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'HSDUWPHQWRI(QYLURQPHQWDO3URWHFWLRQ)DFXOW\RI*HRORJ\*HRSK\VLFVDQG(QYLURQPHQWDO3URWHFWLRQ$*+8QLYHUVLW\RI6FLHQFHDQG
7HFKQRORJ\$O0LFNLHZLF]D.UDNRZ3RODQG

'HSDUWPHQWRI0LQHUDORJ\3HWURJUDSK\DQG*HRFKHPLVWU\)DFXOW\RI*HRORJ\*HRSK\VLFVDQG(QYLURQPHQWDO3URWHFWLRQ$*+8QLYHUVLW\
RI6FLHQFHDQG7HFKQRORJ\$O0LFNLHZLF]D.UDNRZ3RODQG

.(<:25'6
+HDY\PHWDOVFLW\SDUNV&UDFRZ37:,

JURZWKRIDFKLOG>@7R[LFLW\RIKHDY\PHWDOVLV
SUHGRPLQDQWO\EDVHGRQUHDFWLRQVRIGLVSODFLQJRWKHU
LRQV RQ LPSHGLQJ DQG GLVWXUELQJ WKH V\QWKHVLV RI
KHPRUGLVUXSWLQJ QRUPDO IXQFWLRQLQJRIWKH QHUY
RXVDOLPHQWDU\HQGRFULQHFLUFXODWRU\V\VWHPHWF
7KH LPSDFW RI WKHVH KD]DUGV LV SDUWLFXODUO\
VWURQJLQWKHFDVHRIVPDOOFKLOGUHQFRQVLGHULQJWKHLU
ORZ ERG\ PDVV DQG DOVR ORZ LI DQ\  DZDUHQHVV RI
FRQVHTXHQFHV DULVLQJ IURP KDELWXDO SXWWLQJ GLUW\
KDQGVLQWRWKHPRXWK,WLVHVWLPDWHGWKDWDURXQG
PJ RI GLUW LV VZDOORZHG GDLO\ E\ D FKLOG VSHQGLQJ
WLPHRQDSOD\JURXQG>@
7ZRDLPVRIWKHLQYHVWLJDWLRQVZHUHVHW GH
WHUPLQLQJ WKH WRWDO FRQWHQWV RI VHOHFWHG WUDFH HOH
PHQWVSDUWLFXODUO\VXFKWR[LFRQHVDV$V&GDQG3E
SUHVHQWLQIRXUFRPSRQHQWVRIWKHHQYLURQPHQWLH
VRLOVDQGJUDVVDQGZDWHUZKLFKFDQLQYROXQWDULO\
EHVZDOORZHGE\SOD\LQJFKLOGUHQ FDOFXODWLQJWKH
PDVVHVRIVRLOVDQGJUDVVDQGZDWHUWKDWZRXOGKDYH
WREHHDWHQRUGUXQNWRH[FHHGWKH:+2GRVHV7KH
FDOFXODWLRQV ZHUH EDVHG RQ WKH WRWDOV GHWHUPLQHG
KHUH E\WKH DXWKRUVDQGWKH 37:,GRVHVSXEOLVKHG
E\WKH:+2WDNLQJLQWRDFFRXQWYDULDEOHZHLJKWVRI
FKLOGUHQ

INTRODUCTION

RESEARCH AREA AND METHODS

0DQ\ \HDUV RI WKH GHYHORSPHQW RI &UDFRZ
KDYHIRUPHGLWVSUHVHQWDJJORPHUDWLRQFRPSRVHGRI
GZHOOLQJGLVWULFWVWUDQVSRUWFRQQHFWLRQVWUDGHFHQ
WHUV HWF ZLWKLQ ZKLFK DOVR RFFXU JUHHQ DUHDV
PDLQO\XUEDQSDUNVVWUHHWJUHHQVDOORWPHQWJDUGHQV
DERWDQLFDQGD]RRORJLFDOJDUGHQV5HFUHDWLRQDUHDV
DUHVXEMHFWWRWKHVDPHSROOXWLRQSURFHVVHVDVRWKHU
SDUWVRIWKHWRZQFRQWDPLQDQWVDFFXPXODWHQRWRQO\
LQWKHVRLOSODQWV\VWHPRIWKHXUEDQJUHHQVEXWDOVR
RQDQGRUVXFKIDFLOLWLHVRISOD\JURXQGVDV VZLQJV
VOLGHVVPDOOSRQGVRUVDQGLQVDQGER[HV
3OD\LQJFKLOGUHQDUHH[SRVHGWRYDULRXVKD]DUGV
>@7KRVH UHVXOWLQJIURP VZDOORZHGVRLOGLUW VDQG
JUDLQVRUSODQWIUDJPHQWVDUHVXEMHFWWRIHZSDSHUV
>@%HVLGHVREYLRXVWKUHDWVDVVRFLDWHGZLWKSDWK
RJHQLFEDFWHULDDQGSDUDVLWHVLQVRLOFKHPLFDOFRQ
WDPLQDQWV±SDUWLFXODUO\KHDY\PHWDOV±UHSUHVHQWD
VHULRXVKHDOWKSUREOHPDQG PD\HQGDQJHUD SURSHU

7KHLQYHVWLJDWLRQZDVFDUULHGRXWLQWKUHH&UD
FRZ SDUNV ORFDWHG DW GLIIHUHQW GLVWDQFHV IURP WKH
FLW\ FHQWHU HDFK RI WKHP LQ D GLIIHULQJ VSHFLILF
QHLJKERUKRRG )LJ 
x Park I ± the Jordan Park ±located 2 km from the
town center and near major transport routes.
x Park II ± located in the industrial Nowa Huta
district of Cracow, in which a metallurgical steel
plant has been active since 1953. The park is situated in the NE part of the town, in a distance of
about 10 km from the center.
x Park III ± located in Pychowice, a new dwelling
town district. Its neighbourhood was previously
used by military, mainly for training purposes.
The park is situated in the SW part of the town,
in a distance of about 6 km from its center.

ABSTRACT
+HDY\PHWDOVDUHKD]DUGRXVIRUKXPDQKHDOWK
DQGSDUWLFXODUO\IRUFKLOGUHQ7KHGDLO\PHWDOGRVHV
HQWHULQJWKHRUJDQLVPE\LQKDOLQJDLUSDUWLFXODWHVRU
GULQNLQJDQGHDWLQJFRQWDPLQDWHGIRRGPD\DFFXPX
ODWHLQVSHFLILFERG\RUJDQVDQGQHJDWLYHO\DIIHFWWKH
KHDOWKVWDWXV&KLOGUHQVSHQGPXFKWLPHRXWVLGHDQG
DGGLWLRQDOO\DUHDWULVNE\SODFLQJGLUW\KDQGVLQWRWKH
PRXWKGXHWRZKLFKWKH\VZDOORZVRLORUVDQGJUDLQV
RU ELWH IUDJPHQWV RI SODQWV JURZLQJ ZLWKLQ SOD\
JURXQGV$UVHQLF%D%H&G&R &X&U1L0R
3E6QDQG=QZHUHGHWHUPLQHGLQVRLOVDQGJUDVV
DQGZDWHUDWWKUHHIUHTXHQWO\YLVLWHGXUEDQSDUNVRI
&UDFRZ7KHGDWDREWDLQHGKDYHEHHQUHFDOFXODWHGWR
FKLOGUHQ ERG\ PDVV DQG FRPSDUHG WR 3URYLVLRQDO
7ROHUDEOH :HHNO\ ,QWDNH 37:, 7KH UHVXOWV LQGL
FDWHWKDWWKHFKLOGUHQXVLQJSOD\LQJJURXQGVRI&UD
FRZ DUH QRW LQ KHDOWK ULVN IURP KHDY\ PHWDO H[SR
VXUH
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),*85(
/RFDOL]DWLRQRIVDPSOLQJVLWHV
RIWKHVRLOS+ZDVVPDOOHVWIRUWKHVDPSOHVIURPWKH
-RUGDQ3DUNEHLQJEHWZHHQDQGS+XQLWV
ZKLOHWKH KLJKHVWZLWKLQWKH VRLOVIURP3\FKRZLFH
IRU ZKLFK WKH S+ UDQJH ZDV EHWZHHQ  DQG 
XQLWV6XFKORZGLIIHUHQFHVLQGLFDWHWKDWWKHFRQWHQWV
RI RUJDQLF DFLGV FDUERQLF DFLG DQG FDOFLXP FDU
ERQDWH DUH FRPSDUDEOH ZLWKLQ WKH VRLOV VDPSOHV RI
WKHWKUHHVDPSOLQJVLWHV
7KHUHDUHQRKD]DUGVFRQFHUQLQJWKHWRWDOPHWDO
FRQWHQWVLQWKHVRLOVHYHQZLWKUHJDUGWRVXFKWR[LF
HOHPHQWVDV$V3ERU&G7KHLUDPRXQWVGRQRWH[
FHHGWKHSHUPLWWHGYDOXHVGHILQHGLQDUHJXODWLRQRI
WKH3ROLVK0LQLVWHURIWKH(QYLURQPHQW 2IILFLDO*D
]HWWHLWHP >@WKDWSHUWDLQVWRWKHVRLOVRI
WKH%JURXSLHWKHDUDEOHDQGIRUHVWVRLOVDQGDOVR
WKHVRLOVRIWKHEXLOWXSDQGXUEDQL]HGDUHDVEXWH[
FOXGHV WKH VRLOV RI LQGXVWULDO VLWHV 7DEOH   ,Q WKH
FDVH RI$V &R &X &U 0R 6Q DQG 1L WKHLU WRWDO
FRQWHQWVDUHVRORZWKDWGRQRWH[FHHGHYHQWKHSHU
PLWWHG YDOXHV GHILQHG IRU WKH VRLOV RI OHJDOO\ SUR
WHFWHGDUHDV JURXS$ 
7KHGHJUHHRIVRLOSROOXWLRQZDVHYDOXDWHGDF
FRUGLQJWRWKH3ROLVKFODVVLILFDWLRQVHWE\WKH,QVWL
WXWHRI6RLO6FLHQFHDQG3ODQW&XOWLYDWLRQ±6WDWH5H
VHDUFK,QVWLWXWHLQ3XáDZ\ ,81* 3RODQG >@$V
WKH VRLOV LQ TXHVWLRQ EHORQJ WR WKH OLJKW VRLOV LH
WKRVHLQZKLFKWKHFRQWHQWRIWKHJUDLQIUDFWLRQ
PPLVEHORZDQGS+LVDERYHWKHIROORZLQJ
REVHUYDWLRQVFRQVLGHU&G3E=Q&XDQG1L

,QHDFKRIWKHSDUNVWKUHHVLWHVZHUHVHOHFWHG
IURP ZKLFK WKH IROORZLQJ VDPSOH W\SHV ZHUH FRO
OHFWHG VDQG IURP VDQGER[HV ZDWHU IURP VPDOO
SRQGVUHFKDUJHGE\UDLQIDOOVVRLODQGSODQWV RYHU
JURXQGSDUWVRIFRPPRQJUDVVVSHFLHV$JURVWLVFD
SLOODULHVDQG+ROFXVODQDWXV IURPWKHLPPHGLDWHYL
FLQLW\RIWKHVDQGER[HV
7KH VDPSOHV ZHUH FROOHFWHG VWRUHG DQG DQD
O\VHG DFFRUGLQJ WR WKH 3ROLVK VWDQGDUGV 315
>@315>@DQG31(1
,62,(&>@
7KH VRLO VDPSOHV Q   NJ HDFK  ZHUH
FROOHFWHG IURP WKH QHDUVXUIDFH VHFWLRQV RI WKH VRLO
SURILOHVLHIURPDGHSWKRIFP$IWHUUHPRY
LQJ WKH JUDLQ IUDFWLRQ ! PP DQG SODQW IUDJPHQWV
WKH VRLOV ZHUH VWRUHG XQWLO DWWDLQLQJ WKHLU DLUGU\
VWDWH7KH JUDVV Q   DQG VDQG Q   VDPSOHV
ZHUHDYHUDJHGKRPRJHQL]HGDQGGULHGDW&$OO
WKUHHVROLGVDPSOHW\SHVZHUHGLVVROYHGLQDPL[WXUH
RIFRQFHQWUDWHGDFLGV +12+&O2DQG+&O WRH[
WUDFWPHWDOV7KHQWKHFRQFHQWUDWLRQVRI$V%D%H
&G&R&X&U1L0R3E6QDQG=QZHUHDVVD\HG
LQWKHVROXWLRQVZLWKDQ,&306(ODQDQDO\VHU
3HUNLQ(OPHU DWDGHWHFWLRQOLPLWRIÂPJGP

7KHDFWLYH LQ+2 DQGSRWHQWLDO LQ0.&O UH
DFWLRQ S+ RIVRLOZDVDQDO\VHGDWDUDWLRRIWKHVROLG
WROLTXLGSKDVHVRI>@

RESULTS
 &DGPLXP7KHVRLOVDUHQRWFRQWDPLQDWHG
EHFDXVHLWVFRQWHQWLQQRQHRIWKHVDPSOHVH[FHHGV
PJāNJ

7UDFH HOHPHQWV LQ VRLOV 7KH S+ YDULHG IURP
WRZKLFKFODVVLILHVWKHVRLOVLQWKHUDQJHRI
VOLJKWO\DFLGWRDONDOLQHW\SHV,QQRQHRIWKHVDPSOHV
WKHGLIIHUHQFHVEHWZHHQWKHSRWHQWLDODQGDFWLYHUH
DFWLRQH[FHHGHGS+XQLWV 7DEOH 7KHYDULDWLRQ

 /HDG1RWH[FHHGLQJPJāNJWKHTXDQ
WLWLHVFRUUHVSRQGWRWKH QDWXUDO3EVRLOFRQWHQW H[
FHSWIRUWZRVDPSOHV2QHRIWKHPZDVFROOHFWHGLQ
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DQG0XQGDáD>@7KHWKLUGJURXSRIVDPSOHVIURP
WKHSOD\LQJJURXQGVRIWKH3\FKRZLFHGLVWULFWUHSUH
VHQWWKHVRLOVLQZKLFKQRDODUPLQJPHWDODPRXQWV
KDYHEHHQIRXQG7KHPHDQFRQWHQWVRI$V&R&X
&U)H1LDQG=QDUHVLJQLILFDQWO\ORZHUWKDQWKRVH
DVVD\HGLQWKHSDUNVRLOVRIWKHRWKHUWZR&UDFRZGLV
WULFWV7KH RQO\ H[FHSWLRQV DUH &G DQG 3E VOLJKWO\
KLJKHU WKDQ WKH QDWXUDO FRQWHQWV RI WKHVH HOHPHQWV
7DEOH 

WKH -RUGDQ3DUNWKH RWKHULQ1RZD +XWD7KHLU3E
WRWDOVVOLJKWO\H[FHHGPJāNJ
 =LQF,WVFRQWHQWLVZLWKLQWKHQDWXUDO ±
PJāNJ RUHOHYDWHG ±PJāNJ UDQJHVLQWKH
VDPSOHVFROOHFWHGLQWKH-RUGDQ3DUNDQG3\FKRZLFH
ZKLOHWKH VRLOVLQ1RZD +XWDDUH VOLJKWO\FRQWDPL
QDWHGZLWK=QZKRVHFRQWHQWVH[FHHGPJāNJ
  &RSSHUDQGQLFNHO7KHLUDPRXQWVFRUUH
VSRQGWRWKRVHRIFOHDQVRLOVDQGIRUERWKHOHPHQWV
GRQRWH[FHHGPJāNJ
&RQFHUQLQJWKHDPRXQWVRI&G3EDQG=QWKH
PRVWFRQWDPLQDWHGLVVRLOLQWKH-RUGDQ3DUNORFDWHG
FORVH WR WKH EXV\ 5H\PRQWD 6WUHHW )LJ   ,WV 3E
FRQWHQW LV WZLFH ZKLOH WKH FRQWHQWV RI =Q DQG &X
HYHQWKUHHWLPHVDVKLJKDVWKRVHDVVD\HGLQVDPSOH
FROOHFWHGLQWKHSDUNFHQWHU7KHGLIIHUHQFHVUHVXOW
PRVWOLNHO\IURPWKHFRPEXVWLRQRIPRWRUIXHOVDQG
WKH XWLOL]DWLRQ ZHDU RI YHKLFOHV PRYLQJ DORQJ WKH
VWUHHWDGMDFHQWWRWKHSDUN
,QWKHQH[W&UDFRZSDUNWKHRQHORFDWHGLQWKH
LQGXVWULDO1RZD+XWDGLVWULFWWKHPHDQFRQWHQWVRI
)H3EDQG=QDUH KLJKHUWKDQWKRVH LQVRLOVRIWKH
-RUGDQ3DUN7KH PHDQ =Q VRLO FRQWHQWV DUH  WR
WLPHVKLJKHUWKDQWKRVH IURPRWKHUORFDOLWLHVRIWKH
VWXG\ 7DEOH )RULQVWDQFHWKHPHDQ=QFRQWHQWLV
PJāNJZLWKDVPDOOVSUHDGRIYDOXHVEHWZHHQ
 DQG  PJāNJ7KHVH UHVXOWV DUH FORVHO\ UH
ODWHGWRWKRVHREWDLQHGLQWKHVDPHSDUNE\6]ZDOF

7UDFHHOHPHQWVLQSODQWV0HWDOVHQWHUSODQWV
YLD WKHLU URRW V\VWHPV XSWDNH RI FDWLRQV IURP VRLO
VROXWLRQV IURPZKLFKWKH\DUHWUDQVSRUWHGWKURXJK
RXWWKHSODQWDQGDFFXPXODWHGE\WKHWLVVXHRILWVVSH
FLILFRUJDQV>@,QWKHDUHDVKLJKO\SROOXWHGSDUWLF
XODUO\ZLWKDLUSDUWLFXODWHVWKHUHLVDOVRDQRWKHUSDWK
ZD\ RI PHWDOV HQWHULQJ SODQWV ZKLFK LV IRUPHG E\
WKH VWRPDV ORFDOL]HG LQ RYHUJURXQG SODQW SDUWV
PDLQO\ OHDYHV DQG FRQLIHURXV QHHGOHV LQ ZKLFK
SK\VLFDO DGVRUSWLRQ DQG FKHPLVRUSWLRQ RI WKH FRQ
WDPLQDQWVWDNHSODFH>@
7\SLFDO JUDVV VSHFLHV JURZLQJ DURXQG VDQG
ER[HVFRQWDLQ%H&R&UDQG0RLQDPRXQWVFRUUH
VSRQGLQJ WR WKHLU QDWXUDO FRQWHQWV 7DEOH   'HIL
QLWHO\KLJKHUDUHPHWDODPRXQWVIRXQGLQWKHVDPSOHV
RIJUDVVJURZLQJFORVHUWRWUDQVSRUWDWLRQWUDFWV VDP
SOHV , ,, DQG ,,, )LJ   LQ FRPSDULVRQ ZLWK
WKRVHLQWKHVDPSOHVPRUHGLVWDQWIURPWKHUHVSHFWLYH
URDGV7KHFRQWHQWVRI$V&G1LDQG3EH[FHHGWKH
QDWXUDOYDOXHV
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$FFRUGLQJWRWKH5HJXODWLRQRIWKH0LQLVWHURI(QYLURQPHQW>@$SURWHFWHGDUHDV%RWKHUDUHDVH[FOXGLQJ
LQGXVWU\&LQGXVWULDORQHVQY±QRVSHFLILHGYDOXHV6'VWDQGDUGGHYLDWLRQ
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7$%/(
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6'VWDQGDUGGHYLDWLRQQRWFRXQWHG
7$%/(
&RQFHQWUDWLRQV>PJÂNJ@RIWUDFHHOHPHQWVLQVDQGVDW&UDFRZSOD\JURXQGV>6SULQJRI@
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,,QRVDQGSLW6'±VWDQGDUGGHYLDWLRQQRWFRXQWHG
7UDFHHOHPHQWVLQVDQGV6DQGVDPSOHVZHUH
FROOHFWHGIURPVDQGER[HVZKLFKDFFRUGLQJWRFXU
UHQW UHJXODWLRQV VKRXOG EH FOHDQHG DQG KDYH WKHLU
VDQGFKDQJHGRQDUHJXODUEDVLV7KH\VKRXOGDOVREH
VHFXUHG IURP DQLPDO DFFHVV DQG FRQWDPLQDWLRQ E\

DQLPDOH[FUHPHQWV$OOVDPSOHGVDQGER[HVKDGSHU
PDQHQWIHQFHVDQGZHUHILOOHGZLWK\HOORZPHGLXP
JUDLQHG VDQG 0HWDO FRQWHQWV RI WKH VDQGV DUH SUH
VHQWHGLQ7DEOH
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$V )H DQG =Q FRQWHQWV DUH DERXW  WLPHV
ORZHUWKDQWKRVHHVWDEOLVKHGLQWKHVRLOV
1L6Q&RDQG&GRFFXULQFRQWHQWVFRPSD
UDEOHWRWKRVHIRXQGLQVRLOV
WKHFRQWHQWVRI3EUDQJHEHWZHHQDQG
PJNJDQGDUHORZHUDWWRIURPWKRVHIRXQG
LQVRLOV
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DISCUSSION
7KHFUXFLDOTXHVWLRQRIWKLVVWXG\LHZKHWKHU
FKLOGUHQ VSHQGLQJ WKHLU WLPH RQ &UDFRZ SOD\LQJ
JURXQGVDUHDWKHDOWKULVNIURPWUDFHHOHPHQWVH[SR
VXUHKDVEHHQDQVZHUHGE\DQDO\]LQJWKHDPRXQWVRI
VSHFLILHGFRPSRQHQWV VRLOJUDVVVDQG WKDWZRXOG
KDYHWREHLQDGYHUWHQWO\VZDOORZHG E\SXWWLQJGLUW\
KDQGV LQWR WKH PRXWK ELWLQJ SODQW IUDJPHQWV RU
VSODVKLQJSRQGZDWHU 
3URYLGLQJWKDWDFKLOGVZDOORZVGDLO\PJ
RIWKHVXEVWDQFHVWHVWHG VRLOJUDVVVDQG LWKDVEHHQ
FDOFXODWHGZKHWKHUWKHDPRXQWVRIWUDFHHOHPHQWVLQ
WKLV ³GLUW´ FRXOG EH KDUPIXO 7DEOH   7KH SURYL
VLRQDO WROHUDEOH ZHHNO\ LQWDNH 37:,  YDOXHV KDYH
EHHQGHWHUPLQHGDVVXPLQJWKHZHLJKWVRIDQG
\HDUVROGFKLOGUHQWKHVHZHLJKWVDIWHUDYHUDJLQJWKH
ERG\PDVVHVRIJLUOVDQGER\V±DUHDQG
NJUHVSHFWLYHO\$VDQH[WVWHSWKHDPRXQWVRIVRLO
JUDVVDQGVDQG H[SUHVVHGLQJUDPVRIGU\PDVV WKDW
ZRXOGKDYHWREHVZDOORZHGE\DFKLOGWRH[FHHGWKH
37:,YDOXHVKDYHEHHQFDOFXODWHG$VVXPLQJWKDWD
FKLOGZLOOVZDOORZZHHNO\WKHDVVXPHGJRIWKH
³GLUW´QRQHRIWKHKD]DUGRXVGRVHVRIWKHPHWDOVZLOO
EHH[FHHGHG 7DEOH 

7UDFHHOHPHQWVLQZDWHUV6PDOOSRQGVRFFXU
LQWZRSDUNV -RUGDQ3DUNDQG1RZD+XWD 7KH\DUH
QRW RQO\ DQ DGGLWLRQDO DWWUDFWLRQ EXW LQ KRW GD\V
VSODVKLQJSODFHV IRUFKLOGUHQ DQG ZDGLQJRUVZLP
PLQJSODFHVIRUZDWHUELUGVPDLQO\ZLOGGXFNV7KH
DFWLYH UHDFWLRQ S+  PHDVXUHG LQ WKH SRQG ZDWHUV
ZDVQHXWUDO7KHLUFKHPLFDOFRPSRVLWLRQVDUHJLYHQ
LQ7DEOH:LWKUHJDUGWRWKHUHJXODWLRQRIWKH0LQ
LVWHURI+HDOWK>@FRQFHUQLQJWKHUHTXLUHPHQWVWKDW
VKRXOGEHPHWE\ZDWHULQEDWKLQJDQGVZLPPLQJID
FLOLWLHV DOO WKH SDUDPHWHUV WHVWHG DUH LQ DFFRUGDQFH
ZLWK WKH VWDQGDUG PHQWLRQHG$OVR IXOILOOHG DUH WKH
UHTXLUHPHQWVWKDWVKRXOGEHPHWLQWKHFDVHRILQODQG
ZDWHUVUHSUHVHQWLQJWKHILVKKDELWDW>@7KHXSSHU
OLPLWVRI=QDQG&XGHILQHGLQWKHUHJXODWLRQPHQ
WLRQHGKDYHQRWEHHQH[FHHGHG+RZHYHULWPXVWEH
VWUHVVHGWKDWWKH DQDO\VHVRIELRLQGLFDWRUVKDYH QRW
EHHQFDUULHGRXWDWWKLVVWDJHRILQYHVWLJDWLRQV
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,QWKHFDVHRILQWDNHVKLJKHUWKDQSURYLGHGWKH
SRWHQWLDOKD]DUGVRIPHWDOSRLVRQLQJDUHDVIROORZV
WKHPRVWGDQJHURXVRIWKHHOHPHQWVDQDO\VHG
LV3EFRQWDLQHGLQVRLOVDQGVDQGSDUWLFXODUO\IRUWKH
FKLOGUHQZLWKDORZERG\PDVV NJDQGOHVV EH
FDXVHVZDOORZLQJRQO\JZHHNO\RIVRLORUVDQG
DOUHDG\FRUUHVSRQGVWRWKH37:,GRVH
WKHVHFRQGLQWXUQIRUWKHVDPHUHDVRQLV&G
FRQWDLQHGLQVRLOV
WKHDPRXQWVRI1L=QDQG$VFRQFHQWUDWHGLQ
VRLOVDQGVDQGDUHQRWKDUPIXOWRFKLOGUHQ
$IWHU FRQVLGHULQJ WKH KDUPIXO HIIHFWV RI WKH
KHDY\PHWDOVWKHIROORZLQJUDQNLQJRIWKHHQYLURQ
PHQWDO FRPSRQHQWV KDV EHHQ REWDLQHG EHJLQQLQJ
IURPWKHSRWHQWLDOO\PRVWWR[LFRQHVRLOV!VDQG!
JUDVVHV!ZDWHUV
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thesis. Swedish University of Agricultural Sciences, Uppsala.
[4] Sidjimov, M., Metodiev, V., Mechkueva, L.,
Stankova, D., Paunova, G. And Shanova, L.
(2013) Heavy metals in sandpits and sandboxes
of public playgrounds. Journal of Balkan Ecology, 16(4), 413±416.
[5] Abrutzky, R., Ibarra, S., Matus, P., RomeroLankao, P., Pereyra, V. and Dawidowski, L.
(2013) Atmospheric pollution and mortality. A
comparative study between two Latin American
cities: Buenos Aires (Argentina) and Santiago
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and Health. 6(4), 363±380.
[6] 1LHü - %DUDQRZVND 5 ']LXbanek, G. And
Rogala, D. (2013) &KLOGUHQ¶VH[SRVXUHWRKHDY\
metals in the soils of playgrounds, sport fields,
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17, 2, 55±62, [in Polish, with English summary]
[7] Diatta, J.B. and Grzebisz, W. (2011) Simulative
evaluation of Pb, Cd, Cu, and Zn transfer to huPDQVWKHFDVHRIUHFUHDWLRQDOSDUNVLQ3R]QDĔ
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[8] *ąVLRUHN, M. (2011) Heavy metals in soils of
Henryk Jordan Park in Cracow. Ecological
Chemistry and Engineering. 18(5±6), 697±702.
[9] Jasiewicz, C., Baran, A. and Antonkiewicz, J.
(2009) Assessment of chemical composition
and sanitary state of sand in selected sandboxes
in Cracow. Journal Elementology. 14, 1, 79±90.
[10] Szwalec, A. and Mundala, P. (2012) Contents of
Cd, Pb, Zn and Cu in soil of selected parks of
city of Cracow. Environmental Protection and
Natural Resources, 53, 63±72, [in Polish, with
English summary]
[11] Narin, I., Soylak, M. and Dogan, M. (1997)
Traffic pollution in Nigde-Türkiye: Investigation of trace element contents of soil samples.
Fresen. Environ. Bull. 6, 749-752.
[12] PN-R-04031:1997. (1997) Regulation of the
Minister of the Agriculture. Polish Standard.
Agricultural chemical analysis of the soil ±
Sampling.
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calibration laboratories.
[15] PN-ISO 10390:1997. (1997) Soil quality and pH
determination.

