Trade Entropy Index (TEI) and
Constant Market Share (CMS). To apply the methodology Jordan was used as an applicable example.
Commercial date's production is considered new in
Jordan (since the year 2000), and it grew rapidly,
especially after 2015.
The results have shown that date export to selected countries was fluctuating during 2001-2012,
and then it was increased rapidly during the rest of
selected period. The main importing country of date
from Jordan was Saudi Arabia, then the free zone,
then Kuwait. Jordan has a visible competitive advantage, evaluated by the RCA, but they were located in the tenth position of selected countries. The
export entropy values emphasized that there was a
considerable change in date export to selected
countries from Jordan since it has diverse export
patterns during the studied period. All three components of the CMS have showed fluctuations during the studied period, mainly caused by the annual
fluctuation in production and import policies of the
selected importing countries from Jordan.

KEYWORDS:
Competitiveness, Constant Market Share, Date Palm,
Revealed Comparative Advantage, Trade Entropy Index

INTRODUCTION
Supply chain could be defined as a system involves all activities and parties have a role to supply the product to the consumer through different
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making, which has been applied to the agricultural
business for olive oil in Portugal. The diagnosis
stage includes agricultural value chain and marketing channels, and the characteristics of transactions
and institutional environment analysis while the
decision step has proportion to the information
from the diagnosis to the cost/yield qualitative
analysis, based on the standards of the problem of
multiple preferences request.
A study was conducted to introduce a comparative economic analysis of sheep production systems in Jordan. Three important and traditional
discounted financial indicators were used in the
study, the Net Present Value (NPV), the Internal
Rate of Return (IRR) and the Benefits-Costs ratio
(B/C). The results showed that all indicators used in
the study were acceptable in the three investigated
sheep production systems [4]. A study conducted
by Ferto and Szabo [5] to identify variables affecting the producers’ decision marketing channels
choices. The analysis is based on a recent survey
among three channels for fruit supply and vegetable
producers in Ksonjrad, Hungary in the process of
choosing marketing channels to wholesalers and
cooperatives, producers and organization channels,
which has applied Multinomial Logit Model to reveal the factors that affect various supply channel
options.
Although the traditional CMS model was established by Tyszynski [2], but some recent studies
still use this model despite the problems widely
documented by, among others, Jepma [6], and Oldersma and Bergeijk [7]. Brownie and Dalziel [8]
employ the traditional model to analyze New Zealand’s export performance over the period 1970–
1984. In 1986 Jepma proposed an alternative model
which overcomes some of the traditional model’s
problems. Applications of Jepma’s revised model
include Jepma [6] and Hoen and Wagener [9]. Several authors [10,11,12] use Jepma’s model to analyze Australian wheat exports to Egypt, Japan, and
China, respectively. Jepma’s model is probably still
far from satisfactory, since it LV YHU\ GLI¿FXOW WR
interpret various components of the model [13].
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are: The Most Important Countries Exporting
Dates in The World, Dates Export Market Share in
Selected Countries, Revealed Comparative Advantage (RCA), the Trade Entropy Index (TEI) and
Constant market share (CMS).
Revealed Comparative Advantage (RCA).
It is said that the country such as Jordan (as a country used in this study to apply the methodology) has
a comparative advantage that is apparent in a particular product (dates i), when it exceeds the ratio
of its exports of the product to its total exports of all
goods (products) with common characteristics
(fruits) to the same proportion to the world. According to the following formula:
RCAij = (Jordan exports of dates / Jordan's
exports of fruits)/(World exports of dates / World
exports of fruits
When the value of RCAij is greater than (1)
for the country in a particular product it has a comparative advantage visible in that product. The data
used to calculate the apparent relative advantage are
as follows:
x The quantity of dates exports in Jordan
and in the world.
x The quantities produced of fruits and vegetables in Jordan and the world.
x Data source is FAOSTAT, 2019. The data
for 2017 will be used.
The Trade Entropy Index (TEI). The second
measure used to evaluate the competitiveness of
trade in this research is the Trade entropy index
(TEI). It is used in trade analysis for measuring the
concentration or dispersion of trade. These trade
flows can be either in terms of imports or exports.
The higher the index the more dispersed is the export (import) pattern of that country. The validity of
the index derives from weighting each component
of share (bij) by its relevance ln(1/bij). That means
if the value of bij for a country is very high it will
be scaled down by the ln (1/bij) term and the maximum value is achieved when all shares are equal.
In this research the first equation (i.e. the export equation) will be used

MATERIALS AND METHODS

Ixi = aijln(1/aij ) with 0 < aij < 1 and aij =
1

The idea of maximizing productivity and efficiency within a distinct industry is known as
achieving competitive advantage. In other words, a
country will choose which industries to specialize
in based on comparative advantage. Once the industries are chosen, the country will then focus on
efficiency within each industry, in an attempt to
gain a competitive advantage relative to other countries.
In order to estimate the competitiveness of the
countries in question in different categories of
trade, several types of indicators were used, they

Imi = b ln(1/bij ) with 0 < bij < 1 and bij = 1
where:
Ixi: Entropy index of export.
Imi:Entropy index of import.
aij: Export share of country i to country j.
bij: Import share of country i from country j.
In the formula each entity (share of a commodity) is weighted by its relevance and very high
export (or import) share is weighted with corre-
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spondingly low weights and the very low ones are
weighted with higher weights, consequently the
higher values (in sum) are obtained for approximately equally distributed shares. In brief, the higher the index the more dispersed is the export (or
import) pattern of that country.
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tiveness of exports depending on whether it has a
positive or negative sign. It is usually assumed that
this effect is independent of the three other effects
discussed above and it largely reflects the role of
domestic factors of the .
The underlying assumption of the CMS approach is that base period export shares are maintained in other market periods. The structural components of the market share are calculated under
this assumption. The following equation will be
used: Ongsritrakul and Hubbard [19],

Constant Market Share (CMS). This study
followed the methodology developed by Milana
[14] because it helps to find a satisfactory solution
to the problems encountered by the traditional approaches to CMS [15]. Milana [14] proposed satisfactory solutions to some of the major problems of
the traditional constant market share decomposition. Some recent studies of constant market share
that consider most of the empirical improvements
suggested in the literature include the works of Foresti [16] and ECB [17]. However, several shortcomings regarding the empirical implementation of
the constant market share analysis still remain. The
calculations are performed annually and the effects
are added up over time to have multi-year effects.
According to this new formulation of the
methodology, percentage changes in the aggregated
export market share of a country defined as the
percentage ratio between the country’s exports and
total world exports. The CMS analysis is used to
identify four components of export performance:
market size effect, market composition effect, competitive effect and commodity composition effect
[18].

q1=q0 –(S0 (Q1-T   ȈL 6L – S0) * Q1i+
(q1 – Ȉi S0i – S0i))
Where:
q: quantity of an exporter country’s exports of
a commodity to the destination markets
S: An exporter country’s market share of total
exports of the commodity to the destination markets
Si: An exporter country’s market share of total
exports of the commodity to each destination markets, (i=1,2,...13)
Q: the quantity of total exports of the commodity to the destination markets
Qi: the quantity of total exports of the commodity to each destination market; and superscripts
0 and 1 to the base period and subsequent period
respectively.
This equation indicates that changes in quantity of an exporter country’s exports of the commodity to the destination markets between the two periods (q1-q0) can be decomposed into the three terms
on the right-hand side of the equation, representing
the size of market effect, the market composition
effect and the competitive effect, respectively. Notice that since we apply the method to one product,
the commodity composition effect is dropped.
Changes of a country’s market share in world exports result from many interrelated factors. Firstly,
domestic and external macroeconomic developments influence the relative price/cost competitiveness of exports. Secondly, long-term structural factors like the endowment of productive factors,
commodities pests [21] ,technology and institutional background affect overall competitiveness and
the sectoral specialization of exports. Thirdly, geography and cultural linkages condition the performance of exports and its distribution among different trade partners. Fourthly, the dynamics of international trade flows determined, in part, by the entrance of new players, mechanically affects individual countries’ market shares. Therefore, the
analysis of the export performance of a country
should be put in perspective by analyzing long periods in order to identify trends and comparing with
a set of benchmark countries.

Market size effect indicates that part of a
country’s export growth is attributable to the general increases in destination market imports. The
magnitude of this effect shows the potential increase of country’s exports if it were able to maintain its share of destination imports.
Market composition effect indicates a country’s ability to concentrate on relatively rapidly
growing countries. The change in exports due to
market distribution depends on trade policies and
income growth in foreign countries.
Commodity Composition Effect points out
whether a country has concentrated on the export of
commodities for which markets have been expanding rapidly, or on commodities for which markets
have been expanding less rapidly. This effect reflects the factor endowment of export country and
the income and price elasticities of demand for the
products in which that country specializes.
Competitiveness Effect is defined by the residual term of the CMS model. The residual term
picks up everything not explained by the first three
effects. However, this term is taken to indicate the
improvement or the deterioration in the competi-
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FIGURE 1
The General Components of the Changes in Total Exports
The constant market share analysis is an accounting method that enables the ex-post breakdown of the changes in total market shares of a
certain country over time. The main idea underlying the constant market share analysis is that the
export structure of a given country affects its global
export performance, despite changes in other factors, such as those associated with competitiveness.
This method is particularly useful to separate and
quantify the contribution of the trade pattern of the
country (in terms of products and geo- graphical
destinations) from the contribution of other factors.
The interest of this method, which is used for descriptive rather than explanatory purposes, results
mainly from its simplicity and easiness to use, as
well as from its ability to identify key features of
the differentiated behavior of a given variable. This
technique was initially used in studies of variables
such as employment or labor productivity within
the scope of regional economics, where it is bestknown as shift-share analysis. Subsequently, it was
applied to studies of international trade flows,
where it was used for the first time by Tyszynski
[2]

306 thousand tons) followed by Iraq and Saudi
Arabia (263 thousand tons and 160 thousand tons)
respectively. Jordan ranked fifteenth from the date
exporting countries in that year (as shown in Figure. 1).
Export Market Share of Dates in Jordan.
The main Importing Countries of Date Palm from
Jordan were: United Arab Emirates, Qatar, Egypt,
Lebanon, Saudi Arabia, France, Morocco, Kuwait,
United Kingdom, Turkey, Palestine and Free Zones
[20] (Figure 2) . Figure 3 shows that dates exports
to the Selected countries was fluctuating during
2001-2012, then it increased rapidly during the rest
of the selected period. The highest level of exports
to these countries was 1197 tons in 2017.
On the other hand, the exports of dates to Saudi Arabia constitutes about 57.5% of total imports
of dates by that country from Jordan, while the exports of dates to Kuwait constitutes about 44.85%
of total imports of dates by that country ( Figure 4).
Estimating the Apparent Comparative Advantage of Jordanian Dates. Table 1 shows that
dates in Jordan have a visible competitive advantage, but they are located in the tenth position of
the selected countries. It also turns out that dates in
the following countries have no apparent comparative advantage: Germany, the United States of
America, the Netherlands, Turkey and Mexico.
Note that each of the United Arab Emirates has a
higher apparent advantage than Jordan, but its data
does not differentiate between exporting from domestic production and re-exporting.

RESULTS AND DISCUSSION
The Most Important Countries Exporting
Dates in the World. 16 countries were which exported about 93 % of total world exports of dates in
2018 were selected [20], re-exports were deducted
from the amount of exports of these countries. Iran
was the largest exported country of dates (about
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FIGURE 2
Quantities of dates exported from the most important exporting countries in the world (thousand tons)
Source: ITC Trade Map 2019
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FIGURE 3
Date export growth to selected countries during 2001-2018 (tons).
Source: ITC, Trade Map, 2019
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Percentage exports of dates from Jordan to the selected countries
Source: Calculated by the researchers.

11001

0,022

© by PSP

Volume 29 – No. 12/2020 pages 10997-11005

Fresenius Environmental Bulletin

TABLE 1
The comparative advantage of Jordanian dates in the most important exporting countries in 2019.
(Value: thousand US$)
Fruits Vegetables Value of
Country
Dates Exports Value of
RCA
Rank
Iraq
60,873
63,660
166.29
1
52,337
68,108
133.63
Algeria
2
229,990
348,053
114.91
Tunisia
3
91,535
253,434
62.81
Saudi Arabia
4
107,488
552,729
33.82
Pakistan
5
United
Arab
Emirates
167,522
1,035,258
28.14
6
(UAE)
18,160
129,804
24.33
Oman
7
181,231
1,299,540
24.25
Israel
8
250,492
3,444,053
12.65
Iran
9
12,816
572,640
3.89
Jordan
10
32,633
2,729,438
2.08
Egypt
11
40,868
6,000,074
1.18
France
12
23,175
6,790,035
0.59
Germany
13
58,297
24,707,143
0.41
USA
14
38,994
21,136,873
0.32
Netherland
15
7,790
6,861,436
0.2
Turkey
16
11,997
14,987,336
0.14
Mexico
17
Source: FAO, 2019
RCA is calculated by the study team

FIGURE 5
Trade Entropy Index (TEI) for dates exports from Jordan in 2019.
Source: Calculated By the researchers.

ied period. Moreover, the index shows that the
highest export concentration was to Free Trade
Areas (0.362) then Saudi Arabia (0.305) then Palestine (0.273) then Lebanon 0.252.

Dates Trade Entropy Index (TEI) for Dates
Exports from Jordan to Selected Countries.
Trade entropy index (TEI) is used in trade analysis
for measuring the concentration or dispersion of
trade. In this study the TEI was calculated for export analysis of dates from Jordan to selected countries.
Figure 5 shows that the export entropy values
emphasized that there is considerable change in
dates exports to the selected countries from Jordan
since it has diverse export pattern during the stud-

Constant Market Share (CMS) for Dates
Exports from Jordan to Selected Countries.
Three components of CMS for date palm exports in
Jordan were analyzed in this study during the period 2001-2018, they are: Market Size effect, Market
Composition effect and Market Competitive Effect.
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Market size effect. Figure 6 shows that the
market effect fluctuated during the studied period
(2001-2018). This indicates that the imports by
other counties from Jordan were not stable, and
Jordan was not able to maintain its share of destination country’s imports. This may be was due to the
fluctuation of dates production in Jordan.

Fresenius Environmental Bulletin

rapidly growing countries. This could be caused
by changes in trade policies and income growth in
the selected importing countries (Figure 7).
Competitiveness effect. Figure 8 shows that
the competitiveness effect indicators have positive
and negative signs during the studied period. This
indicates that Jordan cannot increase its market
share of dates exports depending on competitiveness factors only independently of structural developments in the market or in the product trade pattern.

Commodity composition effect. The commodity composition effect of exported Jordanian
dates is fluctuating during the studied period because it was not able to concentrate on relatively

FIGURE 6
Market size effect for the period 2001-2018.
Source: Calculated by the researchers.

FIGURE 7
Market composition effect.
Source: Calculated by the researchers.

FIGURE 8
Market competitive effect .
Source: Calculated by the researchers.
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[4] Qtaishat, T., Al-Sharafat, A. and Majdalawi,
M. (2012) A comparative economic analysis
of sheep production systems: A case study of
Jordan. Journal of Food, Agriculture & Environment. 10, 690-694.
[5] Ferto, I. and Szabo, G. (2002) The Choice Of
The Supply Channels In Hungarian Fruit And
Vegetable Sector, Paper presented at the Annual meeting, Long Beach, CA 19647 July 28-31.
[6] Jepma, C.J. (1986) Extensions and application
possibilities of the constant market shares
analysis: the case of the developing countries
exports (Holland, University Press Groningen).
[7] Oldersma, H. and Van Bergeijk, P.A.G. (1993)
Not so constant! The constant-market-shares
analysis and the exchange rate. De Economist.
141, 380-401.
[8] Brownie, S. and Dalziel, P. (1993) Shift-share
analyses of New Zealand exports, 1970 .New
Zealand Economic Papers. 27.
[9] Hoen, H. and Wagener, H. (1989) Hungary's
Exports to The OECD: A Constant Market
Shares Analysis. Acta Oeconomica, 40, 65-77.
[10] Ahmadi-Esfahani, F.Z. (1993) An analysis of
Egyptian wheat imports: a constant market
shares approach . Oxford Agrarian Studies. 21,
31–39.
[11] Ahmadi-Esfahani, F.Z. (1995) Wheat market
shares in the presence of Japanese import quotas. Journal of Policy Modeling. 17, 315–323.
[12] Ahmadi-Esfahani, F.Z. and Jensen, P.H. (1994)
Impact of the US-EC price war on major wheat
exporters' shares of the Chinese market. Agricultural Economics. 10, 61-70.
[13] Ahmadi-Esfahani, F.Z. (2006) Constant Market
Shares Analysis: Uses, Limitations and Prospects. Australian Journal of Agricultural and
Resource Economics. 50, 510-526.
[14] Milana, C. (1988) Constant-Market-Shares
Analysis and Index Number Theory. European
Journal of Political Economy. 4, 453-478.
[15] Richardson, J.D. (1971) Constant-marketshares analysis of export growth, Journal of International Economics. 1, 227–239.
[16] Foresti, G. (2004) An attempt to explain the
Italian export market share dynamics during
the nineties, CSC Working Paper 47, Centro
Studi Confindustria, Italy. Economic Journal.
30, 75–87.
[17] European Central Bank (2005) Competitiveness and the export performance of the euro area, Occasional Paper Series 30. Task Force of
the Monetary Policy Committee of the European System of Central Banks.
[18] Türkekul, B.C., Günden, C., Abay, B. and Miran, A. (2007) A Market Share Analysis of
Virgin Olive Oil Producer Countries with special respect to Competitiveness, Paper presented at the European Association of Agricultural
Economists, Barcelona, Spain 9410.

CONCLUSIONS
Several competitive indicators were evaluated
for the Date Palm exports from Jordan. Jordan
ranked fifteenth from the date exporting countries
in 2018 since dates commercial production started
only after year 2000.
The main Importing Countries of Date Palm
from Jordan were: United Arab Emirates, Qatar,
Egypt, Lebanon, Saudi Arabia, France, Morocco,
Kuwait, United Kingdom, Turkey, Palestine and
Free Zones. The market share analysis for dates in
Jordan was fluctuating during 2001-2012, and then
it increased rapidly during the rest of the selected
period. The highest level of exports to these countries was 1197 tons in 2017. Jordan has a visible
competitive advantage, evaluated by the RCA, but
they are located in the tenth position of the selected
countries.
The export entropy values emphasized that
there is considerable change in dates exports to the
selected countries from Jordan since it has diverse
export pattern during the studied period. Moreover,
the index shows that the highest export concentration was to Free Trade Areas (0.362) then Saudi
Arabia (0.305) then Palestine (0.273) then Lebanon
0.252.
The study used the Constant Market Share
(CMS) to provide insights into competitiveness that
help in designing export strategy as well as evaluating the impact of existing policies. All three components of the CMS showed fluctuations during the
studied period, mainly caused by the annual fluctuation in production and import policies of the selected importing countries from Jordan.
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AGRICULTURAL PATTERNS IN JORDAN:
A NEW ANALYTICAL APPROACH
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3
Department of Horticulture and Crop Science, School of Agriculture, The University of Jordan, Amman, Jordan
2

19' 17"E and latitude 29º 04' 51" – 33º 16' 27"
N(Fig.1), its climate transitions across six zones between semi-humid in the West and North and dry in
the East and South of the country [2].Land can be
owned individually or by groups, but the State
claims ownership over all uncultivated and un built
land, including grazing lands in the Badia (semi-desert). Although 78.4% of Jordan is classified as Badia and receives less than 100 mm of precipitation
[1,3], and only ~12% is available for agriculture,
~8%of which is permanent pasture land, the rain-fed
and irrigated lands in the West and North of the
country support diverse agricultural activities and
crops. Cereals and field crops are grown in the highlands, but most of Jordan’s agricultural production
takes place in the natural greenhouse of the Jordan
Valley[4], much of which lies below sea level (Figure 1), and has a warm, temperate climate that is ideally suited to the cultivation of high value crops such
as fruits and vegetables. Irrigation water is delivered
to agricultural lands in the Jordan Valley by the King
Abdullah Canal (KAC), which runs for 110 km parallel to the east bank of the River Jordan, and was
constructed between 1959 and 1966, and extended in
1977[5].
Only nine countries in the world receive less
annual precipitation than Jordan whose limited water
resources, with only some 943,000,000 m3 of water
estimated to be available in 2020 [6], make it one of
five nations facing the greatest water stress [7].This
poses an additional obstacle to agricultural development, which has already been compromised by climate change, drought, soil erosion, unsustainable
rates of groundwater pumping, and changes in the
transboundary stream flow regime [8,9]. The increased demand for food, caused by an increase in
the rate of population food, caused by an increase in
the rate of population growth as standards of living
rise and the large influx of migrants and refugees,
has also put extra stress on Jordan’s agricultural sector, and there is a deficit of most agricultural products, despite the strong growth and diversity in agricultural output in recent years [10].