CONCLUSIONS
7KH FRPSRQHQWV LH VRLOV VDQG SODQWV DQG
SRQGZDWHUVVDPSOHGLQ&UDFRZSDUNVDQGFKLOGUHQ
SOD\JURXQGVGRQRWFRQWDLQKLJKDPRXQWVRIKHDY\
PHWDOVWKDWZRXOGEHKDUPIXOIRUFKLOGUHQKHDOWKRU
OLIH
0RVWFRQWDPLQDWHGDUH WKH VDPSOHVORFDWHGDW
WKH FORVHVW GLVWDQFH IURP PDMRU WUDQVSRUW WUDFWV
7KHUHIRUH LW LV UHFRPPHQGHG WR SODFH WKH SOD\
JURXQGV LQ WKH SDUN FHQWHUV DQG SURWHFW WKHP ZLWK
KLJK DQG GHQVH KHGJHURZV %DVHG RQ WKH UHVXOWV D
FRQFOXVLRQ FDQ EH GHULYHG WKDW VZDOORZLQJ VPDOO
DPRXQWVRIVDQGVRLORUSODQWVE\WKHSOD\LQJFKLO
GUHQLVQRWGDQJHURXVDQGVKRXOGQRWEHDUHDVRQRI
KHDOWKFRQFHUQ
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&DQDNNDOH2QVHNL]0DUW8QLYHUVLW\9RFDWLRQDO6FKRRORI2FHDQ(QJLQHHULQJ&DQDNNDOH7XUNH\

.DWLS&HOHEL8QLYHUVLW\)DFXOW\RI)LVKHULHV&LJOL,]PLU7XUNH\

$NGHQL]8QLYHUVLW\)DFXOW\RI$TXDWLF6FLHQFHVDQG)LVKHULHV$QWDO\D7XUNH\

'RNX](\OXO8QLYHUVLW\)DFXOW\RI6FLHQFH7ÕQD]WHSH,]PLU7XUNH\

WKH)ORULGDFRDVWV7KHVHHIIRUWVEHJDQLQWKHV
LQ DQ DWWHPSW WR IRUP DUWLILFLDO KDELWDWV IRU PDULQH
OLIHDQGPRUHUHFHQWO\WRSURPRWHUHFUHDWLRQDOGLY
LQJDFWLYLWLHV$QDLUFUDIWFDUULHUDQGDWUDQVSRUWVKLS
NQRZQDVWKHILUVWODUJHVWVKLSZUHFNUHHILQWKHZRUOG
ORFDWHGDWDERXWPHWHUVGHSWKEHORZWKHVXUIDFH
KDYH EHHQ XQGHU PRQLWRULQJ SURJUDPV HYHU VLQFH
WKH\ZHUHVHWWOHG>@7RGDWH$XVWUDOLDKDVVXQN
VL[VKLSVVSHFLILFDOO\DV$5VWRVWXG\WKHPIRUVFLHQ
WLILFSXUSRVHV
:LWKLQWZHOYHPRQWKVDIWHUWKHVLQNLQJRIWKH
+06 $GHODLGH LQ   PDULQH VSHFLHV ZHUH
FRXQWHGDURXQGWKHZUHFNDJH>@6LQFHWKHV
DIWHUWKHSLRQHHULQJZRUNLQ0RQDFRUHHIUHVHDUFKHV
KDV EHHQ SHUIRUPHG LQ PDQ\ (XURSHDQ FRXQWULHV
$ORQJ WKH (XURSHDQ FRDVWOLQHV LQVWLWXWLRQV KDYH
VWDUWHG QXPHURXV LQWHUQDWLRQDO SURMHFWV WR LPSURYH
DUWLILFLDOUHHIV±WRGDWHUHHIVLWHVKDYHEHHQFUH
DWHG>@6LQFHDORQJWKHFRDVWVRI7XUNH\
VFUDSYHKLFOHV DLUSODQHZDUFUDIWVPLOLWDU\
VKLSVDQGZRRGHQERDW KDYHEHHQVXQNDWYDU\LQJ
GHSWKV WRPHWUHVGHHS DQGYDULRXVUHHIVVXS
SRUWHG ZLWK FRQFUHWH ZHUH IXOILOOHG RQH RI ZKLFK
ZDVODWHO\FUHDWHGLQ%R]FDDGD,VODQGWRHQVXUHWKH
FRQVHUYDWLRQRIPDULQHUHVRXUFHVDQGSURPRWHUHFUH
DWLRQDOGLYLQJWRXULVP>@
6LQFHVKLSZUHFNVFRQVWLWXWHKDUGVXEVWUDWHVIRU
VKHOWHULQJWRDYDULHW\RIEHQWKLFLQYHUWHEUDWHVVXFK
DVFRUDOVVSRQJHVWXQLFDWHVHFKLQRGHUPVEU\R]R
DQV DQG DOJDH7KHVH VLWHV KDYH DOVR EHHQ D UHIXJH
DUHD IRU PDQ\ NLQG RI FUXVWDFHDQ DQG PROOXVFDQV
6KLSZUHFNHFRV\VWHPVDOVRDFWDVDEUHHGLQJDQGOLY
LQJ DUHD ZKLFK DWWUDFW PDQ\ GLIIHUHQW NLQG RI ILVK
VSHFLHVGXHWRWKHLUFDYHUQRXVVSDFHVZLWKPLOGFXU
UHQWV 'XH WR WKHVH IDFWRUV WKH ELRORJLFDO GLYHUVLW\
RQZUHFNVLVPXFKJUHDWHUWKDQLQRWKHUPDULQHDUHDV
>@7KHJUHDWQXPEHUVRIVSHFLHVDURXQGWKHVHVLWHV
LVQRWDFRLQFLGHQFH±WKLVKDVEHHQGLVFXVVHGLQVHY
HUDO UHFHQW SXEOLFDWLRQV >@ ,Q WKLV VWXG\ ZH
VWXGLHGWKHFRPSRVLWLRQDQGGLVWULEXWLRQRIWKHIDXQD
DQG IORUD RQ WKUHH VKLSZUHFNV O\LQJ DW GLIIHUHQW
GHSWKVK\SRWKHVL]LQJWKDWHDFK ZUHFN¶VKDELWDWHI
IHFWVWKHELRGLYHUVLW\DURXQGLWFRPSDUHGWRRWKHUDU
HDV

$%675$&7
,QWKLVVWXG\PDFURDTXDWLFELRWDLQKDELWLQJRQ
WKUHH GLIIHUHQW VKLSZUHFNV LQ WKH dDQDNNDOH 6WUDLW
ZHUH LQYHVWLJDWHG GXULQJ WKH ZLQWHU RI 
DQG WKH VXPPHU RI  1RY 6HS
 2QHRIWKHVKLSZUHFNVLVVWURQJO\GRPLQDWHG
E\JRUJRQLDQFRUDOVZKLOHRWKHUVKDGRQO\DYDULHW\
RIDOJDHDQGILVKDQWKR]RDQVHFKLQRGHUPWX
QLFDWHILVKDQGPDFURDOJDHVSHFLHVZHUH GH
WHUPLQHG 9LVXDO FHQVXV WHFKQLTXHV ZHUH XVHG IRU
HYDOXDWLRQ RI ILVK DVVHPEODJHV DURXQG WKH VLWHV
%DVHG RQ IDXQDO FKDUDFWHULVWLFV WKH VKLSZUHFNV
FRXOGEHFODVVLILHGDVWKUHHGLIIHUHQWJURXSV
.(<:25'6
)LVKPDFURDOJDHFRUDOVFLHQWLILFGLYH&DQDNNDOH6WUDLW
7XUNH\

,1752'8&7,21
6KLSZUHFNVDUHNQRZQDVWKHVXLWDEOHOLYLQJDU
HDVIRUPDQ\PDULQHDQLPDOV%HFDXVHRIWKHVSHFLILF
FKDUDFWHULVWLF RI KDUGVWUXFWXUHG YHVVHOV WKH\ KDYH
IUHTXHQWO\EHHQXVHGWREXLOGDUWLILFLDOUHHIV $5 LQ
PDQ\FRXQWULHVDURXQGWKHZRUOG7KXVILVKKDELWDWV
KDYHEHHQFUHDWHGHFRV\VWHPVKDYHUHWXUQHGWRWKHLU
IRUPHUQDWXUDOFRQGLWLRQILVKLQJKDVEHHQHQKDQFHG
DQGUHFUHDWLRQDOGLYLQJKDVEHHQHQFRXUDJHG >@
)RU VXFK UHDVRQV ORFDO DQG LQWHUQDWLRQDO VFLHQWLILF
VWXGLHV RQ PDULQH ELRGLYHUVLW\ LQ DQG DURXQG VKLS
ZUHFNV WKRVH ZKLFK VXQN DFFLGHQWDOO\ DQG RWKHUV
VXEPHUJHGGHOLEHUDWHO\KDYHEHHQFDUULHGRXW>@
$IWHUSLRQHHULQJHIIRUWVLQ-DSDQWKH86$DQG(X
URSHLQWKHODWHVWRVGXULQJWKHSDVWIRUW\
\HDUVUHVHDUFKDQGSURMHFWHIIRUWVDERXWWKHIORUDDQG
IDXQDDURXQGDUWLILFLDOUHHIVKDYHUHVXOWHGLQDJUHDW
LQFUHDVH>@
7KH86$ZLWKLWVORQJKLVWRU\LQDUWLILFLDOUHHI
VFLHQFH KDV LQWHQWLRQDOO\ VXEPHUJHG DERXW 
VKLSVDUP\YHKLFOHV\DFKWVIHUU\ERDWVDUP\WDQNV
IUHLJKWHUV DLUSODQHV ERDWV DQG WXJERDWV PRVWO\ LQ
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),*85(
0DSRIWKHDUHDDQGORFDWLRQVRIWKH&DSWDLQ)UDQFR &) WRUSHGRERDW 7% DQG0HVXGL\H 0 
7$%/(
%DVLFLQIRUPDWLRQRIWKHWKUHHVKLSZUHFNVLQWKH'DUGDQHOOHV dDQDNNDOH6WUDLW 
:UHFN1DPH

'LVWDQFHWRWKHFRDVW
P

'HSWK
P

&DSWDLQ)UDQFR





7RUSHGR%RDW





0HVXGL\H





6SHFLHV
&RPSRVLWLRQ
$QWKR]RDQ
3LVFHV
$OJDH
3LVFHV
$OJDH
3LVFHV
$OJDH

&XUUHQW6WDWXV
6XUIDFHNQRW

'DWHVXEPHUJHG













0HVXGL\H 0  ¶´1 ¶´( 
OLHV  PHWHUV GHHS DQG LV UHODWLYHO\ IDU IURP WKH
VKRUHOLQHFRPSDUHGWRWKHRWKHUVKLSZUHFNV
'XULQJ WKH VWXG\ SHULRG  VFLHQWLILF 6FXED
DQG WHFKQLFDO GLYHV ZHUH SHUIRUPHG DW OHDVW WHQ
GLYHVDWHDFKZUHFN DQGPDULQHVSHFLHVZHUHUHF
RUGHG 7DEOH)LJXUH 0DFURDOJDHDQGLQYHUWH
EUDWHVDPSOHVZHUHFDUHIXOO\FROOHFWHGPDQXDOO\E\
GLYHUVWUDLQHGLQVFLHQWLILFGLYLQJIURPWKHFDULQSDUWV
RIWKHZUHFNV$OJDHVSHFLPHQVZHUHWUDQVIHUUHGWR
WKHODERUDWRU\LQIRUPDOGHK\GHVROXWLRQ&RUDOV
DQGRWKHULQYHUWHEUDWHV ZHUH VRDNHGLQDOFRKRO
VROXWLRQDQGWKHQWUDQVIHUUHG2O\PSXV%;OLJKW
PLFURVFRSHVZHUHXVHGWRLGHQWLI\DOJDH,QVSHFLI\
LQJ WKH SK\FRORJLFDO WD[RQ EDVLF UHIHUHQFHV DERXW
UHOHYDQWVSHFLHVLQKDELWLQJWKHdDQDNNDOH6WUDLWDQG
LWVDVVRFLDWHGDUHDVZHUHILUVWH[DPLQHG>@)RU
KDUGFRUDOLGHQWLILFDWLRQVSHFLPHQVZHUHILUVWULQVHG
ZLWKIUHVKZDWHUDQGZHUHWKHQVRDNHGLQ1D&O2
VROXWLRQ IRU WKUHH GD\V $IWHU WKLV SURFHGXUH WKH
FRUDOVNHOHWRQVZHUHH[DPLQHGZLWK=HLVVVWHPL
VWHUHR PLFURVFRSH  >@ 6RIW FRUDOV FDUULHG LQ
VHDZDWHUWRWKHODERUDWRU\ZHUHVLPLODUO\HYDOXDWHG
DFFRUGLQJWRWKHUHIHUHQFH>@
7KH YLVXDOFHQVXVWHFKQLTXH ZDVXVHGIRUGH
WHUPLQLQJWKHILVKDVVHPEODJHV$QXQGHUZDWHUYLGHR
FDPHUD ZDV DOVR XVHG WR SUHYHQW PLVWDNHV LQ ILVK

0$7(5,$/6$1'0(7+2'6
7KHPDFURELRWDRIWKUHHVKLSZUHFNVZDVLQYHV
WLJDWHGGXULQJDQGLQWKH'DU
GDQHOOHV dDQDNNDOH6WUDLW  )LJXUH 'HWDLOVDERXW
WKHZUHFNVDUHJLYHQLQ7DEOH
&DSWDLQ )UDQFR &)  ¶´1
¶´( LVORFDWHGPHWHUVEHORZWKHVHDVXU
IDFH GHHSHU WKDQ WKH RWKHU WZR ZUHFNV  7KH VLWH
DURXQGLWLVDVDQG\VHDEHGZLWKQRURFN\RUJUDYHOO\
KDELWDWV VXUURXQGV 7KH VHD ERWWRP VORSH GHHSHQV
JUDGXDOO\DIWHUPHWHUVGHSWKWRPZKLOHWKHIRO
ORZLQJSDUWDIWHUKHUHJHWVGHHSPXFKVWHHSO\GRZQ
DWDGHJUHHDQJOHWRWKHGHSWKRIP$OWKRXJK
WKHUHLVDFRQVWDQWFXUUHQWRQWKHVXUIDFHWKHJURXQG
LVYHU\PLOG6LQFHWKHZUHFNLVWKHROGHUWKDQRWKHUV
FXUUHQWVWDWHRIWKHPDFURELRWDFDQHDVLO\EHGLVWLQ
JXLVKHGLQVLWX
7RUSHGR ERDW
7% 
¶´1
¶´( OLHVPGHHSZLWKLWVFDELQRQO\
PHWHUVEHORZWKHVXUIDFH±LWFDQHDVLO\EHVHHQIURP
WKHVXUIDFH%HFDXVHRILWVSUR[LPLW\WRWKHFRDVWDQG
VKDOORZGHSWKLWVULFKQHVVLQVSHFLHVLVJUHDWHUWKDQ
WKDWRIWKHRWKHUVKLSZUHFNV
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FRXQWLQJ(DFKWUDQVHFWGLYHZDVPLQXWHVLQGX
UDWLRQ IRU WKH 7% DQG 0 VKLSZUHFNV EXW RQO\ 
PLQXWHVIRU&)GXHWRLWVGHHSORFDWLRQ$OOVSHFLHV
REVHUYHGDURXQGWKHZUHFNVZHUHUHFRUGHGE\GLYHUV
WUDLQHGLQVFLHQWLILFLGHQWLILFDWLRQRIILVKDQGLQYHU
WHEUDWHV&RXQWVZHUHGRQHDWWKHVDPHKRXUVRIWKH
GD\RYHUWKHFRXUVHRIVHYHUDOPRQWKVLQ
DQG>@
0RQLWRULQJ GLYHV ZHUH DSSOLHG DW GLIIHUHQW
WLPHVIRUREWDLQLQJWKHDFFXUDWHGLYHUVLW\LQRUGHUWR
HQFRXQWHUYDULRXVILVKVSHFLHV7KHH[DFWQXPEHURI
ILVK VSHFLHV ZDV GHWHUPLQHG DIWHU FRXQWLQJ WKH UH
VXOWVRIVXUYH\GLYHV
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FORVH WR SUHVHQW FXUUHQW V\VWHP PDQ\ ILVK VSHFLHV
LGHQWLILHG DV YLVLWRU WHPSRUDU\ RU QDWLYH JDWKHU
DURXQGLW3K\FRORJLFDOO\LQWHUPVRIWKHPDFURDOJDH
WD[RQEHORQJLQJWRIRXUGLYLVLRQVZHUHLGHQWLILHG
7DEOH 
%\VLPLODULW\DQDO\VLVWKHGLVWULEXWLRQRIVSH
FLHVEHORQJLQJWR&RQJULGDHDQG/DEULGDHZDVPRVW
VLPLODUWR6FLDHQLGDH  1XPEHUVRI6SDULGDH
6HUUDQLGDH *RELLGDH DQG 3RPDWRPLGDH VSHFLHV
ZHUHFRQIRUPDEOH  LQQXPEHUDURXQGWKHWKUHH
VKLSZUHFNV
,Q WKH VDPH ZD\ QXPEHUV RI WKH RWKHU QLQH
IDPLOLHV 0XJLOLGDH 6FRUSDHQLGDH 7UDFKLQLGDH
&HQWUDFDQWKLGDH %HORQLGDH 0XOOLGDH 7ULJOLGDH
6\QJQDWKLGDHDQG3OHXURQHFWLGDH ZHUHPRVWVLPLODU
 WRHDFKRWKHU:HK\SRWKHVL]HWKDWWKHGLVVLP
LODULW\DPRQJWKHVHQLQHIDPLOLHVRULJLQDWHGIURPWKH
YDULHW\RIVSHFLHVREVHUYHGDURXQGWKH7%VLWH7KH
7%VLWHKDGDFOHDUGLVWLQFWQHVVLQWHUPVRILWVULFK
QHVVRIILVK7KHXQXVXDOGLVWULEXWLRQRI ILVKDW&)
ZDVDOVRVWDWLVWLFDOO\GLIIHUHQWFRPSDUHGWRWKHRWKHU
VKLSZUHFNV 7KH VSHFLHV EHORQJLQJ WR &DUDQJLGDH
DURXQGWKLVZUHFNRQO\DOVRVKRZHGDGLVSDULW\LQGL
YHUVLW\FRPSDUHGWRWKHRWKHUZUHFNVLWHV$OWKRXJK
VRPH VLPLODULWLHV ZHUH VHHQ EHWZHHQ WKH ZUHFNV
TXLWHDIHZGLIIHUHQFHVRFFXUUHGLQWHUPVRIILVKVSH
FLHV7KH ILVKWD[RQVDFFRUGLQJWRWKHLUIDPLO\ IHD
WXUHVDUHJLYHQLQ)LJXUH

5(68/76$1'',6&866,21
2YHU WKH FRXUVH RI WKH VFLHQWLILF GLYHV 
ILVKHVEHORQJLQJWRIDPLOLHVZHUHFRXQWHGDURXQG
WKHZUHFNVLWHV7KHWKUHHIDPLOLHV6HUUDQLGDH/DE
ULGDHDQG6SDULGDHZHUHWKHPDLQIDPLOLHVREVHUYHG
DURXQG 7% $OWKRXJK 0HVXGL\H OLHV DW D VLPLODU
GHSWK WR7% WKH GLYHUVLW\ DQG QXPEHUV RI ILVK DV
VHPEODJHV DURXQG 0 ZHUH PXFK OHVV WKDQ DURXQG
7%:HWKLQNWKDWWKLVIHDWXUHLVGLUHFWO\OLQNHGWRWKH
ZUHFNORFDWLRQLQWKHFHQWUDODUHDRIWKHVWUDLW6LQFH
WKHZUHFNVLWHRI7%LVSODFHGLQWKHFHQWUDODQGDOVR

),*85(
*HQHUDOYLHZRIWKHVKLSZUHFNV$%&DSWDLQ)UDQFR
7$%/(
6SHFLHVREVHUYHGDWWKHWKUHHVKLSZUHFNVLWHV
76$WRWDOVSUHDGLQJDUHD P 126QXPEHURIVSHFLPHQV 
7D[RQ
&QLGDULD P
&DOOLDFWLVSDUDVLWLFD9HUULOO
3DUDPXULFHDFODYDWD5LVVR
3DUD]RDQWKXVD[LQHOOD6FKPLGW
&DU\RSK\OOLDVPLWKLL6WRNHV %URGHULS
&DU\RSK\OOLDLQRUQDWD'XQFDQ
0ROOXVFD P
0\WLOXVJDOORSURYLQFLDOLV/DPDUFN
(FKLQRGHUPDWD P
&HQWURVWHSKDQXVORQJLVSLQXV3KLOLSSL
+RORWKXULDSROLL'HOOH&KLDMH
3DUDFHQWURWXVOLYLGXV/DPDUFN
0DUWKDVWHULDVJODFLDOLV/LQQDHXV
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$VWHULDVUXEHQV/LQQDHXV
7D[RQ
7XQLFDWD P
+DORF\QWKLDSDSLOORVD/LQQDHXV
$OJDH
$QDG\RPHQHVWHOODWD :XOIHQ &$JDUGK
$QWLWKDPQLRQFUXFLDWXP&$JDUGK
$VSDUDJRVLVDUPDWD +DUYH\
%DQJLDDWURSXUSXUHD 0HUWHQVH[5RWK &$JDUGK
&DOOLWKDPQLRQFRU\PERVXP 6PLWK /\QJE\H
&HUDPLXPGLDSKDQXP /LJKWIRRW 5RWK
&KURRGDFW\ORQRUQDWXP &$JDUGK %DVVRQ
&ODGRSKRUDUXSHVWULV /LQQDHXV .W]LQJ
&RGLXPEXUVD 2OLYL &$JDUGK
&RGLXPIUDJLOH 6XULQJDU +DULRW
&RODFRQHPDFRGLFROD %¡UJHVHQ 6WHJHQJD--%ROWRQ 5-$QGHUVRQ
'DV\DULJLGXOD .W]LQJ $UGLVVRQH
'LFW\RWDGLFKRWRPD +XGVRQ -9/DPRXURX[
(FWRFDUSXVVLOLFXORVXV 'LOOZ\Q /\QJE\H
(U\WKURWULFKLDFDUQHD 'LOOZ\Q -$JDUGK
*ULIILWKVLDRSXQWLRLGHV -$JDUGK
+DORSWHULVILOLFLQD *UDWHORXS .W]LQJ
+HUSRVLSKRQLDVHFXQGD &$JDUGK $PEURQQ
/\QJE\DVRUGLGD *RPRQW
1HRVLSKRQLDVHUWXODULRLGHV *UDWHORXS -$JDUGK
1HUHLDILOLIRUPLV -$JDUGK =DQDUGLQL
3HGREHVLDVLPSOH[ 0HQHJKLQLH[.W]LQJ 0-:\QQH )/HOLDHUW
3K\OORSKRUDFULVSD +XGVRQ 36'L[RQ
3\ODLHOODOLWWRUDOLV /LQQDHXV .MHOOPDQ
5DGLFLOLQJXDWK\VDQRUKL]DQV +ROPHV 3DSHQIXVV
5KL]RFORQLXPULSDULXP 5RWK +DUYH\
6DKOLQJLDVXELQWHJUD 5RVHQYLQJH .RUQPDQQ
6SKDFHODULDFLUURVD 5RWK &$JDUGK
6W\ORQHPDDOVLGLL =DQDUGLQL .0'UHZ
8OYDULJLGD &$JDUGK
9DORQLDPDFURSK\VD .W]LQJ
3LVFHV 1RV
$QWKLDVDQWKLDV/LQQDHXV
%HORQHEHORQH/LQQDHXV
%RRSVERRSV/LQQDHXV
&KHOLGRQLFKWK\VODVWRYL]D/LQQDHXV
&KURPLVFKURPLV/LQQDHXV
&RULVMXOLV/LQQDHXV
&RQJHUFRQJHU/LQQDHXV
'LSORGXVDQQXODULV/LQQDHXV
'LSORGXVSXQWD]]R:DOEDXP
'LSORGXVVDUJXV/LQQDHXV
'LSORGXVYXOJDULV*HRIIUR\6W+LODLUH
*RELXVDXUDWXV5LVVR
*RELXVFUXHQWDWXV*PHOLQ
/DEUXVPHUXOD/LQQDHXV
/LFKLDDPLD/LQQDHXV
0DHQDVPDULV/LQQDHXV
0XJLOFHSKDOXV/LQQDHXV
0XOOXVEDUEDWXV/LQQDHXV
0XOOXVVXUPXOHWXV/LQQDHXV
2EODGDPHODQXUD/LQQDHXV
3ODWLFKWK\VIOHVXVOXVFXV
6FLDHQDXPEUD/LQQDHXV
6FLDHQDFLUURVD/LQQDHXV
6FRUSDHQDSRUFXV/LQQDHXV
6FRUSDHQDVFURID/LQQDHXV
6HUUDQXVKHSDWXV/LQQDHXV
6HUUDQXVFDEULOOD/LQQDHXV
6HUUDQXVVFULED/LQQDHXV
6\QJQDWKXVDFXV/LQQDHXV
6\PSKRGXVWLQFD/LQQDHXV
6\PSKRGXVFLQHUHXV/LQQDHXV
6\PSKRGXVURVWUDWXV/LQQDHXV
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1RWH,IDVSHFLHVZDVREVHUYHGLQPRUHWKDQRQHZUHFNWKHQXPEHURIVSHFLPHQ 126 UHSUHVHQWHGWKHKLJKHVW
QXPEHURIVSHFLHV
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),*85(
7KHGHQGRJUDPRIILVKVSHFLHVIRXQGDWWKHWKUHHVKLSZUHFNVDFFRUGLQJWRWKHLUIDPLO\IHDWXUHV
%UD\&XUWLVPHDVXUHPHQW 
  2YHUYLHZ RQ DUWLILFLDO UHHIV LQ (XURSH
%UD]LOLDQ -RXUQDO RI 2FHDQRJUDSK\  

[3] )$2   $UWLILFLDO 5HHIV KWWSZZZIDR
RUJILVKHU\WRSLFHQ
[4] $UQROG -% *RORER\ -/ +DOO $: +DOO
5$ DQG 6KLYHO\ -'   7H[DV  /LEHUW\
6KLSVIURPZRUOGZDU,,ZRUNLQJFODVVKHURHVWR
DUWLILFLDOUHHIV%XOOHWLQQR7H[DV3DUNDQG
:LOGOLIH 'HSDUWPHQW &RDVWDO )LVKHULHV 'LYL
VLRQ7H[DV
[5] -HQVHQ $   $UWLILFLDO 5HHIV RI (XURSH
SHUVSHFWLYHDQGIXWXUH,&(6-RXUQDORI0DULQH
6FLHQFH66
[6] /XNHQV55DQG6HOEHUJ&  *XLGHOLQHV
IRUPDULQHDUWLILFLDOUHHIPDWHULDOV6HFRQG(GL
WLRQS
[7] $UHQD 37 -RUGDQ /.% DQG 6SLHOHU 5(
 )LVKDVVHPEODJHVRQVXNHQ YHVVHOVDQG
QDWXUDOUHHIVLQVRXWKHDVW)ORULGD86$+\GUR
ELRORJLD
[8] )XNXQDJD $ DQG %DLOH\%URFN -+  
%HQWKLFLQIDXQDOFRPPXQLWLHVDURXQGWZRDUWL
ILFLDOUHHIVLQ0DPDOD%D\2DKX+DZDL0DU
(QYLURQ5HV
[9] &&$5&   &DQDGLDQ$UWLILFLDO 5HHI &RQ
VXOWLQJ 3URMHFWV KWWSZZZDUWLILFLDOUHHIVQHW
3URMHFWVSURMHFWVKWPO
[10] 1DNDPDH$  $UWLILFLDO5HHI3URMHFWVLQ
-DSDQ6\PSRVLXPRQ$UWLILFLDO5HHIVDQG)LVK
$JJUHJDWLQJ'HYLFHVDV7RROVIRUWKH0DQDJH
PHQWDQG(QKDQFHPHQWRI0DULQH )LVKHU\5H
VRXUFHV0D\&RORPER6UL/DQND
[11] 6HDPDQ-U:DQG6SUDJXH/0  $UWLIL
FLDOKDELWDWVIRU0DULQHDQG)UHVKZDWHU)LVKHU
LHV$FDGHPLF3UHVSS

CONCLUSION
6KLSZUHFNVDVDUWLILFLDOUHHIVLWHVLQWKHVHDV
DQG RFHDQV DUH KRPH WR PDQ\ PDULQH VSHFLHV DQG
FRQVLGHUHG DV D ELRGLYHUVLW\ KRWVSRW HVSHFLDOO\ IRU
LQYHUWHEUDWHFRPPXQLWLHVVXFKDVVSRQJHFRUDOWX
QLFDWH DQG HFKLQRGHUP 7RGD\ VHD VSRQJHV KDYH
EHHQRQHRIWKHPRVWVWXGLHGJURXSVRILQYHUWHEUDWHV
EHFDXVHRIWKHLUYDOXHLQDTXDFXOWXUHHFRWR[LFRORJ\
ELRWHFKQRORJ\FKHPLVWU\DQGJHQHWLFV,QWKLVVWXG\
&DSWDLQ )UDQFR ZUHFN FRQVWLWXWH DQ LPSRUWDQW NH\
KDELWDW IRU VSRQJH GLYHUVLW\ HVSHFLDOO\ LQ GHHSHU
GHSWKVRIWKHVLWH6LQFHWKHH[LVWHQFHRIGHQVHSRS
XODWLRQVRIVSHFLHVLQ&)LWLVVWURQJO\VXJJHVWHGWR
PDNHDGYDQFHGUHVHDUFKRQVSRQJHWD[RQRP\HFRO
RJ\DQGGHPRJUDSK\LQWKHIXWXUH

ACKNOWLEDGEMENTS
:H ZRXOG OLNH WR WKDQN WR .DPLO (PUH %DUÕú
DQG0DOLN6HOHNPDVWHUVWXGHQWV&208DQG.&8
IRUWKHLUYDOXDEOHVXSSRUWRQWKHERDWDQGXQGHUZD
WHU GXULQJ HYHQ WKH FROG ZLQWHU VHDVRQV GXULQJ WKH
ILHOGVXUYH\V
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ANTIMICROBIAL ACTIVITY OF QUERCUS ROBUR L.
(ACORN)
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needs. In almost all the traditional medical systems,
the medicinal plants play a major role and constitute their backbone. More than 30% of the entire
plant species, at one time or other, were used for
medicinal purposes. It is estimated that world market for plant derived drugs may account for about
Rs.2,00,000 crores [3]. The traditional Turkish folk
medicine has a history of thousands of traditional
folk pharmaceuticals has occurred because of the
useage of various herbs and animal products in
making drug. That kind of patient healing techniques and drug making applications, have reached
until now with the traditional ways of transmission
years [4]. Many research have been surveyed traditional drugs used in Turkey and the remedies obtained from plant species are determined with their
names, used parts tradiotanal usages [5-8]. In recent
years, Ministry of Health in Turkey has carried out
an effective antibiotic stewardship programme to
stop unnecessary antibiotic useage. Therefore, it is
a need to develop alternative antimicrobial drugs
for the treatment of infectious diseases from various
sources such as medicinal plants [9]. The aim of
this study was to evaluate the antimicrobial activity
of extracts of Quercus robur L. (acorn) against
some medically important microorganisms.

ABSTRACT
In spite of great advances of modern scientific
medicine, medicinal plants still make an important
contribution to health care and they are form of
treating diseases of majority of people in the world.
The aim of this study was to evaluate the antimicrobial activity of extracts of Quercus robur L.
(acorn) against some medically important microorganisms. Extracts of Q. robur L. (acorn) plant
which was purchased from spice shop in the EygpWLDQ %D]]DU 0ÕVÕU dDUúÕVÕ  ,VWDQEXO-Turkey, were
prepared with methanol, ethanol, acetone, acetonitrile, petrolether, 0.25 M Tris HCl, chloroform,
aqueous and were evaluated for activity against
medically important microorganism such as Staphylococcus aureus ATCC 6538, Escherichia coli
ATCC 25922, Enterococcus faecalis ATCC 29212,
Pseudomonas aeroginosa ATCC 15442, Candida
albicans ATCC 10231, Listeria monocytogenes
ATCC 7644, Bacillus cereus RSKK 1122. The
invitro antimicrobial activity was performed by
agar well diffusion method and disc diffusion
method. As a result of this study, it was found that
methanol, ethanol, aqueous, acetone, acetonitrile,
chloroform extracts showed antimicrobial activity
at different levels while petrolether and 0.25 M Tris
HCl did not exert any antimicrobial activity on
tested microorganisms.

MATERIALS AND METHODS
Material. The plant powder which was sold
as Quercus robur L. was purchased form spice shop
LQ WKH (\JSWLDQ %D]]DU 0ÕVÕU dDUúÕVÕ  ± Eminönü,
Istanbul-Turkey.

KEYWORDS:
Agar well diffusion method, Antimicrobial activity, Disc
diffusion method, Plant, Quercus robur L.

Test organisms. S. aureus ATCC 6538, E.
coli ATCC 25922, E. faecalis ATCC 29212, P.
aeroginosa ATCC 15442, C. albicans ATCC
10231, L. monocytogenes ATCC 7644, B. cereus
RSKK 1122 used in our study was obtained from
Culture Collections of the Refik Saydam National
Public Health Agency.

INTRODUCTION
The term of medicinal plants include various
types of plants used in herbalism and some of these
plants have medicinal activities. In spite of great
advances of modern scientific medicine, application
of medicinal plants known as traditional medicine
is still the primary form of treating diseases of majority of people in the world [1]. According to Dey
et al. [2]; The World Health Organisation (WHO)
estimates that about 80% of the population living in
the developing countries rely almost exclusively on
traditional medicine for their primary healthcare

Methods. Preparation of plant extracts. In
this study, the method described by Dülger et al.
[10] was used. The solvent extractions were done
by dissolving 15 g of powder in soxhlet apparatus
(Buchi) with methanol, ethanol, acetone, acetonitrile, petrolether, 0.25 M Tris HCl, chloroform and
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aqueous (150 mL) separately for 12 h. The extracts
were stored at 4 °C for further antimicrobial study.

eter of inhibitory zones formed around each discs
were measured (mm) and recorded [10]. Also, these
microorganisms were tested for their sensitvity
against the standard antibiotics, ciprofloxacin (CIP)
(5 mcg), ofloxacin (OFX) (5 mcg), netilmicin
(NET) (30 mcg) by the same method.

Preparation of test organisms. S. aureus
ATCC 6538, E. coli ATCC 25922, E. faecalis
ATCC 29212, P. aeroginosa ATCC 15442, L.
monocytogenes ATCC 7644, B. cereus RSKK 1122
were grown in Brain Heart Infusion Broth (Oxoid)
at 35 ± 2 °C for 24 h. C. albicans ATCC 10231 was
cultured in Malt Extract Broth (Difco) at 30 ± 1 °C
for 24 h.

Assay of antimicrobial activity using agar
well diffusion method. The inhibitory effects of
extracts on test organisms were also determined by
agar-well diffusion method [11]. All the organisms
were incubated at the appropriate temperature and
medium for 24 h. Muller Hinton Agar media (20
mL) were poured into each sterile petri dish (100
mm diameter). 100 μL suspensions of target strain
cultured for 24 h were spread on the plates, and
wells of 6 mm diameter were punched in the agar
with a sterile steel borer. The extracts (100 μL)
were filled into the wells of agar plates directly.
The inoculated plates were incubated for 24 h at
their optimum growth temperatures, and the diameter of the inhibition zone was measured with calipers as mm. The measurements were done from the
edge of the zone to the edge of the wall.

Antimicrobial sensitvity testing using disc
diffusion method. The 15 mL of Muller Hinton
Agar (Difco) was poured into petri dishes. The
fresh culture were adjusted to 0.5 Mac Farland
turbidometry and 100 μL of these samples were set
on the dishes. Circular disc of 6 mm diameter were
made from the Whatman no 1 filter paper. Discs
were impregnated with equal volume (50 μL) of
each plant extracts after solidification, the discs
were aseptically placed over plates of Muller Hinton Agar. The dishes were incubated for 24 hours at
appropriate temperature. After incubation the diam-

TABLE 1
Antimicrobial activities on tested microorganisms of extracts of Quercus robur L. (acorn) using
disc diffusion method

21.0
26.0
23.0
20.0
19.0
-

-

-

16.0
-

Control
(disc)

Chloroform

25.0
24.0
30.0
25.0
21.0
22.0
29.0

0.25 M
Tris HCl
(pH=8.0)

15.0
14.0
27.0
22.0
10.0
17.0

Petrolether

13.0
21.0
15.0
17.0
19.0

Methanol

17.0
19.0
20.0
15.0
-

Ethanol

Acetonitrile

S. aureus
E. coli
E. faecalis
P. aeroginosa
L. monocytogenes
B. cereus
C. albicans

Aqueous

Test
Microorganisms

Acetone

Zones of Inhibition (mm)

27.0 (CIP)
28.0 (CIP)
32.0 (OFX)
27.0 (NET)
22.0 (OFX)
26.0 (OFX)
ND (NET)

(-): No effect
ND: Not determined

21.0
26.0
22.0
19.0
19.0
-

14.0
15.0
26.0
21.0
9.0
17.0

24.0
24.0
29.0
24.0
20.0
22.0
29.0

(-): No effect
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-

-

Chloroform

Methanol

12.0
20.0
15.0
16.0
19.0

0.25 M
Tris HCl
(pH=8.0)

Ethanol

15.0
18.0
19.0
14.0
-

Petrolether

Aqueous

S. aureus
E. coli
E. faecalis
P. aeroginosa
L. monocytogenes
B. cereus
C. albicans

Acetonitrile

Test
Microorganisms

Acetone

TABLE 2
Antimicrobial activities on tested microorganisms of extracts of Quercus robur L. (acorn) using agar well
diffusion method

15.0
-
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Quercus infectoria galls showed antimicrobial
effects against all the tested microorganisms and
the antimicrobial activity of methanol extract was
superior to all other extracts. Additionally, it was
showed that the results of the two methods which
used this study were similar. Many studies were
determined that antimicrobial activities of extracts
of different Quercus sp. used in traditional medicine against microorganisms causing infectious
diseases was found [25-27]. Güllüce et al. [28]
showed that the antimicrobial activities of the
methanol extract of Quercus ilex / 3ÕUQDO RDN 
leaves were found against a wide range of human
and plant associated microorganisms. These results
suggested that O. ilex possesses compounds with
antibacterial and anticandidal properties.

RESULTS AND DISCUSSION
Quercus which are found in Turkish flora are
used as a folk remedy to treat haemorrhages, chronic diarrhoea, dysentery and asthma. Also, certain
species of Quercus are used for treatment of gonorrhoea, diarrhoea, indigestion, asthma, astringent,
anti-diabetic, anti-tremor, local anaesthetic, antipyretic, anti-inflammatory, anti- Parkinson and hepatoprotective [12, 13]. In this study, the antimicrobial activity of extracts of Quercus robur L. (acorn)
were examined against some medically important
microorganisms. The antimicrobial activities of
methanol, ethanol, acetone, acetonitrile, petrolether,
0.25 M Tris HCl, chloroform, aqueous extracts of
Quercus robur L. were examined against S. aureus,
E. coli, E. faecalis, P. aeroginosa, C. albicans, L.
monocytogenes, B. cereus. The invitro antimicrobial activity was performed by agar well diffusion
method and disc diffusion method. The results of
this study are given Table 1 and Table 2. Many
studies all over the world have showed antimicrobial activities of the different plant extracts against
various microorganisms [14-20].
In this study, petrolether and 0.25 M Tris HCl
extracts of Q. robur L. were not determined any
antimicrobial activity against the tested microorganisms. The chloroform extract only inhibited the
growth of E. faecalis (15-16 mm). It was found that
methanol (20-30 mm), ethanol (9-27 mm), aqueous
(19-27 mm), acetone (14-20 mm), acetonitrile (1221 mm) extracts showed antimicrobial activity at
different levels. The methanol exctract of Q. robur
L. showed antimicrobial activity against all microorganims tested.
In this study, it was observed that the antimicrobial activity of methanol extract was superior to
all other extracts. The antimicrobial activity results
obtained from methanol extract of Q. robur L.
showed maximum zone of inhibition (29 and 30
mm) against E. faecalis. Previos studies reported
that the methanol was a better solvent for more
consistent extraction of antimicrobial substances
from medical pants [21-23]. The results of my
study are consistent with the literature where methanol extracts have exerted significant antimicrobial
activity against pathogenic microorganisms. The
chloroform exctract only inhibited the growth of E.
faecalis (15 and 16 mm). It was demonstrated that
the aceton, and acetonitrile extracts did not have
inhibitory effects on S. aureus, E. coli. Also, the
aceton did not show antimicrobial activity on C.
albicans.
The aqueous extract displayed consistent antimicrobial activity against E. coli and C. albicans.
The ethanol extract only did not inhibit the growth
of L. momocytogenes. The ethanol exctract of Q.
robur L. showed activity on the other tested microorganims. Similarly, Leela & Satirapipathkul [24]
determined that the ethanol and aqueous extracts of

CONCLUSIONS
In the results of this study suggest that O. robur L. extracts possess compounds with antimicrobial properties that can be used as antimicrobial
agents in new drugs for therapy of disesases caused
by pathogens.
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global change in causing both increases and decreases in the sediment load of many rivers in recent
years. To address these problems, sediment management must be seen as a central component of integrated river basin management. Due to secondary
flows in river bends, sediments are transported from
the outer bank to the inner bank. Therefore, one of
the most suitable places for construction of lateral intakes is the outer bank of the river bend. Intake from
the main path of a river leads to the formation of a
complicated flow pattern such that with the approaching of flow to the diversion channel, due to
the suction along the width of intake mouth, diversion of flow lines increases. This diversion divides
the stream such that some part of it flows into the
intake and the rest moves toward the downstream
side of the main channel. Diverted part of the stream
creates a strong momentum along the main channel
forming a detachment area near the inner wall of the
diversion channel. In addition, the pressure gradient
and centrifugal force caused by the curved flow lines
creates an imbalance in the pattern of the flow entering the intake. One of the important problems in designing lateral intakes is to improve intake efficiency
such that in addition to prevention of the entrance
and accumulation of sediments in the mouth of the
diversion channel, it can facilitate the flow of water
into the intake. A suitable method for reducing the
transfer of sediment load to the lateral intake mouth
is the use of submerged vanes in front of the intake
mouth, which divert the high-sediment flows by creating secondary flows. Due to the pressure difference
on both sides of the submerged vanes, a secondary
flow is created around them that transfers the bed
sediments into the river and creates an erosive
groove in front of the intake mouth. As a result, the
entry of bed sediments to the intake channel is prevented [1]. Eddies created on the bottom edge of the
vane are transferred to the downstream along with
rotation with the flow and create larger eddies. These
eddies move in a spiral form and cause changes in
the shear stress and topography of the riverbed [2].
The simplest and yet most functional form of submerged vanes are the rectangular flat vanes.
Dimensions of such vanes are determined by the

ABSTRACT
Sediments can enter and obstruct intakes and
greatly accelerate abrasion of hydraulic machinery,
thereby decreasing its efficiency and increasing
maintenance costs. So, sediment management in
river and waterways has been an important issue for
water managers throughout history. The submerged
vane technique is a new and efficient method with
positive environmental effects for sediment control
in rivers. The present work was conducted to investigate the function of submerged vanes in managing
the reduction of sediment transport to the lateral intake in an 180° bend. Results showed that the performance of parallel submerged vanes in diverting the
sediment movement path depending on the qr and the
angle of collision of the vane with the flow. Moreover, it was found that qr has a direct relationship with
the sediment flowing into the intake; i.e., with its increase in all installation angles, the ratio of sediments entering the intake increases. The efficiency
of submerged vanes is preserved up to qr of 0.2 at an
installation angle of 30°. Beyond this amount, the efficiency of vanes in removing bed sediments decreases and other appropriate options should be used.

KEYWORDS:
Intake, sediment transport, submerged vanes, river bend

INTRODUCTION
Sediment problems are among the critical
issues in many Asian river basins and can represent
a key impediment to sustainable development. Sediment has both direct and indirect influences upon the
stream ecosystem (the community of animals,
plants, and microorganisms and the interrelated
physical and chemical environment). Such problems
include accelerated soil erosion, reservoir sedimentation, and the wider impact of sediment on aquatic
ecology, river morphology, and water resource exploitation. They are further complicated by the impact of climate change and other components of
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which is close to criticality with curvature ratio R/B
= 3. The variations of velocity components,
streamlines, secondary flow, and wall shear stresses
are analyzed in the study. The literature shows that
submerged vanes are effective structures for controlling the sediment entering the intake. The flow pattern and speed variation within the lateral intakes attached to direct channels are complex and three-dimensional. Hence, if these intakes are built on bent
channels, this situation will become more complex
because of the flow pattern on bends. Although,
there are also similar studies in this area [16-20],
however more research is needed on the impact of
intake ratio on control of sediment entry to the intake
in an 180° bend.

river depth. In other words, these dimensions are coefficients of the flow depth. The initial height (H) of
vanes is about 0.2 to 0.4 of the flow depth while the
length of vanes is 2 to 3.3 of the height of vanes [2].
Vanes with longer lengths are not affordable. Using
a numerical model, Ouyang [3] investigated the
shape and dimensions of rectangular vanes (with a
maintained area of vanes for all studied states) on the
efficiency and effectiveness of vanes. The key result
of this research is that the optimum ratio of height to
the flow depth (H/y) is 0.65. However, in the studies
of Edgar and Lee [4] and Edgar and Meskani [5], this
ratio was defined as 0.3, regarding the balance between the torsional torque caused by the vanes and
the torque created by secondary rotational flows in
the bends. Barkdoll et al. [6] conducted a research on
a 90° lateral intake with corresponding widths and
lengths of 24 m× 1.5 m and 0.61 m × 2.44 m deviation channel to provide some solutions for improving
submerged vanes efficiency. The discharge was
fixed (0.104 m3/sec) and flow depth was 0.152 m.
The results show that severity of the sediments entering the intake may be negligible after installation
of submerged vanes. Moreover, the ratio of unit discharge of intake width to the unit discharge of the
width of the main channel qr was found approximately below 0.2. Tan et al. [7] studied the flow
characteristics and the sediment around a large submerged vane between lengths 1-4 m in a direct and
wide flume (L=30 m and W=6 m). The research
proved that the efficiency of the submerged vane in
diverting sediments trajectory depends on the angle
of incidence of the vane to flow and height and
length of the vane. Attack angle of submerged vane
has been constantly a matter of ambiguity, despite
many investigations conducted upon it. Odgaard and
associates [2, 8-9] reported the angle of attack of the
vane must between 15°-30°. Wang and Odgaard [10]
suggested an angle of attack should be 30° in order
to generate the optimum strength of secondary currents. Tan et al. [7] also suggested an angle of attack
as 30° for the maximum diversion of sediment. Marelius and Sinha [11] by using the moment of momentum principle showed that to generate the
optimum strength of vertical currents from the submerged vane, the angle of attack must be 40°. Masjedi [12] studied the effect of intake angle on discharge in a lateral intake in an 180° bend. They carried out some tests in an 180° flume in different positions and angles of impoundment with a flow
Froude number. Research results showed that the
maximum ratio of impoundment occurs at the
impoundment angle of 45°. The main explanation
for this result is that angle 45° is consistent with
streamline flow at flume bend and the maximum of
discharge diverted through the lateral intake [13, 14].
Yuchuan et al. [15] studied the numerical and experimental investigations of flow in an 180° mild bend,

MATERIALS AND METHODS
The major objective in flow modeling of a lateral intake is to determine the diverted discharge and
the sediment diverted to the intake under different
flow conditions. Considering the permanent flow,
the variables effective in the sediments entering a
lateral intake are as follows:
f(QSI, QSM, qM, qI, y,B,b,R,S,d50,g,U,Us, D,,P,H, L, N, E, Gs,
«
Gn, Gb)= 0 «««««««««««

where QSI is the discharge of the sediments entering
the intake channel, QSM is the discharge of the downstream load of the main channel, qM is the specific
discharge of flow in the main channel, q I is the specific discharge of flow in the intake channel, y is the
flow depth in the main channel, B is the width of the
main channel, b is the width of the intake channel, R
is the central radius of bend, S is the gradient of the
main channel, d50 is the average diameter of bed
load, g is acceleration of gravity, U is fluid mass density, Us is density of sediments, D is intake angle, P
is fluid viscosity, H is the height of submerged vane,
L is vane length, N is number of rows of vanes, E is
the angle of submerged vanes with flow, Gs is the longitudinal distance of submerged vanes, Gn is the latitudinal distance of submerged vanes, and Gb is the
latitudinal distance of the first row of submerged
vanes from the mouth of intake. Following equation
is obtained by overlooking the fixed parameters in
Equation (1):
f(QSI, QSM, qM, qI, g, y, E, 
(2)
Using the Buckingham ʌ theorem, Equation
(2) becomes dimensionless as follows:
f(Fr,qr,gr,E 
(3)
where Fr=qM/yඥ is the Froude number, which is
fixed in all the tests. qr=qI/qM is the relative specific
discharge and gr=QSI / (QSM+QSI) the diverted sediment discharge. With respect to flow disturbance,
the flow was considered turbulent and Reynolds
number was deleted in all tests.
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FIGURE 1
Bend-shaped channel plan
TABLE 1
Characteristics of submerged vanes used in this study
Parameter
Recommended
Area
Applied Area
Applied Size

H
(cm)
+\

L
(cm)
+/+

Gs

Gn

Gb

(deg)
E 

(cm)
+Gs +

(cm)
+Gn+

(cm)
3H

15,20,25,30,35,40
15,20,25,30,35,40

0.3y
3

3H
9

8H
24

3H
9

3H
9

E

FIGURE 2
Installation characteristics of the submerged
vanes

FIGURE 3
Submerged vanes in front of the intake mouth

flow depth control gate using a direct channel with a
length of 5.5 m and then to an outlet reservoir (Fig.
1).
Because of the accuracy of the relations and
criteria presented by Odgaard and Lee[4] and Odgaard and Mosconi [5] for several projects and field
studies, they were applied in this research for designing the vanes. Thus, the ratio of the height of submerged vanes to flow depth (H/y) was considered
0.3. As recommended by Odgaard and Kennedy [9],
the tests were designed and conducted in six different angles of successive submerged vanes including
15°, 20°, 25°, 30°, 35°, and 40° in proportion to flow

The tests were performed on bed sediments by
installing submerged vanes in a regular array at different angles using a laboratory flume in the Islamic
Azad University of Ahvaz. The submerged vanes
were made of Plexiglas with a thickness of 3 mm in
flat rectangular installed in two longitudinal rows in
front of the intake mouth. With a width of 50 cm, the
central radius of 3 m, and the relative curvature of
the bend (R/B=6), the main channel is categorized as
a mild bend. To prevent the entrance of turbulent
waves into the bend, an inlet direct channel with a
length of 9 m was connected to the180° bend channel. The bend-shaped channel was connected to a
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were respectively done in the absence and presence
of submerged vanes at different installation angles
and qrs

axis to determine the effect of the angle of submerged vanes controlling the sediments entering the
intake. By development of a local scour under clear
water conditions, to prevent erosion and sediments
transport in vanes upstream the average velocity of
flow should be lower than that of the critical velocity
(u<uc). The ratio of shear velocity to critical shear
velocity in all the tests was selected 0.93 using the
Shields diagram. All tests were carried out under the
discharge of 16 lit/sec, the flow depth of 10 cm, and
the flow Froude number of 0.32 (Table 1). They also
were conducted in the position of 110 of the 180°
bend, the impoundment angle of 45°, and in the presence and absence of submerged vanes (Fig. 2).
As recommended by Raudkivi and Ettema [21],
the mean diameter of particles should exceed 0.7 mm
to prevent ripple formation. However, to remove the
effect of non-uniformity of sediments on scour, the
standard deviation (SD) of particles should not exceed1.3. Therefore, a layer of natural river sand with
the mean diameter of 0.72 mm and SD coefficient of
1.2 was selected and a 10cm layer was used for conducting the tests. To deal with roughness effects,
Oliveto and Hager [22] recommended the water
depth more than 20 mm. Hence, a water depth of 10
cm was selected in all the tests. Since the tests were
set to examine the percentage of deviation sediment,
test period was selected in a way that the transition
of sediments to intake and the main channel downstream reach a steady state.
A test was carried out for 7 hours on the intake
without submerged vanes in a discharge of 16 lit/sec,
the relative discharge of 45 percent in 110° position,
and the intake angle of 45° to determine the equilibrium time of the tests. The diagram of deviation sediment to intake versus time showed that about 94%
of sediment enters the intake in the first 3 hours.
Therefore, the equilibrium time of 3 hours was considered in all tests. At the beginning of each test, the
channel bed sediments were flattened (slope angle =
0°) using a level. Before operating the pump, the end
gate was closed and the clear water was directed
slowly to the channel to prevent ripple and unevenness on the bed surface. The saturation time of channel bed was between 10 and 20 minutes. After rising
to water level and ensuring wetness of sediments in
a few minutes, the pump was operated by a small
discharge and regulated slowly as much as needed
by the main gate valve on the entrance of three resting basins. The 10cm flow depth and the relevant
discharge were obtained by accurate and concurrent
regulation of the intake gate and downstream gate.
After a3-hour equilibrium time, the pump was
switched off and the end gate was closed to drain the
channel water slowly to have no effect on bed topogUDSK\$IWHUWKHHTXLOLEULXPWLPHWKHFKDQQHO¶VHQG
gate was opened slowly to drain water from the
channel.
According to the descriptions above, a total of
28 tests were performed out of which 4 and 24 tests

RESULTS AND DISCUSSION
In all tests, after adjusting the discharge rate
and depth of flow, sediment transport to the downstream of the main channel and intake mouth began
immediately. In this situation, the sediments were
transported to the downstream side and intake mouth
under influence of the secondary stream. After some
time from beginning the test, the sediments reached
an area where the impact of vanes was reduced and
the effect of eddies around the vanes became negligible (Figure 3).
At the end of each experiment, the sediments
passing the main channel and diverted sediments in
the intake mouth were collected. Once dried, their
weight was measured by a precise scale in the laboratory. Then, the percentage of passing and diverted
sediments was calculated in different situations.
The effect of qr on diverted sediments. Figures 4 shows the dimensionless diagram of qr and ratio of diverted sediments in the absence and presence
of parallel vanes at six angles of 15, 20, 25, 30, 35,
and 40° to the flow axis. As can be seen, qr is the
effective factor in the ratio of diverted sediments and
in all installation angles of submerged vanes. Besides, it is directly proportional to the ratio of sediments entering the intake in non-installation conditions and submerged vanes. Moreover, increasing qr,
the ratio of sediments entering the intake is also increased. In fact, with an increase in qr, the flow
further deviates toward the intake mouth, leading to
the increased rate of sediments entering the intake.
As shown in the figures above, the performance
of submerged vanes in preventing sedimentation in
the intake is almost equal perfect (100%) to the qr of
about 0.2 in the installation angle of 30° and the sediment amount entering the intake is negligible. The
best performance of submerged vanes for all different apex angles is obtained at an installation angle of
30°. For qr=0.25% the submerged vanes with various
apex angles demonstrate an average efficiency of
about 97% and prevent diverted sediments from entering the intake. According to the results of tests
conducted by Barkdoal et al. [6], using a combination of methods such as submerged vanes and wall is
proposed for this range of qr. However, using a
method developed using vanes and wall in bends
needs to be researched further. According to the results of this study (Fig. 4), use of submerged vanes
is not recommended for qr values larger than 0.20 for
preventing diverted sediments from entering the intakes.
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FIGURE 4
The ratio of diverted sediments in the absence and presence of installed parallel submerged vanes for
different installation angles
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FIGURE 5
A comparison of qr and percentage of diverted sediments in this study with the results of
other researchers

the amount of input sediments was low and the efficiency of vanes was approximately 97%.