ABSTRACT
This research aims to identify, analyze, and illustrate the main agricultural patterns in Jordan. Agricultural regions in Jordan are often defined in terms
of the country’s physiography and climate, and local
(‘traditional’ or ‘modern’) economy. Principal component and cluster analysis were used to explore data
from the 2017 agricultural census, which comprised
30 variables that described the characteristics of agricultural activities in relation to land use, water resources and employment, amalgamated at the liwa
level. Six components, accounting for 67.5% of the
total variance in the data, were interpreted to be indicative of: intensive irrigation (component 1); pastoralism (component 2); organized dry farming
(component 3); extensive dry farming (component
4); natural grazing (component 5); and well-fed
farming (component 6). The first two components
delimit the end-members of Jordan’s spectrum of agricultural production, and were focused on liwas in
the Jordan Valley and liwa of Rwaished. Both components are expressions of the more homogeneous,
spatially cohesive patterns that emerged from hierarchical clustering, which also have a close affinity
with land cover type at the liwa level. These different agricultural systems and farm types (intensive irrigation, pastoralism, extensive dry farming, rain fed
cropping and natural grazing, well-fed farming, and
Mediterranean-style agriculture) provide a contemporary, evidence-based representation of Jordan’s
principle agricultural regions.

KEYWORDS:
Agricultural patterns, Principal components analysis,
Cluster analysis, Jordan

INTRODUCTION
Jordan is a relatively small country, with a land
area of 88,794 km2 and a population of 10,053,000,
9.7% of which lives in rural areas [1].Located in
western Asia, between longitude 34º 57' 50" – 39º
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FIGURE1
Jordan’s liwas (districts) and topography.
There are 2,818,598 hectares (28,185,980
dunum) of arable land in Jordan, which accounts for
3.17% of the total land area [11]. More than half of
Jordan's agricultural land is rain-fed, while irrigated
farming, which accounts for 45% of the total cultivated land, utilizes 60% of the water used in agriculture [6]. In total, agriculture uses 52% of Jordan’s
available water, 46% of which is derived from
groundwater source which are being pumped at unsustainable rates [12]. It is expected that water shortages will become more pronounced in the future, due
to population increase and climate change
[13,14,15,16]. Thus, it is recognized that Jordan
must rationalize its demand for and consumption of
water, by revising its approach to utilizing the available water supply [17,18,19], and transforming agricultural activities by replacing traditional methods of
irrigation with a more sustainable, water infrastructure [20,21].

tempts was Arthur Young’s 1770 study of “Environment and Cropping patterns in England”, which addressed the role variations in rainfall, temperature
and soil properties have on cropping patterns [23].
More recently, as the acquisition of factual
knowledge became more important, the portrayal of
spatial information [22] was supplemented by quantitative methods of classifying and analyzing patterns and trends [5,24,31]. Crop combination analysis was one of the first systematic methodologies developed to reduce the overgeneralization and oversimplification of a region’s agricultural mosaic by
ranking the percentage of harvested cropland occupied by individual crops [32].As computational capacity increased, more advanced statistical techniques were used to summarize the diverse inter-correlated variables obtained from agricultural census
data using a restricted number of independent components [29].
In Jordan, Anbar and Birch [33]used cluster
and discriminate analysis to examine agricultural activities made possible following construction of the
East Ghor (King Abdullah) Canal, which diverted
water from the Yarmouk River to the East Jordan
Valley, and Anbar applied crop combination analysis to farm units of the King Abdulla Canal and in
the East Jordan Valley[34,35]. More recently, Anbar
used factor analysis to elucidate agricultural patterns
in the Arab world [36].

Background To The Study. A traditional focus of agricultural geography has been the delimitation of land use patterns, the delineation of agricultural regions based on cropping patterns and crop
combinations, and the interpretation of variations in
the patterns that emerge in space and time
[22,23,24,25,26,44], and result from variations in
physical and human factors at global and regional
scales [27, 28,29,30 ,44]. One of the first such at-
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Study Objectives. This paper analyzes prevailing agricultural patterns in Jordan using agricultural
indicators derived from data generated as part of the
Department of Statistics 2017 Agricultural Census
[11]. Principle component, cluster and discriminate
analysis are used to merge Jordan’s geographically
and agriculturally diverse liwas (districts)into homogenous groups. Specifically, these statistical
methods are used to: 1) elucidate the characteristics
and patterns of Jordanian agricultural production; 2)
map the resultant patterns; and 3)utilize these patterns to delineate the country’s principle agricultural
regions. This is the first study to use an objective,
quantitative methodology to define the spatial arrangement of the entire country’s agricultural production at the level of it.

least ten sheep or goats, and/or one or more camels,
and/or one or more working beehives. Ten classes
of data were collected that included: general information about the size and type of holding; demographic information about the holder(s); employment information about the number of family members hired permanent workers; and information
about water sources and irrigation, land use, crops,
livestock and poultry, machinery and equipment,
buildings and applications and properties. The census data available for an individual liwas and used
for analysis in this study are listed in Table 1. Prior
to performing the statistical analyses, relevant raw
quantitative values were transformed into a real
measure (e.g., number of sheep per dunum – one
dunum is equal to 0.1 hectare), and all the variables
in the data matrix were standardized as Z-scores.
Rotated principle component analysis was used
to convert the matrix of variables into a matrix of
factor loadings for each district that were then transformed into a series of maps. The importance of the
association of any variable for a particular factor
loading was assessed using a correlation coefficient
of 0.5 and an Eigen value of 1.68 was used as a basis
for identifying the principal dimensions of data
cloud. Cluster analysis was used to classify the 51
liwas into discrete groups on the basis of the information contained in the Z-score matrix, with discriminate analysis being used to determine the appropriate cut-off point in the group hierarchy. The
analyses were performed using [37].

MATERIALS AND METHODS
The data used in this study were derived from
the 2017 Agricultural Census[11], which covered the
2016-17 agricultural year (beginning on 1stAugust
2016 and ending on 31stJuly 2017) and was carried
out through personal interviews. All organized agricultural holdings and housing units were visited, and
data collected on those holdings that met the following criteria: 1) Plant holdings growing vegetables,
field crops or fruit trees on a total area of one dunum
or more, or under any protected area (greenhouses,
tunnels or glass houses); 2) Animal holdings with at

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
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TABLE 1
2017 Agricultural Census variables used in this study
Rain-fed agricultural holding size
16.
% area not suitable for cultivation
Irrigated agricultural holding size
17.
% arable land in district
Plant holding size
18.
% wasteland of total arable land
Animal holding size
19.
% meadow and pasture lands in district
% irrigated holdings from the public water
20.
The ratio number of poultry farms
network
Average number of domestic poultry per agricultural
% irrigated holdings from dams and earth
21.
holding.
excavations
Average number of working animals per agricultural
% irrigated holdings from springs
22.
holding.
% irrigated holdings from wells
23.
Average number of camels per agricultural holding.
% irrigated holdings from King Abdullah
24.
Average number of goats per agricultural holding.
Canal (KAC)
% holdings without irrigation source
25.
Average number of sheep per agricultural holding.
% irrigated holdings from other sources
26. Average number of beehives per agricultural holding.
Average number of hired permanent workers per
% area cultivated with fruit trees
27.
plant holding.
% area cultivated with protected vegetaAverage number of holder's family workers per plant
28.
bles
holding.
Average number of hired permanent workers per ani% area cultivated with exposed vegetables 29.
mal holding.
Average number of holder's family workers per ani% area cultivated with field crops
30.
mal holding.
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Com-

TABLE 2
Variance explained by principal components analysis

1
2
3
4
5
6
7
8
9
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3

Initial
Total
4.817
4.424
3.888
3.025
2.414
1.685
1.513
1.215
0.990
0.941
0.894
0.700
0.663
0.623
0.548
0.422
0.342
0.270
0.199
0.133
0.092
0.076
0.061
0.032
0.022
0.008
0.003
0.001
000
000

Extraction sums
% of Variance
16.056
14.746
12.960
10.082
8.046
5.617
5.045
4.049
3.300
3.137
2.980
2.333
2.210
2.077
1.828
1.407
1.140
0.899
0.662
0.442
0.308
0.255
0.204
0.106
0.073
0.026
0.010
0.003
000
000

Rotation sums
Cumulative %
16.056
30.801
43.762
53.844
61.891
67.508
72.552
76.602
79.901
83.039
86.019
88.352
90.562
92.638
94.466
95.873
97.013
97.912
98.574
99.016
99.324
99.579
99.783
99.889
99.962
99.988
99.997
100.000
100.000
100.000

Initial
Total
4.529
4.335
3.308
2.851
2.665
2.564

Extraction sums
% of Variance
15.097
14.450
11.027
9.502
8.885
8.547

Rotation sums
Cumulative %
15.097
29.547
40.574
50.076
58.961
67.508

ing size, and the amount of waste, meadow or pasture land, is indicative of ‘pastoralism’. The third
component, which is positively correlated with the
number of hired permanent employees per plant
holding, poultry, bees and (to a lesser extent) field
crops and goats, is interpreted to represent ‘organized dry farming’. The fourth component, which is
positively correlated with animal holding size, the
number of camels and poultry per holding, the absence of an irrigation source and presence of field
crops, is interpreted to represent ‘extensive dry farming’. The fifth component was positively correlated
with the number of sheep and working animals, and
irrigation water derived from the public water Net
work, is indicative of ‘natural grazing’. The sixth
and final component, which is positively correlated
with the area irrigated from wells, amount of arable
land, and the number of goats per holding, is

RESULTS
7KH ILUVW VL[ FRPSRQHQWV (LJHQ YDOXH   DF
count for 67.5% of the total variance in the data (Table 2), and the correlation coefficients between each
variable and these components are given in Table 3.
The first component, which is positively associated
with the number of hired permanent employees per
plant holding (and negatively with the number of
holder's family workers per plant holding), the %
area cultivated with (both exposed and protected)
vegetables ,and irrigation water derived from the
King Abdulla Canal (KAC) and negatively with irrigation water derived from other sources), is interpreted to represent ‘intensive irrigation’. The second
component, which is positively associated with hold-
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TABLE 3
Rotated component matrix
Component
Variable
1
2
3
4
5
6
1: Rain-fed agricultural holding size
-.046- .940 .102 .009 -.108--.1892: Irrigated agricultural holding size
-.002- .950 .101 -.022--.124--.0213: Plant holding size
-.017- .951 .065 -.017--.120--.1244: Animal holdings size
-.123--.045--.246- .740 -.056--.0735: % irrigated holdings from the public water network
-.144- .013 -.259--.083- .654 -.0846: % irrigated holdings from dams and excavations
.507 -.064--.073--.142--.056--.1127: % irrigated holdings from springs
-.057--.102- .034 -.225--.115- .011
8: % irrigated holdings from wells
.212 .116 .002 .148 .130 .827
9: % irrigated holdings from King Abdullah Canal
.821 -.049--.090--.009--.170--.25210: % holdings without irrigation source
.236 -.117- .320 .603 .251 -.43211: % irrigated holdings from other sources
-.641- .111 -.181--.443--.320--.24412: % area cultivated with fruit trees
-.202--.308--.336--.544--.477- .115
13: % area cultivated with protected vegetables
.683 -.015--.089- .102 -.055--.24214: % area cultivated with exposed vegetable
.746 -.003--.170- .071 .197 .126
15:% area cultivated with field crops
-.272--.172- .481 .420 .298 -.45016: % area not suitable for cultivation
.311 -.121--.078- .280 -.332--.10817: % arable land in district
-.175--.089- .099 .036 -.109- .527
18: % wasteland of total arable land
.016 .828 -.107- .034 .248 .300
19: % meadow and pasture lands in district
-.007- .806 -.122- .137 .259 .218
20: The ratio number of poultry farms
-.026--.123- .647 -.063- .070 .007
21: Average number of domestic poultry per agricultural holding
-.182--.088--.120- .618 -.199- .399
22: Average number of working animals per agricultural holding
-.128--.107- .264 .250 .662 -.12323: Average number of camels per agricultural holding
.026 .092 -.001- .644 .134 .317
24: Average number of goats per agricultural holding
.071 .013 .420 -.012--.018- .562
25: Average number of sheep per agricultural holding
.096 .010 -.111- .141 .774 .052
26: Average number of bee hives per agricultural holding
-.005- .106 .621 .360 .411 .159
27: Average number of hired permanent workers per plant holding
.921 .104 .090 -.033--.058- .264
28: Average number of holder's family workers per plant holding
-.921--.104--.090- .033 .058 -.26429:-Average number of hired permanent workers per animal holding. -.099- .120 .863 -.141--.201- .096
30: Average number of the holder's family workers per animal holding. .099 -.120--.863- .141 .201 -.096Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization1
1Rotation converged in 18 iterations

interpreted to represent ‘well-fed farming’. The spatial distribution of the factor loadings (range +1 to 1) for each of the six components is shown in Figure
2.
Assuming a cut-off point equal to the level of
10 rescaled distance cluster combine, six groups of
liwas that are similar to each other but different from
liwas in other groups emerge (Figure 3A). Comparison of predicted and real group membership (Ward
Method) indicated that 84.3% of the liwas were correctly classified and the spatial distribution of the six
clusters is shown in Figure 3B.
The first cluster of 10 liwas ,which accounts for
40.9% of Jordan’s total land area(Figure 3B), is
sparsely populated and contains only 14.6% of its

agricultural land; 68.8% of which is rain-fed and
31.2% of which irrigated by wells and the public water network. Field crops cover most (81.9%) of the
cropped land and 40% of Jordan's working animals
are to be found here. The resemblance with PCA
space is not exact, and its spatial distribution maps
onto both Components 3 and 5 (Figure 2). The second cluster of 7 liwas accounts for 8.5% of Jordan's
land area, and 17.7% of the agricultural land. Field
crops and fruit (e.g., olives, citrus, banana, dates, apples, grapes, figs, almonds, apricots, etc.) trees cover
the majority (68.1% and 25.6%, respectively) of the
cropped land, most (72.2%) of which is rain-fed.
Wells are the main source of irrigation water and the
cluster incorporates 28.1% of Jordan's poultry farms.
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It maps onto and bears a close resemblance to component 4 (Figure 2). The third cluster of 5 liwas,
which represents only 6.6% of Jordan's land area and
12.6% of its agricultural lands, are located in the Jordan Valley, which extends from the north of the
country, near Tiberius Lake, to the Dead Sea. The
majority of holdings are 30 – 50 dunums in size[5],
almost all of the cropped land is covered with vegetables (50.4%)and fruit trees (39.7%), and 73% of
Jordan’s protected vegetables and 48.5% of the exposed vegetables originate in this cluster. Most
(67.6%) of the land is irrigated by water from the
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KAC and the cluster maps onto component 1(Figure 2). The fourth cluster of 7 liwas covers13.5% of
Jordan’s land area and contains 42.1% of the irrigated land. Fruit trees cover 54.5% of the cropped
land and an additional 29.3% is covered by field
crops. It accounts for most (63%) of Jordan’s cattle,
38% of its camels and 64.4% of the total area irrigated by wells. Although it is spatially diffuse and
the resemblance with PCA space is far from exact,
in that it bears an affinity to component 6, the area
involved maps onto component 5.

FIGURE 2
Distribution of the factor loadings for the first six components by liwa (district).
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FIGURE 3
3A. Dendrogram of cluster classification by liwa (district). 3B. Distribution of clusters.
The fifth cluster consists of a single liwa located in northeastern Jordan. This basalt and limestone (harra and hamad) desert is one of the few remaining regions in the Middle East where pastoral
nomadism [38], which originated in the 7th millennium BCE,is still practiced and large (3,800
dunums) agricultural holdings predominate. It corresponds with Factor 2. The populous sixth and final
cluster comprises 21highland liwas which receive
more than 300 mm of precipitation annually, and account for 6.1% of Jordan’s land area and 24% of its
agricultural land. Fruit trees and field crops cover
72% and 23.4% of the cultivated land, respectively.
The cluster also contains 49.6% of Jordan’s cattle
farms, 75.5% of the beehives, and 57% of the poultry
farms, but there is no clear resemblance with PCA
space.

land in the Jordan Valley and high-value fruit and
vegetable crops irrigated by water from the KAC
(component 1, cluster 3); and land in the northeastern district of Rwaished (component 2, cluster 5)
where pastoralism has adapted to low rainfall rates
and intermittent water sources (Figure 2 and 3). Of
Jordan’s irrigated lands, 45% are to be found in the
five districts (Qasabat Al-Aqaba, Northern Ghors,
DeirAlla, Southern Shuneh, and Southern Ghors) in
the Rift Valley, and different agricultural practices
across this region have evolved in response to spatial
and temporal variations in both the quantity and
quality of the water supply [39]. The surrounding hill
slopes are dissected by wadis, which flow during the
winter months and sustain the natural woody vegetation cover. Conversely, in the liwa of Rwaished,
which accounts for 24.3% of Jordan’s land area (Figure 4G), less than 1% of the land is irrigated. This
sparsely vegetated district receives less than 100 mm
of rainfall per year, and pastoral mobility remains the
most practical adaption strategy in the Badia. Sheep
are the most commonly herded animal, and there is
a small amount of rain-fed winter barley and irrigated land in the Rwaished Basin [40].
From an agro-ecological perspective, the practice of extensive dry farming (component 4, cluster
2), is intermediate between the two end-members
and involves the cultivation of rain-fed crops, grazing around cultivation and other types of agriculture
that require supplemental or low levels of irrigation
derived from shallow groundwater and treated

INTERPRETATION AND DISCUSSION
Both PCA and cluster analysis reveals the geographical disparity between agricultural practices that rely
on ancient farming techniques and modern irrigation
technologies, which reflects the close underlying
connection that exists between the available water
resources and their agricultural uses at the district
level. For this reason, both unsupervised methods of
exploratory data analysis clearly delineate both endmembers of Jordan’s spectrum of resource-constrained agricultural production, represented by:
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FIGURE4
4A - F Percent of specified aggregated land cover class in the liwas
comprising the indicated cluster, 4G Percent of total land area in each cluster
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wastewater. These activities, which are increasingly
threatened by urban expansion, land fragmentation,
and climate change [41], are focused on highland
and plains districts adjacent to major centers of population in the northwest of the country.
Each of the three before mentioned types of agricultural production are also associated with distinctive land cover patterns (Figure 4A-F). Land cover
pattern also helps explain why there is no clear geographical linkage between the three remaining clusters (1, 4 and 6) and any of the six components.
Cropping patterns and agricultural activities in these
38 highland and rangeland districts, which account
for the majority of Jordan’s agricultural lands, are
ubiquitous and either organized dry (rain-fed) farming, well-fed agriculture and/or natural grazing predominate. In these districts there is no single unifying factor exemplified, for example, by the provision
of a stable supply of surface water for irrigation or a
large area of land being utilized with a minimal
amount of labour, but agricultural activities have
nonetheless adapted to the imposed water supply and
land use regimes, as well as to extrinsic factors such
as the availability of labour and local market conditions. It is for this reason that each of these three
clusters has a distinctive land cover pattern (Figure
4A-F), indicative of the organized cultivation of
rain-fed field crops and natural grazing (cluster 1),
well-fed dry farming (cluster 4), and the almost complete reliance Mediterranean-style agricultural activities in the highlands have on natural precipitation
(cluster 6), respectively. Indeed, a Chi-squared test
one contingency table containing the polytomous
variable land cover class (hectares, excluding built)
and the six clusters indicates that land cover is not a
random variable and that the null hypothesis that
land cover is independent of cluster composition can
be rejected (Chi-square = 31970; degrees of freedom
= 25; p = <0.01).
In the past Jordan’s agricultural production has
been portrayed as either ‘traditional’ or ‘modern’
[42], and is often characterized as extending across
three physio-climatic zones; the Jordan Valley, the
highlands and Badia[43].The present analysis suggests that although evidence of all these elements remains, the prevailing agricultural patterns are more
complex and are as closely related to cropping systems and farm types that are indicative of a localized
connection between water availability (from rainfall,
irrigation canals, groundwater or treated wastewater)
and agricultural production, as they are to topography and socio-cultural practices. The patterns extracted from principal component analysis, interpreted as different farming practices, are not as spatially cohesive as the homogenous groups derived
from hierarchical clustering, which have a close affinity with land cover type at the district level.
However, although the different agricultural
systems and farm types represented by these six
clusters provides an evidence-based representation
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of Jordan’s agricultural sector, the reason(s)for the
geographical disparities in some of the clusters and
the exact significance of the different agricultural
sub-sectors are needed to be established. In light of
the current emphasis on the sustainable use of water
and soil resources and the recognized need to implement new technologies and strategies [6].It also remains to be seen if the different agricultural sub-sectors these clusters represent and their associated land
cover patterns are spatially and temporally stable.