In order to compare the effect of qr on the
percentage of diverted sediments in the absence and
presence of vanes in this study and other studies, research results of Barkdoal et al. [6] were used (Figure 5). As can be seen from Figure 5, for data obtained in this study, the match between this research
and other studies is evident regarding the increased
deviation of sediments entering the intake with increased qr value in the absence of vanes. This Figure
also shows the proper efficiency of submerged vanes
to the qr of about 0.2 in removing bed sediments entering the lateral intake. For greater quantities of qr,
the efficiency of submerged vanes in deviation of
bed sediments is reduced which is consistent with the
results of experiments by other researchers.
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environment, e.g. as documented by the finite concentrations of TCS in the sewage sludge [5]. The fate
of TCS in the environment will be governed by its
physical properties and its structure. TCS contains a
phenolic group which can be ionised with the respective pKa value being equal to 7.9 [6]. At the same
time, the TCS structure contains aromatic rings
which give it a hydrophobic character, as demonstrated by the logarithm of the 1-octanol/water partition coefficient for TCS which is equal to 4.76 [6].
Therefore if TCS is released into the environPHQWDQGWKHFRPSRXQG¶VPROHFXOHVHQWHUDQDTXH
ous phase, then the pH of that phase will have a major influence on the environmental fate of TCS. If the
pH value in that aqueous phase is significantly lower
than 7.9, TCS will be mainly present in is unionized
form and will have a tendency to sorb onto any particulate matter (with organic carbon content). If,
however, pH of said aqueous phase increases to
above 7.9, then phenolic group on the TCS molecule
will ionise and WKH FRPSRXQG¶V PROHFXOHV will remain dissolved in the aqueous phase. Conjugate base
of TCS will form salts with cations available in the
said aqueous environment, thus further increasing
the solubility of TCS. Besides pH, the presence of
surfactants will also have a strong influence on the
TCS aqueous solubility and fate in the environment.
Bile acids are a group of water-soluble biosurfactants formed during the catabolism of cholesterol
and are active in the liver [7] and are excreted in human faeces [8]. If the concentration of bile acids increases above the critical micelle concentration, their
molecules tend to self-associate to form micelles [7].
At the same time, bile acids/salts are resistant to biodegradation in the environment [8], and thus they
could increase the aqueous solubilities of the environmental pollutants. This might have significant influence on the toxicity and environmental fate of
TCS. 7RWKHEHVWRIWKHDXWKRUV¶NQRZOHGJHQo studies have to date looked at the extent of potential solubilisation of TCS with bile acids/salts. The aim of
this study is to partially address this knowledge gap
through examination of the increase in the aqueous
TCS solubility in the solution of sodium deoxycho-

ABSTRACT
Solubilisation of Triclosan, coated onto Chromosorb G and Silica gel, by sodium deoxycholate
and sodium lithocholate at 13.5 ± 1.5 and 37 ± 0.5
°C was examined. The apparent Triclosan solubilities ranged from 11.6 ± 0.4 to 35.3 ± 0.9 mg/L and
the dissolution equilibrium was reached after 2 to 20
hours of incubation. Sodium deoxycholate and sodium lithocholate increase the aqueous solubility of
Triclosan above the predicted Triclosan solubility in
pure water (4.621 mg/L). Dissolution was probably
a combination of the formation of sodium phenolates
of Triclosan and solubilisation of Triclosan in the micelles formed from bile salts. The apparent Triclosan
solubility increased with increasing temperature and
was generally higher in the sodium lithocholate solutions than in the sodium deoxycholate solutions.
The first-order dissolution model explained the
Triclosan dissolution well as demonstrated by the R2
values (0.8336-0.9599 in all cases) and the standard
deviations of optimised values of all adjustable parameters (50 % or less of the estimated parameter
values in all cases). The first-order dissolution rate
constants ranged from 0.6 ± 0.1 to 5.0 ± 1.0 h-1 and
were generally independent of the temperature and
the surface Triclosan was coated onto. Environmental concentrations of Triclosan can be increased in
the presence of bile acids/salts.

KEYWORDS:
Bile acids, first-order dissolution, micelles, Triclosan.

INTRODUCTION
Triclosan (TCS) or 5-chloro-2-(2,4-dichlorophenoxy) phenol is an antimicrobial agent that has
been incorporated into many skin care formulations,
toothpastes, shampoos and soaps [1,2]. TCS inhibits
the enoyl reductase domain in the structure of the
fatty acid synthase complex, thus inhibiting fatty
acid synthesis [3,4]. As a result of its widespread use,
TCS has become an omnipresent compound in the

7003

© by PSP

Volume 26 ± No. 12/2017 pages 7003-7007

Fresenius Environmental Bulletin

PA214 analytical balance and quantitatively transferring the crystals into a volumetric flask. Acetone
was gradually transferred to the volumetric flask to
dissolve the TCS. The contents of the volumetric
flask were hand-shaken until the TCS particles were
completely dissolved and then acetone was added up
to the mark. The volumetric flask was sealed with a
glass stopper and wrapped with aluminum foil, so as
to prevent photodegradation of TCS. The solution
was used immediately or stored at 5 ± 2 °C until use.
Chromosorb G was a standard medium for the
solubility measurements, but the product was commercially discontinued during the study and thus a
comparison for future studies was done with Silica
gel. One gram of Chromosorb G or 1 g of Silica gel
SRZGHUZHUHZHLJKHGXVLQJ3LRQHHU3$ analytical balance and transferred quantitatively into a
500 mL round bottom flask. Using a graduated measuring cylinder, 100 mL of 0.5 g/L of TCS (see above)
was added to the round bottom flasks containing
Chromosorb G and Silica gel powder. Acetone was
evaporated from each flask using a Rotavap, so as to
coat all particles of Chromosorb G and Silica gel
with TCS. The parameters of the Rotavap were as
follows: rotation speed of 85 rpm; the water bath
temperature of 40ºC; and the vapour temperature of
21ºC. When acetone had evaporated in each round
bottom flask, the flasks were detached from the Rotavap, then sealed with a glass stopper and wrapped
with aluminum foil. The TCS-coated Chromosorb G
or silica gel particles were stored at 5 ± 2 °C until
use.
One gram of sodium deoxycholate was
weighed out and transferred into a 1000 mL volumetric flask. The powder was completely dissolved in
MilliQ water which was also used to make up the
volume to the mark. The resulting solution had a sodium deoxycholate concentration of 1 g/L. To prepare sodium lithocholate, 1 g of lithocholic acid and
0.15 g NaOH were weighed out. The NaOH pellets
were transferred into a 150 mL beaker and dissolved
in 50 mL of MilliQ water. The weighed out
lithocholic acid powder was transferred into a 250
mL beaker and dissolved in MilliQ water. Thereafter
the two solutions were combined in a 1000 mL volumetric flask and MilliQ water was added up to
make up the volume to 900 mL. The resulting solution was incubated with stirring at 35 ºC in the Type
N085-57L25 shaking water bath for 5 minutes, to
complete the neutralization and formation of sodium
lithocholate. The clear 1 g/L solution of sodium
lithocholate was made up to 1000 mL with MilliQ
water. The Crison pH meter was used to measure the
pH of both bile acid/salts solutions and the initial pH
was 8.60. Both solutions were stored at 5 ± 2 °C until
use.
For the solubility measurements, 8 of the 250
mL amberlite bottles with glass stoppers were
washed and rinsed with detergent, MilliQ water and
acetone; and dried at 105 °C overnight. Then 200 mg

late and sodium lithocholate. Chromosorb G and Silica gel were used as model solid particles onto which
TCS was coated.

MATERALS AND METHODS
Unless stated otherwise, all compounds were
purchased in purity of 99 % or higher and they were
used as obtained from the supplier. Methanol, acetone, acid washed Chromosorb G (80-100 mesh),
Lithocholic acid (purity of 97 % or higher), Sodium
deoxycholate Irgasan (the TCS content of 97 % or
more) and Suprasil® 3500 μL quartz cuvettes were
purchased from Sigma Aldrich (Johannesburg,
South Africa). Sodium hydroxide pellets (purity of
98 % or higher) were purchased from Spellbound Laboratories (Port Elizabeth, South Africa). All concentrations were corrected for the purity of the products/chemicals used. Silica gel 60 powder (0.0400.063 mm) and all glassware used were purchased
from Merck (Pty) Ltd. (Cape Town/Johannesburg,
South Africa). All masses were measured using a PiRQHHU 3$ DQDO\WLFDO EDODQFH SXUFKDVHG IURP
Ohaus Corporation (Pine Brook, NJ USA).
Incubations at 13.5 ± 1.5 °C were performed using the Mechanical orbital shaker Model number TS520D (Already Enterprise Inc., Taipei, Taiwan). The
incubations at 37 ± 0.5 °C were performed in the
Type N085-57L25 shaking water bath (Labdesign
Engineering Pty. Ltd., Maraisburg, Johannesburg,
South Africa). Crison pH meter Model: Basic 20 was
purchased from Crison instruments (Alella, Spain)
and was used to measure the pH of the bile acid solutions. Magnetic stirrer Model STR-N11 was purchased from FMH Instruments (Johannesburg, South
Africa). Rotavap Model number R-215 was purchased from Büchi labortechnik Inc. (Flawil, Switzerland). MilliQ water was prepared by reverse osmosis and the Milli-RO®-15-water-purification system purchased from Millipore® (Merck Pty. Ltd.,
Port Elizabeth, South Africa). All absorbance readings were measured using Shimadzu UV-1240 spectrophotometer (Shimadzu, Johannesburg, South Africa). 7KHPD[LPXPZDYHOHQJWK Ȝmax) of TCS was
determined to be 281 nm which was in agreement
with previously published data on TCS UV spectral
maxima [9]. Nine concentrations ranging between 1
to 50 mg/L of TCS were prepared in methanol and
the calibration curve was constructed as TCS absorbance at 281 nm as function of the TCS concentration.
Presence of deoxycholate or lithocholate in the samples from the solubility experiments did not result in
any interference with the absorbance readings of
TCS.
For the solubility experiments, TCS was coated
onto Chromosorb G or silica gel. For this, a 0.5 g/L
of TCS solution was prepared by weighing approximately 0.25 g of TCS standard using a 3LRQHHU
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of the TCS-coated Chromosorb G or Silica gel was
weighed out into three amberlite bottles each. Using
a graduated cylinder, 250 mL of the respective bile
acid sodium salt solution was added into each amberlite bottle. Negative controls contained only the
bile acid sodium salt solution, while the positive controls contained TCS solution in the respective bile
acid sodium salt solution. The bottles were then
placed either on the TS-520D mechanical shaker or
into the Type N085-57L25 shaking water bath and in
incubated at 13.5 ± 1.5 °C or 37 ± 0.5 °C. The liquid
phase samples were collected at regular interval for
72 h and all experiments were performed in triplicate. During sampling, the shaking was stopped and
3 mL of the liquid phase was removed with a glass
pipette. Samples were transferred into the Suprasil®
3500 μL quartz cuvettes and the TCS concentrations
were quantified immediately using UV/VIS spectrophotometer at 281 nm. The obtained absorbances
were converted into concentrations using a calibration curve prepared in methanol and based on the
Lambert-Beer law. Evaporation losses did not influence the measured results.
To check whether sufficient amounts of TCS
were coated onto the Chromosorb G and the Silica
gel particles, the entrapment efficiency of the coating
process was measured as follows. Two hundred mg
of the TCS-coated particles in question was weighed
out analytically and transferred into a 10 mL polytope vial (Chemstores, Rhodes University). TCS was
extracted from the particles with 3 u 5 mL of methanol. The extracts were combined and the TCS concentration in the extract was measured as stated
above. The entrapment efficiency was then calculated using Equation (1).
ݕ݂݂ܿ݊݁݅ܿ݅݁ݐ݊݁݉ܽݎݐ݊ܧሺΨሻ ൌ
ൈͳͲͲ

௨௧்ௌ௫௧௧ௗௗ௦௧
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RESULTS AND DISCUSSION
Examples of the TCS dissolution kinetics from
silica gel and Chromosorb G are shown in Figure 1.
The Cmax values were reached after 2 to 20 hours of
incubation and the time period to needed to reach the
maximum TCS concentration was independent of
the type of surface and the bile acid/salt used. The
pH value of the aqueous solutions of sodium deoxycholate and sodium lithocholate was around 8.6 and
the pKa value of TCS is equal to 7.9, which corresponds to the phenolic group on the TCS molecule
[10]. Therefore the TCS molecules were dissolved in
the aqueous phase in part based on the formation of
their phenolate sodium salt.
TABLE 1
Solubilisation of TCS from silica gel and Chromosorb
G at 13.5 ± 1.5 ºC.
Bile Acid
Sodium
Deoxycholate
Sodium
Deoxycholate
Sodium
Lithocholate
Sodium
Lithocholate

Matrix
Silica
gel

R2
0.8741

Cmax (mg/L)
11.6 ± 0.4

k (h-1)
0.6 ± 0.1

Chromosorb
G
Silica
gel

0.9599

14.1 ± 0.2

2.6 ± 0.4

0.8336

31.0 ± 1.2

0.9 ± 0.3

Chromosorb
G

0.9373

32.3 ± 0.8

0.6 ± 0.1

TABLE 2
Solubilisation of TCS from silica gel and
Chromosorb G at 37 ± 0.5 ºC.
Bile Acid
Sodium
Deoxycholate
Sodium
Deoxycholate
Sodium
Lithocholate
Sodium
Lithocholate

(1)

The TCS dissolution kinetics and apparent solubility values were derived from the first-order
model. This was done using non-linear regression
and the Micrococal Origin software package (version 6.0, OriginLab Corporation, Wellesley, MA,
USA). The first-order dissolution model is shown in
Equation (2).
 ܥൌ  ܥ௫ ൈሺͳ െ  ݁ ି௧ ሻ
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Matrix
Silica
gel

R2
0.9286

Cmax (mg/L)
14.7 ± 0.4

k (h-1)
0.9 ± 0.2

Chromosorb
G
Silica
gel

0.8882

30.9 ± 0.6

5.0 ± 1.0

0.8736

30.5 ± 1.0

1.4 ± 0.4

Chromosorb
G

0.8604

35.3 ± 0.9

1.6 ± 0.4

The critical micelle concentration of sodium
deoxycholate has been reported to range from 0.83
to 2.49 g/L [11]. The critical micelle concentration
of sodium lithocholate has been reported to be equal
to 1 mM [8]. Taking the molecular weight of sodium
lithocholate, i.e. 398.57 g/mol, into account this provide a mass concentration of 0.399 g/L. Therefore
both bile acid salts were likely forming micelles and
the solubility of TCS was also partly due to the dissolution of the hydrophobic moieties of the TCS
molecules in the sodium deoxycholate and sodium
lithocholate micelles. The values of adjustable parameters and the R2 values for the individual dissolution experiments are summarised in Tables 1 and
2.

(2)

In Equation (2), ܥis the dissolved TCS concentrations in the bile acid solution at the respective time
(mg/L), while ݐis the time of incubation (h). The adjustable parameters that were derived using the nonlinear regression were ܥ௫ which is the TCS solubility in the bile acid/salt solution in question (mg/L)
and ݇is the first-order dissolution rate constant (h-1).

7005

Volume 26 ± No. 12/2017 pages 7003-7007

© by PSP

The R2 values ranged from 0.8336 recorded for
the dissolution of TCS from silica gel into the sodium lithocholate at 13.5 ± 1.5 ºC to 0.9599 recorded
for the dissolution of TCS from Chromosorb G into
the sodium deoxycholate at 13.5 ± 1.5 ºC. This
means that time as the independent variable (time)
explains between 83.36 and 95.99 % of the variance
of the dependent variable (the dissolved TCS concentration). Therefore the experimental data indicates that other factors besides time might have influence the dissolved TCS concentration in the bile
acid solution. However, this influence is likely going
to be minimal in comparison to time.

The Cmax values, i.e. the apparent TCS solubility in the bile acid salt solutions, ranged from 11.6 ±
0.4 to 35.3 ± 0.9 mg/L. The minimum value was derived from the non-linear regression analysis of the
dissolution of TCS from silica gel into the 1 g/L solution of sodium deoxycholate at 13.5 ± 1.5 ºC. The
maximum value was derived from the non-linear regression analysis of the dissolution of TCS from
Chromosorb G into the 1 g/L solution of sodium
lithocholate at 37 ± 0.5 ºC. These values demonstrate
bile acids enhanced the solubility of TCS compared
to the pure water which was estimated to be equal to
4.621 mg/L (WSKOWWIN version 1.26, Microsoft
Inc./William Meylan, USA). The Cmax values increased with increasing temperature and were generally higher in the sodium lithocholate solutions in
comparison with the sodium deoxycholate solutions.
The first-order dissolution rate constants
ranged from 0.6 ± 0.1 to 5.0 ± 1.0 h-1. The minimum
value was derived from the non-linear regression
analysis of the dissolution of TCS from silica gel into
the 1 g/L solution of sodium deoxycholate and from
Chromosorb G into the 1 g/L solution of sodium
lithocholate at 13.5 ± 1.5 ºC. The maximum value
was derived from the non-linear regression analysis
of the dissolution of TCS from Chromosorb G into
the 1 g/L solution of sodium deoxycholate at 37 ± 0.5
ºC. The k values were generally independent of the
temperature and the type of surface, i.e. Chromosorb
G or Silica gel, provide comparable results in the dissolution experiments.
Grove et al. [12] measured the aqueous solubility of TCS in the absence and presence of various
surfactants; and other pharmaceutical excipients.
The concentrations of the solubilising agents ranged
from 0.15 to 1.0 M and the apparent TCS solubility
in water at pH =7.40 ranged from 130 mg/L to 18.34
g/L [12]. The values of apparent TCS solubility in
this study are lower than the values of Grove et al.
[12]. Even though the solubilisation mechanism,
namely TCS phenolate salt formation and dissolution in the micelles of bile acids, was common
among both studies, the higher concentrations of the
surfactant used are the likely explanation for the observed trends.
An opinion from the Scientific Committee on
Consumer Safety which was commissioned by the
European Union indicate that the aqueous solubility
of TCS at 20 °C is equal to 10 mg/L and to 317 g/L
in 1 M NaOH [13]. This data indicates that sodium
deoxycholate and sodium lithocholate increase in the
dissolved concentration of TCS in aqueous environments. The mechanism of the solubilisation likely involves phenolate formation and interaction of micelles with the hydrophobic moieties in the TCS
molecule. Further studies on this topic will be required and they should focus on the addressing the
solubilisation of TCS in the low microgram and
nanogram per litre range.

Triclosan concentrations (mg/L)
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FIGURE 1
Dissolution of Triclosan from silica gel into 1 g/L
solution of deoxycholate at 13.5 ± 1.5 ºC (a) and
from Chromosorb G into 1 g/L solution of sodium lithocholate at 37 ± 0.5 ºC (b).
As a result, the first-order kinetic model of TCS
dissolution can be deemed adequate to describe the
TCS dissolution in sodium deoxycholate and sodium
lithocholate as function of time. This conclusion is
further supported by the fact that errors/standard deviations of the optimised values of all adjustable parameters are lower than 50 % of the estimated parameter values.
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[5] Thompson, A., Griffin, P., Stuetz, R., Cartmell,
E. (2005) The fate and removal of Triclosan during wastewater treatment. Water Environment
Research. 77, 63-67.
[6] Halden, R.U., Paull, D.H. (2015) Co-occurrence
of triclocarban and triclosan in U.S. water resources. Environmental Science and Technology. 39, 1420-1426.
[7] Chiang, J.Y.L. (2009) Bile acids: regulation of
synthesis. Journal of Lipid Research. 50, 19551966
[8] Hofman, A., Roda, A. (1984) Physicochemical
properties of bile acids and their relationship to
biological properties: an overview of the problem. Journal of Lipid Research. 25, 1477-1489.
[9] Du, L., Miao, L., Jin, Y. (2011) Determination
of triclosan antiperspirant gels by first-order derivative spectrophotometry. Pharmazie. 66, 740743.
[10] Drug Bank: Triclosan ± physical and chemical
properties. Available at: www.drugbank.ca/
drugs/DB08604 (website accessed on 17th October 2016) (2016).
[11] ThermoFisher Scientific: Sodium Deoxycholate
Detergent. Available at: www.thermofisher.
com/order/catalog/product/89904 (website accessed on 10th June 2016; 2016).
[12] Grove, C., Liebenberg, W., du Preez, J.I., Yang,
W., de Villers, M.M. (2003) Improving the
aqueous solubility of Triclosan by solubilisation, complexation and in situ salt formation.
Journal of Cosmetic Science. 54, 537-550.
[13] European Union: Opinion on Triclosan from
the Scientific Committee on Consumer Safety.
European Union - Directorate on Health and
Consumers, Brussels, Belgium (2010).

CONCLUSIONS
Sodium deoxycholate and sodium lithocholate
provide mild increase in the dissolved concentration
of TCS in aqueous environments. The mechanism of
the solubilisation likely involves salt formation and
interaction of micelles with the hydrophobic moieties in the TCS molecule. Further studies on this
topic will be required and they should focus on the
addressing the solubilisation of TCS in the low microgram and nanogram per litre range.
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AN MS EXCEL TOOL FOR WASTEWATER TREATMENT
MODELING IN UNDERGRADUATE EDUCATION:
ACTIVATED SLUDGE MODEL NO. 1
Neslihan Manav-Demir*, Selami Demir
Yildiz Technical University, Faculty of Civil Engineering, Environmental Engineering Department, 34220, Esenler, Istanbul, Turkey

gineering fields including civil, environmental, electrical and mechanical engineering [1]. Like for all
engineering systems, designing a wastewater treatment plant require experience-based empirical models and the rule-of-thumb like food-to-microorganism (F/M) ratio, chemical oxygen demand (COD),
biochemical oxygen demand (BOD), BOD/COD ratio, hydraulic retention time (HRT), etc. Wu [1]
stated that, for the design and effective operation of
current wastewater treatment systems, these empirical models are inadequate and do not provide necessary depth and accuracy. Therefore, wastewater
treatment models have shifted to mathematical relationships expressing kinetics of microbial processes
that take place within the treatment system and have
lead to a new family of wastewater treatment models, called Activated Sludge Models (ASMs). The
first version of ASMs, Activated Sludge Model No.
1 (ASM1), was developed and published by Henze
et al. [2] for simulating wastewater treatment plants
aiming carbon oxidation and nitrification-denitrification.
ASM1 is a generic modeling tool that is a collection of ordinary differential equations (ODEs)
based on mass balance and rate formulations for expressing the rate of change in concentrations of components, or state variables, within a given completely-mixed volume either aerated or non-aerated.
These differential equations are integrated simultaneously using an ODE solver that provides satisfactory stability of the solution algorithm to compute
concentrations of components in each reactor included in the system design.
Since its first introduction, ASM1 has gained
great attraction in research and modeling community
because of its neat implementation and accuracy.
The most immediate studies were dedicated to
wastewater characterization, which is an important
step in activated sludge modeling. Vanrolleghem et
al. [3] paid considerable effort for this purpose while
Weijers and Vanrolleghem [4] and Weijers [5] focused on the calibration of the model to full-scale
treatment plants. A great number of research papers
followed characterization and calibration studies,
and ASM1 was successfully applied for improvement purposes as well as for modeling purposes in a
wide range of natural environments and treatment

ABSTRACT
In this study, an MS Excel Visual Basic for Applications (VBA) program was implemented for dynamic modeling of carbon oxidation and nitrification-denitrification processes in wastewater treatment plants. Activated Sludge Model No. 1 (ASM1)
was used for this purpose. A user interface was also
prepared with features in MS Excel sheet. The program is intended to help teaching the students the
fundamentals of unit processes that take place in biological nitrogen removal systems. A settling model
was also incorporated into the model assuming a tenOD\HUVHFRQGDU\VHWWOLQJWDQN7DNDFV¶GRXEOHH[SR
nential model was employed to estimate solids settling velocities in each layer. The MS Excel tool allows the user to define the system configuration, the
flowrates, the influent wastewater characterization
as well as stoichiometric and kinetic coefficients in
$60 %HVLGHV ZDVWHZDWHU WHPSHUDWXUH VHWWOHU¶V
design, maximum simulation time, reporting frequency, and step size in the solution are designated
as user inputs. Component concentrations in each reactor as well as in effluent are calculated by the tool.
An AO process configuration was defined and simulated using the new tool both using complete-mix
and plug-flow regimes. The new tool successfully
proves itself an excellent tool for undergraduate education in environmental engineering.

KEYWORDS:
Activated Sludge Model No. 1, Takacs model, Biological
nitrogen removal, MS Excel, Engineering education

INTRODUCTION
Ever increasing rates of wastewater generation
and scarce water resources especially in metropolitan cities obligate an integrated management
scheme, of which treatment of wastewaters prior to
discharge is a vital step for successful implementation and sustainability. Wastewater treatment processes employ complex systems that require, for
starting and running, expertise in a wide range of en-
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Basic compiler called Visual Basic for Applications.
It is the most widely accepted and used spreadsheet
software since its first introduction in 1980s. Today,
most PC owners also own a licensed copy of their
own. Further, it allows creating and updating the
charts on spreadsheet dynamically via the VBA,
which makes MS Excel a perfect choice for implementing a modeling tool such as activated sludge
models for educational purposes.

systems [6-13]. Recently, efforts have been paid for
model correction/verification [14] and for simplifying/extending/applying ASM1 [15-17].
Hug et al. [18] classified models under three
categories as prognostic, diagnostic, and educational
models. In terms of wastewater treatment modeling,
activated sludge models can be used for designing
and operating wastewater treatment plants as a prognostic tool, for improving the performance of a given
wastewater treatment system as a diagnostic tool,
and for communicating experience and knowledge
as an educational tool. It is the authorV¶ opinion that
ASM1 implemented in MS Excel Visual Basic for
Applications (VBA) as an open-source tool could be
used for undergraduate education in environmental
engineering field considering the fact that most of
the students who own a personal computer usually
own a licensed copy of MS Excel.
The aim of this study is to develop a computer
program that solves ASM1 model equations with a
given configuration of wastewater treatment plant.
For this purpose, an MS Excel VBA code was implemented, and a ten-layer secondary settler model
ZLWK 7DNDFV¶ GRXEOH-exponential settling velocity
was incorporated into the code. A user interface was
also prepared in MS Excel spreadsheet to guide the
user how to define the system. System reactors and
flowrates, influent wastewater characteristics, stoichiometric and kinetic coefficients defined in
ASM1, settler properties, and options for the solution of ODEs were designated as user inputs through
the MS Excel spreadsheet. The MS Excel tool was
tested with an AO process with complete-mix and
plug-flow regimes within the system.

Activated Sludge Model No. 1. Activated
Sludge Model No. 1 (ASM1) equations, by Henze et
al. [2], were used for modeling a given wastewater
treatment plant configuration in MS Excel tool.
ASM1 is a generic modeling tool composed of eight
processes, thirteen components, and a total of 19
stoichiometric and kinetic coefficients. Components
in ASM1 are summarized in Table 1.
In ASM1, the total rate of change in concentration of a component within a reactor is expressed as
a sum of the rate of change due to mass transport
with bulk liquid flow and the rate of change due to
biochemical reactions. The generic equation for the
total rate of change in component concentration
within a reactor is as follows:
ௗೖ
ௗ௧

ൌ

ଵ
ೖ

σ ܳ ܲ  σ଼ୀଵ ݒ ݎ ;

i = 1, 2, ... 13 & l = 1, 2 ...8
(1)
where Cik is the concentration of the ith component in
the kth reactor, Vk is the volume of the kth reactor, Qjk
is the flowrate of the link entering or leaving the kth
reactor (flowrate is assumed to be positive if entering
the reactor and negative if leaving the reactor), Pji is
the concentration of the ith component in the jth link,
vil is the entry in the ith row and lth column of ASM1
Gujer matrix, rl is the lth process rate in ASM1, and
i, j, k, and l are the components, connected links, reactors, and processes counters, respectively. The
processes in ASM1 are summarized in Table 2.