CONCLUSION
The agricultural census provides data on the
composition of Jordan’s agricultural sector and the
characteristics of agricultural activities in relation to
land use, water resources and the people involved
[11]. These structural data, which were collected at
the individual holding level, provide information
about 30 variables (Table 1) for each of Jordan’s 51
liwas that was used to characterize the country’s agricultural mosaic. Six components account for
67.5% of the total variance in the data (Table 2), and
the variable groupings were indicative of the methods and practices used to produce the principal field
crops (e.g., wheat and barley), grow vegetables and
fruits (e.g., tomatoes, cucumbers, citrus and bananas), and raise livestock (e.g., sheep and goats). The
socio-economic activities these six components
were interpreted to represent are:(component 1) intensive irrigation; (component 2) pastoralism; (component 3) organized dry farming; (component 4) extensive dry farming; (component 5) natural grazing;
and (component 6) well-fed farming. The first two
components each account for ~15% of the total variance in the data and delimit the end-members of Jordan’s spectrum of agricultural practices.
At one end of the spectrum, agricultural production in the Jordan Valley is dependent on the stable supply of irrigation water provided by the King
Abdullah Canal (KAC), while the other end is associated with the traditional social and cultural institutions of pastoralism in the Badia. Both components
are spatially limited expressions of homogeneous
patterns that also emerged from hierarchical clustering (Figure 3). The fourth component (extensive dry
farming) is focused on liwas located between the
highlands and the Badia exhibits a similarly spatially
cohesive patterning. However, the patterns extracted from principal components analysis are not
as spatially cohesive as those derived from hierarchical clustering (Figures 2and 3), which also have a
close affinity with land cover type at the district level
(Figure 4B). The different agricultural systems and
farm types represented by these six clusters provides
an evidence-based representation of Jordan’s contemporary agricultural sector, but it remains to determine why geographical disparities appear in some
clusters and the exact significance of the different
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agricultural sub-sectors these clusters represent.
Also, given the necessity of sustainably using soil
and water resources while improving agricultural
productivity, it is unclear if the different agricultural
sub-sectors these clusters represent, and their associated land cover patterns will be spatially and temporally stable[44].
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THE ACTION OF METHYL JASMONATE ON THE
GROWTH OF FUSARIUM CULMORUM CAUSING
ORGANISM OF FOOT AND
ROOT ROT DISEASE IN WHEAT
Gul Imriz*
Dicle University, Faculty of Agriculture, Department of Plant Protection, Diyarbakir Turkey

mainly cereals, such as wheat, barley, oats, rye,
corn, sorghum and various grasses. It has been
isolated from sugar beet, flax, carnation, bean, pea,
asparagus, red clover, hop, leeks, Norway spruce,
strawberry and potato tuber. F. culmorum is known
by its ability to grow in unfavourable conditions
and persists as hyphae in stubble residues and as
chlamydospores in the soil matrix [6]. The disease
symptoms on the wheat plant are defined as necrosis and dry rot of the crown bases in brown colour
(Figure 1a) and whitehead formation, which are the
most severe, particularly, through seasons with a
wet start and dry climates. The most morphologic
identical structure of the fungi is formation of macroconidia. Macroconidia is relatively short and the
apical cell is blunt or bulging with mild papillate;
the basal cell is foot-shaped or notched only. Macroconidia is thick-walled and curved, usually with
3–5 septate (Figure 1b).
In Turkey, Fusarium culmorum is one of the
most important pathogens of wheat and responsible
for substantial losses in yield and quality. Gebremariam et al. [7], carried out a detailed survey
studies on the Fusarium species prevalence in Turkey, and reported Fusarium culmorum was the most
predominant among the damaging Fusarium species. The pathogen was isolated from Central Anatolia, the Black Sea, Aegean, South East Anatolia,
Marmara regions (7, 8). Predicted climatic changes
are expected to affect the pathogen development
and survival rates as well as the host sensitivity
against the pathogens [9]. Moreover, expected
warmer and more humid conditions will be more
favourable for Fusarium species including F. culmorum [9, 10, 2] Hence, F. culmorum might be a
potentially threatening agent with increasing importance for cereal production areas.
Seed priming techniques have attracted attention with their easy and low-cost applicability and
high efficiency for increasing germination rate,
uniformity, and improving crop growth [11]. During the priming process, while root protrusion is
prevented, internal metabolic activities are triggered
[12] with long-lasting effects correlating with no or
minimal gene induction [13]. Induction of seed
priming by several compounds has been

ABSTRACT
Fusarium culmorum (W.G. Smith), one of the
soil-borne fungal agents causing diseases in wheat,
is difficult to control by chemical applications. Presowing seed treatments have been attracting attention as an alternative approach for controlling such
pathogens. Methyl Jasmonate (MeJA) is one of the
best-known priming agents in plants used against
biotic and abiotic stressors. In the present study,
seed priming with MeJA in three different concentrations (1mM, 0.1mM, and 0.01 mM) was examined for antifungal activity on the growth of F.
culmorum in vitro and in vivo conditions. In the in
vitro assay, direct effect on the mycelial growth of
F. culmorum was determined on Potato Dextrose
Agar. In vivo antifungal activity of MeJA was evaluated on the basis of disease response of durum
wheat seedlings emerged from MeJA treated seeds
sown artificially contaminated with F. culmorum
under controlled conditions. The results in the study
reveal that all concentrations of MeJA had no direct
inhibition activity on F. culmorum mycelial growth.
However, there was a considerable suppressive
impact on the pathogen growth on wheat seedlings
treated with 1 mM MeJA whereas there was no
protection obtained from other concentrations.

KEYWORDS:
Soil-borne, fungi, in vitro, MeJA, priming, seed, suppress, wheat

INTRODUCTION
Wheat is one of the most produced cereal
grains in the world. Wheat production is subject to
significant losses due to biotic and abiotic stress
factors. Moreover, the predicted climatic changes
are expected to affect the pathogens’ development
and survival rates as well as the host sensitivity
against the pathogens [1, 2]. Among the biotic
stress factors, Fusarium species causing foot and
root rot occur in particular winter cereals worldwide [3, 4, 5]. It has a wide range of host plants,
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FIGURE 1
Symptoms of F. culmorum on wheat as necrosis and dry rot of the crown bases in brown colour (a); macroconidia (b)
demonstrated in many plant species, such as parsley, tobacco, Arabidopsis thaliana and other monocots and dicots [14]. The mechanisms of priming
remain unclear; nevertheless, Conrath [15] put
forward the hypothesis that they could be associatHGWRWKHDFFXPXODWLRQRIVLJQDODPSOL¿HUVDQGNH\
proteins in their inactive state which could be activated only when exposed to biotic or abiotic stress,
and speed up the signalling. Chen and Arora [16],
proposed that primed seeds could leave “the stress
memory” into the seeds. After post-priming germination, the primed seeds may perform better
than the unprimed seed under stress condition.
Recently, various compounds are used as priming agents such as hydropriming, halopriming,
osmopriming, thermopriming, hormones and reactive nitrogen species against biotic and abiotic
stress factors [17].
Priming was mainly used to improve seeds
performance
in
terms
of
higher
rate
of germination and seedlings vigor under suboptimal environmental conditions (seed priming) [11],
whereas, less knowledge is available about priming
induction to control plant disease and is in need of
more study. The control of soil-borne diseases
would be possible; via seed treatment with triggering agents, as chemical protection with fungicides
is highly efficient [18] but, they do not provide
control for long and have hazardous effects for
environment and living organisms [19]. As known,
phytohormone MeJA and Jasmonate derivatives
and their effect on a number of diseases and insects
are widely studied [20, 21, 22, 23, 24, 25, 26, 27].
MeJA, is also one of the agents used in seed priming, to protect the plants to various stress factors
[20, 22, 23, 28]. As an alternative approach, seed
priming with MeJA should be taken into considered
to control of plant diseases with its proximity to the
nature of the plant and its large impact capacity
against many pathogenic organisms as well as less
hazardous effect to environment and living organisms. The aim in the present study was to find out

the effect of MeJA on mycelial growth. Furthermore, seed priming with different concentrations of
MeJA on durum wheat seedlings against to Fusarium culmorum were determined in terms of disease
development on durum wheat seedlings. The findings in this study are believed to contribute to the
investigations aims to the alternative methods
which are nature friendly and easy applicable to
control such diseases.

MATERIALS AND METHODS
Pathogen Isolate and Concentrations of
MeJA. The pathogen isolate was obtained from Gül
(5*ø1%$ù &,00<7 7XUNH\  $ ORFDO Fusarium isolate obtained from naturally infested wheat
ILHOG LQ .ÕUVHKLU 7XUNH\  ¶ ´ 1  ¶
14” E), molecularly identified as F. culmorum and
used in related tests [29]. MeJA (Sigma-Aldrich,
USA) at concentration of 1M was prepared as stock
solution to be used for further assays. The concentrations of the MeJA included in all assays were
1mM, 0.1mM, and 0.01mM which obtained
through dilution of stock solution of MeJA.
In vitro Inhibitory Assay. In vitro inhibition
activity assay was conducted on the basis of interactions between MeJA and . One cm of pathogen
mycelial disc (7 days old) was transferred to the
middle of Potato Dextrose Agar (PDA) (Merck,
Germany) plates in 9 cm diameter containing MeJA
at the concentration of 1mM, 0.1mM, and 0.01mM.
Sterile distilled water (SDW) was used as negative
control in the study. Three replicates were applied
for each treatment. The treated plates were sealed
DQG LQFXEDWHG DW & IRU  GD\V WLOO WKH FRQWURO
plates fully covered by mycelia. At the end of the
incubation period, the colony diameters (cm) of
fungi grown on PDA were measured and the effi-
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ߑ(݊)ܸݔ
× 100,
ܼܰݔ
where n is planted samples in a certain degree
of disease on the scale, V– scale value, Z– the highest scale value and N – total number of plant samples.
XെY
× 100,
Efficiency (%) =
X
where X is average disease severity in the posLWLYH FRQWURO   < – average disease severity of
the applied parcels (%).

ciency percentage was calculated according to the
following formula:
LQKLELWLRQHIILFLHQF\   5íU 5î
where R is radial growth of the pathogen in control
plate, r – radial growth of the fungal colony interacting with MeJA.

Disease severity (%) =

Seed Priming and In vivo Experimental Design. The experiment was carried out in a growth
room adjusted to 24 ± 2°C and 80% relative humidity by using the sterile pots, in 12 cm of diameter
and 12 cm in depth, containing sterile soil mix (1:1
mix of gardening peat-sand).

Statiystical data analysis. In vivo efficiencies
of the isolates were statistically analysed by oneway analysis of variance (ANOVA) using software
SPSS (IBM Inc., USA). The means were separated
by the Tukey HSD test (p < 0.05).

Seed Treatment. In the assay, durum wheat
FXOWLYDUµ.Õ]ÕOWDQ-91’was used as known its susceptibility to F. culmorum [30]. Wheat seeds were
sterilized by being dipped in 1% NaOCl for 5
minutes. The seeds were then rinsed twice with
sterile distilled water (SDW) and dried. The seeds
were treated by being dipped and stirred occasionally in the MeJA solutions (at 0.01, 0.1, and 1mM)
for four hours to be soaked, then let to dry. For
positive control, the seeds were dipped only in
SDW for an equal period. The whole process was
carried out under sterile conditions in this stage.
The treated seeds were sown 24 hours after the
MeJA application.
Pot Experimental Design. Petri dishes containing PDA was inoculated with a disc of F. culmorum and incubated for 10 days till macroconidia
sporulation. Ten day old pathogen culture was
mashed with SDW by using a mortar and strained
by a sieve. Conidia concentration of obtained suspension was checked under the light microscope by
using a hematocytometer. The soil mix was infested
ZLWKWKHVXVSHQVLRQDGMXVWHGWRaî6 conidia per
gr of soil [31]. The MeJA treated seeds were sown
immediately and the pots covered by a polyethene
for 48 h to provide most favourite humid condition
for max pathogen colonization (Figure 2). This
experiment was conducted as positive control pots
(pathogen contaminated soil + SDW applied wheat
seed), negative control pots (sterile soil+SDW applied wheat seed), MeJA application pots (pathogen
contaminated soil + MeJA treated wheat seed) with
3 replications (each contained 3 plants) according
to the randomized plot design. Six weeks after
sowing date, plants were scored using the 0–3 scale
(0 – no disease, 1 – very slight brown necrosis, 2 –
VOLJKWPRGHUDWHEURZQQHFURVLVDQd 3 – extensive
brown-black necrosis) based on coloured lesion
length (cm) on the plants, which’s typically developed by the foot and root rot pathogen F. culmorum
[30]. The disease severity percentage was calculated based on scale values [32]. The efficiencies of
the applications were calculated by Abbott [33]
formula using the means of disease severity in
MeJA applications and positive controls:

FIGURE 2
The pot trial; MeJA treated seeds were sown
and covered by a polyethene for 48 hours to
maximize pathogen colonization

RESULTS AND DISCUSSION
In vitro antifungal activity of MeJA on mycelial growth. At the end of the incubation period,
the petri dishes were evaluated by measuring the
radial growth of pathogen. However, none of concentrations of MeJA showed any antifungal activity
on the mycelial growth of F. culmorum (Table 1;
Figure 3).
TABLE 1
In vitro antifungal effect of MeJA on F. culmorum mycelial growth
MeJA Concentrations

Means of Pathogen radial
growth (cm)
9 (Fc)
9 (Fc)
9 (Fc)
9 (Fc)

% Efficiency

1mM
0.0
0.1mM
0.0
0.01mM
0.0
Control (F.
0.0
culmorum)
*Fc confers that the petri dish was fully covered by F.
culmorum mycelia.
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In the present study, the in vitro assay result
exhibited that there is no direct effect of MeJA (at
concentrations of 1mM, 0.1mM, and 0.01mM) on
mycelial growth of F. culmorum. The direct effect
of MeJA on fungi is not clear yet. In some reports
of related studies on the direct activities of MeJA,
researchers suggested the existence of a direct effect on fungi, while others did not. The spore germination and germ tube elongation of Penicillium
expansum [34], the mycelial growth of Colletotrichum acutatum [35], and Alternaria porri f.sp.
solani [23] and Fusarium oxysporum f.sp. lycopersici [36] were inhibited by MeJA application in
vitro. A little inhibitory effect of MeJA on mycelial
growth and spore germination of M. fructicola were
VWDWHG E\ <DRDQG7LDQ >@ ,Q FRQWUDVW 'URE\ HW
al. [38] reported no direct antifungal effect of MeJA
on P. digitatum spore germination and germ tube
elongation and the finding of this study were similar of the researchers’ results. Even though, there is
no clearness about the direct effect of MeJA on
fungal development, the direct effect of MeJA was
interpreted to be varied depending on species of
fungi.
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treatments (0.1mM and 0.01mM of MeJA) did not
show any efficiency on disease development on
wheat plants (Table 3; Figure 4-5). Statistically,
there were significant differences among the efficiencies of the MeJA treatments under in vivo conditions (F = 30.237, df = 3, P= 0.001) (Table 2).
TABLE 2
Scale values of disease developments on MeJA
treated plants
MeJA Concentration
1 mM*
0.1 mM
0.01 mM
Control (F. culmorum)

Means of
Scale Value
0.75
2.56
3.00
3.00

Std. Dev.
0.707 a
0.882 b
0.000 b
0.000 b

*– effective concentration of MeJA providing fine suppression on F. culmorum in vivo condition
– values having the same letter are not statistically different at P < 0.05 (Tukey HSD test)

TABLE 3
Disease severity and efficiency percentages of
MeJA pre-sowing treatment
MeJA Concentration
1 mM*
0.1 mM
0.01 mM
Control (F. culmorum)

% Disease
Severity
25
100
100
100

%Efficiency
75
0.0
0.0
0.0

*Effective concentration of MeJA for seed priming to
decrease disease severity of F. culmorum

The result of seedling assay indicated that seed
treatment of MeJA at 1mM suppresses the disease
on the wheat seedlings infected with F. culmorum
through soil infesting, while lower concentrations
of MeJA did not provide any protection against
pathogen (Figure 4). Similar to the study with
treatment with 0.045 mM MeJA protected melon
seedlings against soil-borne Didymella bryoniae
[28]. In contrast, priming tomato seeds with 1mM
MeJA was found to be a failure for protection
against fungal disease Alternaria porri f. sp. solani
in tomato plants [23]. The researchers commented
that priming the seeds with 1 mM MeJA enhances
rather than inhibits the fungi development on the
resultant seedlings. On the other hand, in their
study, the use of two different modes of application
and timing of MeJA treatment produced similar
defense-related biochemical (accumulation of total
phenols and anthocyanins, PAL activity) and physiological (plant disease reduction) responses which
resulted in identical levels of defense markers in
tomato seedlings, responsible for a similar tomato
seedling resistance against Alternaria. Worrall et al.
[22], tested the priming seeds against several tomato diseases, found that plants grown from JAtreated seed showed increased resistance against
fungal pathogen, Botrytis cinerea. Accordingly, it is
concluded that the accurate dose of MeJA may vary
depending on the plant variety and age, application
type as well as fungal species.

FIGURE 3
In vitro inhibition activitities of MeJA (1
mM, 0.1 mM, and 0.01 mM) on the mycalial
growth of F. culmorum. There was no inhibition
effect of MeJA on th pathogen growth, however,
only the colour of mycelia was turned to brownish in the MeJA treated plates where as in the
control plate the fungi maintained its original
pink colour.
Seed Priming with MeJA on disease development. The MeJA efficiency on seed treated
wheat was evaluated on the basis of measurement
of lesion length occurring around the crown of
wheat seedlings. It took six weeks for the disease
development level to be observable on wheat
plants. Disease evaluation was carried out on the
plants which emerged from the MeJA treated seeds
in comparison with those in control pots. Under in
vivo conditions, MeJA at 1mM concentration displayed a high efficiency of % 75 for diminishing
the disease development and disease severity of F.
culmorum on wheat seedlings whereas the other
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Effect of 1mM MeJA on Disease severity (%)
100
90
80
70
60
50
40
30
20
10
0
1mM MeJA
Means of Scale Values
%Disease severity

0,75

0.1mM
MeJA
2,56

0.01mM
MeJA
3

Control (F.
culmorum)
3

25

100

100

100

FIGURE 4
Disease severity decreased by 75% in plants treated with 1mM MeJA, whereas other concentrations did
not have an effect on disease development

FIGURE 5
Plants generated from treated seeds with 1 mM MeJA (on the right); plants with fine suppression effects
on disease development treated with 1mM MeJA. As few plants grown without any disease symptom,
some had very slightly brownish necrosis.
-Plants in control pots (on the left); plants with extensive brown-black necrosis matching to scale value
“3”
culmorum on wheat seedlings, however, the comprehensive studies such as different application
type, germination effect with different wheat variety should be carried out to reveal its applicability
and capacity for disease defense for protection of
plants in agricultural production. It is worth to consider such applications would be appropriate to
include in integrated disease management practices.