MATERIALS AND METHODS
MS Excel is a spreadsheet software featuring
pivot tables, graphing tools, and a built-in Visual

TABLE 1
Components in Activated Sludge Model No. 1
No
1
2
3
4
5
6
7
8
9
10
11
12
13

Physical form
Soluble
Soluble
Soluble
Soluble
Soluble
Soluble
Soluble
Particulate
Particulate
Particulate
Particulate
Particulate
Particulate

Notation and explanation
SI, soluble inert organic matter
SS, readily biodegradable organic substrate
SO, dissolved oxygen
SNO, nitrate and nitrite nitrogen
SNH, ammonium and ammonia nitrogen
SND, soluble biodegradable organic nitrogen
SA, alkalinity
XI, particulate inert organic matter
XS, slowly biodegradable substrate
XH, active heterotrophic biomass
XA, active autotrophic biomass
XP, particulate products arising from biomass decay
XND, particulate biodegradable organic nitrogen
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Dimension
M.L-3 COD
M.L-3 COD
Negative M.L-3 COD
M.L-3 Nitrogen
M.L-3 Nitrogen
M.L-3 Nitrogen
Molar units
M.L-3 COD
M.L-3 COD
M.L-3 COD
M.L-3 COD
M.L-3 COD
M.L-3 Nitrogen
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TABLE 2
Summary of processes in Activated Sludge Model No. 1
No
1
2
3
4
5
6
7
8

Process name
Aerobic heterotrophic
growth
Anoxic heterotrophic
growth
Aerobic growth of
autotrophs
Decay of heterotrophs
Decay of autotrophs
Ammonification of soluble
organic nitrogen
Hydrolysis of entrapped organics
Hydrolysis of entrapped organic nitrogen

Rate expression (r, M.L-3.T-1)
ܵௌ
ܵை
ߤு ൬
൰ቆ
ቇܺ
ܭௌ  ܵௌ ܭைǡு  ܵை ு
ܵௌ
ܭைǡு
ܵேை
ߤு ൬
൰ቆ
ቇ൬
൰ܺ
ܭௌ  ܵௌ ܭைǡு  ܵை ܭேை  ܵேை ு
ܵேு
ܵை
ߤ ൬
൰ቆ
ቇܺ
ܭேு  ܵேு ܭைǡ  ܵை 

(2.a)
(2.b)
(2.c)

ܾு ܺு
ܾ ܺ

(2.d)
(2.e)

݇ ܵே ܺு

(2.f)

ܺௌ Τܺு
ܵை
ܭைǡு
ܵேை
݇ ቆ
ቇ ቈቆ
ቇ  ߟ ቆ
ቇ൬
൰ ܺு
Τ
ܭைǡு  ܵை
ܭைǡு  ܵை ܭேை  ܵேை
ܭ  ܺௌ ܺு
ܺே Τܺு
ܵை
ܭைǡு
ܵேை
݇ ቆ
ቇ ቈቆ
ቇ  ߟ ቆ
ቇ൬
൰ ܺு
ܭைǡு  ܵை
ܭைǡு  ܵை ܭேை  ܵேை
ܭ  ܺௌ Τܺு

(2.g)
(2.h)

[19-23], and several researchers evaluated performances of settling models [24, 25].
Most of the secondary settling models assume
a ten-layer settling tank. The settling tank, in these
models, is separated in three zones: the feeding zone,
the overflow zone, and the underflow zone. The assumptions in one-dimensional settler models are
summarized in Holenda et al. [25]. In this study,
Takacs model [26] was selected for simulating secondary settler. Assuming the influent to the settler is
fed to the mth layer, the mass balance equations of
differential form defining the rate of change in solids
concentration in each layer of the settler with a constant cross-sectional area are given as follows:

A generic algorithm was implemented in VBA
for building ODEs for each reactor. Using the user
defined system configuration, the algorithm builds
an ODE for the total rate of change in each compoQHQW¶VFRQFHQWUDWLRQLQHDFKUHDFWRUAn ODE solver
was also implemented. The ODE solver employs
fourth-order Runge-Kutta method for solving each
ODE built for each component in each reactor at
each time step. The initial values of each component
were set to the value in influent wastewater defined
by the user. Step size, reporting period, and maximum simulation time were set by the user. The solution algorithm continued to iterate until maximum
simulation time is reached. Optionally, a stopping
criterion was also incorporated as when COD, total
Kjeldahl nitrogen (TKN), and total nitrogen (TN)
concentrations in the effluent reach steady-state (less
than 0.1% change in two successive time steps).
COD, TKN, and TN concentrations of the
wastewater were defined as follows:
ሾሿ ൌ ሾܵௌ ሿ  ሾܵூ ሿ  ሾܺூ ሿ  ሾܺ ሿ  ሾܺ ሿ  ሾܺ ሿ (3.a)
ሾሿ ൌ ሾܵேு ሿ  ሾܵே ሿ  ሾܺே ሿ
(3.b)
ሾሿ ൌ ሾܵேை ሿ  ሾܵேு ሿ  ሾܵே ሿ  ሾܺே ሿ
(3.c)
At each time step, the ODE solver calculated
FRPSRQHQWV¶FRQFHQWUDWLRQVLQHDFKUHDFWRUVXFFHV
VLYHO\$IWHUDOOFRPSRQHQWV¶FRQFHQWUDWLRQVLQHDFK
reactor are calculated, the concentrations were assigned to component concentrations in the links that
leaves the respective reactor.

ௗభ
ௗ௧
ௗ
ௗ௧

ൌ
ൌ

ଵ

ொೡೝ ሺమ ିభ ሻ

ቂ

െ ݒ௦ǡଵ ܺଵ ቃ

భ

ଵ ொೡೝ ሺషభ ି ሻ


ቂ



(4.a)

 ݒ௦ǡିଵ ܺିଵ െ ݒ௦ǡ ܺ ቃ;

i = 2, 3, ... m-1
ௗ
ଵ
ொ
ொ
ൌ
ቂܳ ܺ െ ቀ ೡೝ  ೠ ቁ ܺ 

(4.b)

ݒ௦ǡିଵ ܺିଵ െ ݒ௦ǡ ܺ ቃ

(4.c)



ௗ௧

ௗ
ௗ௧

ൌ



ଵ ொೠ ሺషభ ି ሻ


ቂ





 ݒ௦ǡିଵ ܺିଵ െ ݒ௦ǡ ܺ ቃ;

i = m+1, m+2, ...9
ௗభబ
ଵ ொೠ ሺవ ିభబ ሻ
ൌ
ቂ
 ݒ௦ǡଽ ܺଽ ቃ
ௗ௧

భబ



(4.d)
(4.e)

where Xi is the suspended solids (SS) concentration
in ith layer, hi is the depth of the ith layer, Qovr is the
over-flowrate in the settler (equal to the effluent
flowrate), Qund is the under-flowrate in the settler
(equal to the sum of waste activated sludge, WAS,
and return activated sludge, RAS, flowrates), Qin is
the influent flowrate to the settler (equal to the sum
of over- and under-flowrates), A is the cross-sectional area of the settler, and vs,i is the settling velocity of solids in ith OD\HU7DNDFV¶GRXEOH-exponential
model for settling velocity is given as follows:
ݒ௦ǡ ൌ  ܺܣܯቄͲǡ ܰܫܯ൛ݒ ᇱ ǡ ݒ ൣ݁  ሺିሻ െ ݁  ሺିሻ ൧ൟቅ;
i = 1, 2, ...10
(5)

Settling. The secondary settling tank in a biological wastewater treatment plant is known to be the
backbone of the process, which requires a realistic
modeling approach for simulating the settling process for the design and optimal operation of
wastewater treatment plants. A great number of
models were proposed for modeling settling process
since the introduction of activated sludge models
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wastewater characterization page is also included,
through which component concentrations in influent
wastewater are defined. The coefficients page contains user defined stoichiometric and kinetic coefficients along with their Arhenius coefficients for temperature correction. In the links page, the user defines the labels and the flowrates of each link. The
connectivity of the links are defined in reactors page.
The reactors page also allows the user to type labels,
volumes and dissolved oxygen controls in the reactors. The final sheet, results page, reports effluent
COD, TKN, and TN concentrations along with their
respective removal efficiencies with respect to time.
Optionally, the change in concentrations of components in each reactor with respect to time can be
monitored through this page.

where Xmin is the minimum attainable suspended solids concentration in the effluent (Xmin = fns*Xin), and
rh, rp, v0, v0¶, and fns are the Takacs settling velocity
parameters. Note that the settling velocity in each
layer, vs,i, LVVXEMHFWWRWKHFRQGLWLRQvs,i v0¶. The
SS concentration in each layer of the settler at each
time step was calculated by the ODE solver implemented for the MS Excel tool.
User Interface. A user interface was also prepared for the implemented code in MS Excel sheets.
The user interface consists of six sheets. Through the
main page, the user defines wastewater temperature,
maximum simulation time, reporting period, and
time step as global parameters. Also, settler parameters including cross-sectional area, total depth of the
settler, and feed layer are provided here. A

FIGURE 1
General layout of the simulated AO process
TABLE 3
Model parameters used in simulations
Model parameter

Value
Influent
600 mg.L-1
0.78
60 mg.L-1
15 °C
3600 m3.h-1

Chemical oxygen demand (COD)
Biodegradable fraction of COD
Total nitrogen
Temperature
Flowrate
Reactors*
Anoxic
Volume
Dissolved oxygen control?
Dissolved oxygen level
Hydraulic retention time
Aerobic
Volume
Dissolved oxygen control?
Dissolved oxygen level
Hydraulic retention time

9000 m3
NO
Not applicable
2.5 h
14400 m3
YES
2.5 mg.L-1
4h
Operating

Sludge recycle ratio
Nitrate recycle ratio
Sludge retention time

1
4
10 days
Settler
2200 m2
5m
7

Cross-sectional area
Depth
Feed layer

* Initial values of component concentrations in reactors were set to their respective values in influent wastewater
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mg.L-1, and 11.4 mg.L-1, respectively. Effluent NO2N+NO3-N (SNO) concentration was calculated as 6.9
mg.L-1 as nitrogen. Under steady-state conditions,
COD, TKN and TN removal efficiencies were calculated as 92.1%, 92.3%, and 81.0%, respectively.
The change in removal efficiencies and effluent concentrations of COD, TKN, and TN with respect to
time is shown in Fig. 2. Since the initial values of
component concentrations were set to their respective values in influent wastewater, effluent COD
showed a drastic reduction in the beginning of simulation (Fig. 2.a). The main reason for this is the dispersion by bulk flow and the high rate of processes
(r1, r2, and r7) as a result of high initial concentrations of biodegradable organic components in both
reactors. As the simulation continued, the effluent
COD started increasing due to accumulation of particulate fraction of inert COD (particulate inert organics, XI) within the system, which, in turn, lead to
higher influent SS concentrations to the settler and
higher effluent concentrations. The decrease in effluent TKN and TN in the beginning of simulation (Fig.
2.b and Fig. 2.c) was due to the same reasons as
COD. Since the difference between TN and TKN is
equal to the soluble component of NO2-N+NO3-N
(SNO), TKN removal efficiency showed a drastic reduction during the course of simulation compared to
TN removal efficiency.

RESULTS AND DISCUSSION
An MS Excel tool for wastewater treatment
modeling purposes was implemented incorporating
ASM1 integrated with Takacs double-exponential
model in a ten-layer settler. The tool was employed
to simulate an AO process. The simulation was performed using two approaches: Complete-mix and
plug-flow. In complete-mix simulation, the reactors
in AO process, which are designated as anoxic and
aerobic, were assumed to be completely-mixed. In
plug-flow simulation, on the other hand, each reactor
was assumed to be a combination of five completemix reactors in series, in which the volume of each
complete-mix zones (regions) were taken as onefifth of the original reactor volume. In both simulations, the systems were simulated for a period of 60
days with a time step of 30 seconds and a reporting
period of 0.1 days. Figure 1 shows the general layout
of the process simulated, and the user inputs are
given in Table 3.
Complete-Mix Regime Simulation. Although
simulations continued until the end of 60 days, the
system reached steady state in about 20 days. Calculated effluent concentrations of COD, TKN, and TN
under steady-state conditions were 47.4 mg.L-1, 4.5

FIGURE 2
The change in effluent concentrations and removal efficiencies of a. COD, b. TKN, and c. TN with respect to time; for complete-mix regime
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FIGURE 3
The change in concentrations of a. COD components and b. nitrogen components in system under
steady-state conditions

anoxic reactor. As expected, NO2-N+NO3-N concentrations showed an increasing trend in aerobic reactor (Fig. 3.b).

The MS Excel tool provides the opportunity to
PRQLWRUFRPSRQHQWV¶FRQFHQWUDWLRQVLQHDFKUHDFWRU
The concentrations of nitrogen and COD components in anoxic tank, aerobic tank and settler effluents under steady-state conditions are shown in Fig.
3. It is obvious that most of readily biodegradable
organic matter (SS) was consumed in anoxic tank using nitrite (NO2-) and nitrate (NO3-) as electron acceptor (Fig. 3.a). Since slowly biodegradable organic
matter (XS) is assumed to be in particulate form (Table 1), it needs to be hydrolyzed into SS before it is
oxidized. The rate of hydrolysis in anoxic reactor
seems to be much faster than that in aerobic reactor
because of high concentration of XS. Fig. 3.b shows
the nitrogen components. The concentrations of particulate biodegradable organic nitrogen (XND) decreases both in anoxic and aerobic reactors, and its
effluent concentration reaches to zero since it is in
particulate form and is removed in the settler. Although hydrolysis of XND results in an increase in SND,
ASM1 includes an ammonification process, by
which SND is converted to ammonia-ammonium nitrogen (NH3-N and NH4-N, together forms SNH) by
heterotrophic bacteria. Since these processes occur
simultaneously in anoxic tank, the concentration of
SND decreases. In the aerobic tanks, in contrast, a
slight increase in its concentration is observed due to
the fact that the rate of hydrolysis of XND is higher
than that of ammonification under aerobic conditions. The steeper slope of the change in NH3N+NH4-N concentrations in anoxic tank (Fig. 3.b)
compared to that in aerobic tank can be explained by
the increased rate of anoxic heterotrophic growth on
NH3-N+NH4-N due to higher concentrations of SS in

Plug-Flow Regime Simulation. The MS Excel
tool is capable of simulating plug-flow regime for a
given system configuration provided that plug-flow
reactors are defined as series of complete-mix zones
(regions). For simulating plug-flow regime in the
AO process provided, both of the anoxic and aerobic
tanks were defined as five complete-mix zones. The
volume of each anoxic zone was 1800 m3 while that
of each aerobic zone was 2880 m3. Although simulations continued until the end of 60 days, the system
reached steady state in about 20 days. Calculated effluent concentrations of COD, TKN, and TN under
steady-state conditions were 46.2 mg.L-1, 2.9 mg.L1
, and 38.3 mg.L-1, respectively. Effluent NO2N+NO3-N concentration was calculated as 35.4
mg.L-1 as nitrogen. Under steady-state conditions,
COD, TKN and TN removal efficiencies were calculated as 92.3%, 96.7%, and 57.5%, respectively.
The change in removal efficiencies and effluent concentrations of COD, TKN, and TN with respect to
time is shown in Fig. 4. All of COD, TKN, and TN
removal efficiencies showed similar trends as in
complete-mix simulation. In plug-flow simulation,
the TKN removal efficiency (Fig 4.b) was calculated
much higher than that in complete-mix simulation.
As a result of efficient hydrolysis of XND, ammonification of SNH, and oxidation of SNH into SNO, the TN
removal efficiency (Fig 4.c) was calculated to be
much lower than that in complete-mix simulation.
The change in concentrations of nitrogen and
COD components within the system under steadystate conditions are shown in Fig. 5. The reason for
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a personal computer usually own licensed copy of
MS Excel. Therefore, an MS Excel tool for
wastewater treatment modeling could help engineering students to better understand the underlying principles of treatment processes in biological nitrogen
removal systems.
The implemented MS Excel tool allows the
user to define a process configuration with number
and order of reactors of his/her choice. The hydraulic
retention time in the reactors can be set by changing
the volumes of reactors. With the opportunity of arranging connections within the system, the user is
also allowed to define systems with or without nitrate recycle and RAS. Also, it is possible to withGUDZ WKH :$6 IURP UHDFWRUV RU IURP WKH VHWWOHU¶V
bottom. The user is also allowed to define settler parameters as well as sludge retention time by setting
the WAS flowrate.
Major drawbacks of the MS Excel tool includes
longer simulation times, lack of ability to simulate
the absorption kinetics in aerated reactors, and lack
of an integrated calibration algorithm which is of minor importance for an educational tool. Improvements on the tool should include integration of absorption kinetics. Also, coding the ODE solver module in faster programming languages like
FORTRAN, compiling it into a DLL file and embedding into the MS Excel tool could reduce simulation
times drastically.

sudden decrease in COD components immediately
after entering the anoxic zone (Fig. 5.a) is the dispersion by bulk flow (RAS and nitrate recycle). The decrease in XS was slower due to the fact that its concentration in RAS is much higher compared to SS.
Same trends were observed for COD components in
anoxic and aerobic reactors as in complete-mix simulation. In terms of nitrogen components, plug-flow
regime did not show a very different trend from complete-mix regime (Fig. 5.b) with the same underlying
principles. The main difference was that, in plugflow regime, five anoxic and five aerobic reactors
were actively contributing to the change in compoQHQWV¶FRQFHQWUDWLRQVUHVXOWLQJLQPXFKPRUHHIIHF
tive oxidation of SNH into SNO. Increased concentrations of SNO in effluent suggested that the volume of
the anoxic tank could be increased to improve TN
removal performance, although complete-mix simulation did not reveal insufficiency of the system pertaining to anoxic volume.

DISCUSSION
Today, there are a great number of software
packages for simulating wastewater treatment
plants, all of which are licensed products. Unfortunately, most of the students cannot afford these software packages. On the other hand, students who own

FIGURE 4
The change in effluent concentrations and removal efficiencies of a. COD, b. TKN, and c. TN with respect to time; for plug-flow regime
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FIGURE 5
The change in concentrations of a. COD components and b. nitrogen components in system under
steady-state conditions

CONCLUSIONS

ABBREVIATIONS

An MS Excel tool for simulating biological nitrogen removal systems incorporating Activated
Sludge Model No. 1 (ASM1) was developed in this
study. A ten-layer secondary settling model that employs Takacs double-exponential model for settling
velocity was also integrated into the software. The
influent wastewater characteristics, the settler design, the reactor configuration, and the links that provide connectivity within the system were designated
as user inputs to the software through an MS Excel
interface. The user can select global parameters of
the model including maximum simulation time, reporting period, and step size. The software was
tested using an AO process with complete-mix and
plug-flow approaches. Satisfactory performance of
the tool shows that it can be used in undergraduate
environmental engineering education for teaching
the students the fundamentals of the processes that
take place in a biological nitrogen removal system.
The user (student or instructor) is allowed to make
use of the opportunity of testing the effects of a wide
range of design and operating parameters on treatment system¶VSHUIRUPDQFH. In this aspect, the tool
proves to be an efficient software for undergraduate
education. Future projections on improving the tool
include:
x Integration of an option for switching the
ASM1 processes on and off, which could provide
means for better understanding of the effects of individual processes on treatment performance.
x Integration of absorption kinetics in aerated
reactors into the model, which could help make more
realistic estimates of treatment performance.

ASM1 components.
SA
: alkalinity, molar units
SI
: soluble inert organic matter, g.m-3 as COD
SO
: dissolved oxygen, g.m-3 as negative COD
SS
: readily biodegradable organic substrate,
g.m-3 as COD
SND : soluble biodegradable organic nitrogen,
g.m-3 as nitrogen
SNH : ammonium and ammonia nitrogen, g.m-3 as
nitrogen
SNO : nitrate and nitrite nitrogen, g.m-3 as nitrogen
XA
: active autotrophic biomass, g.m-3 as COD
: active heterotrophic biomass, g.m-3 as COD
XH
XI
: particulate inert organic matter, g.m-3 as
COD
XND : particulate biodegradable organic nitrogen,
g.m-3 as nitrogen
XP
: particulate products arising from biomass
decay, g.m-3 as COD
XS
: slowly biodegradable substrate, g.m-3 as
COD
ASM1 stoichiometric and kinetic parameters.
: decay rate of autotrophs, day-1
bA
bH
: decay rate of heterotrophs, day-1
fp
: fraction of biomass yielding particulate
products, dimensionless
iXB
: ratio of mass nitrogen to mass COD in biomass, (g N). (g COD)-1
: ratio of mass nitrogen to mass COD in prodiXP
ucts from biomass, (g N). (g COD)-1
ka
: rate constant for ammonification process,
m3. (g COD.day)-1
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[3] Vanrolleghem, P.A., Spanjers, H., Petersen, B.,
Ginestet, P. and Takacs, I. (1999) Estimating
(combinations of) Activated Sludge Model No.
1 parameters and components by respirometry.
Water Science and Technology. 39(1), 195-214.
[4] Weijers, S.R. and Vanrolleghem, P.A. (1997) A
procedure for selecting best identifiable parameters in calibrating activated sludge model no. 1
to full-scale plant data. Water Science and Technology. 36(5), 69-79.
[5] Weijers, S.R. (1999) On BOD tests for the determination of biodegradable COD for calibrating activated sludge model no. 1. Water Science
and Technology. 39(4), 177-184.
[6] Maryns, F. and Bauwens, W. (1997) The application of the activated sludge model no. 1 to a
river environment. Water Science and Technology. 36(5), 201-208.
[7] 1XKR÷OX$.HVNLQOHU%DQG <ÕOGÕ](  
Mathematical modeling of the activated sludge
process ± the Erzincan case. Process Biochemistry. 40, 2467-2473.
[8] Baek, S.H., Jeon, S.K. and Pagilla, K. (2009)
Mathematical modeling of aerobic membrane
bioreactor (MBR) using activated sludge model
no. 1 (ASM1). Journal of Industrial and Engineering Chemistry. 15, 835-840.
[9] Lubello, C., Caffaz, S., Gori, R. and Munz, G.
(2009) A modified Activated Sludge Model to
estimate solids production at low and high solids
retention time. Water Research. 43, 4539-4548.
[10] Nelson, M.I. and Sidhu, H.S. (2009) Analysis of
the activated sludge model (number 1). Applied
Mathematics Letters. 22, 629-635.
[11] Cadet, C. (2014) Simplifications of Activated
Sludge Model with preservation of its dynamic
accuracy. Proceedings of the 19th World Congress of the International Federation of Automatic Control, August 24-29, 2014, Cape Town,
South Africa.
[12] Espinosa-Rodriguez, M.A. and Fall, C. (2015)
Optimization of the production of sludge in an
activated sludge system through the calibration
of the ASM1 model (In Spanish). Ingenieria Investigacion y Tecnologia. 16(1), 93-104.
[13] Janus, T. and Ulanicki, B. (2015) ASM1-based
activated sludge model with biopolymer kinetics for integrated simulation of membrane bioreactors for wastewater treatment. Procedia Engineering. 119, 1318-1327.
[14] Hauduc, H., Rieger, L., Takacs, I., Heduit, A.,
Vanrolleghem, P.A. and Gillot, S. (2010) A systematic approach for model verification: application on seven published activated sludge models. Water Science and Technology. 61(4), 825839.

kh
: hydrolysis rate constant, (g COD).(g
COD.day)-1
KNH : half-rate constant for autotrophic growth on
ammonium and ammonia nitrogen, g NH3-N.m-3
KNO : half-rate constant for heterotrophic growth
on nitrate and nitrite nitrogen, g NO3-N.m-3
KO,A : half-rate constant for autotrophic growth depending on dissolved oxygen, g O2.m-3
KO,H : half-rate constant for heterotrophic growth
depending on dissolved oxygen, g O2.m-3
KS
: half-rate constant for heterotrophic growth
on readily biodegradable substrate, g COD.m-3
KX
: half-rate constant for hydrolysis, (g
COD).(g COD)-1
YA
: autotrophic yield, (g COD). (g N)-1
YH
: heterotrophic yield, (g COD). (g COD)-1
Șg
: correction factor for anoxic growth of heterotrophs, dimensionless
: correction factor for anoxic hydrolysis, diȘh
mensionless
: maximum growth rate of autotrophs, day-1
μA
μH
: maximum growth rate of heterotrophs, day1

Settling parameters.
A
: cross-sectional area of the settler, m2
fns
: non-settleable fraction of suspended solids
in feed water to the settler, dimensionless
: height of the ith layer of the settler, m
hi
m
: feed layer of the settler
Qin
: feed water flowrate to the settler, m3.day-1
Qovr : over-flowrate in the settler, m3.day-1
Qund : under-flowrate in the settler, m3.day-1
rh
: hindered zone settling parameter, m3.(g SS)1

rp
: flocculent zone settling parameter, m3.(g
-1
SS)
v0
: maximum practical settling velocity, m.day1

: maximum theoretical settling velocity,
v0¶
m.day-1
vs, i
: solids settling velocity in the ith layer of the
settler, m.day-1
: suspended solids concentration in settler inXin
fluent, g SS.m-3
Xmin : minimum attainable suspended solids concentration in the effluent, g SS.m-3
: suspended solids concentration in ith layer of
Xi
the settler, g SS.m-3
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and waste. Therefore, natural urban ecosystems such
as street trees, parks, urban forests have become increasingly important for urban sustainability.
There is a growing literature about the contributions of trees to the urban ecosystems. Trees can
minimize the negative environmental effects of urbanization in cities; for instance, they reduce the heat
island effect [4, 5, 6], air pollution [7, 8, 9], and noise
pollution [10], manage rainwater through runoff reduction [11] and regulate micro-climate at street and
city level [12].
Trees have been one of the most well-studied
organic carbon pools [13, 14]. As they are recognized as important storage sites for CO2, the primary
greenhouse gas [15, 16], C sequestration in woody
plants is suggested as a potential mitigation tool for
meeting the C reduction goals [17,18]. Ur-ban trees
reduce atmospheric CO2 in two ways. Firstly, the
plants sequester CO2 and release oxygen. Secondly,
trees provide shade and their transpiration cools air
beneath canopies and lower energy consumption for
air conditioning [19, 20].
The rate that trees sequester CO2 depends on
their growth and mature size. Large-stature trees in
regions with long growing seasons sequester the
most CO2. Small-stature trees in regions with shorter
growing seasons sequester the least [17, 21]. Sequestration can range from 35 pounds/year for small,
slow-growing trees to 800 pounds/year for larger
trees growing at their maximum rate [22]. Every 100
healthy tree removes about 15 tons of CO2 from the
air each year [18]. In Sacramento, California's six
million trees remove approximately 335 thousand
tons of atmospheric CO2 annually [19].
Despite this significant contribution of trees in
C emission reduction in cities, they are not benefited
sufficiently in developing countries due mainly to
the lack of tree inventory data in urban ecosystems
(streets, parks etc.) and inadequate knowledge about
their potential in C mitigation. There have been several studies in the literature aiming at calculating the
C sequestration by trees. Durkaya et al. (2013) studied the carbon storage capacities of forests on a sample of 34 Uludag Fir trees [23]. Keles et al. (2007)
also analyzed this issue by using

ABSTRACT
In recent years, trees have been one of the wellstudied organic carbon (C) pools in urban areas. As
they are recognized as important storage sites for
carbon dioxide (CO2), which constitutes the primary
greenhouse gas, biological C sequestration in woody
plants is suggested as a potential mitigation tool for
C emission reduction in cities. Despite this significant contribution of trees, they are not benefited sufficiently in developing countries due mainly to the
lack of tree inventory data in urban ecosystems
(streets, parks etc.) and inadequate knowledge about
their potential in C mitigation. The aim of this paper
is to put forward quantitatively the C sequestration
and storage of a campus area, which is an important
semi-SXEOLFJUHHQDUHDLQ$QNDUD¶VFLW\center.
Results of the study showed that in 2015 total
sequestered CO2 LQ $QNDUD 8QLYHUVLW\¶V FDmpus
trees was 179,353.04 kg According to our calculations, the trees stored 1,608,132.39 kg CO2 since the
establishment of the campus in 1942.