CONCLUSION
1.As a result of in vitro study, MeJA at the
concentrations of 1 mM, 0.1 mM, and 0.01 mM
was ineffective on the mycelial growth of F. culmorum in vitro conditions. It is confirmed that
MeJA at those concentration do not directly affect
the mycelia of the pathogen.
2. In vivo study results displayed that seed application by dipping in 1 mM MeJA has preventive
influence on the disease development on wheat
seedlings. Lower concentrations of MeJA (0.1mM
and 0.01 mM) did not affect the disease development on wheat plants.
3.On the basis of this result, it’s concluded
that 1mM MeJA has protective capacity for F.
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ABATEMENT THE EFFECT OF WATER SCARCITY ON
PEPPER SEEDLINGS BY SEED PRIMING WITH
HYDROGEN PEROXIDE
Gul Imriz*
Dicle University, Faculty of Agriculture, Department of Plant Protection, Diyarbakir Turkey

ABSTRACT

INTRODUCTION

Among the abiotic stress factors, drought is one
of the most critical stressors which could be in coaction with plant diseases and other stressors. Mitigating the impact of drought on plants will assist in
managing the control of plant diseases with an indirect approach. Seed priming is recently one of the
preferred techniques to combat with biotic and abiotic stress factors. This study is aimed at assessing
the effects of seed priming with H2O2 on pepper
seedlings for decreasing effect of water stress under
controlled conditions. Pre-sowing seed treatment
was performed as four different applications including three concentrations of hydrogen peroxide (at
1%, 2% and 3%) and sterile, distilled water. The
seeds were, afterwards, sown in pots that had three
types of irrigation regimes (100%, 50%, and 25% of
field capacity) applied following the initial life water
of sown seeds. Besides, the effects of treatments on
seed germination potentials were simply determined
through blotting paper test.
Seed priming with hydrogen peroxide at %1
was the most effective concentration for plants watered at 100% of field capacity (FC) in terms of all
physiological parameters taken in the study. The
seed treatment promoted the growth of pepper plants
nicely at full FC by enabling it to obtain the maximum plant length (11.00 cm), root length (11.08
cm), fresh plant weight (9.45 g) and number of
leaves (10.33). Besides, 1% H2O2 was followed with
2% concentration for promoting the plants with good
performance under the water deficit at 50 and 25%
of FC. However, the study revealed that seed pretreatment with H2O2 at 3% had a negative effect on
the growth of pepper plants. The germination percentage of the treated seeds were 76.67, 65.83,
40.00, and 30.83, treated with sterile distilled water,
1%, 2%, and 3% concentrations of hydrogen peroxide, respectively. The results concluded that seed
priming with lower concentration (1%) hydrogen
peroxide might be used to improve growth for pepper plants under water deficit conditions.

Water is essential for life and is a primary necessity in agricultural production. It is the cornerstone of ecosystems, food and nutritional safety. Agricultural activities have been increased in order to
produce sufficient products to meet the demands of
an increasing world population, which has led to
overuse of water in the production. According to the
International Water Management Institute, agriculture accounts for about 70% of global water withdrawals [1]. With dwindling fresh water resources,
drought poses the most critical threat to world food
security [2]. Multiple stress factors can be encountered which interacting each other in the field. As an
example of these, it has been reported in many studies that drought stress increases the pathogen effect
on a plant when both pathogen and drought stress cooccur. Suppression or eliminating one of these stress
factors may reduce or eliminate the effect of the
other/others. Water deficit stress can cause physiological disorders, disease problems, and decreases in
yield and quality, and has been shown to increase the
incidence of several diseases such as dry root rot
(Rhizoctonia bataticola) [3] and fusarium wilt
(Fusarium oxysporum) [4] in chickpea, crown rot
(Fusarium pseudograminarum) in barley [5], charcoal rot (Macrophornirui phaseolina) in common
bean [6]. A well-water management, hereby, seems
extremely important at all stages of plants.
Pepper and chilli, green (Capsicum annum L.)
are among the most widely grown crops and the production area was reported to have reached approximately 2 million hectares in 2018 [7]. However, as
many crops, pepper is a sensitive plant, highly affected by water deficit [8] and indirectly by pathogens [9]. Severe water stress conditions may cause
many disruptions in plants such as an alteration in
the ratio of phospholipids, peroxidation and deesterifcation of membrane lipids, as well as leading to
protein denaturation and mutation of nucleic acids
[10, 11]
Seed priming techniques have attracted attention with their easy and low-cost applicability and
high efficiency for increasing germination rate, uniformity, and improving crop growth [2]. During the
priming process, while root protrusion is prevented,
internal metabolic activities are triggered [12] with
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long-lasting H൵HFW correlating with no or minimal
gene induction [13]. The induction of seed priming
by several compounds has been demonstrated in
many plant species, such as parsley, tobacco, Arabidopsis thaliana and other monocots and dicots [14,
15]. The mechanisms of priming remain unclear, but
Conrath [16] put forward the hypothesis that they
could be associated to the accumulation of signal
DPSOL¿HUV and key proteins in their inactive state
which could be activated only when exposed to biotic or abiotic stress and speed up the signalling. According to Chen and Arora [17], it was proposed that
primed seeds could leave “the stress memory” in the
seeds. After post-priming germination, the primed
seeds may perform better than the unprimed seed under stress condition. Recently, various compounds
are used as priming agents such as hydropriming,
halopriming (salt priming), osmopriming, thermopriming, hormones and reactive nitrogen species
[18, 19].
Hydrogen peroxide (H2O2) is a by-product
which acts in numerous biological processes of
plants, in particular defence mechanisms under biotic and abiotic stresses [20]. H2O2 is one of the most
used priming compounds with its capacity to enhance the resistance of plants to multi stress factors
such as heat, drought, chilling and salt [21]. Hemalatha et al. [22] reported that seed priming with H2O2
could be recommended for mitigating the effect of
salt stress even under higher salt concentrations. JiraAnunkul and Pattanagul [23] revealed that seed
priming with H2O2 (2 to 10 mM), could be beneficial
for enhancing drought tolerance in rice seedlings by
increasing antioxidant capacity, which causes reduced oxidative stress and damages to the cellular
components. Pre-sowing treatments are assumed to
enhance germination by influencing the biochemical
processes that involve free radicals and by stimulating the activity of proteins and enzymes [24]. Therewithal, Zlatica et al. [25] assessed the effect of H2O2
on soybean germination parameters and the researchers noted that the priming efficiency of H2O2
depends on the soybean line and priming type, with
some lines responding positively to the application,
while others resulted in a significant reduction in
germination. Although the role of H2O2 in a physiological response under stress condition has been well
documented, the effectiveness of H2O2 in triggering
stress tolerance by priming is precisely not elucidated. In addition, as drought stress reduces the resistance of the plant against other factors such as disease, by fighting this stress, the plants will be protected against such stressors indirectly. Based on this
knowledge and impressions, the study here aims to
improve the resilience of pepper plants to be prepared for predicted global water scarcity. Besides
thus, in the experiment, pre-sown treated plants with
different concentrations of H2O2 were evaluated for
response to water scarcity in terms of some physio-
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logical parameters compared with their controls
(water). The influence of different concentrations
of H2O2 was also determined on the germination of
pepper seeds. The output in the study revealed seed
priming with lower concentrations of H2O2 might be
used in minimizing water shortage effect in pepper.

MATERIALS AND METHODS
Seed Priming with H2O2. Pepper (Capsicum
annum) cv. µ,OÕFD 256’ which is commonly cultivated
by pepper producers in Turkey was used in the experiment as plant material. The seeds, primarily,
were surface sterilised for 3 minutes in sodium hypochlorite solution 1%, rinsed twice by sterile distilled water (SDW) and dried by at room temperature
(app. 25°C). Hydrogen peroxide solutions (v/v) were
prepared in three concentrations 1, 2 and 3 % in
SDW [26]. The seeds were dipped and stirred periodically in the solutions for 8 hours. As a comparison
treatment, seeds were kept in SDW synchronously.
Thereafter, H2O2 treated seeds were washed twice
with SDW and all treated seeds were left to dry at
room temperature.
Pot Experimental Design. In order to assess
the effect of priming with the H2O2 in different concentrations (1, 2 and 3 %) on pepper plants, the pot
trial was carried out in a controlled growth room adjusted to 25 ± 2°C and 50% relative humidity. The
seeds were sown at a depth of 1.0 cm into the pots
whose dimensions were 12 cm in diameter and 12
cm in depth, containing soil mix (1:1 mix of gardening peat-sand). The experiments were designed according to split plots in randomized blocks with 3
replicates. Three irrigation regimes were applied to
the pots following initial watering by seed sowing.
The watering of the pots were 100, 50, 25 % of FC.
The calculation of FC is given below. At the end of
8 weeks, plants were salvaged in terms of the parameters including plant height (cm), root length (cm)
and the number of leaves in order to determine the
effects of seed priming.
The field capacity calculation was as follows;
Field capacity. The amount of irrigation to be
given to the pots was determined on the basis of soil
weight. The soil in the control pot was weighed after
drying at 72°C for 48 hours in the oven, and then irrigated till to leak under the pot. After the water had
ceased completely, it was weighed and the difference
was determined as the FC.
Germination percentage. Under well watering conditions, just to determine the impact of H2O2
concentrations which included in the experiments on
germination ability of seeds, germination test was
also performed. As comparison treatment, SDW
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treated seeds were used. Germination ability assessing of the treated seeds were based on international rules of seed testing [27]. For this purpose, the
three glass containers with lids (15x15 cm) in each
40 seeds (in total 120 seeds for each application) and
the top and bottom seeds blotting paper were used.
Petri dishes were placed at 25°C and relative humidity was 65%. Germinated seeds counted once per day
and counting to end germination continued as defined by Ellis and Roberts [28]. The percentage of
germination was calculated by following formula;
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(P<0.05). Apparently, root length was positively affected by seed priming with H2O2 in pepper under
different irrigation conditions in comparison with
seed treated SDW. The highest root length (11.08
cm) was measured in combination of the treatments
1% H2O2 and with 100% of FC whereas the lowest
root length (5.00 cm) was displayed in the combination of SDW at 100% of FC. Considering the result
of this study, it is seen that root elongation increases
at the lowest amount of water (Table 1). This increase was associated with the fact that the plant under water stress promotes root elongation. Similar results have been reported in previous studies that the
root length increases to facilitate water absorption
under water stress conditions [29, 30, 31]. It was also
determined in this study that seed priming at lowest
concentration increased this change by promoting
root elongation in pepper plants. As seen in the table,
seed priming 2% H2O2x100% of FC and the 1%
H2O2x25% of FC applications are at par for root
length. In accordance to the results, seed priming
with hydrogen peroxide was reported with its enhancing effect on root growth in several plants such
as cotton [32], maize [33], Silybum marianum (L.)
Gaertn [34] under several stress factors.

GP = seeds germinated/total seeds x 100
Statistical analysis. The effects of pre-sowing
seed treatments with H2O2 in different concentrations (1, 2, 3 %) on the some growth parameters of
pepper plants subjected to three different irrigation
regimes (100, 50, 25 % of FC) and also germination
ability of pepper seeds were statistically analysed using software package JMP® (SAS Institute, USA).
The difference between means of the data was determined by “F” test and grouped according to “LSD”
significance test.

Plant Height. The data of plant heights is
demonstrated in Table 2. Plant height was positively
affected by seed priming with H2O2 in pepper under
different irrigation conditions in comparison with
seed treated SDW. The differences between seed
treatments with H2O2 under different irrigations regimes for plant heights were found as significant
(P<0.05). The highest plant height (11.00 cm) was
obtained in the combination of treatments 1%
H2O2x100% of FC. While the highest plant heights
were obtained from 1-2% H2O2x100% of FC applications, when the water supply was decreased to half
of FC, the seed priming with 2% H2O2 promoted
plant height of pepper plants slightly. The lowest

RESULTS AND DISCUSSION
The effects pepper seed priming with H2O2 on
plant growth varied depending on chemical concentrations and the amount of water applied to trial pots.
The best efficiency was obtained from the lowest
concentration of H2O2 (1%) in almost all applications, whereas the germination ability highly affected plant growth by 3% H2O2.
Root Length. The data of root length obtained
is shown in Table 1. The differences between seed
treatments with H2O2 under different irrigation regimes for root lengths were found as significant

TABLE 1
Seed priming effect on root length of pepper plants exposed different water applications
Irrigation Levels(% FC)
Treatments
Least Sq Mean
100
1% H2O2
11.08a
100
2% H2O2
9.08ab
25
1% H2O2*
9.08ab
100
3%H2O2
7.67bc
50
1% H2O2
7.00bcd
6.80bcd
25
2% H2O2
50
2% H2O2
6.33cd
6.08cd
25
3% H2O2
25
SDW
6.08cd
5.08d
50
3% H2O2
50
SDW
5.08d
100
SDW
5.00d
LSD
2,57
CV
21.16
F
1.33
– Levels not connected by same letter are significantly different at P < 0.05
–*The highest root length obtained in the pepper plants grown from seed treated with H2O2 at %1 where the water stress (25%
of FC) applied.
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plant height (1.83 cm) was displayed by the combination of 3% H2O2x25% of FC. In plant height experiment, it has been reasoned that higher concentration of H2O2 would adversely affect the plant height
if the water stress increased up to 75% of FC. Seed
priming with of H2O2 alleviates the effects of several
stressors by improving various growth parameters
including plant height. Jira-Anunkul and Pattanagul
[23] revealed that priming of rice seed with H2O2 (2
to 10 mM), could be beneficial for enhancing
drought tolerance in rice seedling by increasing antioxidant capacity, which causes reduced oxidative
stress and damage to the cellular components. Migahid et al., [34], indicated the seed application of H2O2
of S. marianum could improve plant growth by alleviating the harmful effects of salinity stress.
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Number of leaves. Leaf numbers of the pepper seedlings are presented in Table 3. The differences between seed treatments with H2O2 under different irrigation regimes for number of leaves were
found as significant (P<0.05). The data demonstrated that maximum leaves (10.33) were numbered
in the combination of 100% of FCx1% H2O2. This
score was followed by 100% of FCx2% H2O2. The
minimum leaves (1.33) were counted in combination
of treatments 25% of FCx3% H2O2 as similar to obtained results for plant height. At higher concentration, leaves of pepper plant were very small compared to other applications (Figure 1).
Seed germination. Pre-treatments had an impact on the germination ability of pepper seeds. The
statistical difference (P<0.05) between the

TABLE 2
Seed priming effect on pepper plant height exposed different water applications
Irrigation Level
Seed
Least Sq Mean
(% FC)
Treatments
100
1%H2O2
11,00a
100
2% H2O2
9,50b
100
SDW
4,67c
3,83d
50
2% H2O2*
100
3% H2O2
3,50de
3,17def
50
1% H2O2
50
SDW
3,17def
3,00efg
25
1% H2O2
25
2% H2O2
2,67fgh
2,33ghi
50
3% H2O2
25
SDW
2,00hi
25
3% H2O2
1,83i
LSD
0,8286
CV
11.34
F
44.53
– Levels not connected by same letter are significantly different at P < 0.05
–*The highest plant obtained in the pepper plants grown from seed treated with H2O2 at %2 where the water stress (50% of
FC) applied.

a

b

c

FIGURE 1
Plants grown from H2O2 treated seeds. Plants in (a) and (b) made a big difference to those in (c).
(a) The pot contains plants which grown from seeds treated with 1%H2O2x100% of FC.
(b) The pot contains plants which grown from seeds treated with 2% H2O2x100% of FC.
(c) The pot contains plants which grown from seeds treated with 2% H2O2x100% of FC.
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TABLE 3
Seed priming effect on leaves number of pepper plants exposed different water applications
Irrigation Level
Treatments
Least Sq Mean
(% FC)
100
1%H2O2
10,33a
100
2% H2O2
8,33b
100
SDW
3,33c
3,00cd
25
1% H2O2*
50
1% H2O2*
2,33cde
2,00de
50
2% H2O2
50
SDW
2,00de
2,00de
100
3% H2O2
25
2% H2O2
2,00de
1,67e
50
3% H2O2
25
SDW
1,67e
1,33e
25
3% H2O2
LSD
1.02
CV
17.68
F
36.37
– Levels not connected by same letter are significantly different at P < 0.05
–*The highest plant obtained in the pepper plants grown from seed treated with H2O2 at %1 where the water stress (25 and 50
% of FC) applied.

TABLE 4
The effect of H2O2 concentrations for seed priming on germination ability
Treatments
Least Sq Mean
Germination (%)
SDW
30.67a
76.67
1% H2O2
26.33b
65.83
16.00c
40.00
2% H2O2
3% H2O2
12.33c
30.83
LSD
3.93
CV
9.25
F
34.42
– Levels not connected by same letter are significantly different at P < 0.05
– Seed priming with 1% H2O2 followed SDW treatment with 65.83% ratio whereas 3% H2O2 severely decreased germination percentage with compared to SDW treatment.

FIGURE 2
Number of germinated seeds counted daily. Maximum germination was obtained from seeds treated with
SDW which was followed by1% H2O2.
The treatments with by 2% H2O2 and 3% H2O2 had adverse on the germination ability of pepper seeds which caused decreases with 36.67 and 45.84 % respectively, compared to SDW treatment.
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treatments are demonstrated in Table 4. On the 14th
day, the maximum germination percentage was provided by SDW treated seeds at 76.67% ratio while
the lowest germination efficiency was obtained from
3% H2O2 at the percentage of 30.83. Among the
H2O2 treatments, maximum seed germination was
obtained from %1 H2O2 with 65.83% ratio treatment.
Germination ability of pepper seeds was highly affected by 2-3% H2O2 with decreasing germination
percentages with the ratios at 36.67 and 45.84 compared to SDW treatment (Table 4, Figure 2). Besides, higher dose (3% H2O2) caused delay of germination of pepper seeds (Figure 2). This inhibitory effect on germination of seeds and plant growth at high
doses has been reported in a number of studies [35,
36, 37].
Plants may face combined of stress factors
throughout their lives such as drought and pathogen
attack etc. Drought stress affects plant growth and
plant productivity by breaking various physiological
processes such as photosynthesis, cell division, nutrient uptake and by weakening the plants against
diseases [9]. In spite of its toxicity, lower doses of
H2O2 in particular are recently considered as a priming agent to induce of defence mechanisms for mitigating impact of biotic and abiotic stressors. The present study revealed that priming seeds with H2O2 at
lower dose can increase in the root and plant fresh
length and no. of leaves of pepper under the limited
water conditions as well as well irrigation. Among
the doses of H2O2, 1% was mostly the best promoting treatment whereas germination potency of pepper seeds was caused some decrease by this concentration in comparison with SDW treatment. To tolerate this adverse effect on the germination ability of
pepper seed, much lower concentrations should be
emphasized. The effects of H2O2 in plant stress responses are dose-specific and it has been widely accepted that low concentrations of H2O2 may serve as
a signalling molecule [38]. Undoubtedly, the effectiveness of low doses of hydrogen peroxide in the
presence of a combination of diseases and drought
stress would be an appropriate and important action
for its practical use.
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SDW treatment; however, the negative influence of
2-3% of H2O2 on germination ability of pepper
seeds was excessive.
3. There was another purpose behind of the
study that was minimizing the drought stress and
promoting the resilience of plants against plant pathogen. As so further study will be focused on weighing the lower concentration performance of H2O2 under the stress combination of disease and water deficit.
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and 19th centuries increased the pressure on raw materials and caused major changes in LC/LU. Such an
increasing pressure on natural resources and some
other factors trigger wars related to economic, sociological and socio-geographical reasons [1]. Factors
such as unlawfulness, disorganization, decreased
workforce and migration in the regions - where such
wars are experienced - lead to great changes in their
lands within a short period [2]. Additionally, conditions such as destabilized management and life security due to the ongoing wars in the region caused irreversible destruction in the vegetation cover, especially in arid and semi-arid climate [3]. The abandoned agricultural fields cause the soil to become
less productive and as a result to be open to erosion
risks [4]. Burning fields, areas that cannot be restored due to war and the abandonment of irrigated
lands pose problems such as food supply and safety
[5]. These war conditions and predominant prolongation threats disturbance the existing programs on
sustainable development management. It is observed
that some of these fields, which were left unoccupied
during the war period, turned into non-inhabitant areas [6]. Accordingly, such negative effects, mainly
in arid areas, have been carefully examined.
Besides to these anthropogenic factors, LC/LU
changes are being accelerated due to unusual disturbances in the environmental cycles. These
changes could lead to the deterioration of natural
ecosystem dynamics and many environmental issues
in both cases [7]. Global climate change, one of these
environmental problems, is thought to be directly related to LC/LU change [8]. To fight against environmental issues such as global climate change, the
changes in the land from past to present and its current status should be determined well. For these studies, GIS and remote sensing techniques are very convenient due to their advantages in terms of time, labour and cost [9]. Furthermore, especially for the
war zones, remote sensing is the only option by the
reason for the difficulties of fieldwork with security
reasons. In some of the studies related to LC/LU
changes, satellite images or supplementary geographic datasets were used due to several securities
and other concerns [10]. For example, supplementary data such as Normalized Difference Vegetation

ABSTRACT
Land-cover/Land-use (LC/LU) monitoring is
important for the ecosystem and climate change intends. The LC/LU change sector plays and will continue to play a crucial role in international efforts for
decision making and planning. Monitoring, evaluating and reporting according to international agreements in LC/LU change is still a challenging task
difficult task due to government instability, war or
conflict situation in some countries. What happened
in Syria in recent years is an example of this situation
too. In this context, different methods based on remote sensing are used to produce more sensitive and
accurate data. Thus, in this study used to Collect
Earth methodology, that multi-purpose land monitoring using remote sensing and Geographic information system integrated, for accurately estimating
LC/LU change between 2000 and 2018 in Syria. Recently, The Food and Agriculture Organization
(FAO) to assist countries in collecting, managing
and analysing land-cover and land-use information
have released Open Foris Collect Earth software. Besides, there are not enough and current studies for
studies in line with the international LC/LU categories and classification principles in Syria. Overall,
the article provides basic results which distribution
of LC/LU classes according to the Intergovernmental Panel on Climate Change (IPCC), monitoring the
current status and change of forest, pasture or woody
vegetation, agricultural fields and wetlands, LC/LU
change between 2000-2018, habitat loss-gain and revealing the effects of war on the land.

KEYWORDS:
Land Cover, Land Use Changes, Syria, Collect Earth

INTRODUCTION
Monitoring LC/LU changes are extremely vital
for environmental management, regional-urban
planning, and sustainability of natural resources. The
rapid industrialization process that started in the 18th

11032

© by PSP

Volume 29 – No. 12/2020 pages 11032-11041

Index (NDVI) have been used to determine the status
and change of vegetation present in many studies
[11]. As in the example, satellite images can provide
systematic and cost-effective solutions for LCLU
studies. Despite the advantages of satellite imagery,
there are some usage disadvantages due to spatial
resolution. The high cost of satellite images with
high-resolution and the excess spectral details that it
contains make it difficult to use in many studies [12].
For this reason, different solutions are considered,
and free satellite image data and platforms that offer
effective solutions are more frequently used.
Collect Earth is freely available software that
allows data collection, with the help of Google Earth
and Google Earth Engine (GEE), developed by the
Food and Agriculture Organization of the United
Nations (FAO) [13]. It is a very efficient software in
terms of providing high-resolution satellite imagery
as well as covering many periods and supplying different supplementary datasets to users employing the
Google Earth platform. It is noteworthy that Collect
Earth software, which offers many different study
options, has been frequently used in LC/LU studies
[13, 14, 15]. When the above studies are examined,
it can be seen that, fast, reliable and cost-effective
LC/LU studies can be done with the help of this software.
In this study, it was aimed to investigate the
current condition and the change of LC/LU in Syria,
where armed clashes occur frequently, via Collect
Earth software. It is not possible to carry out field
studies due to the war in Syria. For this reason, it has
been deemed appropriate to conduct this study with
remote sensing techniques. Objectives to be done
and to be achieved within the scope of the study are
as follows:
x Distribution of LC/LU classes according to
the Intergovernmental Panel on Climate Change
(IPCC),
x Monitoring the current status and change of
forest, pasture or woody vegetation,
x Detection of the change in agricultural
fields and wetlands,
x Calculation of LC/LU change between
2000 and 2018 and accordingly to reveal desertification or greening values and,
x Revealing the effects of war on the land.

Fresenius Environmental Bulletin

the country have the most fertile agricultural lands.
Planned LU strategy was being done in Syria until
the beginning of the conflict. At that time, more than
half of the population lived in rural areas and agriculture was the main source of livelihood [3]. The
first protests started in March 2011 during the Arab
Spring. The presence of different armed organizations in the region forced the people to migrate [17].
In 2014, a large area throughout the Euphrates river
valley and up to Iraq was taken under control by
armed organizations, and at the same time, it was
dominated by different groups in some rural areas in
the northeast of the country [18]. In the following
years, cities such as Idlib, Hama and Aleppo became
the center of conflicts with the involvement of different countries to the war. Syrian citizens, especially those living in rural agricultural areas, were
moved away from their regions at this time. Today,
many rural agricultural fields and many different LC
forms are still unusable. This situation caused rapid
changes in the LU in an unnatural way [6]. The war
environment in Syria does not allow field studies for
LC/LU studies. In such cases, using high-resolution
data for LC/LU monitoring will produce more accurate and precise results. For this reason, the spatial
resolution of the satellite images, supplementary
data and the methodology have been regarded to be
very important issues in the identification of LC/LU
changes.
Data and Methods. The Collect Earth is a
multi-purpose land monitoring tool, which was used
in data collection, storage, analysis and LC/LU monitoring in this study. The Collect Earth methodology
for LC/LU monitoring studies was first scientifically
published by Bey et al. [13]. The Collect Earth is a
tool that enables data collection through Google
Earth, in conjunction with Google Earth, Bing Maps
and Google Earth Engine. Users can analyse high
and very high-resolution satellite imagery for a wide
variety of purposes:
x Support multi-phase National Forest Inventories,
x LC/ LU Change, and Forestry (LULUCF)
assessments,
x Monitoring agricultural land and urban areas,
x Validation of existing maps,
x Collection of spatially explicit socio-economic data,
x Quantifying deforestation, reforestation and
desertification.
The above-mentioned methodology of that article was adapted to this study. At the planning stage,
a map of Syria was overlaid with a grid of 5 km
(north-south) and 6 km (east-west) intervals for systematic visual interpretation. A plot size of approximately 0.5 ha (70 m × 70 m) was used, as corresponding to the smallest patch that qualifies as forest
according to the definition used by the FAO Global

MATERIALS AND METHODS
Study Area. The Syria country is located in the
northern part of the Middle East in latitude between
32°- 37°north and longitude between 35° and 42°
east. The surface area of the country is approximately 185.150 square kilometres and its topography
and climate vary (Figure 1). In this country, where
agriculture is the main industry, almost forty percent
of the areas in the south of the country are desert
[16]. The Euphrates river valley and the northeast of
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FIGURE 1
Study area and illustration of sampling design and plots, Illustration of Collect Earth data collection card
and GEE graphics
Google Earth Engine (GEE) by providing spatial
synchronization of datasets. GEE allows interpretation of graphical data from satellite image data from
the past to the present; this includes line graphs of
inter-annual and intra-annual vegetation indices,
such as Normalized Difference Vegetation Index
(NDVI), Normalized Difference Water Index
(NDWI) and Enhanced Vegetation Index (EVI) derived from Landsat 7, Landsat 8 and MODIS imagery, true and false-color composites of Landsat
and Sentinel 2 (A & B) current and historic imagery,
etc [20]. In this study, a vegetation-based study was
highlighted for LC/LU using the Collect Earth methodology. Vegetation monitoring and the estimation
of vegetation cover is very important to land degradation monitoring [21]. Data on vegetation cover is
therefore required in many studies of global and local change monitoring [22]. At the same time, different vegetation indices have been developed to better
understand LU relationships. The most commonly
applied index is NDVI. The mathematical formula of
NDVI created by Tucker [23] is as follows:
ܰ ܴܫെ ܴܦܧ
ܰ= ܫܸܦ
ܰ ܴܫ+ ܴܦܧ

Forest Resources Assessment. All assessments were
made on these grids and the results were interpolated
to the whole study area. A total of 14.786 sample
plots were generated as a dataset for visual interpretation (Figure 1). The analysts made a visual interpretation for each plot using the high-resolution imagery in Google Earth, with the help of the Collect
Earth interface. The land changes in each plot were
identified using the archive images from different
periods on the Google Earth platform. Additionally,
NDVI data derived from MODIS and Landsat satellite images were used to determine LC/LU.
The obtained information about land-cover was
processed in the previously prepared Collect Earth
data collection forms. The data collection form used
in this study is similar to that of the FAO Global Forest Resources Assessment report [19]; however, the
whole of the Collect Earth data collection form was
translated into the Turkish language. Then, the dates
of images were arranged to facilitate an overview of
LC/LU determination for 2018 and LC/LU conversion for the period 2000–2018, using Google Earth
features. Finally, the data from the examined visual
interpretations and the analyst reviews were automatically stored in the Collect Earth database, and all
of the data extracted and analysed to calculate LU
classes across Syria.
One of the most important advantages of Collect Earth software is that it works together with

Where NIR represents Near-Infrared band
(band 5 for Landsats 7 and 8). Red shows band 4 for
Landsats 7 and 8). Normally, healthy vegetation
(chlorophyll) reflects more and green light compared

11034

© by PSP

Volume 29 – No. 12/2020 pages 11032-11041

Fresenius Environmental Bulletin

 Distribution of plots with infrastructure
cover (0–100%) and infrastructure elements (house,
other building, paved road, unpaved road).
 Distribution of plots with other water body
cover (0–100%) and water body elements (lake,
river).
x Habitat loses/gain.
 Desertification/greening trend.
x IPCC LC/LU classes.
 IPCC LC/LU classes and sub-category classes.
 LC/LU change among 2000–2018.

to other wavelengths. But it absorbs more red and
blue light. NDVI, as a simple standardized index, allows you to generate an image displaying greenness
(relative biomass). This index takes advantage of the
contrast of the characteristics of two bands from a
multispectral raster dataset. This is often used worldwide to monitor drought, monitor and predict agricultural production, assist in predicting hazardous
fire zones, and map desert encroachment.
LC/LU changes and change trends were determined using Collect Earth’s integration with GEE
Code Editor, using NDVI and NDWI [24] graphic
data and visual interpretation with high-resolution
image data from 2000–2018. In the current study,
Collect Earth’s data is automatically prepared for use
by Saiku Analytics, which is a web-based statistic
software [13].

RESULTS
According to the results obtained using Collect
Earth, 54 % of Syria consists of bare soil, rocks,
sands, and dune which are grouped under ‘Otherland’ LC/LU class (Table 1). Furthermore, it was determined that the ‘Cropland’ class was the 2nd dominant LC/LU class with 32 percent after the ‘Otherland’ class. One of the remarkable results is that forests constitute approximately 1 % of the country.
Likewise, wetlands cover an area of 0.7% of whole
country lands. These results indicate that the study
area is quite arid and considerably poor in terms of
forests. In addition to these results, in 2018, 3% of
the country was found to be in the ‘Settlement’ class
and 9% of Syria was found to be in ‘Grassland’ class.
The LC/LU map showing the results is given in Figure 2.
Another finding of this study was that 140.022
hectares of all croplands were covered with trees
(Table 2). This value corresponds to 2.4% of the total
croplands. Moreover, 3.3% of grassland class and
27.4% of settlement class were covered with trees.
When the class of shrubland (scrubland, scrub, brush
or bush) was examined, it was seen that grasslands
contain the highest shrub with an area of 4.1%. Generally, 7.2% of the country was found to be covered
with trees and 1.8% consisted of bush and woody
vegetation.

LC/LU Evaluation. Generally, each country
has its LU classification system. The LU classes
used at a national, regional and international level
are rarely consistent [25]. In this study, the LU classes applied were adopted from Good Practice Guidance for LU, Land-Use Change and Forestry, developed by IPCC in 2003. The IPCC has broadly classified LU classes into six categories: Forest,
Cropland, Grassland, Wetlands, Settlements, and
other land uses. These may be considered as toplevel categories for representing land areas within a
country. The categories are broad enough to classify
all land areas in most countries and to accommodate
differences in national classification systems. It is
recognized that the names of these land categories
are a mixture of LC (e.g., Forest land, Grassland,
Wetlands) and LU (e.g., Cropland, Settlements) classes [26].
The quantitative data for each LC/LU element
was created via the Collect Earth data collection
card. The data collection card includes the following:
x Land data: vegetation elements vs. vegetation cover.
 Distribution of plots with vegetation cover
(0–100%) and vegetation elements (tree, shrub,
crop).

TABLE 1
LC/LU status of Syria in 2018 derived from Collect Earth
LC/LU Class

Area (ha)

Percentage (%)

Cropland
Forest
Grassland
Otherland
Settlement
Wetland

5.895.512
247.955
1.583.999
10.125.345
522.165
140.022

31,8
1,3
8,6
54,8
2,8
0,7

Total

18.515.000

100
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FIGURE 2
LC/LU map of Syria derived from collect Earth for 2018
TABLE 2
Presence and distribution of woody vegetation within LC/LU classes
Woody Vegetation Cover

Tree cover (ha)

Cropland

Forest

Grassland

Otherland

Settlement

<%10

64.176

-

23.337

-

64.176

%10-40

61.259

49.591

29.171

2.917

61.259

%40-70

4.375

37.922

-

-

8.751

%70-100

10.209

160.441

-

-

8.751

140.022

247.955

52.508

2.917

142.939

<%10

-

-

43.756

5.834

-

%10-40

5.834

-

40.839

11.668

5.834

%40-70

-

-

20.419

-

-

%70-100

-

-

2.917

-

-

5.834

-

64.176

11.668

5.834

Total

Shrubland cover (ha)

Total

The country's total grasslands were covered
with shrublands with 4.1% (64.176 ha) and herbaceous grasslands with 92.6% (1.467.314 ha). Only
3.3% of the shrubland includes tree-covered areas
with 0-19% canopy (Figure 3). According to the dryland dataset prepared by the United Nations Environment Program World Conservation Monitoring
Center [27], 25.6% of total grasslands were placed in
the arid region and 61% of them were in the semiarid
region.
According to the above results, it was observed
that a large part of the vegetation existence within
the study area was provided by the croplands. Subclasses of the ‘Cropland’ LC/LU class of IPCC have

been examined to determine the condition of the agricultural land and the presence of woody vegetation
inhibited (Table 3). Non-irrigated croplands were
found to be the dominant sub-category (75.9%)
within Cropland class. It was also specified that an
area of approximately one million hectares was
formed by orchards. According to the UNEPWCMC, irrigated croplands spread in the least area
with a ratio of 7.4 percent, 31% of its areas were located in the arid region and 49.7% were in the semiarid region. Similarly, 12% of the non-irrigated agricultural fields were in the arid region and 79% were
in the semiarid region. Finally, 5.6% of the orchards
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were in the arid region and 51.8% were in the semiarid region.
A large part of the ‘Otherland’ LC/LU class of
101,253.45 square kilometers includes dust transport
areas. Some of the dry croplands in the region and
irrigated cropland areas along the Euphrates River
are also intertwined with these areas (Figure 4).

Fresenius Environmental Bulletin

DISCUSSION AND CONCLUSION
Before the conflict started in Syria, the main
source of income for the population was agriculture
[28]. Apart from those who migrated due to war, the
main source of income is still agriculture [29, 30].
Due to the above reasons, one of the most important
results obtained from this study is the large extent of
land degradation in the north-eastern region of the
country, especially in agricultural fields. This part of
Syria is crucial for residents because it is known that
the most important region for wheat production of
the country [31]. The change of the mentioned
croplands to the 'Otherland' LC/LU class shows that
these fields have returned to inefficient and degraded
areas. Conflicts in this region, which were also mentioned in previous studies of drought putting the region in a deadlock [32]. Likewise, the scarcity of existing forest areas and their decline in the 18-years
pose a major issue for Syria. At this point, the most
important point is the decrease in the fertile areas and
the increase of desertification due to the conversion
of LC/LU classes to the 'Otherland' class. This class,
which experienced an increase of 21,000 hectares
over the time considered, will continue its increase
under war conditions.

LC/LU Change. According to the results
found, it was detected that ‘Cropland’ and ‘Forest’
classes decreased while ‘Grassland’, ‘Otherland’ and
‘Settlement’ classes increased from 2000 to 2018.
No change in the ‘Wetland’ class was observed during the same period (Table 4). The greatest change
in terms of the area has been experienced in agricultural fields and approximately 30.000 hectares of
croplands have been changed into 'Otherland' class.
Thus, the 'Otherland' class seems to be the LC/LU
class that has undergone the most areal change in the
18-year. Another noteworthy finding was that the
'Settlement' LC/LU class does not turn into any other
class during 18 years period.
Values related to greening and desertification,
which is one of the aims of the study, were determined according to LC/LU classes. According to the
results obtained, total greening was calculated as 641
square kilometers and desertification was calculated
as 1574 square kilometers (Table 5).

FIGURE 3
Distribution of Sub-categories of Grassland LC/LU Class
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TABLE 3
Sub-categories of cropland class for 2018 in Syria
IPCC Cropland Sub-categories
Area (ha)
Percentage (%)
Irrigated Cropland
434.651
7,4
Non-irrigated Cropland
4.474.871
75,9
Orchard
985.988
16,7
5.895.512
100
Total

Initial LC/LU (2000) (ha)

LC/LU Classes
Cropland
Forest
Grassland
Otherland
Settlement
Wetland
Total

Cropland
5.886.760

TABLE 4
LC/LU change of Syria from 2000 to 2018
Current LC/LU (2018) (ha)
SettleForest
Grassland Otherland
ment
29.891
245.038
5.834
2.917

247.955

1.583.999

1.581.082

10.131.899

8.031

10.110.039

516.331

516.331

524.362

FIGURE 4
Distribution of Sub-categories of Cropland LC/LU Class
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Total
5.916.651
250.872

1.578.165
10.102.008

5.886.760

Wetland

140.022

140.022

140.022

18.515.000
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TABLE 5
Greening and desertification values of Syria based on LC/LU classes
LC/LU Class
Greening (ha)
Desertification (ha)
Cropland
35.005
87.513
Forest
29.171
14.585
Grassland
17.502
Otherland
32.008
Settlement
5.834
Wetland
64.176
157.444
Total

FIGURE 5
Desertification and Greening Fields within Current Syria War Map
Obtained with this study were analysed, it was
found that the rate of desertification is about three
times higher than the greening. It is observed that
most of the greening areas were in the Euphrates
River and its vicinity. Into the bargain, it was observed that around the Tabqa Dam, which was established in 1974, and the afforestation activities carried
out in some parts of the country increased the green
regions of Syria. Desertification fields, on the other
hand, were found to be mostly located in the northeast region of the country. The fact that the land degradation areas seen in the northeast of the region
were observed along the Euphrates River should be
considered as a result due to the lack of manpower
due to the conflicts despite the irrigable agriculture.
The current state of war in Syria has been reported
by the Institute for the study of War (ISW) [33]. According to the report, the region where desertification is most intense is under the control of the Syrian
Democratic Forces (SDF). The Euphrates River and

the surrounding of the dams, where greening is experienced, are under the control of SDF and Joint
SDF-Regime (Figure 5). It is thought that the desertification areas in Latakia and Aleppo regions are
caused by the ongoing and frequent conflicts in the
region and the desertification areas in the vicinity of
Damascus are caused by the shortage of manpower.
Besides, it has been observed that the vast majority of the greening areas in the region are in waterrelated agricultural areas. For this reason, it is seen
that the water-based agriculture of the region is essential for food supply and security. The reason for
greening in croplands despite armed conflicts is due
to the necessity of the local people to lead an agricultural life. Studies to be carried out after the war or
in the coming years, these conditions should be taken
into consideration.
One of the important data obtained from this
study is that nearly about 9 % of the total area of the
country consists of trees, shrubs and bushes. For this
reason, more studies such as carbon calculations,
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risk of erosion and determination of water quality
could be introduced in future occasions.
This study examined the Syrian LC/LU status
in 2018 and its 18-year changes. Moreover, the presence of woody vegetation in the country, greening
and desertification conditions were revealed. We
think that the results obtained with this study using
the Collect Earth methodology are of great importance. Nevertheless, considering the possibility
that the war in Syria will not stop almost immediately. As an occlusion, the exact situations of LC/LU
has to be monitored with high-resolution satellite images. It is almost impossible to regulate the implementations of the current study unless in the approaching researches, more plot samples have to be
chosen.
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ABSTRACT

INTRODUCTION

Mulched drip irrigation with brackish water is
a highly efficient irrigation technology that
combines brackish water, mulch and drip irrigation;
it not only saves water but also efficiently uses
brackish water resources. The optimal irrigation
scheme of zucchini under drip irrigation with
brackish water is considered for the comprehensive
evaluation of the effect of drip irrigation with
brackish water on zucchini growth. In this
experiment, the soil moisture of the seedling,
sprouting, flowering and fruiting stages of zucchini
and the salinity of irrigated water were used as
experimental factors, and nine treatments of zucchini
under film drip irrigation with brackish water
experiment were carried out by using an orthogonal
design greenhouse. Results showed that the salinity
of brackish water exerted a greater effect on plant
height, yield, water consumption and soil salinity
than soil moisture. With the increased salinity of
brackish water, the plant height, yield and water
consumption of zucchini decreased, whereas the salt
content of soil increased. Different water treatments
at various growth stages showed varying effects on
plant height, yield, water consumption and soil
salinity. The yield, water consumption and soil salt
content after the growth period and utilisation of
brackish water were used as evaluation indices. The
optimum irrigation combination of brackish water
drip irrigation for zucchini was obtained using the
analytic hierarchy process and range analysis. The
soil moisture content was controlled at 70%–90%,
60%–80% and 60%–80% field capacity in the
seedling, sprouting and flowering periods,
respectively, and the salinity of salt water was 3.5
g/L. The results can reflect the effect of brackish
water drip irrigation on zucchini and are in line with
the actual situation of using brackish water for
irrigation. This study can provide technical support
for the efficient and safe drip irrigation of zucchini
with brackish water.