KEYWORDS:
Carbon storage, sequestration, climate change, Ankara
University Tandogan Campus

INTRODUCTION
In July 2015, world population reached 7.3 billion. The world has added one billion people since
2003 and two billion since 1990 [1]. Over half of this
population (54%) now lives in urban areas, up from
30% in 1950. The global urban population is projected to grow by 2.5 billion urban dwellers between
2014 and 2050, and with this increase, 66% of
ZRUOG¶VSRSXODWLRQLVSURMHFWHGWREHurban dweller
in 2050 [2].
Even if humanity is increasingly urban, it is still
as dependent on nature as before [3]. But the urbanization has a number of adverse effects on nature.
Population intensification/growth in urban areas results in the consumption of the environment and energy resources while causing to increasing pollution
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FIGURE 1
The location of the study area in the urban fabric

linear programming methods to carbon sequestration
as one of the six important forestry values [24]. The
aim of this paper is to put forward quantitatively the
C sequestration and storage of a campus area which
is an important semi-public JUHHQDUHDLQ$QNDUD¶V
city center. In this context, it is targeted to bring an
urban approach to the subject area.

Methods. C storage calculation methods in urban areas can be divided into two main categories.
The first approach is based on land area coverage.
This is calculated either in terms of actual coverage
(m2) or percentage coverage. In the second approach,
which is based on field studies, tree species are determined and C storage and sequestration amounts
are calculated with species-VSHFL¿F HTXDWLRQV IRU
trees growing in open, urban conditions. This second
approach was used in this study. The main steps of
the study are as follows:
x Collecting the tree data
The plant inventory of the campus area was created for the period April 2015 - May 2016. All plant
species either in solitary or group form (trees, shrubs,
bushes) were identified and counted. In addition,
their positions were registered to the computer with
their coordinates by means of the ArcGIS software.
x Measuring the Diameter at Breast Height
(DBH)
The diameters of the trunks of the trees were
measured. Trunk diameter refers to the diameter of
WKH SODQW¶V WUXQN PHDVXUHG DW  P DERYH WKH
ground. Trunk diameter measurements were carried
out with mechanical caliper. When the branching in
the tree was measured over 1.30 m, the measurement
was taken from the main body, while it was taken
from the principal branch where the branching was
under 1.30 m. It was especially made sure that the
measurements were made perpendicularly to the
body axis.
x Calculating the CO2 storage and annual sequestration of the trees
For calculating the CO2 storage and sequestration of the campus trees the CUFR Tree Carbon Calculator (CTCC) was used in this study.
The CTCC is an Excel spreadsheet application
which was produced by the US Forest Service researchers to estimate the amount of biomass and C
stored in a tree, as well as the amount sequestered
annually. The CTCC outputs can be used to estimate
GHG (greenhouse gas) benefits for existing trees or
to forecast future benefits. The CTCC provides

MATERIALS AND METHODS
Study Area. The study area, ³$QNDUDUniversity Tandogan Campus´is an inner city campus in
the Ankara city center (Figure 1). Rectorate Building, various units affiliated to the rectorate, Faculty
of Sciences, Faculty of Pharmaceutical Sciences,
Faculty of Engineering and the Institute of Nuclear
Sciences are located within the campus. In addition
to the administrative and educative buildings there
are also recreation areas (indoor and outdoor sport
centers, swimming pools, football, volleyball and
basketball fields and tennis courts).
The campus is an important cultural landscape
area with its place within the urban fabric and its historical, cultural, visual, ecological, social, scientific/educational and recreational characteristics.
The planning of the FDPSXV¶V Faculty of Sciences
was started by Ataturk. The two of the faculty buildings are examples of II. National Architecture Movement and are officially registered by the Ankara¶V
Cultural and Natural Assets Conservation Board.
The area was originally designed as a botanical garden, which provided with a significant richness in
terms of plant diversity. Some of the natural and historic species that had been planted during the first
periods and reached the present date were registered
as cultural assets, such as, Pinus griffithii McClelland (Blue Pine), Cupressus arizonica Greene (Arizona Cypress), Abies nordmanniana (Stev), Spach
(Caucasian Fir), Juniperus virginiana L. (Virginian
Juniper).
The study area was declared as 3rd Degree Natural Site because of the natural and cultural assets it
harbors.
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FIGURE 2
The plants of the study area

FIGURE 3
Leafy trees (green) and coniferous trees (yellow) in the campus
carbon-related information for trees located in one of
sixteen United States climate zones. It uses species
name, and age or DBH to calculate C stored, sequestered and avoided emissions. The CTCC used 26
species-VSHFL¿FHTXDWLRQVIRUWUHHVJURZLQJLQRSHQ
urban conditions [25].
Campus tree inventory was compared with the
US reference tree data and the species that were not
in the reference tree data were identified before passing to the phase of CO2 emission calculation. Nonmatching species were categorized first.
For non-matching species, each species was
FODVVL¿HG ZLWK IRXU GHVFULSWRUV 7KHVH IRXU GH
scriptors are tree type (broadleaf, conifer, palm), life
form (evergreen, deciduous), mature tree size (large,
medium, small) and growth rate (very fast, fast, medium fast, medium, slow medium, slow, very slow)

[26]. After the classification, the matching up of the
species was made.
The amount of CO2 sequestered and stored by
each tree that was inventoried in the campus was calculated by using the trunk diameter of the tree
through the CTCC.
In the study, CO2 storage refers to the CO2
amount accumulated in the aboveground and belowground biomass of trees over many years (excludes
C stored in the soil). CO2 sequestration means, on the
other hand, the change in the CO2 storage in aboveground and belowground biomass that results from
the tree growth during a single growing season.
Limitations of the study. Conditions vary
within regions, and data from the CTCC may not accurately reflect the rate of tree growth.
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On the other hand, the most frequently observed
leafy tree species at the campus is Ailanthus altissima (Mill.) Swingle (425 pieces) which is an exotic
and invasive species. It is followed by Sophora japonica L. (358 pieces) and Robinia pseudoacacia L.
(277 pieces). The numbers and percentages of the
trees found on the campus are given in Table 1.

RESULTS AND DISCUSSION
Tree numbers and species. In Ankara University Tandogan Campus, the study area, 8,195 plants
(trees, shrubs) belonging to 190 taxa were identified
(Figure 2). Only trees were used when calculating
the CO2 emission that is sequestered and stored in
the campus. Approximately 70.9% of these 8,195
plants are trees (5,813 pieces). The trees are composed of 97 species. When the distribution of life
forms of these 97 species was examined, it was observed that 28.87% (28 species) is coniferous trees
and 71.13% (69 species) is leafy trees. The distribution of the trees on the campus, on the other hand, is
49.87% (2,899 pieces) coniferous and 50.13%
(2,914 pieces) leafy trees (Figure 3).

DBH profile. Trunk diameters of 5,813 plants
were identified. It was established that the trunk diameters ranges from 1 cm to 78 cm.
The species with the largest trunk diameter is
Quercus robur L. Its diameter is 78 cm. The second
tree with the largest trunk diameter is Pinus griffithii
McClelland with a diameter of 73 cm. Both trees are
the oldest trees of the campus and were registered as
monumental trees.

Species dominance. In terms of the species
dominance of the trees on the campus, it was noted
that Pinus nigra L., a local species, is the most
widely used/found species with a rate of 20.90%
(1,215 pieces). It was followed by Ailanthus altissima (Mill.) Swingle, an exotic species, with 7.31%
(425 pieces) and Sophora japonica L. with 6.16%
(358 pieces).
Out of 2,899 coniferous trees, Pinus nigra L. is
the most widely used one with 1,215 pieces on the
campus, while it is followed by Thuja orientalis L.
with 327 and Cedrus libani A. Rich. with 285 pieces.

CO2 storage and sequestration of the campus trees. The total amount of CO2 sequestered anQXDOO\LQWKHWUHHVLQ$QNDUD8QLYHUVLW\¶V7DQGRJDQ
Campus is 179,353.04 kg in 2015. (Table 2) Out of
this amount, 71.49% (128,221.24 kg) is sequestered
by leafy trees while 28.51% (51,131.80 kg) by coniferous trees. If we look at the per tree CO2 amounts
sequestered, it is observed that coniferous trees in the
campus sequester 17.64 kg CO2 per tree on average
and the leafy ones sequester 44.00 kg. In the campus
area, which has a surface area of 24.4 ha in total, annually 7,350.53 kg CO2 is sequestered per hectare.

TABLE 1
Trees identified in the campus
Plant name

Plant count

%

Pinus nigra L.
Ailanthus altissima (Mill.) Swingle
Sophora japonica L.
Thuja orientalis L.
Cedrus libani A. Rich.
Robinia pseudoacacia L.
× Cupressocyparis leylandii (A.B.Jacks. & Dallim.)
Dallim
Picea pungens Engelm.
Aesculus hippocastanum L.
Fraxinus excelsior L.
Acer negundo L.
Picea pungens 'Glauca'
Prunus cerasifera 'Pissardii
Nigra'
Cedrus atlantica Manetti
Cercis siliquastrum L.
Cupressus arizonica Greene
Acer pseudoplatanus L.
Crataegus monogyna Jacq.
Tilia tomentosa Moench.
Betula pendula Roth.
Gleditsia triacanthos L.
Maclura
pomifera
(Raf.)
Schneid.
Pinus sylvestris L.
Populus nigra L.
Other

1,215
425

20.90
7.31

Trunk diameter (cm)
Min
Max
1
60
3
65

358
327
285
277
256

6.16
5.63
4.90
4.77
4.40

1
1
1
2
1

56
32
52
50
25

249
227
225
138
138
122

4.28
3.91
3.87
2.37
2.37
2.10

2
1
4
2
2
2

40
65
60
53
45
40

108
94
93
82
80
70
64
62
57

1.86
1.62
1.60
1.41
1.38
1.20
1.10
1.07
0.98

1
1
1
1
1
4
2
4
10

48
26
63
40
35
68
36
44
50

57
57
747

0.98
0.98
12.85

1
2
1

40
59
78
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TABLE 2
Amounts of CO2 emissions annually sequestered and stored in the campus area
Plant count
Coniferous
Leafy
Total

2,899
2,914
5,813

Total CO2 sequestered
51,131.80
128,221.24
179,353.04

Future Benefits of Campus Trees. The approximate CO2 amount to be stored by the campus
trees by the end of their lives was calculated as
30,960,054.63 kg (Table 3). Of this amount, 63.74%
will be stored by the leafy trees. On the other hand,
approximately 10% (3,069,849.91 kg) of the total
emission will be stored by Aesculus hippocastanum
L. It is followed by Ailanthus altissima (Mill.) Swingle with 2,955,183.49 kg and Robinia pseudoacacia
L. with 1,909,300.45 kg. Among the coniferous
plants, CO2 storage calculations are: Pinus nigra L.
4,336,170.53 kg, Cedrus libani A. Rich.
2,649,460.33 kg, and Cedrus atlantica Manetti
1,004,006.02 kg. The reason for this high emission
amount for Pinus nigra L. is its existence in the campus in large numbers (1,215 pieces).
TABLE 3
Estimations of stored CO2 emissions in the
campus area
Coniferous
Leafy
Total

Total stored CO2

%

11,227,489.28
19,732,565.35
30,960,054.63

36.26
63.74
100.00

Total CO2 stored

%

28.51
71.49
100.00

363,755.61
1,244,376.79
1,608,132.39

22.62
77.38
100.00

CO2 storage and sequestration.
Results of the study showed that in 2015 total
sequestered CO2 LQ $QNDUD 8QLYHUVLW\¶V FDPSXV
trees is 179.353,04 kg. Campus trees stored
1,608,132.39 kg CO2 since it has been established in
1942.
Rowntree and Nowak (1991) developed in their
study a method to estimate C stored per unit area of
tree crown for Chicago [28]. The formula for C storage is (1):
C storage (tones x ha-1) = 1.063 x % tree cover (1)
In this study the tree cover in the campus was
analyzed based on satellite images utilizing GIS and
then the C stored in trees was calculated. The campus
area is 24.4 ha in total and its tree coverage is
43.83%. C storage of the campus trees was found
465.59 tones using formula (1). Since the unit of our
study is in CO2WKHUHVXOWRI5RZQWUHHDQG1RZDN¶V
formula was converted to CO2. It was found 1706.87
tones.
According to the results of this study, total CO2
stored in campus trees was estimated as 1,608.13
tones. The difference bHWZHHQWKLVVWXG\¶V result and
5RZQWUHHDQG1RZDN¶VUHVXOWLV tones corresponding to 6.14% (Table 4).

Total CO2 stored in the campus trees is
1,608,132.39 kg (Table 2). Out of this amount,
77.38% (1,244,376.79 kg) is stored by the leafy trees
and 22.68% (363,755.61 kg) by the coniferous trees.
Per tree total CO2 storage is, on the other hand,
125.48 kg on average for a coniferous tree and
427.03 kg for a leafy tree. Per hectare CO2 storage of
the campus area is on average 65,907.05 kg.

Plant
count
2,899
2,914
5,813

%

TABLE 4
Comparison of the results
Method
CTCC
Rowntree
Nowak

and

Total stored CO2
(tones)
1,608.13
1,706.87

Difference
(%)
-6.14

In contemporary urban areas where C sources
are abundant but C sinks are scarce, such as Ankara,
inventory of accumulated CO2 by trees can guide
landscape and horticultural practices toward establishment of high sequestering species of trees. This
becomes particularly important for mega-scale tree
planting programs led by local governments to sequester CO2.
Although urban C sinks do not necessarily have
a significant impact on the global C balance, urban
green areas can have local importance as C sinks
[29]. In the long-term, these studies can help ensure
tree planting, care, and preservation in cities by guiding local governments especially in developing
countries. As C reductions become accredited and
prices per kg of C rise in climate change mitigation
process, each green area in cities could become a
monetary resource for municipal climate change mitigation action plan. The results of this study showed

CONCLUSION
The effects of trees and green areas on climate
change mitigation and adaptation in cities is a subject
of intensive research. Whitford et al. (2001) emphasize that trees can mitigate C indirectly through decreasing energy used for heating and cooling. Additionally, as a direct benefit, trees store C and sequester it as they grow [27].
The calculation of benefits and ecosystem services delivered by trees and green areas puts forward
quantitatively the importance of these areas for cities. In this study, the contribution of an urban green
area - $QNDUD8QLYHUVLW\¶VFDPSXVZKLFKLVRQHRI
the important green areas in densely built up part of
Ankara, was examined through calculation of its
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pus trees for CO2 mitigation. The results will guide
IXWXUH YHJHWDWLRQ FRQ¿JXUDWLRQ WKURXJK VHOHFWLQJ
more CO2-storing trees for vegetation and help to
preserve the campus area from the developmental
pressures.
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unknown. Moreover, Jo and Seo [3] indicated that
allergic reactions increased in school children when
they were exposed to fungal bioaerosols. Additionally, there is a link between indoor fungal concentrations and the season, along with other climatological
and meteorological factors [4]. Building age and
structure, heating and ventilation systems and number of inhabitants also affect indoor air quality and
airborne fungal concentration [5]. The air quality and
fungal concentration in nursing homes is of particular concern given the elderly living in these facilities
often have chronic diseases and are immunocompromised, thus susceptible to fungal bioaerosols. According to Gnidaek et al. [6], the risk of fungal infections was on the rise for elderly living in nursing
homes in Poland. Vasconcellos et al. [7] isolated fungal species such as Trichophyton, Microsporum,
Candida, Trichosporon, Fusarium and Aspergillus
spp. from the nail scrapings of institutionalized individuals. Gunduz et al. [8] isolated fungi from the
nails of the elderly [59 females and 155 males] living
in a nursery home in Manisa, Turkey and reported
that onychomycosis was more common amongst the
elderly living here than in the general population.
While there have been numerous studies assessing indoor fungal bioaerosols in the homes of
asthmatic children [9], hospitals [10] and in preschool and day care centres [11] in Edirne, Turkey,
there have been no such studies in Edirne nursing
homes. Thus, the purpose of this study was to systematically determine indoor airborne fungal concentration as well as the seasonal distribution of
fungi and relationship with meteorological parameters in different parts of a nursery home in Edirne,
Turkey. Our work may be useful to determine airborne fungal pathogens dwelling in nursing homes
and potentially prevent associated health problems
in this highly susceptible and vulnerable population.

ABSTRACT
We aimed to determine the indoor airborne fungal concentration and diversity of a nursing home in
Edirne City (Turkey). We sampled indoor airborne
fungal sampling two times a month during 6 months
period from 9 different places of nursing home. Also
we investigated distribution of fungi as monthly seasonal and relationship with meteorological factors. We determined 9.520 CFU/m3 fungal colonies
by aspiration 21.600 L of air using 216 Petri plates
for fungal isolation. The highest fungal counts were
found in dining hall and the lowest in lounge. Also
the highest fungal counts found in April and lowest
in December. We determined 80 fungal species belonging to the 31 genera. The most appearing fungal
genera were Penicillium, Cladosporium and Aspergillus and Penicillium genus had highest species diversity with 34 species. We determined Penicillium,
Cladosporium, Aspergillus, Mycelia sterilia and Alternaria in all months. Penicillium and Aspergillus
genera were the most appeared in April and
Cladosporium was in May. Correlation of Alternaria, Aspergillus and Cladosporium genera with
temperature was found significant as statistics
(*p<0.05). There are living old humans whose have
generally health problems in nursing homes and determination of indoor airborne fungi in these places
are important for prevent allergic reactions and potential fungal infections.

KEYWORDS:
Indoor airborne fungi, nursing home, Edirne.

INTRODUCTION
Humans, especially those living in urban areas,
spend approximately 80% of their time indoors.
Thus, the frequency of indoor contaminant exposure
impacts not only air quality but also human health
[1]. Particularly, high concentrations of airborne
fungal spores may negatively affect human health;
fungal spores are aeroallergens that can enter the respiratory tract. According to Li and Kendrick [2],
while the relationship between respiratory illness
and fungal spore exposure is clear, its mechanism is

MATERIALS AND METHODS
Some Properties of Nursing Home. The nursing home used for our study was built in 1990 in
Edirne, Turkey. It is 10,900 m2 with a garden and
four floors. The layout of sampling locations in the
nursing home is provided in Table 1.
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units/m3 of air). Then, fungi were transferred to Potato Dextrose Agar (PDA), incubated at 25°C for 10
days and transferred to 4°C to maintain stock cultures. Also, the temperature and relative humidity
were measured at the fungal sampling areas.

In this facility, there was a central heating/cooling system but ventilation was generally provided
via opening windows. Walls were distemper. In total, there were 60 rooms for residents (35 rooms:
women and 25 rooms: men). Rooms were single,
double and triple. At the time of the study, 78 men
and 36 women (total: 114; age interval: 68±75 years
old) were living in the nursing home. There were 41
staff members. To note, more than half of the elderly
patients had chronic diseases such as heart disease,
diabetes and hypertension. The number of daily visitors varied but increased on special occasions such
as holidays.

Fungal Identification. Isolated airborne fungi
were grown on specific identification media for morphological identification, using fungal manuals as
reference materials [12-24]. Also, fungal species
names were standardized in accordance with Authors of Fungal Names [25] and the website,
www.indexfungorum.org.
Statistical Analysis. We performed Pearson
correlation analysis between temperature/relative
humidity and fungal genera/fungal counts. We used
the species richness index (=Margalef), species diversity index (=Shannon) and regularity index value
(=Pielou) to assess the correlation of and compare
fungal composition and fungal spore counts among
sample sites. We used the COMM Programme [26]
to calculate for mentioned index values and p < 0.05
was considered statistically significant.

Fungal Sampling. We obtained airborne fungi
from nine sampling areas in the nursing home at 15day intervals, with sampling performed on the 5 th
and 20th day of every month between December
2009 and May 2010. We used two plates containing
media each time for each sampling area, totalling
216 plates.
Fungal Isolation. We used an air sampler
(Merck Millipore M Air T Microbiological Air Sampler) to isolate fungal bioaerosols from collected
samples. Briefly, we aspirated 100 L of air for each
sample; fungal colony counts on Petri dishes were
multiplied by 10 to determine fungal concentrations
in 1 m3 of air. We used Rose-Bengal Chloramphenicol agar for fungal isolation. Fungal samples were
taken from the centre point of sampled locations and
during midday hours (13:30±14:30 pm) at an average 1.30 m above the ground. All windows were
closed when fungal samples were obtained. We
counted fungal colonies after incubation at 25°C for
seven days to obtain CFU/m3 (colony forming

RESULTS AND DISCUSSION
In total, we found 9,520 CFU/m3 of fungal content in 21,600 L of aspirated air from all sampling
stations. The most fungal counts were found in dining hall (1380 CFU/m3, 14.49 %), lowest in third
resting hall (655 CFU/m3, 6.88 %). Additionally, the
highest fungal concentration was in April 2010
(2,505 CFU/m3) and lowest in December 2009 (400
CFU/m3) (Table 2).

TABLE 1
Some Properties of Fungal Sampling Places
Floor

(m2)

3rd floor

248

2R

2st floor

248

E

1st floor

280

Ventilation
Open windows and
air conditioning
Open windows and
air conditioning
Open windows

K

1st floor

260

Open windows

P

Ground floor

60

Open windows

L

1st floor

40

Open windows

Tile and
wall to wall carpet
Wall to wall carpet

B

1st floor

20

Open windows

Tile

M
W

1st floor
1st floor

20
20

Open windows
Open windows

Tile
Wall to wall carpet

3R

Floor

Other Properties

Wall to wall carpet

Opening to right and left corridor

Tile

Wall to wall carpet

Opening to right and left corridor

Tile

Related to kitchen
There are scullery and two parts of
dining hall
There two parts for perform ablution
and perform prayer.
This part is active only Tuesdays and
Fridays.
Three toilettes and three lavabo
Three toilettes and three lavabo

*Letters indicate: 3R: Third floor resting hall, 2R: Second floor resting hall; E: Eating hall, K: Kitchen,
P: Prayer room, L: Library, B: Barber, M: Men WC, W: Women WC.
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TABLE 2
Fungal colony counts (CFU/m3) for months.
Month
December 2009
January 2010
February 2010
March 2010
April 2010
May 2010

Day
5.
20.
5.
20.
5.
20.
5.
20.
5.
20.
5.
20.

3R*
10
5
10
20
70
75
90
160
100
5
110
655

2R
55
40
90
95
25
40
75
125
85
110
5
110
855

E
15
20
155
125
170
40
70
230
155
115
80
205
1380

K
15
10
60
110
105
55
50
80
185
330
100
165
1265

P
10
40
210
185
45
95
100
45
130
30
175
125
1190

L
25
30
50
105
45
45
295
165
75
70
30
120
1055

B
25
35
45
20
70
75
150
80
100
15
90
705

M
30
10
180
40
50
160
115
225
145
185
85
140
1365

W
25
0
15
10
35
120
70
150
300
150
30
145
1050

Total
210
190
815
690
565
700
850
1260
1315
1190
525
1210
9520

Total
*Letters indicate: 3R: Third floor resting hall, 2R: Second floor resting hall; E: Eating hall, K: Kitchen,
P: Prayer room, L: Library, B: Barber, M: Men WC, W: Women WC

TABLE 3
Fungal genera and species list, isolation places, months and colony counts.
Genus and Species
Name

3R*

2R

E

K

P

L

B

M

W

Isolation
month (Colony
counts)
(CFU/m3)

Total

ACREMONIUM
Acremonium spp.
ALTERNARIA
A. alternariae

-

-

-

-

5

-

-

-

-

1(5)

5

5

15

-

5

15

10

-

10

10

70

A. alternata

-

-

15

15

25

55

-

-

-

A. atra

-

-

45

20

-

-

15

-

30

A. citri
A. longipes
A. tenuissima
Alternaria spp.
ARTHRINIUM
A. euphorbiae
A. saccharicola
A. sphaerospermum
Arthrinium spp.
ARTHROBOTRYS
Arthrobotrys spp.
ASPERGILLUS
A. flavipes
A. flavus
A. fumigatus
A. nidulans

-

5
-

-

5

5
-

10
-

-

-

5
5
5

1(5), 5(65)
12(25), 1(20),
2(5), 3(10),
4(5), 5(45)
12(10), 3(40),
4(5), 5(55)
1(20)
12(5)
1(5)
2(10)

5

-

5
5
10

5
-

5

-

5
-

5
5

5

12(5), 4(10)
2(5), 4(5)
5(5)
3(10), 4(20)

15
10
5
30

-

5

-

-

-

-

-

-

-

1(5)

5

5
10
5

10
-

-

20
5
-

5
-

15
-

-

5
5
-

-

10
45
25
5

A. niger

60

25

20

5

40

55

45

90

90

A. ochraceus
A. ruber
A. sydowii
A. terreus
A. tomophilus

5
-

-

-

10
-

5
-

-

5
5

5
-

-

A. versicolor

80

25

95

90

-

40

25

50

40

A. wentii
Aspergillus sp.
BEAUVERIA
Beauveria sp.
BOTRYTIS

5

-

5
-

5
-

5
-

25

5
-

5

-

12(5), 1(5)
4(25), 5(20)
1(20), 4(5)
5(5)
2(10), 3(15),
4(235), 5(170)
1(10)
1(5)
4(5)
3(10)
1(5)
1(15), 2(205),
3(220), 4(5)
2(10), 3(5), 4(5)
1(10), 2(25)

-

5

20

-

-

-

-

-

-

4(25)

25

Botrytis sp.

-

5

10

5

25

10

-

5

-

2(5), 3(5),
4(45), 5(5)

60

7027

110
110
20
5
5
10

430
10
5
5
10
5
445
20
35
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W

Isolation
month (Colony
counts)
(CFU/m3)

Total

-

-

3(5)

5

45

60

60

45

40

20

20

-

15

15

-

-

20

30

45

20

45

30

5

-

5
-

5
-

10
-

-

Genus and Species
Name

3R*

2R

E

K

P

L

B

M

CHATOMIUM
Chatomium sp.
CLADOSPORIUM

-

5

-

-

-

-

-

C. cladosporioides

55

80

130

90

95

30

C. cucumerinum

10

30

45

5

40

-

-

-

20

C. macrocarpum

25

15

75

C. oxysporum
C. ramotenellum
C. sinuosum

5
5

-

10
5

C. herbarum

12(20), 1(45),
2(75), 4(65),
5(440)
12(10), 2(10),
3(80), 4(20),
5(135)
12(15), 1(10),
4(25)
12(5), 2(25),
3(140), 4(135)
12(10)
2(25)
2(10), 5(5)
12(35), 1(10),
2(25), 3(15)
1(5), 5 (120)
1(5)
3(10)
4(5)

645

255
50
305
10
25
15

C. sphaerospermum

5

5

-

-

40

10

10

15

-

C. spongiosum
C. teniussimum
C. variabile
Cladosporium spp.
CURVULARIA

10
-

5
5

-

20
5
-

10
5
-

25
-

10
5
-

15
-

30
-

C. tsudae

5

5

-

10

5

-

-

-

-

E. nigrum

-

5

5

-

5

10

15

25

10

Epicoccum spp.
GEOTRICHUM
Geotrichum sp.
GLIOMASTIX
Gliomastix sp.
MICROASCUS

-

-

-

5

-

-

-

5

-

12(15), 2(5),
3(55)
3(5),4(5)

-

-

-

-

-

-

5

-

-

12(5)

5

-

-

-

-

-

-

-

5

-

3(5)

5

M. brevicaulis

5

60

30

5

80

5

-

110

5

12(15), 1(240),
3(10), 4(35)

300

MONODICTYS
M. levis
MUCOR

-

10

60

-

-

-

-

-

-

4(70)

70

Mucor sp.

15

55

5

30

5

20

5

-

5

MyceliaSterilia

45

40

25

35

30

50

20

105

95

O.elatum

15

10

-

5

15

30

-

5

10

1(5), 2(25),
4(60)

90

OIDIODENDRON
Oidiodendron sp.
PENICILLIUM

5

-

-

10

-

-

-

-

-

1(5), 3(5), 5(5)

15

P. atramentosum

40

25

-

-

40

-

30

75

40

P. aurantiogriseum

30

50

15

95

135

135

55

85

30

P. brevicompactum
P. chrysogenum
P. citreonigrum
P. citrinum
P. commune
P. corylophilum

5
5
-

5
5
5

5
-

5

10
-

5
10
5
15

5
10
-

5
5
15
5

10
-

12(10), 2(5),
3(10)

85
125
5
10
5
25

EPICOCCUM

12(15),1(25),
3(5), 4(95)
12(40),1(20),2(
10),3(155),4(19
0),5(30)

75
10

140
445

OCHROCLADOSPORIUM

P. decumbens

130

50

155

95

10

75

45

60

55

P. digitatum
P. donkii

-

15
-

-

-

5

-

-

5
-

-

P. expansum

-

-

15

5

5

-

-

-

5

P. glabrum

5

60

205

195

25

110

30

25

30

7028

12(10), 1(15),
2(205), 3(20)
12(25), 1(65),
2(80), 3(190),
4(200), 5(70)
3(10)
2(15), 3(30)
1(25), 3(5), 4(5)
1(10)
3(5)
12(15), 1(15)
1(25), 3(425),
4(110), 5(115)
12(20)
3(5)
1(15), 4(5),
5(10)
12(30), 1(340),
2(75), 3(100),
4(140)

250
630
10
45
35
10
5
30
675
20
5
30
685
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Isolation
month (Colony
counts)
(CFU/m3)

3R*

2R

E

K

P

L

B

M

W

PENICILLIUM
P. glandicola

-

5

5

5

-

-

10

-

5

P. granulatum

-

-

-

10

5

5

5

30

35

P. griseofulvum

5

15

20

40

110

20

10

40

-

P. griseoseum
P. hirsutum
P. italicum
P. janthinellum
P. jensenii
P. lividum
P. miczynskii
P. montanence
P. olivicolor
P. olsonii
P. paxilli

-

5
5
5
5
5
10
-

5
10
10
5
-

5
5
5
85
-

5
5
30
-

5
-

5
5
-

5
20
-

10
5

P. roquefortii

-

20

105

40

-

5

40

65

170

P. simplicissimum

-

10

-

-

-

-

-

-

-

P. solitum

5

-

50

15

50

5

30

10

5

P. spinulosum

-

15

-

-

-

5

25

20

15

P. verrucosum
P. waksmanii

10
-

20
-

60
-

85
5

10
5

35
-

50
-

40
-

80
-

Penicillium spp.

20

50

60

45

210

45

25

80

50

-

-

5

5

-

-

-

5

5

3(20)

20

-

-

-

-

10

-

-

5

-

2(10),4(5)

15

-

-

-

5

-

-

-

-

-

1(5)

5

-

-

-

-

-

-

5

-

-

2(5)

5

-

-

5

-

5

-

-

-

-

2(5), 3(5)

10

5

10
-

5
-

-

5
-

5
5

-

45
-

-

2(5)
12(5)
1(5), 3(55)
5(10)

5
5
60
10

-

5

-

-

-

-

-

-

-

12(5)

5

-

-

-

-

-

-

-

5

-

1(5)

5

-

-

-

-

-

5

-

-

-

5(5)

5

-

5

5

-

5

-

-

-

-

12(5),1(5), 5(5)

15

5
-

5
-

-

-

10
-

15
-

-

5
5

5
-

3(40), 5(5)
2(5)

45
5

-

5

-

-

-

-

-

-

-

5

5

15

15

60

-

35

20

100

40

3(5)
3(30), 4(105),
5(155)

655

855

1380

1265

1190

1055

705

1365

1050

PERICONIELLA
P. levispora
RAMICHLORIDIUM
Ramichloridium sp.
SAROCLADIUM
S. kiliense
SCEDOSPORIUM
Scedosporium sp.
SCLEROCLEISTA
S. ornata
SCOPULORIOPSIS
S. brumptii
S. candida
S. flava
Scopuloriopsis spp.
STACHYBOTRYS
S. elegans
STAPHYLOTRICHUM
Staphylotrichum sp.
STEMPHYLIUM
Stemphylium sp.
TRICHODERMA
T. viride
ULOCLADIUM
U. chartarum
Ulocladium spp.
VERONEAE
Veroneae sp.
Unidentified
Total

5(30)
1(5), 2(25),
4(60)
12(10), 1(130),
2(20), 3(15),
5(85)
4(10)
3(5)
1(10), 5(5)
12(5), 3(10)
3(5)
3(15)
3(35)
3(20)
5(30)
4(105)
2(5)
12(5), 1(5),
2(50), 3(55),
4(330)
1(10)
2(65), 3(5),
4(60), 5 (40)
12(25), 1(15),
2(40)
3(125), 4(265)
1(10)
1(290), 2(165),
3(60), 4(5),
5(65)

*Letters indicate: 3R: Third floor resting hall, 2R: Second floor resting hall; E: Eating hall, K: Kitchen,
P: Prayer room, L: Library, B: Barber, M: Men WC, W: Women WC.
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Total

30
90
260
10
5
15
15
5
15
35
20
30
105
5
445
10
170
80
390
10
585

290
9520
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TABLE 4
Correlation coefficients between the fungal colony counts (CFU/m3) and meteorological factors (r).
Type of correlation coefficient

Fungal genera
Alternaria
Aspergillus

Pearson Correlation coefficient
Cladosporium

Correlation of temperature value (0C)
and fungal colony counts
*r = 0.600 (3R)
*r = 0.624 (E)
*r = 0.600 (3R)
**r = 0.726 (P)
*r = 0.622 (3R)
**r = 0.726 (2R)
*r = 0.671 (E)
*r = 0.601 (M)

TABLE 5
Calculation results used COMM program for compare sampling stations to each others.
Station
Sum*
S**
Max.Dom.***
Margalef
Shannon
620.0
31
4.660
2.783
3R
21.0
800.0
10.0
2R
47
6.881
3.406
1305.0
38
15.7
5.158
2.965
E
1155.0
43
16.9
5.956
3.050
K
975.0
41
13.8
5.812
3.129
P
945.0
36
14.3
5.109
3.097
L
660.0
35
8.3
5.237
3.229
B
1175.0
43
9.4
5.941
3.251
M
960.0
33
17.7
4.666
2.941
W
*Sum: CFU/m3 values for analysed fungi identified species level only.
**S: Number of fungal species isolated as different.
***Max.Dom: Dominance values of fungal species isolated from sampling stations.

Pielou
0.810
0.885
0.815
0.811
0.842
0.864
0.908
0.864
0.841

ble 4 and our statistical analyses regarding the correlation of fungal composition and fungal spore numbers amongst our sampling locations is provided in
Table 5.
The most prevalent fungal genera in our study
were Penicillium, Cladosporium and Aspergillus.
These results corroborated previous studies performed in different countries and indoor environments (homes, office, newborne homes, schools,
university building, fast food restaurants, health centre, hospital, food production plant) by Bonetta et al.
[27] in Italy, Salonen et al. [28] and Lappalainen et
al. [29] in Finland, Dassonville et al. [5] in France
and Zorman et al. [30] in Slovenia. Fang et al. [31]
indicated that Cladosporium, Alternaria, Aspergillus
and Fusarium as allergenic fungi. Additionally, high
indoor concentrations of Cladosporium and Penicillium species were identified as significant causative
agents of allergenic disease. Mentioned genera were
determined in high concentration in our study. Salonen et al. [28] isolated Penicillium / Aspergillus genera and Aspergillus versicolor, from office buildings
with humidity problems. Moreover, Zorman et al.
[30] indicated that Aspergillus flavus, A. fumigatus
and A. versicolor may be infectious, allergenic and
toxigenic in humans. In our study, we also found
above genera and species and allergenic Alternaria
genus observed in all sampling months.

We determined 80 fungal species belonging to
31 genera. Penicillium (4,760 CFU/m3, 50%) was
the most prevalent, followed by Cladosporium
(1,535 CFU/m3, 16,12%), Aspergillus (1,050
CFU/m3, 11,03%), Alternaria (330 CFU/m3, 4,67%)
and sterile fungi, also known as Mycelia sterilia,
(445 CFU/m3, 3,47%). The five most prevalent fungi
comprised 85.29% of all fungal counts. To note, we
found Penicillium, Cladosporium, Aspergillus, Alternaria and Mycelia Sterilia consistently throughout the study period. Penicillium and Aspergillus
genera were found the most in April 2010 (1,295
CFU/m3 and 280 CFU/m3, respectively) and
Cladosporium in May 2010 (700 CFU/m3). In our
study, Penicillium had the highest species diversity
with 34 species, followed by Aspergillus with 12
species and Cladosporium with 11 species. Specifically, the most frequently determined fungal species
were: Penicillium glabrum (685 CFU/m3, 7.20%),
Penicillium decumbens (675 CFU/m3, 7.09%),
Cladosporium cladosporioides (645 CFU/m3,
6.77%), Penicillium aurantiogriseum (630 CFU/m3,
6.62%), Aspergillus versicolor (445 CFU/m3,
4.67%) and Penicillium roqueforti (445 CFU/m3 and
4.67%) (Table 3).
The relationship between fungal genera/fungal
counts and meteorological factors is outlined in Ta-
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Additionally, we found a significant correlation
with Aspergillus prevalence in the prayer room and
temperature (P < 0.01). We also observed similar
statistically significant results on the third residential
floor (P < 0.05) (Table 4). These places were heated
via central heating, allowing temperature (18.4°C±
27.1°C) and humidity conditions conducive for Aspergillus growth. To note, we detected Cladosporium species the most in April, which was the hottest
month during our study period. Additionally, we
found a positive correlation between temperature
and Cladosporium isolated from the third residential
IORRU 5 GLQLQJKDOO ( DQGPHQ¶V WC (M) (P <
0.05) and we observed a similar correlation for temperature and Alternaria isolated from 3R and E.
Temperature and Cladosporium CFU from the second residential floor (2R) was also significantly correlated (P < 0.01) (Table 4). As are known
Cladosporium and Alternaria species are frequently
found outdoors, especially in hot and dry conditions
[35].
Overall, we found the most fungi in the dining
hall, which may be due to substrates suitable for fungal growth, intense human activity and presence and
ideal temperature and humidity due to proximity to
the kitchen. Lee and Jo [36] previously studied indoor air of apartments and found the highest fungal
counts in the kitchen, bathroom, WC and bedroom
due to humidity. Our results corroborated their findings as we found more fungi in the dining hall,
SUD\HUURRPDQGPHQDQGZRPHQ¶V:&VWKDQLQWKH
residential floors as these places had higher humidity. Thus, to ensure better control of indoor fungal
bioaerosols, proper ventilation must be in place for
highly humid areas such as kitchens, dining halls and
bathrooms.
Simply because fungal concentration was high
in a sampling location, it did not necessarily also signify fungal species diversity. To dissect these dynamics, we calculated the species richness (=Margalef), species diversity (=Shannon) and regularity
index values (=Pielou) [26]. We found that 2R had
the most species richness and diversity according to
our statistical analyses. A total of 47 fungal species
was isolated at this sampling location, with no notable dominant fungal species. We posited that such
results may have been due to the high social interaction and circulation of people on 2R, thus affecting
indoor air circulation at this locality. The lowest species richness and species diversity was found on 3R,
with an obvious dominance of fungal species observed (Table 5). Interestingly, fungal species were
equally distributed at sampling station B, which was
only used twice a week. Additionally, this location
had no wall-to-wall carpet and thus not very suitable
for harbouring fungal spores as compared to other
locales about the nursing home.

Mitigating controls, such as proper ventilation
and air filtration, are key to minimize indoor fungal
bioaerosols and control allergies. Allergy symptoms
in the respiratory tract may be exacerbated by fungal
spores if dampness is high. As previously stated, indoor airborne fungi may cause grave health risks for
elderly patients with chronic diseases. Thus, surveillance of indoor airborne fungi in nursing homes is
crucial to ensure excellence in geriatric care. Bonetta
et al. [27] studied indoor airborne fungi in office
buildings with modern ventilation systems and
found Penicillium, Aspergillus and Cladosporium
most frequently. They noted that these genera may
cause respiratory allergies, especially Penicillium
species as they cause sick building syndrome, which
is a collection of respiratory and headache symptoms
due to poor ventilation systems. However, the use of
high quality and proper monitoring and maintenance
of HVAC (heating, ventilation and air conditioning)
systems can control airborne fungi and bacteria.
Jo et al. [3] studied indoor and outdoor bioaerosol levels in places of entertainment, internet cafes,
homes and schools in South Korea. They found
Cladosporium and Alternaria inside bars and classrooms, which are genera commonly found outdoors
as well as associated with human activity. In our
study, Cladosporium species were most frequently
detected on the second residential floor, which may
be due to the observed high human activity on this
floor. In addition, Jo et al. [3] indicated that parameters such as seasonal variation, sampling time and
physical properties of the building can affect indoor
bioaerosol concentrations. Kim and Kim [32] studied airborne fungi in public buildings such as kindergarten schools, nursing homes and hospitals, and
they found Penicillium, Cladosporium and Aspergillus as the most prevalent genera. They also determined high fungal concentration in the spring and
fall as opposed to the summer and winter. In general,
fungal growth is highest in the spring and fall. In our
study, we determined the most fungi in April as previously noted. A primary means of fungi entering the
nursing home was via open windows that provided
ventilation.
Fungal diversity varied across seasons, for example, fungal concentration was higher in indoor air
during the summer than winter, but temperature and
humidity were also important determinants of fungal
growth. In our study, Aspergillus and Penicillium
species were predominantly inside the nursing facility. Previous studies have noted that these species
need proper substrates to grow optimally [33, 34].
Particularly, indoor Penicillium spore concentration
was generally abundant in indoor environments with
high humidity and fomites such as wall paper, wall
paint and wooden furniture provided excellent
growth conditions [29]. In our study, Penicillium
species was most frequently found at all sampling
locations, except the second residential floor and the
PHQ¶V:&
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[14] Booth, C. (1971) The Genus Fusarium. The
Eastern Pres Ltd., London and Reading. Commonwealth Mycological Institute Kew, Surrey
England.
[15] Pitt, J.I. (1979) The Genus Penicillium and Its
Teleomorphic States Eupenicillium and Talaromyces. London: Academic.
[16] Pitt, J.I. (2000) A Laboratory Guide to Common
Penicillium Species (p. 1973rd ed.). Australia:
Food Science.
[17] Gerlach, W. and Nierenberg, H.I. (1982) The
Genus Fusarium ± A Pictorial Atlas. Mitteilungenaus der Biologischen Bundesanstaltfür LandForstwirtschaft Berlin-Dahlem.
[18] Nelson, P.E., Toussoun, T.A. and Marasas,
W.F.O. (1983) Fusarium Species. An illustrated
Manual for Identification. The Pennsylvania
State University Press. Pennsylvania, USA.
[19] Hasenekoglu, I. (1991) Toprak MikrofunJXVODUÕ. Cilt I±VII. Erzurum: Atatürk Üniv.
Yay., Turkey.
[20] Ellis, M. B. and Ellis, J.P. (1997) Microfungi on
Land Plants. An Identification Handbook. Enlarged ed. UK: Richmond.

CONCLUSION
Determining acceptable limits of indoor fungal
spores, CFU/m3, is very important when providing
recommendations and requirements for facilities
such as nursing homes to ensure public health. However, there are variable limits [37, 38], regulation and
oversight. According to the Turkish Standards InstiWXWH 7UN 6WDQGDUGODUÕ (QVWLWV 76(  fungal
spores should not exceed 1,000 CFU/m3 [Original title of valid & current standard is: Cevre Sagligi- Kapali Ortam Havasi ile ilgili Tedbirler (TS 12281/Nisan 1997)]. According to the World Health Organization (WHO), fungal concentration should not exceed 500 CFU/m3 in indoor air [38]. However, the
European Confederation Commission (CEC) declared that 2,000 CFU/m3 fungi in indoor air is acceptable, while the American Industrial Hygiene Association (AIHA) advised 1,000 CFU/m3 as an acceptable limit [37]. In our study, we determined the
highest indoor airborne fungal CFU/m3 values in the
kitchen (max: 330 CFU/m3) and the very lowest values were obtained in the residential floors (min: 5
CFU/m3) in residential halls. Thus, our findings were
lower than recommended, acceptable limits. However, we cannot definitely say that such observed
levels posed any danger to the elderly living in this
nursing home, nor can we say that such levels are
acceptable given that much of the elderly are immunocompromised. It will be important to develop
guidelines on acceptable fungal spore concentrations
inside these health care facilities and we recommend
stringent, routine control and surveillance of airborne fungal concentrations inside nursing homes.
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rameters for investigating riprap stability against
the shear stress caused by the flow. Scour can also
be controlled through reducing the flow strength
(decreasing the intensity of formed vortices) using a
collar, submerged vanes, and slots. The main application of the slot is to divert the downward flow at
the upstream groin and lateral flows around it. Embedding the slot reduces shear stress in the channel
bottom, makes critical tensions area smaller, and
decreases the power of destructive vortices formed
around the structure. Several researchers studied the
way a thin disc reduces the extent of scour at a
bridge pier [1-4]. The reason for the scour depth
reduction is that the disc protects the sediment particles from the down flow that develops at the pier
[1-4]. Neill showed how a footing could reduce the
depth of scour [5]. The use of granular materials as
riprap for scour protection has a long tradition in
both river and coastal engineering. Galay et al. [6]
summarized the use of a stone riprap blanket as a
scour protection method on riverbeds, stream
banks, and around hydraulic structures such as a
bridge pier. According to these authors, stone riprap
layer has universal acceptance and proven performance under highly variable flow conditions. Several methods to design a riprap layer for pier-scour
protection can be found in the literature. Table 1
summarizes six different design procedures
proposed by several researchers [5, 7-11].
For the first time, Chiew applied slot (hole in
the pier) as a method of preventing and reducing
scour and studied the impact of the slot in two positions near to the bed and water surface on scour
mitigation. He stated that when the slot is near to
the bed, by creating horizontal flow, a downward
flow (as the main agent of horseshoe vortex and
one of the factors of erosion around the base) would
be diverted to a distance beyond the pier leading to
the reduction of scour depth. The slot near the water surface reduces the flow effective depth and
pressure gradient. As a result, the intensity of
downstream flow and thus scour depth is reduced.
The results showed that scour decreases by increasing the slot length and width. The shape, width,
length, and position of the slot on the pier are important parameters in reducing the scour [4]. Parola

ABSTRACT
Using riprap around groin is one of the procedures to control scour around it. In this study, some
experiments were conducted in a laboratory
plexiglass made flume with a bend of 180° to evaluate effects of slot size in the groin on the riprap
stability. A series of experiments were conducted
by inserting a plexiglass groin in the position of 70°
of the bend flume. To enhance the resistance of
riprap around the groin, two slots with different
heights at four various positions with four different
slot widths were installed in the groin. The results
revealed that Froude number at the motion threshold is an important factor of riprap stability. In this
regard, in four relative distances of the slot from the
groin head the stability number at two relative
heights decreases with increasing the Froude number. Moreover, the stability number in four relative
distances of the slot decreases with increasing the
riprap relative diameter. Finally, in the groin with
the slot relative distance from the head of less,
ripraps will be more stable compared to the groin
with larger slot relative distance from the head.

KEYWORDS:
Slot, Groin, Riprap, River Bend

INTRODUCTION
If the groin is located vertically in the flow
path, the water flow around it will become turbulent
and vortex flows develop around it. Flows, as the
main scour mechanism, may cause a hole in the
head in long-term and result in the groin collapse
and damage. Covered riprap is among the structures
applied for reducing scour around groins to
strengthen the bed and to enhance its resistance to
shear stress caused by the flow. Because of the
availability of materials, ease of implementation,
and low costs the use of riprap is very common.
One of the important issues of using riprap is to
determine its diameter. The dimensionless parameter of stability number (SN) is one of the basic pa-
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decreases scour development in the thalweg; thus,
the outer beach is less affected by erosion.
Groins are structures extending from the
beach into the mainstream that cause local constriction in the flow. Scour mechanism includes
diversion of the water toward the bed due to the
velocity distribution in the river depth when the
water hits the groin head. After hitting the groin,
the flow rate changes to the pressure on the groin
and thus the pressure gradient is created leading to
a stream to the bottom of the riverbed. This flow
velocity rises from the surface to the bottom due to
the change in the gradient pressure. The downward
flow after hitting the bed is scattered in different
directions and a portion of it being spent on digging
the ground. Some of the flow that moves to the upstream collides with the general flow and is forced
to move in the flow direction and hit the groin. This
stream rotation and its return is an introduction of
horseshoe vortex formation. Rotation of water inside the hole in front of the groin extends to both
sides and creates a vortex similar to horseshoes in
the plan; hence, it is called horseshoe vortex.
In downstream of the groin, due to the flow
separation effect, the so-called rising vortices with
their axis is perpendicular to the riverbed are
formed. Like a tornado, these vortices separate the
bed particles, expose them to the stream, and help
their transport around the groin toward the downstream. Scour hole digging by the horseshoe vortex
continues until the volume of water within the scour
hole increases and thus the vortex energy dissipates.
In this case, the scour depth reaches an equilibrium
state.
Taking into account the permanent flow and
fixity of fluid properties, the following relationship
is developed between the parameters affecting the
riprap stability in a slotted groin at equilibrium:
(1)
f 1 R, B,W , Y , X , L,T ,V , yt , g , U w , S 0, , d 50 , U s 0

carried out some experiments to provide a method
for determining the appropriate size of groin by
including effective parameters such as flow velocity, flow depth, bed roughness in the upstream, groin
size, its position level relative to the bed surface,
and the pier shape. The results of these experiments
showed that the location of riprap layer around the
pier and relative size of aggregates makes a great
impact on the stability number [12]. Chiew investigated the stability of a riprap layer around a cylindrical bridge pier. Experiments conducted in a laboratory flume revealed three different modes of
riprap failure that either can act singly or combined
to render a complete failure of the riprap layer.
These modes of failure are riprap shear failure,
winnowing failure, and edge failure. The thick
riprap layer can also sustain a partial breakup of the
layer with the capability of rearmoring the scour
hole, preventing a total disintegration of the riprap
layer. Finally, the study proposes two empirical
relationships, which describe the effect of riprap
thickness and cover on the stability of the riprap
layer [13].
Kumar et al. [14] studied the influence of parameters of the length and the collision angle with
the flow on the slot performance to reduce scour in
clear water conditions. In order to investigate the
slot direction effect on scour depth, slots were tested for four angels of 10, 20, 30, and 45° relative to
the stream. They stated that scour depth increases
with increasing exposure angle. Their study also
showed that increasing the slot length reduces the
scour depth and slots longer than the flow depth
leads to a more decreased scour depth. However, by
increasing the collision angle, the scour depth increases so that at the deviation angle of 40° the slot
extends into the bed, completely is destroyed while
at larger angles the scour depth increases compared
to the base without slot. Cardoso et al.[15] conducted some experiments in a rectangular channel of
sand bed with four different pier bridge lengths,
three different riprap sizes, and two different sands.
The results showed that the riprap diameter depends
on the Froude number and the length of pier bridge
wall. In addition, with increasing the number of
riprap layers, erosion around the pier bridge can be
minimized.
Moncada et al.[16] evaluated the performance
of the collar and the slot at reducing the bridge pier
scour. Experiments results showed that by increasing the slot height and in the case of simultaneous
use with the collar, scour can be reduced from 48%
to 85% .
Martin et al.[17] studied scour in bend by covering the whole outer bend by riprap. According to
the laboratory results, riprap can effectively reduce
the outer bend scour and protects the beach outside
the bend through the transfer of thalweg to the
channel center. Moreover, by inserting the riprap, it

In Equation (1), R is the bend central radius,
B is the channel width, W is the slot width, Y is
the slot height, X is distance from the slot edge to
the groin head, L is the groin length, T is angular
position of the groin in the bend, V is the flow
speed, yt is downstream water flow depth or instability depth, g is gravity acceleration, U w is water
density, S o is longitudinal slope of the channel bottom, d 50 is the average diameter of riprap, and U w is
riprap particles density.
Neglecting the constant parameters in Equation (1), the following equation is obtained
 (2)
f 1 W , Y , X , L,V , yt , g , d 50 0
Using Buckingham theory, Equation (2) becomes dimensionless as follows
§ W Y X gyt d 50 ·
(3)
¨
¸
0
f 2¨ , , , 2 ,
yt ¸¹
©L L L V

Or
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§W Y X
d ·
f 2¨¨ , , , Fr , 50 ¸¸
L
L
L
yt ¹
©

riprap,

(4)

0

is the riprap relative diameter) and

Because the studies on riprap stability around
the groin are mostly in direct path and since the
stream pattern of direct path is different from indirect paths, the present work was conducted to investigate the slot impact on riprap stability around
the vertical groin at the position of 70° and the bend
angle of 180° along with riprap around it. In this
regard, a constant density and different diameters of
the riprap were investigated for discharge and in
clear water. According to laboratory works of
Masjedi et al. [18, 19], the majority of secondary
flows and scour occurs in the first half of an 180°
bend and at a position of 60 to 70°. There are also
similar studies in this area [20-24] for more study,
however, this study aims to control scour around
the groin using riprap and slot.

g Gs  1 d 50

As a result, Equation (5) can be obtained as
follows:
§W Y X
·
d
f 3¨¨ , , , Fr , 50 , SN ¸¸ 0
L L L
yt
¹
(6) ©
In Equation (6), W L is the slot relative

Y L is the slot relative height,

d 50 y t

 S N and ripraps stability number).

By combining three parameters of Equation 4,
Froude number of the particle or the stability number is obtained as follows
V
(5)
SN

width,

Fresenius Environmental Bulletin

X L is the

relative distance of the slot to the groin head, Fr is
the Froude number in the unstable state of the

TABLE 1
Design Procedure for Riprap around bridge Piers
Method
(1)
Gales [7]

b
50

D

6  3.3U  4U

Bonasoundas [8]

(S

Neill [5]

Presented in graphical
form

c
s

2.65)

Posey [9]

Not specified

Breusers et al. [10]

1.384U 2
( Ss  1)2 g

0.692( KU ) 2
( Ss  1)2 g

Richardson et al. [11]

Note:

D50

Extent of Riprap Layer
Length (3)

Minimum riprap size
(2)
Not specified

is in cm;

U

5.5b
2

Width (4)

a

7b, of which 2.5b is upstream of
the upstream face of pier
Extend 1.5b in all directions
from face of pier

5b
6b
Extend 1.5b in all directions from face of pier

Thickness (5)
Not specified
b
3
! 2D50

Extend 1.5-2.5b in all directions
from face of pier

Extend 1.5-2.5b in all
directions from face of
pier

Not specified

Not specified

Not specified

Not specified

Not specified

2b from face of pier

! 3D50

(undisturbed mean flow velocity) is in m s ; and

K

1.5

for round nose pier and

the rectangular pier
a
Pier width
b
The median grain size of riprap stone
c
The specific gravity of riprap stone

FIGURE 1
A schematic illustration of the bend channel.
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eliminate the impact of sediments uniformity on
scour, the standard deviation (SD) of particles must
be less than 1.3. According to these cases, a layer of
natural river sand with an average diameter of 2
mm and a standard deviation coefficient SD of 1.3
was selected and placed in a layer with an
approximate thickness of 15 cm. According to
Oliveto and Hager in order to prevent roughness
effect, water depth should be greater than 20 mm.
In all the experiments, these researchers selected
water depths greater than 20 mm [28].