With the development of China’s society and
economy, the shortage of freshwater resources has
become increasingly prominent and a bottleneck that
restricts the sustainable development of China’s
agriculture. At the same time, shallow underground
brackish water resources are relatively rich in China,
and numerous brackish water resources are stored in
the northern plain area [2]. A large number of studies
have shown that brackish water can be used for
irrigation [3-9]. Bi et al. [10], Wang et al. [11], Li et
al. [12] and Tan et al. [13] observed that the rational
use of low-concentration brackish water for
irrigation would cause no significant reduction in the
crop yield but instead increase the yield to a certain
extent. Therefore, brackish water irrigation is an
effective way to solve the agricultural water shortage
in China.
Drip irrigation is a widely used and efficient
water-saving irrigation method. Mulched drip
irrigation with brackish water is an efficient
irrigation technology that combines film mulching
technology, drip irrigation technology and utilisation
of brackish water. This method is mainly suitable for
areas with scarce freshwater resources but abundant
brackish water resources. Mulched drip irrigation
features the advantages of low soil evaporation,
water saving, high yield and irrigation efficiency and
full utilisation of brackish water. Rotem et al. [14]
considered that drip irrigation with saline water
could reduce the irrigation volume and increase the
crop yield compared with traditional surface
irrigation. Zheng et al. [15] observed that the suitable
salinity range of sunflower irrigated with brackish
water is 2–3.5 g/L, improving the yield and quality
of sunflower to a certain extent. Chen et al. [16]
showed that compared with freshwater drip
irrigation, drip irrigation under brackish water film
resulted in increased average soil salt content and
decreased average root length density, dry weight
and yield of cotton. Brackish water irrigation can
increase soil moisture and salinity. Ma et al. [17]
showed that considering that drip irrigation belongs
to micro-irrigation, no deep leakage will occur, and
soil salt will mainly concentrate on the edge of drip
irrigation wetting body. Wan et al. [18] showed that

KEYWORDS:
Zucchini, Brackish water, Drip irrigation, Analytic
hierarchy process
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three years after irrigating tomatoes with brackish
water, soil salinity showed no continuous increase.
Ning et al. [19] believed that in the short term, mulch
drip irrigation could leach salt from shallow soil to
ensure the normal growth of cotton, but in the long
run, drip irrigation could not remove salt from the
root zone, and the degree of soil salinisation would
increase. Therefore, compared with the absence of
irrigation, drip irrigation with brackish water can
improve crop yield to a certain extent, but
unreasonable brackish water irrigation can cause soil
salinisation. Therefore, with the consideration of soil
safety, crop yield, water demand and saltwater
utilisation, the comprehensive evaluation of brackish
drip irrigation and selection of soil-based salt water
drip irrigation mode are significant for efficient and
safe brackish water drip irrigation.
Zucchini is a vegetable that is widely cultivated
and consumed, but the studies on the effect of
brackish water irrigation on the growth of zucchini
are rare. Therefore, this paper investigated and
evaluated the influence of mulch drip irrigation with
brackish water on the growth of zucchini. The study
mainly aimed to explore the effect of brackish water
drip irrigation on the growth of zucchini and
determine the best brackish water drip irrigation
mode for zucchini by considering the yield, water
consumption, soil salinity and utilisation of brackish
water.

The annual precipitation is approximately 468.4
mm and is mainly concentrated in June to
September. The annual average temperature is 9.5
°C. The annual average sunshine period is 2,675.8 h,
and the frost-free period is 202 days. The test area
includes one deep well and one shallow well. The
deep well measures 180 m in depth and contains
fresh water with a groundwater salinity of 1.7 g/L.
The shallow well features a depth of 80 m and
comprises saltwater well with groundwater salinity
of 5 g/L. The brackish water used in the experiment
was prepared by mixing the two kinds of water in
certain proportions. The test area features clay loam
soil, and its mechanical composition is shown in
Table 1.
Test Design. The effects of different soil
moisture and salinity of brackish water on the growth
of zucchini under drip irrigation were studied in a
greenhouse. Four controlling factors were involved
in the experiment. Three soil moisture factors were
set, and three soil water control levels were set in the
seedling, sprouting, and flowering and fruiting
stages of zucchini, namely, 70%–90% field capacity
(ߠி –80%ߠி and 50%–70%ߠி . The fourth
factor was the salinity of irrigation water, which was
set at 1.75, 3.55 and 5 g/L. The experiment was
designed using the orthogonal test method. Nine
treatments were employed, and each treatment was
repeated thrice. The design scheme of the
experiment is shown in Tables 2 and 3.
Xiabit was the tested zucchini variety. The
zucchini was planted on August 2, 2016 and
harvested on October 5, 2016. The total growth
period was 65 days. The mode of planting zucchini
under drip irrigation is ‘one mulch film, two tubes
and two rows’, as shown in Figure 1. Exactly 10
plants were planted in each row, with a spacing of
0.6 m and a row spacing of 0.6 m. An insert emitter
was used in which the distance between emitters is
0.3 m, and the flow rate of emitters is 3 L/h.

MATERIALS AND METHODS
Experimental Site. Field experiments were
conducted in the greenhouse of the water-saving
demonstration base of Shanxi Academy of Water
Sciences in 2016. The experimental base is located
in the Jinzhong Basin, Shanxi Province, China (112
ƍ– ƍ(  ƍ– ƍ1  7KH WHVW DUHD
experiences a typical continental semi-arid climate
under the influence of warm temperate monsoon.

Depth/cm
0–20
20–40
40–80
80–110

Level
1
2
3
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TABLE 1
Soil Mechanical Composition
Percentage of particle content at all levels
dmm
0.02 mm㸼dmm
d㸺0.002 mm
25.47%
33.88%
40.65%
31.74%
35.51%
32.75%
22.40%
33.89%
43.71%
22.40%
44.24%
33.36%

$ seedling
stage
70%–90%
60%–80%
50%–70%

TABLE 2
Factor Level Table
% sprouting
& flowering and
stage
fruiting stage
70%–90%
70%–90%
60%–80%
60%–80%
50%–70%
50%–70%
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soil texture
Clay loam
Clay loam
Clay loam
Clay loam

' salinity of brackish water
J/
1.7
3.5
5.1
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TABLE 3
Design Scheme of Orthogonal Experiment
Treatments

T1
T2
T3
T4
T5
T6
T7
T8
T9

seedling
stage
1
1
1
2
2
2
3
3
3

Soil moisture
salinity of bracksprouting
flowering and ish water/(g·L-1
stage
fruiting stage
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

Irrigation
times

Total irrigation
volume/mm

7
6
5
4
5
6
5
6
5

408.66
350.28
291.90
233.52
291.90
350.28
291.90
350.28
291.90

FIGURE 1
Planting Pattern of Zucchini under Mulch Drip Irrigation
Measurement Items and Methods. Every 5–
7 days, soil samples were collected using a soil drill
at 0, 10 and 20 cm horizontal distances from the
vertical dripper belt on the ground. The vertical
sampling interval was 10 cm, and the maximum
depth was 50 cm. Then, the soil water content was
determined using the drying method, and the soil salt
content was measured using a DDS-308 conductivity
meter (INESA Scientific Instrument Co. ˈ Ltd,
&KLQD  7KH SODQW KHLJKW ZDV PHDVXUHG DW WKH
millimetre scale at each growth stage, and the yield
of zucchini was measured using an electronic scale
every 1–2 days at fruit maturity. Crop water
consumption was calculated by the water balance
method [20]. An automatic weather station was used
to record the temperature, humidity, wind speed, air
pressure, radiation, wind speed and other
meteorological parameters.

then decreased, and it was the highest when the soil
moisture was controlled at 60%– șB)& ,Q WKH
flowering and fruiting stages, the plant height of zucchini decreased gradually with the decrease in soil
moisture. When the salinity of brackish water increased, the plant height of zucchini decreased rapidly. The maximum variation in plant height was 1.97
cm for different soil moisture treatments and 6.43 cm
for varied salinity treatments. Therefore, the effect of
salinity of brackish water on plant height of zucchini
is greater than that of soil moisture. From the perspective of plant height of zucchini, Figure 2 shows that
the optimum scheme of drip irrigation with brackish
water is as follows: the soil moisture content was controlled at 70%–90%, 60%-80% and 60%–80% in the
seedling, sprouting and flowering periods, respectively, and the salinity of salty water was 1.7g/L.
47
46

Plant height (cm)

Data Processing. The test data were analysed
using by Excel 2016. Origin 2016 was used to draw
the graphs, and the comprehensive evaluation of
DQDO\WLF KLHUDUFK\ SURFHVV $+3  ZDV SHUIRUPHG
using the MATLAB programme.

45
44
43
42
41

Seedling stage

Sprouting stage

5g/kg

3.5g/kg

1.7g/kg

50%-70%

60%-80%

70%-90%

50%-70%

60%-80%

70%-90%

50%-70%

70%-90%

Effect of Brackish Water Drip Irrigation on
the Plant Height of Zucchini. Plant height is one of
the basic indicators of crop growth. The Y axis in Figure 2 shows the average plant height of zucchini under
each level of each factor in the orthogonal experiment
of drip irrigation with brackish water. In the seedling
and sprouting stages, with the decrease in soil moisture, the plant height of zucchini increased at first and

60%-80%

40

RESULTS AND DISCUSSION

Flowering and
fruiting stage

The salinity of water

FIGURE 2
Effect Curve of Different Soil Moisture and
Brackish Water Salinity Values on the Plant
Height of Zucchini
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and 126.8 mm for different salinity treatments.
Therefore, the effect of salinity of brackish water on
the water consumption of zucchini is greater than
that of soil moisture.

Effect of Brackish Water Drip Irrigation on
the Yield of Zucchini. Yield is the main index that
measures the effect of irrigation. The Y axis in Figure 3 shows the average yield of zucchini under each
factor level in the orthogonal experiment of drip irrigation with brackish water. In the whole growth period, with the decrease in soil moisture, the yield of
zucchini initially increased and then decreased, and
the yield reached the highest when the soil moisture
was controlled at 60%–șB)&:KHQWKHVDOLQLW\
of brackish water increased, the yield of zucchini decreased rapidly. The maximum variation of plant
yield was 15.78 t/hm2 for different soil moisture
treatments and 35.80 t/hm2 for varying salinity treatments. Therefore, the effect of salinity of brackish
water on the plant yield of zucchini is greater than
that of soil moisture. Considering the yield of zucchini, the optimum scheme of drip irrigation with
brackish water is as follows: soil moisture contents
of 70%– șB)& – șB)& DQG –
șB)& LQ WKH VHHGOLQJ SXPSLQJ DQG IORZHULQJ
period, respectively, and 1.7 g/L salt water salinity.

280
260
240
220
200
180

Seedling stage

Sprouting stage

5g/kg

3.5g/kg

1.7g/kg

50%-70%

60%-80%

70%-90%

50%-70%

60%-80%

70%-90%

140

50%-70%

160
60%-80%

Crop water consumption (mm)

300

70%-90%
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Flowering and
fruiting stage

The salinity of water

FIGURE 4
Effect Curve of Different Soil Moisture and
Brackish Water Salinity Values on Crop Water
Consumption

90

Effect of Brackish Water Drip Irrigation on
the Soil Salt Content of Zucchini. Irrigation with
brackish water not only provides water for crops but
also adds salt into the soil. This condition may lead
to the secondary salinisation of soil. Therefore, the
analysis of the reasonable soil salt content after the
use of brackish water irrigation serves as the basis
for the safe use of brackish water irrigation. Figure 5
shows the effect curve of different soil moisture and
brackish water salinity values on soil salt content.
The Y axis in Figure 5 represents the soil salt content
after the breeding period of zucchini under each level
of each factor in the orthogonal experiment of drip
irrigation with brackish water. Figure 5 shows that
water treatment at the different growth stages of zucchini caused varied effects on soil salt content after
the growth period. When the soil moisture decreased
during the seedling period of zucchini, the soil salinity after the growth period decreased first and then
increased. When the soil moisture decreased during
the sprouting stage of zucchini, the soil salinity after
the growth period increased. When the soil moisture
decreased during the flowering and fruiting stages of
zucchini, the soil salinity after the end of the growth
period increased first and then decreased. With the
increase in the salinity of brackish water, the soil salinity increased rapidly after the growth period. The
variation range of soil salt content after the growth
period under different water treatments was 0.174
g/kg, whereas that of soil salt content after the
growth period under different salinity values of
brackish water treatment was 0.674 g/kg. These findings indicate that the salinity of brackish water exerted a greater effect on soil salinity than soil water
treatment.

85

Yield (t/hm2)

80
75
70
65
60
55

Seedling stage

Sprouting stage

5g/kg

3.5g/kg

1.7g/kg

50%-70%

60%-80%

70%-90%

50%-70%

60%-80%

70%-90%

50%-70%

60%-80%

45

70%-90%

50

Flowering and
fruiting stage

The salinity of water

FIGURE 3
Effect Curve of Different Soil Moisture and
Brackish Water Salinity Values on the Yield of
Zucchini
Effect of Brackish Water Drip Irrigation on
the Crop Water Consumption of Zucchini. Figure
4 shows the effect curve of different soil moisture
and brackish water salinity values on crop water consumption. The Y axis in Figure 4 shows the water
consumption of zucchini under each level of each
factor in the orthogonal experiment of drip irrigation
with brackish water. In seedling and flowering and
fruiting stages, with the decrease in soil moisture, the
water consumption of zucchini decreased, whereas it
increased first and then decreased in the sprouting
stage. This finding indicates that the effect of soil
water treatment on the water consumption of zucchini differed at various growth stages. Given the increased salinity of brackish water, the water consumption of zucchini decreased rapidly. The maximum variation in the water consumption of zucchini
was 59.4 mm for different soil moisture treatments
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methods include expert scoring method, AHP,
entropy method, rank sum ratio method and
principal component analysis method. AHP
decomposes the analysis object into several levels
through pairwise comparison, establishes the
comparison matrix to carry out the calculation and
finally determines the index weight reasonably by
ranking [21]. The key to determining the weight of
AHP is to establish the judgment matrix through the
pairwise comparison of each index. In this study, a
comprehensive evaluation group of experts and
managers engaged in brackish water irrigation for a
long time. The judgment matrix was determined via
the pairwise comparison of 1–9 scale method [22].
The weights of the four indices were 0.291, 0.079,
0.523 and 0.107, respectively. The four evaluation
indicators were positively normalised to eliminate
the differences in the dimensions of different
evaluation indicators. Then, the weighted
summation of the four indices was carried out to
obtain a comprehensive evaluation index of zucchini
under brackish water drip irrigation. Furthermore,
the optimal irrigation combination was optimised
using the orthogonal test range analysis.
Table 4 shows the range analysis of the
orthogonal test based on comprehensive evaluation
score. According to Table 4, the factors affecting the
comprehensive score can be arranged as D > A > C >
B. For brackish water irrigation, the salinity of
irrigation water is the most important factor that
affects brackish water irrigation, followed by soil
moisture in the seedling stage. This condition
occurred because brackish water irrigation increased
soil salinity, thus affecting the soil solute potential
and leading to soil water potential reduction. At the
same time, in the seedling stage, the leaf area of
crops was small, the root water absorption capacity
was weak, and the decrease in soil water potential
affected the crop water absorption, resulting in crop

Soil salt content (g/kg)

0.9
0.8
0.7
0.6
0.5
0.4

Seedling stage

Sprouting stage

5g/kg

3.5g/kg

1.7g/kg

50%-70%

60%-80%

70%-90%

50%-70%

60%-80%

70%-90%

50%-70%

60%-80%

70%-90%

0.3
0.2

Flowering and
fruiting stage
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The salinity of water

FIGURE 5
Effect Curve of Different Soil Moisture and
Brackish Water Salinity Values
on Soil Salt Content
Determination of the Optimum Irrigation
Model for Zucchini under Drip Irrigation with
Brackish Water. The use of brackish water
irrigation not only pursues the high yield of zucchini
but also ensures that the soil will remain unsalinised
after the use of brackish water. At the same time,
freshwater resources in brackish water irrigation
areas are scarce. Hence, we should consider
maximising the use of brackish water for irrigation
and reducing crop water consumption. The
determination of optimal irrigation mode should not
only consider crop yield but also other indices
synthetically. In this study, we used four indexes,
LQFOXGLQJ\LHOGRI]XFFKLQL X ZDWHUUHTXLUHPHQW
RI]XFFKLQL X VRLOVDOLQLW\ X DQGEUDFNLVKZDWHU
utilisation (X IRUWKHFRPSUHKHQVLYHHYDOXDWLRQRI
zucchini brackish water drip irrigation. These
indices feature different influences on the evaluation
of the target. Hence, the weight of each evaluation
index should be determined. Numerous methods are
used to determine the weight of indicators; such

TABLE 4
Comprehensive Evaluation Range Analysis Results
Treatment
T1
T2
T3
T4
T5
T6
T7
T8
T9
Level 1
Level 2
Level 3
Range
Sort
Optimal combination

A
1
1
1
2
2
2
3
3
3
0.1206
0.1111
0.1017
0.0188

Soil Moisture
B
C
1
1
2
2
3
3
1
2
2
3
3
1
1
3
2
1
3
2
0.1102
0.1063
0.1120
0.1137
0.1111
0.1133
0.0017
0.0074
D>A>C>B
A1B2C2D2
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D
1
2
3
3
1
2
2
3
1
0.1359
0.1446
0.0528
0.0918

Comprehensive
evaluation score
0.1397
0.1575
0.0645
0.0545
0.1389
0.1398
0.1366
0.0395
0.1290
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growth difficulties and death. The water–salt
production function of the brackish water zucchini
established by Kong [20] showed that the salt
sensitivity index decreased gradually with the
growth period and implied that the effect of brackish
water irrigation on the seedling period was greater
than that on the pumping and flowering periods. The
effect of soil moisture on zucchini during the
flowering and fruiting periods was greater than that
at the flowering and fruiting stages, because water
consumption of zucchini was large in the latter
periods, and the suitability of soil moisture directly
affected the yield of zucchini. Zhai et al. [25] showed
that the water sensitivity index of cucumber at the
flowering and fruiting stages was higher than that at
the early flowering stage, consistent with the
conclusions of this study. Thus, the order of the
influencing factors of brackish water drip irrigation
of zucchini is reasonable and can comprehensively
reflect the effect of brackish water drip irrigation on
zucchini.
Table 4 shows that the optimal combination of
drip irrigation under the brackish water film of zucchini is A1B2C2D2, that is, the use of 3.5 g/L brackish water in irrigation. The soil moistures in the seedling, pumping, and flowering and fruit-bearing
stages were controlled at 70%–9 șB)& –
șB)&DQG–șB)&7KHILQGLQJVDUHLQ
consistent with the research results of Kong [20].
Kong [20] observed an optimal brackish water salinity of 1.7 g/L and soil moisture values controlled at
70%– șB)& DW WKH VHHGOLQJ VWDJH –80%
WșB)&DWWKHVHHGOLQJVWDJHDQG–șB)&DW
the flowering and fruiting stage. Differences were
observed as Kong [21] only considered the yield of
zucchini as the index, whereas in this study, the yield
of zucchini, water consumption, soil salt content after the growth period and utilisation of brackish water were comprehensively analysed. The optimum
salinity of brackish water reported by Kong [20] was
1.7 g/L, whereas the optimum salinity of brackish
water in this study reached 3.5 g/L. Kong [20] disregarded the use of brackish water for irrigation, which
did not meet the actual situation of using brackish
water irrigation. Thus, the optimal combination of
this study used brackish water irrigation, and the results of this study are more reasonable.

Fresenius Environmental Bulletin

height, yield, water consumption and soil salinity.
In the seedling stage, with the decrease in soil
moisture, the plant height first increased and then
decreased, the yield and water consumption
decreased, and the soil salt content first decreased
and then increased. During the sprouting stage, with
the decrease in soil moisture, the plant height, yield
and water consumption first increased and then
decreased, and soil salinity increased gradually. At
the flowering and maturation stages, with the
decrease in soil moisture, plant height and water
consumption decreased rapidly, and the yield and
soil salt content first increased and then decreased.
 &RQVLGHULQJWKH\LHOGZDWHUFRQVXPSWLRQ
soil salinity and utilisation of brackish water, the
optimum irrigation combination of brackish water
drip irrigation for zucchini was obtained via AHP
and range analysis. The soil moisture contents were
controlled at 70%–90%, 60%–80% and 60%–80%
field capacity in the seedling, pumping and
flowering stages, respectively, and the salinity of
salty water was 3.5 g/L.
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ABSTRACT

generated content (UGC)’ and ‘online reviews’,
into professional databases. General databases include Science Direct, Scopus by Elsevier, Google
Scholar and Web of Science [2]. Researchers can
collect data from these databases and analyse the
retrieved information by adopting bibliometric
techniques to identify important issues and trends in
big data-related research.
With the rapid development of economy and
society, the ecological environment is currently
threatened by considerable damage, including losses of natural resources, reduction in biodiversity,
environmental pollution and global climate change
[3]. Scientific knowledge is needed to enhance efforts to protect the ecological environment and enhance the ecosystem services [4,5]. Therefore, the
comprehensive ecological environment assessment
has been used extensively to provide basic data and
information for management policies and strategy
that aimed at eco-environmental protection [6,7].
However, the complexity and inherent interdisciplinary characteristics of the ecological environment
determine the difficulty of comprehensive evaluation [8]. A comprehensive evaluation index system
is a simplified and integrative expression of complex eco-environment including organization, structure, function and changes in these through time [911].
With accelerated industrialization, urbanization and modernization of rural area, ecological
environment problems in rural area are exposed
more and more. The problems are more serious at
some borders of urban and rural areas due to double
pollution of industry and agriculture [12-14]. As a
major agriculture province, Hubei Province has a
large rural population, so it is inevitable to meet
with ecological deterioration and environmental
disruption in local countryside. In December 2007,
Zhengzhou City Circle was approved by the State
Council as the comprehensive support reform base
of national resource-conserving and environmentfriendly society. It is a vital part of new socialist countryside to spare no effort to promote the
building of rural ecological civilization and protect
rural ecological environment, furthermore, it is also

This paper conducts investigation and research
on local countryside. Through field investigation,
typical survey and literature review, this paper
learns about pollution and control situation of natural environment, social environment and ecological
environment in the countryside of Zhengzhou, and
analyzes the situation of difficulties of financial
ecological environment. In this paper, an optimization approach that includes the former aspects has
been proposed. Finally, optimization strategy of
financial ecological environment are proposed.

KEYWORDS:
Rural ecological environment, Construction, Optimization strategy, Measures

INTRODUCTION
The advancement of Internet technology and
adoption of mobile devices have created massive
user-generated big data, in which this popular
buzzword has resulted in changes in the tourism
and hospitality fields. Given the increasing popularity of big data and analytics, an accumulating number of studies on big data, such as social media data, are being conducted in various research fields,
particularly tourism and hospitality. Researchers
and industries are exploring the theories and applications of big data by using high-performance algorithms to maximise the fullest potential of big data.
Previous studies have generally considered big data
a favourable supplement than the traditional small
data; hence, they utilised the big data to detect patterns, understand consumer satisfaction and predict
different outcomes, such as tourist arrivals and hotel occupancy [1].
Topics related to big data and social media in
the tourism and hospitality fields have received
increased attention from researchers. Numerous
studies in tourism- and hospitality-related journals
can be identified by inputting keywords, such as
‘big data’, ‘social media’, ‘social network’, ‘user-
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TABLE 1
Pollution of livestock husbandry in 2017
Husbandry type
Animal husbandry

Aquaculture

Other husbandry
Total amount

Husbandry
method

Wastewater discharge amount (t)

COD discharge
amount (t/y)

Pond cultivation
Lake cultivation
River and
ditch
cultivation
-

532.44

5955.48

Ammonia nitrogen discharge
amount (t/y)
1196.74

-

692.34

11.53

-

57.54

1.42

-

87.71

1.58

532.44

66.67
6959.74

1.25
1212.52

necessary to build “resource-conserving and environment-friendly” society for Zhengzhou City Circle. Under this context, it is of great significance to
study ecological environment in the rural area of
Zhengzhou City.

charged into water body without effective treatment, causing serious environmental pollution (Table 1 shows pollution of livestock husbandry in
2017).
Aquaculture pollution. Recently, with booming aquaculture in Xiantao City, rising proportion
of high-yield and high-density aquaculture, cultivation water bodies are suffering from more and more
serious pollution. Residual bait, decomposition of
aquatic life dejection and corpus in the pond give
rise to deterioration of water quality, incur abnormal change of N, P and other nutritive elements in
the water and generate hazardous substances, causing sickness and even death of such cultivation subjects as fish and shrimp, hindering the development
of Zhengzhou City aquaculture (Figure 1 for the
investigation of aquaculture pollution sources in
Zhengzhou City in 2017).
River pollution will further lead to deficiency
of water for industrial and agricultural production
and living. As regards lake pollution, about 44.98%
villagers deem local lake pollution as serious.

MATERIALS AND METHODS
Data analysis. Basic descriptive analysis was
conducted to pre-process the collected data sets.
The specific data attributes were examined because
they are useful indicators in determining the research impact of a publication. For example, being
cited is strongly relevant to the impact of a publication in a specific domain. High citations indicate
the strong impact of a research because it was cited
by many subsequent studies. References are also
beneficial in evaluating a publication because they
reveal how the current study is linked to existing
ones. Additionally, the attributes of authors and
institutions can represent individuals and organisations that undertake specific topics. The attributes
of published journals can also facilitate the identification of periodicals related to the topics. Therefore, a network that combines complex relationships should be built to substantially analyse data.

Problems in ecological environment management. Excessive pursuit of economic interests
in the subject of environmental governance. For
a long time, local governments have faced conflicts
between improving their performance and environmental governance. As far as the government is
concerned, local governments tend to pursue economic interests in the first place in promoting local
development, and assess and promote officials with
economic benefits as the main indicators, ignoring
the important role of environmental governance in
local development. From the perspective of township enterprises, enterprises as the main body of the
market, aiming at maximizing their own interests,
at the same time, the environmental problems are
concealed, and the definition of property rights of
high-quality environmental public goods is unclear,
which makes the township enterprises blindly pursue the economy in their own development process.

RESULTS AND DISCUSSION
Livestock husbandry pollution. Recently,
animal husbandry has embarked on the path of rapid development, husbandry method has gone
through qualitative changes, and scale husbandry
has become dominant. According to preliminary
estimate the total discharge amount of livestock
excretes in 2017 is 700000 t. Most cultivation farms
are deficient in storage and disposal of excrete and
sewage, many large scale cultivation farms have no
pollution prevention and control facilities, a large
quantity of excrete and sewage is directly dis-
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FIGURE 1
The investigation of aquaculture pollution sources in Zhengzhou City in 2017
Maximize benefits and not consider the consequences of environmental pollution. As for the rural
village committee, it is also focusing on the development of rural economy and not paying enough
attention to the issue of rural environmental governance. Some surveys show that farmers' satisfaction with the village committee in the process of
environmental governance is extremely low, and
only 10% are satisfied. This reflects from the side
the rural village committee's negligence on environmental governance issues, and even does not
realize the importance of environmental governance
for rural economic development.

ernment and the townships have enacted a series of
policies and measures and launched environmental
control projects, but many of the projects are prosperous at the beginning, lethargic in the interim
period and unprogressive at last. It can be contributed to imperfect planning and supervision system
of the project, as well as inadequacy or improper
use of capital input. Besides, development form of
rural economy determines the difficulty of equipment, people’s awareness and economic capacity
determines that even if the project is completed, the
people may fail to afford it during operation.
Current environmental governance mechanisms are limited. The rural ecological environment has the characteristics of public products as
resources, and it has regional and local characteristics as the object of governance, and has strong
externalities as a market mechanism. In view of the
above characteristics of the rural ecological environment, the rural ecological environment governance will be a huge project of unified coordination
and concerted action. It requires relevant stakeholders to act and actively cooperate to form a system
and mechanism for coordinated governance to
solve rural ecological problems. However, the current rural ecological environment governance is
mainly based on the government, the administrative
and legal means of government governance, often
with compulsory, excludes the market and the public without public power, which fundamentally affects other subjects. Participate in the enthusiasm of
rural ecological environment governance.

Weak environmental governance infrastructure. Environmental governance infrastructure
is the basic condition for ensuring environmental
governance in a region. However, due to the imbalance of economic development in China, the construction of environmental governance infrastructure in most rural areas is not in place, which has
become an important reason for restricting the governance of rural ecological environment. As far as
China’s rural areas are concerned, many areas have
no environmental governance infrastructure, and
even standard garbage pools are rare. As for garbage sorting and fixed-point dumping, it is impossible to talk about, let alone collect and concentrate.
Therefore, the random dumping of waste water and
the arbitrary disposal of solid waste are still the
main ways for rural residents to treat garbage.
Poor sustainability and practicability of
project construction. Although municipal gov-
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mode, improve environmental infrastructure such
as rural sewage and garbage treatment, make deliberate effort in application water source protection,
livestock husbandry, agricultural non-point pollution control accelerate advancement of innocuous
treatment technologies of rural domestic sewage,
refuse, livestock husbandry pollution, establish and
improve permanently effective environmental protection mechanism across the countryside.

Control Measures of Ecological Environment Supervision. Improving comprehensive
decision of rural economic development and environmental protection. First of all, it is necessary
to strengthen the duties of local governments and
departments on all levels concerning rural environmental protection of the jurisdiction, industry
and system, define the duties of resource development units and legal persons concerning ecological
environment protection, practice strict assessment
and reward and punishment system among all subjects of environmental protection liability. Besides,
all departments shall coordinate and assist with
each other, actively cooperate with each other from
a global and strategic perspective to establish permanently effective work linkage mechanism, forming work layout of definite division of work, powerful coordination, equal emphasis and coadministration.

Strengthen public participation. Maximize
the enthusiasm of the public, especially farmers, in
participating in environmental governance, break
through the shackles of public participation in rural
ecological environment governance, and allow the
public to truly participate in the governance of rural
ecological environment through equal dialogue and
interest games, and form a multi-subject collaborative management. The system and mechanism have
truly guaranteed the right to participate in the public and enabled the governance of multiple subjects
to be realized. It is necessary to further promote the
system construction of public participation and protect the public's right to know, participate and supervise. At the same time, it is necessary to
strengthen the construction of the rural environmental governance publicity system, and publicize
the knowledge of rural environmental protection to
a wider extent and in a wider scope, so that farmers'
awareness of environmental protection can be
strengthened.

Give full play to the decisive role of the
market in resource allocation. The market mechanism, due to the externalities of environmental
public goods, easily leads to the failure of market
allocation resources. The definition of property
rights of high-quality environmental public goods is
not clear, and the company's sewage discharge behavior does not have good index regulation, resulting in the proliferation of corporate emissions. In
response to this problem, the "Coase Theorem"
believes that the property rights of environmental
public goods can be confirmed by the government's
public power. As a result, quality environmental
public goods have a main body match. The damage
to high-quality environmental public goods will be
punished, and the government has made a good
regulation of the company's sewage discharge behavior by issuing sewage permits. Introducing this
market mechanism into rural ecological environment management will play an important role in
promoting rural and agricultural development, and
improve and improve the living standards of farmers. At this stage, the main body of environmental
governance in China is still the government, which
leads to the inability of the market mechanism to
function, making the government's own environmental governance inefficient, and because the
government decides everything, it greatly increases
the cost of government governance. The introduction of the market mechanism can change the above
problems, so that the government environmental
governance can ensure the efficiency while reducing the cost.

CONCLUSIONS
This paper conducts investigation and research
on local countryside. Through field investigation,
typical survey and literature review, this paper
learns about pollution and control situation of natural environment, social environment and ecological
environment in the countryside of Zhengzhou, and
analyzes the situation of difficulties of financial
ecological environment. In this paper, an optimization approach that includes the former aspects has
been proposed. Finally, optimization strategy of
financial ecological environment are proposed. We
need to expand the research scale in order to have
more practical guiding significance.

REFERENCES
[1] Li, J., Xu, L., Tang, L., Wang, S., Li, L. (2018)
Big data in tourism research: A literature review. Tourism Management. 68, 301-323.

Improving infrastructure of rural environment, addressing hot issues and difficulties concerning rural environment. To promote the adjustment of rural industry structure and production

11052

© by PSP

Volume 29 – No. 12/2020 pages 11049-11053

[2] Ostrom, E. (2009) A general framework for
analyzing sustainability of social-ecological
systems. Science. 325, 419-422.
[3] Almeida, T.A.D.N., Cruz, L., Barata, E., García-Sánchez, I.-M. (2017) Economic growth
and environmental impacts: An analysis based
on a composite index of environmental damage. Ecol. Ind. 76, 119-130.
[4] Adriaenssens, V., De Baets, B., Goethals,
P.L.M., De Pauw, N. (2004) Fuzzy rule-based
models for decision support in ecosystem management. Sci. Total Environ. 319, 1-12.
[5] Li, A., Wang, A., Liang, S., Zhou, W. (2006)
Eco-environmental vulnerability evaluation in
mountainous region using remote sensing and
GIS - A case study in the upper reaches of Minjiang River, China. Ecol. Model. 192, 175-187.
[6] Girardin, P., Bockstaller, C., Van Der Werf, H.
(2000) Assessment of potential impacts of agricultural practices on the environment: The
AGRO ECO method. Environ. Impact Assess.
Rev. 20, 227-239.
[7] Yauch, R.L., Gould, S.E., Scales, S.J., Tang, T.,
Tian, H., Ahn, C.P., Marshall, D., Fu, L., Januario, T., Kallop, D., Nannini-Pepe, M., Kotkow,
K., Marsters, J.C., Rubin, L.L., Sauvage, F.J.
(2008) Environment and sustainable development in bangladesh: a legal study in the context
of international trends. Int. J. Law Manage. 53,
89-107.
[8] Miao, C.L., Sun, L.Y., Yang, L. (2016) The
studies of ecological environmental quality assessment in Anhui Province based on ecological footprint. Ecol. Ind. 60, 879-883.
[9] Zheng, P., Su, J.X., Wang, Y.B., Zhou, W.,
Song, J.J., Su, Q.M., Reeves-McLaren, N.,
Guo, S.W. (2020) A High-Performance Primary
Nanosheet Heterojunction Cathode Composed
of Na0.44MnO2 Tunnels and Layered Na2Mn3O7
for Na-Ion Batteries. CHEMSUSCHEM. 13(7),
1793-1799.
[10] Turnhout, E., Hisschemöller, M., Eijsackers, H.
(2007) Ecological indicators: Between the two
fires of science and policy. Ecol. Ind. 7, 215228.
[11] Bina, O., Vaz, S.G. (2011) Humans, environment and economies: From vicious relationships to virtuous responsibility. Ecol. Econ. 72
, 170-178.
[12] Ren, D.Z., Huang, H., Qi, J.G., Zheng, P.
(2020). 2QHဨ3RW 7HPSODWHဨ)UHH &URVVဨ/LQNLQJ
Synthesis of SiOx –SnO2@C Hollow Spheres
as a High Volumetric Capacity Anode for LithLXPဨ,RQ %DWWHULHV. Energy Technology. 8(7).
Article ID: 2000314.

Fresenius Environmental Bulletin

[13] Cui, E., Ren, L., Sun, H. (2015) Evaluation of
variations and affecting factors of ecoenvironmental quality during urbanization. Environ. Sci. Pollut. Res. 22, 3958-3968.
[14] Decker, E.H., Elliott, S., Smith, F.A., Blake,
D.R., Rowland, F.S. (2000) Energy and material flow through the urban ecosystem. Annu.
Rev. Energy Environ. 25, 685-740.

Received:
Accepted:

12.01.2020
26.05.2020

CORRESPONDING AUTHOR
Meng Zhang
Zhengzhou Institute of Technology,
Zhengzhou 450044 – China
e-mail:

11053

zhangmeng8889w@163.com

© by PSP

Volume 29 – No. 12/2020 pages 11054-11062

Fresenius Environmental Bulletin

AUTHOR INDEX
A
Abdallah, M. J. A.
Abdelqader, A.
Abu-Dalhoum, M.
Abukashabeh, A.
AbuSaleem, K.
Agca, N.
Ahmad, R.
Akhoundnejad, Y.
Akhtar, N.
Akturk, E.
Al-Absi, E.
Al-Ameer, S.
Al-Antary, T. M.
Al-Assaf, A.
B
Baloglu, M. C.
C
Cao, J.
Cao, L.
Cao, Q.
Cetin, F.
Chai, S.
Chang, H.
Chang, M.
Chen, B.
Chen, C.
Chen, G.

10392
10960
10980, 11006
10602
10602
10621
10376
10974
10376
10032
10602
10602
10960, 10980, 10997, 11006
10997

10536

10924
10553
10753
10536
10560
10668
10591
10864
10425
10632, 10701, 10811

Aldaej, M. I.
Al-Habbab, M.
Al-Khateeb, A. A.
Al-Khateeb, S. A.
Allah, W. F.
Almqbil, N.
Al-Qaisi, M.
AlSaqufi, A. S. A.
Alzboun, N.
Anbar, A. H.
Araj, S.
Aslanyurek, D.
Atesoglu, A.

10855
10997
10855
10855
10954
10954
10960
10941
10980
10980, 11006
10997
10769, 10823
10032

Bi, Y.

10933, 11042

Chen, J.
Chen, L.
Chen, N.
Chen, W.
Chen, X.
Chen, Z.
Cheng, J.
Cheng, Y.
Corovic, D.
Czerwinska, E.

10407, 10788
10425
10511
10832
10897
10674
10436
10511
10465
10339

D
Dai, H.
Darcin, E. S.
Darcin, M.
Dasgan, H. Y.
Dogan, K.

10591
10334
10334
10974
10621

Dorak, Z.
Du, H.
Du, J.
Duan, S.
Dweikat, I.

10869
10847
10553
10474
10356

E
El-Beltagi, H. S.
Eldeeb, K. A.

10941
10941

Erpay, S.

10032

F
Fang, H.

10346

Gultekin, R.
Guney, O. I.
Guo, H.
Guo, P.
Guo, Y.

10356
10689
10847
10455
10905

G
Gao, J.
Ge, Q.
Guan, L.
Guclu, S. F.
Gui, H.
H
Hafez, Y.
Hamasha, K. M.
Hamid, A. T.
Hao, W.
Hassanien, H. A.

10425, 10591
10738
10346
10480
10346

10954
10392
10659
10747
10941

Hayajneh, F. M. F.
Hou, X.
Hu, G.
Huang, X.
Huang, H.

11054

10960
10747
10581
10520
9570, 9944

© by PSP

I
Imriz, G.

Volume 29 – No. 12/2020 pages 11054-11062

11017, 11024

J
Jahangir, M.
Jamil, M.
Ji, X.

10376
10376
10575

K
Kang, J.
Karakan, E.
Karanlik, S.
Khan, S.

10591
10500
10621, 10769, 10823
10376

L
Le, V. N.
Leszczynski, N.
Li, C.
Li, H.
Li, N.
Li, P.
Li, Q.
Li, W.
Li, Y.
Li, Z.
Lin, S.
Lisica, A.
M
Ma, B.
Ma, P.
Ma, Y.
Majdalawi, M.
Maslamani, A.

Fresenius Environmental Bulletin

10738
10339
10436
10811, 10915
10668
10747
10701
10407
10712
10668
10575
10465

10581
10933
10905
10997
11006

Jiang, Y.
Jin, X.

10425
10738

Kharisat, K. M.
Khawaldah, H.
Kong, X.

10392
10980
11042

Liu, G.
Liu, J.
Liu, L.
Liu, M.
Liu, Q.
Liu, S.-A.
Liu, Y.-H.
Liu, Z.
Luan, B.
Luo, J.
Luo, Y.
Lv, P.

10487
10487
10425
10965
10897
10727
10546
10864
10905
10965
10474
11042

Mehanna, N.
Min, P.
Mohasseb, H. A. A.
Moussa, A.
Mutlu, A.

10954
10668
10855
10400
10840

N
Naveed, K.

9796

Noorka, I. R.

9770

O
Okatan, V.
Okoor, S. A.
Ozcan, Z.

10480
10392
10528

Ozel, H. B.
Ozocak, M.

10032
10366

P
Parafiniuk, S.
Peng, B.

10339
10546

Petrovic, J.
Petrovic, U.

10465
10465

Q
Qin, D.

10717

Qin, H.-Z.

10560

R
Rasouli, A.
Rehman, S. U.

10032
10376

Rha, E. S.

10376

11055

© by PSP

Volume 29 – No. 12/2020 pages 11054-11062

S
Said, M. A.
Salah, A.
Sangun, L.
Sawwan, J.
Sehsah, E.
Shang, D.
Shao, J.
Shehata, W. F.
Shi, L.
Shi, Y.
Shihab, M. S.
Simsek, D.
Sisman, C. B.
Solliman, M. E. M.

10659
10400
10689
10980, 11006
10400
10741
10487
10855
10591
10560
10659
10495
10366
10855

T
Tabeah, M.
Tang, J.
Tang, S.-Z.
Tang, W.
Tao, M.
Teng, W.

10997
10560
10581
10680
10915
10407

U
Ucuncu, O.

10799

V
Vukmirovic, M.

10465

W
Wang, H.
Wang, L.
Wang, M.
Wang, P.
Wang, Q.
Wang, R.
Wang, S.
Wang, X.

10581
10668
10346
10581
10905
10425
10553
10707

X
Xie, Q.

10804

Y
Yan, D.
Yan, Q.
Yan, X.
Yang, M.
Yao, T.
Yin, B.

10425
10890
10881
10701
10446
10890

Song, X.
Sorour, H.
Stojanovic, N.
Su, R.
Su, S.
Sume, V.
Sun, B.
Sun, C.
Sun, F.
Sun, J.
Sun, X.
Sun, Z.
Swelam, S.

Tesic, M.
Tian, L.
Tong, L.
Tongur, S.
Tu, X.
Twaiq, O.

Wang, Y.
Wang, Z.
Wegrzyn, A.
Wei, X.
Wei, Z.
Wen, X.
Wu, T.
Wu, X.

Yin, W.
Yu, H.
Yuan, H.
Yuan, Z.
Yucel, C.
Yucel, D.

11056

Fresenius Environmental Bulletin

10611
10400
10465
11042
10560
10799
10455
10727
10738
10567, 10881
10611
10696
10954

10465
10425
10567
10528
10788
10602

10416, 10446, 10581, 10811, 11042
10567, 10747
10339
10560
10933
10520
10575, 10811
10591

10425
10346, 10727
10905
10905
10356
10356

© by PSP

Z
Zeng, C.
Zhang, H.
Zhang, J.
Zhang, L.
Zhang, M.
Zhang, R.
Zhang, W.
Zhang, Y.
Zhang, Z.
Zhao, H.
Zhao, Y.
Zhao, Z.

Volume 29 – No. 12/2020 pages 11054-11062

10436
10511
10591
10712
11049
10436
10455, 10567
10416, 10632, 10780
10520
10346
10668
10674

Zheng, C.
Zheng, J.
Zheng, S.
Zhou, H.
Zhu, C.
Zhu, H.
Zhu, X.
Zied, R. M. A.
Zou, D.
Zou, R.
Zuo, Z.

11057

Fresenius Environmental Bulletin

10553
10759
10652
10487
10560
10425
10881
10941
10707
10560
10915

© by PSP

Volume 29 – No. 12/2020 pages 11054-11062

Fresenius Environmental Bulletin

SUBJECT INDEX
A
Activated carbon
adaptive test
Ag/PVA
Agricultural patterns
Agricultural wastes
Agriculture

10511
10407
10546
11006
10366
10334
alternating conditional expectation transformation
10455
Alum
10659
amplitude
10759
Analytic hierarchy process
10881, 11042

Antakya
Anthocyanins
Antioxidant defense systems
Antioxidant properties
antioxidative enzymes
APX
Architectural design
average relative error
Awassi sheep

10621
10339
10536
10339
10823
10823
10701
10717
10960

B
Bacteria community structure
Barley
beach formation
bearing
Big data
Biodiesel
Bioethanol
biofuel
Biomass

10511
10769, 10840
10799
10407
10741, 10804
10400
10356
10400
10356

Blending ratio
Blood
BP neural network
Brackish water
Brewing conditions
Brix
Buchner funnel
Building material

10632
10960
10832
11042
10487
10356
10659
10701

C
Calcium
Carbon footprint model
Carbon footprint strength
CAT
Cereal farming
cereals
Champereia manillana BL.
Chlorophyll
Chongqing
Circadian
City
Classified risk management
Clean energy
Climate
clinic
Cluster analysis
coalbed methane

10960
10712
10611
10823
10980
10769
10560
10864
10753
10960
10652
10591
10933
10980
10392
11006
10707, 10933

Cold and hot extraction
Collect Earth
colleges and universities
Competitiveness
Complex geological environment
Composite
Concrete
Concrete properties
Condensate gas reservoir
Constant Market Share
Construction
consumer motivations
Convolution neural network
Coring tool
Cultural roots
Cyclic triaxial test

10339
10032
10553
10997
10717
10924
10546
10366
10366
10455
10997
11049
10689
10407
10707
10474
10500

diversity
drilling technology
Drinking water
Drinking water purify
Drip irrigation
Drought
Drought stress
Dustproof
dynamic action

10869
10933
10602
10511
11042
10974
10536
10696
10924

D
daily intake of metals
dam
dam slope stability
Date Palm
Date Syrup (Dibs)
Decision making trial and evaluation laboratory (DEMATEL) method

Development
dew point pressure
Discriminant analysis

10621
10924
10924
10997
10855
10915
10753
10455
10941

11058

complementary ensemble empirical mode decomposition
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E
Eastern Black sea
Ecological aesthetics
Ecological concept
Ecological environment
Ecological environment quality
Ecological perspective
Ecological pressure
ecological sports
Ecological theory
Ecology
Economic growth
Ecotourism
edible fruits
effective dose

10799
10474
10804
10680
10575
10753
10611
10553
10575, 10652
10741
10741
10747
10480
10392
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emissions test
empirically
endophyte bacteria
Energy consumption
Engineering
environmental carrying capacity
Environmental monitoring system
Environmental pollution
Environmental protection
environmental regulation
Evaluation
EWQI
excess pore water pressure

10400
10446
10425
10741
10832
10780
10897
10738
10832
10446
10581
10346
10924

10567
10407
10881
10799
10581
10941
10339

forced effect
foreign direct investment
Forest biological disaster
fractal dimension
Fructose
fungi

10446
10890
10788
10436
10855
11017

10392
10528
10500
10747
10425
10890
10855
10346

Gravity model
gray wolf algorithm
green ecotourism
green patent application
green technology spillover
Grey theory
Gross alpha and beta activity concentrations
Growth influencing factors of pavement plants

10727
10455
10780
10890
10890
10416
10602
10864

H
Hardware design
Hazelnut shell ash
Health risk assessment
health risk index
healthy life
Heat preservation rate
heavy elements
Heavy metals

10674
10366
10346
10621
10553
10707
10602
10376, 10621, 10738

heterosis
Hibernation
Holboellia latifolia Wall.
horizontal connected wells
Horizontal well
hydrogen peroxide
Hygromycin B

10495
10567
10487
10933
10847
11024
10668

I
ICP-MS
Imaging logging
improved DBN
Improved GoogLeNet
in vitro
Indicative function
Industrial structure
Inhibitory
Innovation

10738
10847
10717
10788
11017
10864
10446
10668
10727

Innovative design
instantaneous seismic wavelet
Intangible cultural heritage
Integration
interactive relationship
Internet environment
Irrigation water saving
Irtysh River

10804
10759
10652
10727
10965
10553
10674
10581

J
Jiangsu Province

10712

Jordan

F
Fatty acid desaturase
fault diagnosis
favorable area
filling
Fishery Environment
Flathead gray mullet Mugil cephalus
Flavonoids
G
gamma ray spectrometry
GC-MS/MS
Generalized reduced gradient (GRG) nonlinear algorithm

Geological relics
ginseng diseases
Global green value chain
Glucose
Goaf water

11059

10602, 10980, 11006
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K
Karst

10520

Key Influencing factors

10915

L
Lake Hafik
Land Cover
Land Use Changes
Large temperature difference
Leaching kinetics
Lead
least square support vector machine
least squares method
Leaves and fruits
Liaoning province

10869
10032
10032
10632
10487
10376
10455
10811
10560
10416

Light
liquid nitrogen adsorption
logistics industry
Longmaxi Formation
Low temperature
Low-carbon economic environment
Low-carbon economy
Low-carbon tourism
lycopene

10960
10436
10965
10881
10632
10965
10611
10712
10495

M
magnetic guidance
main controlling factors
Management technology model
Mannitol
marine
MDA
Measures
medical reagent samples

10933
10520
10575
10855
10881
10823
11049
10392

MeJA
melon
Mespilus germanica
Method
microbial fertilizer
Micropropagation
mining factors
mitigating

11017
10974
10480
10915
10840
10855
10780
11024

N
Nano-materials
Negotiation
New smart city
noise test
noisy environment

10546
10701
10915
10400
10407

Non-plastic silt
Numerical simulation
Nutritional components
Nutritional evaluation

10500
10696
10560
10560

O
oat
Oil and gas development
oil and gas identification
Oil and gas stations
Oil-water two-phase fluid
Optimization strategy
ordered probit model

10769
10847
10759
10591
10847
11049
10689

Ordos Basin
organic fertilizer
Organic food
overcapacity
Oviductus Ranae
oxidative stress

10905
10840
10689
10446
10567
10376

Polyphenols
Polyunsaturated fatty acids
pore structure
pore volume
Pore water pressure
Pozzolan material
prediction
Pre-stack domain
Prevention and control system
primary coal
priming

10339
10567
10436
10436
10500
10366
10455
10759
10701
10436
11017
10941
11006
10689
10804
10668

P
Panax ginseng
Pathogenic bacteria
Pepper
permanent deformation
perspective of tourist utility
Pest area identification
Pesticide
petrological characteristics
photosynthesis
Physical experiment
Pinus massoniana
plant derived smoke
Ploidy levels
PM2.5 concentration prediction
poisoning
Polymer

10425
10511
11024
10924
10780
10788
10334, 10528
10905
10974
10847
10788
10376
10536
10717
10334
10546

Principal component analysis

Principal components analysis
principle component analyze
Product packaging
Protoplast

11060
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Q
Q estimation

10759

Q versus offset

10759

R
Radioactivity
Rainfall trend change
Rainwater resources
Rana chensinensis
Raw materials
RDA
regional economy
reservoir physical properties.
Residue
Response surface
Revealed Comparative Advantage

10392
10980
10680
10567
10632
10869
10965
10905
10528
10546
10997

RFID electronic tag
RFID reader
rhizosphere bacteria
rice
roadside green spaces
Rural characteristic tourism
Rural consumption capability
Rural ecological environment
Rural settlement
Rural transition
rye.

10897
10897
10425
10376
10465
10897
10416
11049
10474
10474
10769

S
safety
Safety hidden danger
Salinity
Salinity stress
sediment
seed
Shale gas
Shihezi Formation
Shotcreting
Shrinkage and creep
Single chip microcomputer
skim milk powder
SLTSA
sludge chemical conditioning
Sludge dewatering
small basin
Software design
Soil organic matter
Soil.

10832
10701
10823
10769
10799
11017
10881
10905
10696
10632
10674
10954
10717
10659
10659
10520
10674
10520
10528

soil-borne
Sorbitol
space scale
spatial and temporal release
specific resistance to filtration.
spectral value features
Sponge city
Spring water
Stems
stress
Stress tolerance
Sugar
Sulige Gas Field
suppress
Surface settlement
surveying adjustment
sustainable development
Sweet sorghum
Syria

T
teaching mode
Tectonic coal
Temporal-spatial evolution
TensorFlow framework
T-head groin
Theme experience perspective
Thermal insulation technology
Three nitrogen
Three-dimensional risk model
Tibet
TICNN

10553
10436
10611
10788
10799
10897
10707
10346
10591
10747
10407

Tomato
total antochyanin
Total flavonoids
total phenolic content
Trade Entropy Index
Traditional Chinese Medicine
Traffic pollution
transpiration
Trichoderma vulgaris
Ttriglycerides
Turkey

10495
10480
10487
10480
10997
10738
10864
10974
10668
10960
10689

U
Underground

10832

urban environment

10465

V
VAR model
vegetable

10965
10621

vegetable oil waste

10400

11061

11017
10855
10780
10520
10659
10788
10680
10602
10560
10974, 11024
10536
10356
10905
11017
10832
10811
10446, 10575, 10652, 10890

10356
10032
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W
water
water deficit
well trajectory
Well trajectory measurement
wellbore anti-collision
Wet dust removal

11024
10974
10811
10811
10811
10696

X
xanthan gum

10954

Y
Yangtze River Delta
Yield
Z
zooplankton

10727
10356, 10840
10869

11062
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wheat
wheat germ
Wind speed reduction
work health
work safety
workers

10528, 10536, 10769, 11017
10954
10465
10334
10334
10392

Yoghurt
Youth Campus Sports

10954
10753

Zucchini

11042
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FEB – GUIDE FOR AUTHORS
General
FEB accepts original papers, review articles, short
communications, research abstracts from the entire
sphere
of
environmental-chemistry,-biology,microbiology,- technology, -biotechnology andmanagement, furthermore, about residue analysis/
and ecotoxicology of contaminants.
Acceptance or no acceptance of a contribution will
be decided, as in the case of other scientific journals,
by a board of reviewers. Papers are processed with
the understanding that they have not been published
before (except in form of an abstract or as a part of a
published lecture, review or thesis);that they are not
under consideration for publication elsewhere; that
their publication has been approved by all coauthors, if any, as well as- tacitly or explicitly- by the
responsible authorities at the institute where the
work has been carried out and that, if accepted, it will
not be published elsewhere in the same form, in
either the same or another language, without the
consent of the copyright holders.
Language
Papers must be written in English. Spelling may
either follow American (Webster) or British
(Oxford) usage but must be consistent. Authors who
are less familiar with the English language should
seek assistance from proficient colleagues in order to
produce manuscripts that are grammatically and
linguistically correct.
Size of manuscript
Review articles should not exceed 30 typewritten
pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4
typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of
their groups and their research activities (with photo)
should together not exceed I typewritten page. Short

research abstracts should report in a few brief
sentences (one-fourth to one page) particularly
significant findings. Short articles by relative
newcomers to the chemical innovation arena
highlight the key elements of their Master and PhDworks in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.
Preparation of manuscript
Dear authors,
FEB is available both as printed journal and as online
journal on the web. You can now e-mail your
manuscripts with an attached file. Save both time
and money. To avoid any problems handling your
text please follow the instructions given below:
When preparing your manuscripts have the formula
K/SS (Keep It Simple and Stupid) in mind. Most
word processing programs such as MS-Word offer a
lot of features. Some of them can do serious harm to
our layout. So please do not insert hyperlinks and/or
automatic cross-references, tables of contents,
references, footnotes, etc.
1. Please use the standard format features of your
word processor (such as standard.dot for MS Word).
2. Please do not insert automatisms or secret link-ups
between your text and your figures or tables. These
features will drive our graphic department
sometimes mad.
3. Please only use two fonts for text or tables
"Times New Roman" and for graphical presentations
"Arial".
4. Stylesheets, text, tables and graphics in shade of
grey
5. Turn on the automatic language detection in
English (American or British)
6. Please - check your files for viruses before you
send them to us!!
Manuscripts should be uploaded on our website
prt-parlar.de
Thank you very much!
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STRUCTURE OF THE MANUSCRIPT
Title page: The first page of the manuscript should
contain the following items in the sequence given: A
concise title of the paper (no abbreviations). The
names of all authors with at least one first name
spelled out for every author. The names of
Universities with Faculty, City and Country of all
authors.
Abstracts: The second page of the manuscript
should start with an abstract that summarizes briefly
the contents of the paper (except short
communications). Its length should not exceed 150200 words. The abstract should be as informative as
possible. An extended repetition of the paper's title
is not considered to be an abstract.
Keywords: Below the Summary up to 6 key words
have to be provided which will assist indexers in
cross-indexing your article.
Introduction: This should define the problem and,
if possible, the frame of existing knowledge. Please
ensure that people not working in that particular field
will be able to understand the intention. The word
length of the introduction should be 150 to 300
words.
Materials and methods:
Please be as precise as possible to enable other
scientists to repeat the work.
Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures and
tables.
Acknowledgements:
Acknowledgements
of
financial support, advice or other kind of assistance
should be given at the end of the text under the
heading "Acknowledgements". The names of
funding organisations should be written in full.
References: Responsibility for the accuracy of
references rests with the authors. References are to
be limited in number to those absolutely necessary.
References should appear in numerical order in
brackets and in order of their citation in the text.
They should be grouped at the end of the paper in
numerical order of appearance. Abbreviated titles of
periodicals are to be used according to Chemical or
Biological Abstracts, but names of lesser known
journals should be typed in full. References should
be styled and punctuated according to the following
examples:
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ORIGINAL PAPERS:
l. Author, N.N. and Author, N.N. (Year) Full title of
the article. Journal and Volume, first and last page.
BOOK OR PROCEEDING:
2. Author, N.N. and Author, N.N. (Year) Title of the
contribution. In: Title of the book or proceeding.
Volume (Edition of klitor-s, ed-s) Publisher, City,
first and last page
DOCTORAL THESIS:
3. Author, N.N. (Year) Title of the thesis, University
and Faculty, City
UNPUBLISHED WORK:
Papers that are unpublished but have been submitted
to a journal may be cited with the journal's name
followed by "in press". However, this practice is
acceptable only if the author has at least received
galley proofs of his paper. In all other cases reference
must be made to “unpublished work" or "personal
communication".
Discussion and Conclusion: This part should
interpret the results in reference to the problem
outlined in the introduction and of related
observations by the author/s or others. Implications
for further studies or application may be discussed.
A conclusion should be added if results and
discussion are combined.
Corresponding author: The name of the
corresponding author with complete postal address