MATERIALS AND METHODS
A physical model was prepared to evaluate the
effect of the slot in the body of the groin on the
stability of the riprap around it in a river bend. Experiments were done in a curve shaped Plexiglas
flume with a central angle of 180°, the central radius of R 2.8m and width of B 0.5m . The relative curvature of the bend was R B 5.6m , which
categorizes it among the moderate bends. A direct
entry channel with a length of 9 m was connected to
a channel with a curvature 180°. This bend channel
is connected to flow depth control gate by another
direct channel with a length of 6 m, and then is
connected to the output reservoir (Fig. 1)
According to the Donat¶V recommendation,
the groin maximum length should be taken between
10% to 20% of the channel width [25]. Therefore,
in this study, a plexiglass groin model with a length
of 10 cm and thickness of 2 cm was used (Fig. 2).
All models were separately installed at a position of
70° in the bend (Fig. 1). Natural rounded materials
with a constant density of 1.7 and an average diameter of 4.76, 9.25, 12.7, and 19.1 mm were used for
the ripraps. Specific gravity and the average diameter of ripraps were determined using Archimedes
method. In addition, density and size of the ripraps
were selected in laboratories proportional to the
intended discharge and channel depth (Table 2)
[26].
In order to evaluate the impact of slot in the
groin on stability of the riprap around it, two slots
with relative heights of 0.7 and 2 at four relative
distances of 0.25, 0.42, 0.58, and 0.75 from the slot
center to the groin head as well as four relative
widths of 0.1, 0.2, 0.3, and 0.4 at the slot were created in the groin [Fig. 3].
Raudkivi and Ettema suggested that in order
to prevent ripple formation, the average diameter of
particles must be larger than 0.7 mm [27]. Also, to

TABLE 2
Specification of the riprap around the groin
Riprap medium size
19.1,12.7,9.52,4.76

Riprap density
1.7

FIGURE 2
Specification of groin and
the riprap around it

FIGURE 3
Groin models
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search were carried out at a constant flow rate of 27
L/s. The required discharge was measured by a 60°
triangular weir at the beginning of the flume entry.
At the beginning of each test, the intended groin
model was installed at a position of 70° in the bend
and then using a moving carriage the channel bed
sediments were flattened under a constant slope.
Next, the intended riprap of 2d 50 thickness was inserted around the groin along the bed materials
(Fig. 4).
Before turning on the pumps, the slide gate
was closed and the clear water was slowly conducted into the channel to prevent the formation of ripples and roughness on the bed surface. Channel
saturation time was between 20 and 30 minutes.
Followed by the rise of water and ensuring the sediments wetting, after a few minutes, the pump was
set up with a low discharge. The discharge was
slowly reached the desired rate by the main gate
valve on the inlet pipe connected to the stilling basin. After setting the desired flow rate, flow depth
was slowly reduced by the slide gate at the downstream in order to provide conditions for low displacement of riprap particles. Ensuring the constant
flow depth along the flume length, riprap particles
movement was evaluated visually. The flow conditions when the riprap particles are plucked from
their original place and moved downstream are
called as ³motion threshold´ ,Q WKis regard, the
flow depth was carefully measured in millimeter
via a laser point gage at the bend downstream as the
motion threshold depth (Fig. 5). At the end of each
test, the pump was shut down and the slide gate was
closed in order that the channel water is slowly
drained and no impact on the bed topography to be
made.

FIGURE 4
The groin and riprap around it after the test

FIGURE 5
The groin and riprap around it before the test

To determine the area of ripraps around a
groin, equilibrium time trial was conducted without
installing ripraps around the slot groin to verify the
maximum dimensions of the scour hole around it.
The experiment was done over a long period of 14
h on the control model separately, without riprap, in
a layer of sand with the approximate thickness of
15 cm, a maximum discharge of 27 L/s, and a flow
depth of 10 cm, in a position of 70° in the bend. At
the end of the test, the pump was turned off and the
slide gate was closed as such the channel water is
slowly drained and no effect is made on the bed
topography. Following full discharge of water from
inside of the channel, the range of scour hole
around the model without slot was measured carefully in millimeter via a laser point gage. After performing the test, the range of the riprap around the
groin was obtained to do trials with the length of 61
cm and width of 34 cm.
In a study conducted by Melville et al. [29],
ripraps around the groin were arranged in a rectangular layout and were considered aligned with the
bed materials. Moreover, considering the criterion
presented by Melville et al. [29], the thickness of
the riprap layer was selected twice the average diameter of the riprap (Fig. 2). All tests of this re-

RESULTS AND DISCUSSION
In all the experiments, after setting up the discharge and the flow depth in motion threshold
mode, vortices were immediately formed around
the groin and ripraps are under the influence of secondary flow moved to the downstream. Furthermore, ripraps displacement in downstream and toward the inner bend is represented by the high
strength of the secondary flow in this area. As
shown in Tables 3 and 4, the experimental discharges (Q) , the flow depth in the motion threshold
mode ( y tc ) , ripraps diameter ( d 50 ) , the constant
density used for riprap particles, the average velocity values of the flow in the motion threshold mode
( Vc ) , the Froude number in the motion threshold
( Frc ) ,

and stability number in the motion threshold

( SN c ) were calculated in all trials.
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TABLE 3
Results of the riprap motion threshold testing in the mode without any slot (Y L 2)
d 50 (mm)

X L

W L

4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75

0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.4
0.4
0.4
0.4
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.4
0.4
0.4
0.4
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.4
0.4
0.4
0.4
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.4
0.4
0.4
0.4

ytc

m

0.130
0.115
0.110
0.105
0.116
0.130
0.113
0.115
0.150
0.115
0.100
0.110
0.143
0.110
0.113
0.115
0.150
0.120
0.135
0.120
0.150
0.125
0.118
0.107
0.150
0.130
0.135
0.122
0.140
0.115
0.117
0.130
0.120
0.133
0.114
0.120
0.120
0.133
0.130
0.110
0.155
0.115
0.140
0.111
0.140
0.150
0.130
0.120
0.150
0.135
0.140
0.120
0.140
0.148
0.130
0.123
0.120
0.130
0.150
0.120
0.154
0.150
0.122
0.110

7039

d 50 y tc

Vc ( m s )

Frc

SN c

0.04
0.08
0.12
0.18
0.04
0.07
0.11
0.17
0.03
0.08
0.13
0.17
0.03
0.09
0.11
0.17
0.03
0.08
0.09
0.16
0.03
0.08
0.11
0.18
0.03
0.07
0.09
0.16
0.03
0.08
0.11
0.15
0.04
0.07
0.11
0.16
0.04
0.07
0.10
0.17
0.03
0.08
0.09
0.17
0.03
0.06
0.10
0.16
0.03
0.07
0.09
0.16
0.03
0.06
0.10
0.16
0.04
0.07
0.09
0.16
0.03
0.06
0.10
0.17

0.42
0.47
0.49
0.51
0.47
0.42
0.47
0.47
0.36
0.47
0.54
0.49
0.38
0.49
0.48
0.47
0.36
0.45
0.40
0.45
0.36
0.43
0.46
0.51
0.36
0.42
0.40
0.44
0.39
0.47
0.46
0.42
0.45
0.41
0.47
0.45
0.45
0.41
0.42
0.49
0.35
0.47
0.39
0.49
0.39
0.36
0.42
0.45
0.36
0.40
0.39
0.45
0.39
0.37
0.42
0.44
0.45
0.42
0.36
0.45
0.35
0.36
0.44
0.49

0.37
0.44
0.47
0.51
0.44
0.37
0.44
0.44
0.30
0.44
0.55
0.47
0.32
0.47
0.45
0.44
0.30
0.41
0.35
0.41
0.30
0.39
0.43
0.50
0.30
0.37
0.35
0.40
0.33
0.44
0.43
0.37
0.41
0.36
0.45
0.41
0.41
0.36
0.37
0.47
0.28
0.44
0.33
0.47
0.33
0.30
0.37
0.41
0.30
0.35
0.33
0.41
0.33
0.30
0.37
0.40
0.41
0.37
0.30
0.41
0.29
0.30
0.40
0.47

1.7
1.6
1.5
1.4
2.1
1.6
1.6
1.3
2.3
1.9
1.8
1.8
2.3
1.8
1.6
1.3
2.2
1.8
1.4
1.2
2.2
1.8
1.6
1.6
2.0
1.6
1.4
1.2
2.3
1.8
1.6
1.4
1.5
1.6
1.3
2.3
1.5
1.5
1.3
1.4
1.9
1.4
1.7
1.3
2.3
1.9
1.4
1.2
1.8
1.4
1.3
1.2
2.3
1.8
1.4
1.2
2.2
1.9
1.7
1.2
2.0
1.8
1.5
1.3
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TABLE 4
Results of the riprap motion threshold testing in submerged slot mode (Y L 0.7)

d 50 (mm)

X L

W L

4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.70
19.10
4.75
9.52
12.70
19.10
4.75
9.52
12.70
19.10
4.75
9.52
12.70
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.70
19.10
4.75
9.50
12.70
19.10
4.75
9.52
12.75
19.10
4.75
9.52
12.70
19.10
4.75
9.52
12.70
19.10
4.75
9.52
12.70
19.10
4.75
9.52
12.70
19.10

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.42
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75

0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.4
0.4
0.4
0.4
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.4
0.4
0.4
0.4
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.4
0.4
0.4
0.4
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.4
0.4
0.4
0.4

ytc

m

0.110
0.110
0.120
0.105
0.130
0.128
0.132
0.120
0.111
0.139
0.119
0.128
0.154
0.121
0.150
0.117
0.165
0.139
0.133
0.133
0.145
0.124
0.120
0.116
0.115
0.150
0.115
0.110
0.121
0.130
0.111
0.105
0.147
0.135
0.130
0.110
0.150
0.115
0.132
0.110
0.132
0.145
0.127
0.120
0.146
0.115
0.128
0.109
0.150
0.164
0.133
0.110
0.140
0.150
0.120
0.110
0.150
0.158
0.138
0.135
0.130
0.120
0.140
0.110
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d 50 y tc

Vc ( m s )

Frc

SN c

0.04
0.09
0.11
0.18
0.04
0.07
0.10
0.16
0.04
0.07
0.11
0.15
0.03
0.08
0.09
0.16
0.03
0.07
0.10
0.14
0.03
0.08
0.11
0.16
0.04
0.06
0.11
0.17
0.04
0.07
0.11
0.18
0.03
0.07
0.10
0.17
0.03
0.08
0.10
0.17
0.04
0.07
0.10
0.16
0.03
0.08
0.10
0.18
0.03
0.06
0.10
0.17
0.03
0.06
0.11
0.17
0.03
0.06
0.09
0.14
0.04
0.08
0.09
0.17

0.49
0.49
0.45
0.51
0.42
0.42
0.41
0.45
0.49
0.39
0.45
0.42
0.35
0.45
0.36
0.46
0.33
0.39
0.41
0.41
0.37
0.44
0.45
0.47
0.47
0.36
0.47
0.49
0.45
0.42
0.49
0.51
0.37
0.40
0.42
0.49
0.36
0.47
0.42
0.49
0.41
0.37
0.43
0.45
0.37
0.47
0.42
0.50
0.36
0.33
0.41
0.49
0.39
0.36
0.45
0.49
0.36
0.34
0.39
0.40
0.42
0.45
0.39
0.49

0.47
0.47
0.41
0.51
0.37
0.38
0.36
0.41
0.47
0.33
0.42
0.38
0.29
0.41
0.30
0.43
0.26
0.33
0.36
0.36
0.31
0.39
0.41
0.44
0.44
0.30
0.44
0.47
0.41
0.37
0.47
0.51
0.31
0.35
0.37
0.47
0.30
0.44
0.37
0.47
0.36
0.31
0.38
0.41
0.31
0.44
0.38
0.48
0.30
0.26
0.36
0.47
0.33
0.30
0.41
0.47
0.30
0.27
0.34
0.35
0.37
0.41
0.33
0.47

2.00
1.50
1.30
1.20
2.10
1.66
1.39
1.24
2.00
1.52
1.53
1.17
2.20
2.00
1.80
1.27
2.00
1.52
1.38
1.12
2.06
1.70
1.52
1.29
2.20
1.41
1.59
1.36
2.00
1.62
1.65
1.42
1.60
1.56
1.40
1.36
1.90
1.85
1.44
1.40
1.80
1.46
1.44
1.24
1.90
2.00
1.43
1.40
1.70
1.29
1.38
1.36
1.50
1.41
1.52
1.36
2.20
1.34
1.33
1.30
2.00
1.76
1.31
1.36
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FIGURE 6
Comparison of riprap stability based on Fraud number in the slot for two relative heights of 0.7 and 2
in the motion threshold.
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FIGURE 7
Comparison between the results of this study with those of other researchers based on
the Froude number.

FIGURE 8
A comparison of ripraps performance based on the relative diameter at 4 relative distances of the slot in
the motion threshold.
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FIGURE 9
Stability number measured for the flow rate of 27 L/s for a relative distance of the slot in the motion
threshold and at two relative heights of the slots compared with those of other works

compared to the slot relative distances of 0.42, 0.58,
and 0.75 from the head.
Results of Parola and Chiew were used to
compare the effect of Froude number on riprap stability of this study with that of these investigations
[12, 13]. As shown in Fig. 7, the stability number
measured for the discharge rate of 27 L/s has been
compared with otherV¶ researchers for a relative
distance of 0.25, the slot relative height of 0.7 and 2
and density of 1.7 in the motion threshold. As observed in the figure, the stability number of the present study is favorable with other researchers' results.

Riprap stability based on the Froude number in the groin. Fig. 6 compares the riprap stability based on the Froude number at two relative
heights of 0.7 and 2, constant flow rate of 27 L/s,
constant density of 1.7, four riprap diameters of
4.75, 9.52, 12.7, and 19.1 mm, and four relative
distances of the slot to the groin head X L in the
motion threshold. The results show that the Froude
number in the motion threshold is an effective agent
in ripraps stability. Besides, at four relative distances of the slot to the groin head the stability number
in the motion threshold at two relative heights decreases with increasing the Froude number.
With the increase in Froude number, the flow
velocity increases in the channel and leads to the
reduction of ripraps stability at four relative distances of the slot. In addition, at both relative
heights, with the increase in distance of the slot to
the head, the stability number decreases since it is
dependent on the depth instability (motion threshold). Furthermore, in all trials, flow depth in the
case of riprap instability (motion threshold) for the
the relative distance of 0.75 is less compared to that
of 0.25. In other words, the riprap around the groin
with the relative distance of 0.25 tolerates less flow
depth and more flow velocity compared to the groin
with relative distances of 0.42, 0.58, and 0.75. Because of the flow collision with the groin head, existence of slot in this area weakens vortices flows
more effectively compared to other distances. As a
result, in the groin with the relative distance of 0.25
the ripraps will be stable in a lower flow depth

Riprap stability based on its relative diameter in the groins. Fig. 8 compares the stability of
riprap based on the relative diameter at four relative
distances, constant flow rate of 27 L/s, and two
relative heights of 0.7 and 2 in the motion threshold
mode. The results suggest that the relative diameter
of riprap is an effective factor in the riprap stability.
Moreover, for these two relative heights of the slot,
stability number (SN ) in the motion threshold at
four relative distances of the slot decreases with
increasing the riprap diameter. With the increase in
ripraps diameter, their contact surface increases
while their engagement to each other decreases. As
a result, larger ripraps lose their stability in more
flow depth and less flow velocity. Furthermore, in
both relative heights in all relative diameters of
riprap, the stability number in the groin with a slot
relative distance of 0.25 is greater compared with
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[2] Tanaka, S. and Yano, M. (1967) Local scour
around a circular cylinder. Proceedings. 12th
IAHR Congress, Int. Association of Hydraulic
Research, Delft, the Netherlands. 3, 193-201
[3] Ettema, R. (1980) Scour at bridge piers. School
of Engineering, University of Auckland, Auckland, New Zealand, Rep. No. 216.
[4] Chiew, Y.M. (1992) Scour protection at bridge
piers. Journal of Hydraulic Engineering,
ASCE. 118(9), 1260-1269.
[5] Neill, C.R. (1973) Guide to bridge hydraulics.
Roads and Transp. Association of Canada,
University of Toronto Press, Toronto, Canada.
[6] Galay, V.J., Yaremko, E.K., and Quazi, M.E.
(1987) "River bed scour and construction of
stone riprap protection. " Sediment Transport
in gravel bed rivers, C.R.Thorne, J.C. Bathurst, and R.D. Hey, John Wiley & Sons.
Inc.,New York,N.Y.,353-383
[7] Gales, R.R. (1938) The principles of rivertraining for railway bridges, and their application to the case of the Harding Bridge over the
Lower Ganges at Sara. Journal of Instituate of
Civil Engineers, London, England. 10(2), 136224.
[8] Bonasoundas, M. (1973) Stromungsvorgang
und kolkproblem, Oscar von Miller Institution
Technology. University of Munich, Germany.
Rep. No. 28.
[9] Posey, C.J. (1974) Test of scour protection at
bridge piers. Hydraulic Engineering, ASCE.
110(12), 1773-1783.
[10] Breusers, H.N.C., Nicollet, G. and Shen, H.W.
(1977) Local scour around cylindrical piers.
Journal of Hydraulic Research. 15(3), 211-252.
[11] Richardson, E.V., Harrison, L.J., and Davis,
S.R. (1991) Evaluating scour at bridges. Federal Hwy. Administration (FHWA), Washington,
D.C Rep. No. FHWA-IP-90-017 HEC 18.
[12] Parola, A.C. (1993) Stability of riprap at bridge
piers. Journal of Hydraulic Engineering,
ASCE. 119(10), 1080-1093.
[13] Chiew, Y.M. (1995) Mechanics Of riprap failure at bridge piers. Journal of Hydraulic Engineering, ASCE. 121(9), 635-643.
[14] Kumar, V., Ranga Raju, K.G., Vittal, N. (1999)
Reduction of local scour around bridge piers
using slots and collars. Journal of Hydraulic
Engineering, ASCE. 125(12), 1302-1305.
[15] Cardoso, A.H. and Cristina, S. (2009) Protecting vertical-wall abutment with riprap
mattresses. Journal of Hydraulic Engineering.
135(6), 457-465.
[16] Moncada, A.T., Aguirre, P.E.J., Bolivar, J.C.,
and Flores, E.J. (2009) Scour Protection of
Circular Bridge Piers with Collar and Slots.
Journal of Hydraulic Research. 47(1), 119-126.
[17] Martin-Vide, J.P., M. Roca and C.A. Alvarado.
(2010) . Bend Scour Protection Using Riprap.
Water Management. 163(2), 489-497.

the slot relative distance of 0.75. Due to the direct
collision of the stream with the groin head, existence of a slot in this area weakens vortices flows
around the groin more effectively compared to other distances. Therefore, in the groin with the slot
relative distance of 0.25, ripraps will be more stable
compared to the groin with the slot relative distance
of 0.75. In order to compare the impact of ripraps
relative diameter on their stability, the results of
this study were compared with those of Yoon et al.,
Quazi and Peterson, Chiew, and Parola [30, 31, 12,
13]. Fig. 9 presents the stability number measured
for the flow rate of 27 L/s for a relative distance of
the slot in the motion threshold and at two relative
heights in this study compared with results of the
mentioned works. As the figure shows, the stability
number of the present research, similar to those of
other studies, decreases.

CONCLUSION
In the present research, some experiments
were carried out to determine the stability of ripraps
around the groin with two heights of a slot in a
bend of 180°, the flow rate of 27L/s, four widths
and different relative distances of the slot, and
different riprap sizes of 4.75, 9.52, 12.7 and 19.1
mm. Riprap diameter and width and the height and
relative distance of the slot were the effective variables of the study. The results of the present work
are as follows:
1. In all experiments, ripraps instability was
observed in the groin head downstream.
2. In all groins with a constant flow rate, increasing the relative diameter of ripraps decreases
the stability number in the motion threshold mode.
3. In all experiments, at a constant flow rate,
by increasing the relative diameter of ripraps, the
stability number decreases in the motion threshold
mode.
4. In all circumstances, the stability number in
the groin with a relative slot of 0.25 is greater compared to that of 0.75 due to the direct collision of
the flow with the groin head.
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ADSORPTION OF TEXTILE DYES FROM AQUOUS
SOLUTIONS BY USING KIWIFRUIT (ORDU) PEEL
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it is expensive. For this reason, low cost and effective materials are subject to studies. Some of these
studies are on sugar cane, vinyl sulfone and chlorotriazine reactive dyes [6], natural clay/basic and
acidic dyes [7] sunflower/basic dyes [8], sepiolite/Rhodamine [9], fly ash/azo dye [10], montmorillonite and sepiolite/methyl green [11] and natural
zeolite/basic dye [12]. In addition to these, waste
orange zest [13] and palm fruit bunch [14] are absorbents used for removal of various dyes from
wastewaters. Paints are blends that are mixed with
the binder but not dissolved. They conserve their
crystal and particle structures to a large extent.
They do not cause a change on the surface they
were applied to; they can be removed by scraping
from the surface they were applied to. However,
dyeing reagents are organic compounds applied as
aqueous solutions or dispersions; they transiently
lose their crystal structures. They extensively
change the chemical structure of the material they
were applied to. They cannot be removed from the
surface they were applied to by washing, rubbing,
or wiping [15]. Dyes are small molecules generally
composed of two principle components: the chromophore group, which gives color to the dye, and
the functional group, which enables dye molecules
to be fixed on to the fabric, [16]. Typically, all
hydrocarbons are colorless, yet they appear colored
when they are bound to unsaturated groups called
chromophores. Hydrocarbons with bound chromospheres are called chromogens [17].

ABSTRACT
In this study, kiwifruit (kiwi) peel was used as
adsorbent for the adsorption of dying reagents
methylene blue and Rhodamine B. Effects of pH,
starting dye concentration, temperature, and equilibrium contact time on the bio-sorption of methylene blue and Rhodamine B were investigated.
Data were applied to Lagergren, Ho-Mckay, Weber-Morris kinetic models and the Langmuir and
Freundlich adsorption isotherms. It was found that
the adsorption isotherms follow the Langmuir model. However, the adsorption kinetics follow HoMckay and Freundlich models for methylene blue
and Rhodamine B, respectively. The isotherm data
obtained at different temperatures for biosorption of
methylene blue and Rhodamine B were applied to
thermodynamics equations and thermodynamic
SDUDPHWHUV ǻ*ǻ+DQGǻ6 

KEYWORDS:
Kiwifruit (kiwi) peel, Biosorption, Methylene Blue,
Rhodamine B.

INTRODUCTION
Today, environmental pollution is a leading
problem affecting human health. The pollutants
generated in industrial processes are becoming
more complex and jeopardize human health. Water
is undoubtedly the source of life and an indispensable need of the current and future generations.
However, wastewater is generated as a byproduct of
today's industrial production processes. Particularly
the stained wastewaters in textile industry harm
organisms due to the chemicals they contain; they
cause unpleasant sights in terms of environmental
aesthetics since they are colored. Biological methods are known to be inadequate in dye removal
since dying reagents are resistant to biodegradation
[1-2-3-4]. Textile Wastewaters are considered to be
in a class of wastewaters difficult to treat due to
their content of various chemicals and aforementioned dying reagents [5]. Although the use of activated carbon has been used as an effective method
for removal of textile dyes, it is not preferred since

MATERIALS AND METHODS
The kiwi peels used in the experiments were
obtained from the commercial kiwi orchards in
Ordu Province in the Black Sea region. Kiwi peels
were dried, pulverized, and sifted through sieves
with 0.038 mm (400 mesh ) pores.
Preparing Used Solvents. Adsorption experiments were carried out with 20 mg kiwi peel in 10
mL dye solutions in temperature-controlled water
bath shaking at 110 rpm. 3 mL samples were taken
at specific time intervals, centrifuged at 4200 rpm
for 8 min. The absorbance of these samples was
measured by UV-visible spectrophotometer at their
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tained by using dye solutions at concentrations of
50, 75, 100, and 150 mg/L under natural conditions
were analyzed in graphed in fig.1.a and fig.1.b. The
maximum adsorption was determined to be at starting concentrations of 75 mg/L and 50 mg/L for
methylene blue and rhodamine B. For each concentration of methylene blue and Rhodamine B, the
adsorbed qt values versus time were calculated and
shown in Fig.1.a and Fig. 1.b. It was observed that
the amount of adsorbed matter on the adsorbent
increases as the starting concentration of Rhodamine B and methylene blue increases. For example,
qe values of Rhodamine B dyeing reagent for 150
min at concentrations of 50, 75, 100, and 150 ppm
were determined to be 24.48, 36.28, 46.10, and
66.02 mg/g, respectively. When Figure 1.a is considered, it would be seen that the starting concentration has an important effect on adsorption. While
Adsorption of Rhodamine B was completed in a
short time at lower concentrations, it is completed
at longer times as the concentration increases. As it
is seen in Fig.1.b, the adsorption behavior displays
similarity at lower concentrations; it reaches an
equilibrium as a result of a greater removal in
shorter times and the amount of the adsorbed dye
does not change significantly after this point.

respective absorption maxima (663 nm for methylene blue, 554 nm for Rhodamine B). The amount
of dyeing reagent adsorbed on the kiwi peel was
calculated by subtracting the final concentration of
dye from the initial concentration. The effect of
parameters such as concentration, pH, temperature,
and contact time on adsorption was investigated.

RESULTS AND DISCUSSIONS
Effect of Initial Concentration. In order to
investigate the effect of concentration on adsorption, experiments were carried out with dye solutions at concentrations of 50, 75, 100, and 150
mg/L. Experiments for Rhodamine B and methylene blue were repeated at 25°C, 35°C, and 45°C
for each concentration, at pH 3.6 (natural pH) and
pH 5.15 (natural pH) respectively. The qt values
adsorbed against time for each concentration of
Methylene Blue and Rhodamine B are calculated
and shown in Fig.1.a and Fig.1.b.

FIGURE 1
(a) The effect of concentration on adsorption of
Rhodamine B on kiwifruit surface and (b)effect
of concentration on adsorption of Methylene
blue on kiwifruit surface

FIGURE 2
(a)t-Ce graph for Adsorption of Methylene blue
with aqueous solution of kiwifruit and (b) t-Ce
graph for Rhodamine B adsorption with
aqueous solution of kiwifruit

In the studies, which were done to investigate
the effect of starting concentration on adsorption of
Rhodamine B and methylene blue, adsorption experiments were carried out by using 20 mg kiwi
peel as an adsorbent. The experimental data ob-

Balance Contact Time Effect. Kinetic studies
were carried out to investigate the effect of tem7046
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blue and Rhodamine B on kiwi peel were calculated; graphs are given in Fig.3.a and Fig. 3.b respectively.
The determined adsorption rate constants were
analyzed for methylene blue and Rhodamine B
based on Arrhenius equation (1/T-logkads) results
for the three temperatures studied were given in
Fig. 4.a and Fig. 4.b.

perature on the adsorption of dyeing reagents on
kiwi peel from aqueous solutions. The experiments
were carried out at three different temperatures
(25°C, 35°C, and 45°C) at specific time intervals
while shaking at 4200 rpm using the optimum conditions found for the kinetic studies of methylene
blue and Rhodamine B dyes. The data for the three
different temperatures were analyzed in pseudo-first
(t-log(qe-qt), pseudo-second (t-t/qt), and WeberMorris (intra-particle diffusion) rate equations and
graphed Fig.2.a and Fig.2.b. The constants kads1 and
kads2, which are the kinetic parameters for each
temperature, were calculated by using the slopes
and intersections of lines.

FIGURE 4
(a) Arrhenius curve for Methylene blue
adsorption on kiwi shell surface and
(b) Arrhenius curve for Rhodamine B
adsorption on kiwi shell surface
TABLE 1.1
Arrhenius parameters for the adsorption of
Methylene blue with kiwifruit

FIGURE 3
(a) Lagergen drawings of kinetic data for kiwi
shell and Methylene blue adsorption and (b)
lagergen drawings of kinetic data for kiwifruit
and Rhodamine B adsorption

298K
1/T
0.003355

logK
-1.889

308K
1/T
0.003247

logK
-2.3589

318K
1/T
0.003144

logK
-2.2575

The activation energy (Ea), which corresponds
to the energy of adsorption for methylene blue dye,
was calculated as -34.57 kj based on the slope of
the line in this graph.

Adsorption rate should begin to decrease over
time as a function of decreasing surface area, i.e.
the adsorbent amount [18]. As it is seen in Fig. 2.a
and Fig.2.b, the increase in contact time leads to a
decrease in adsorption. The kinetics of Rhodamine
B and methylene blue adsorption on kiwi peel were
analyzed according to the pseudo-first order, pseudo-second order, and intra-particle diffusion models. The required information for the pseudo-first
order kinetic data from adsorption of methylene

TABLE 1.2
Arrhenius parameters for kiwi shell and Rhodamine B adsorption
298K
1/T
0.003355

7047

logK
-2.24

308K
1/T
0.003247

logK
-2.21

318K
1/T
0.003144

logK
-2.133
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TABLE 1.3
Adsorption rate constants at different temperatures for adsorption of kiwifruit with Methylene blue
Lagergreen
First Order Velocity Equation
T(K)
kads.1*10-3
(dk-1)
298
12.90
308
4.37
318
5.52

R2
0.948
0.911
0.970

Ho-Mc Kay
Second Degree Velocity Equation
kads.2
R2
(g/mg.dk)
1.188
1
0.034
0.9995
0.653
0.9999

Weber-Morris
Intra-Particle Velocity Equation
K int.
R2
(mg/gdk1/2)
0.0104
0.9302
0.0073
0.9686
0.0139
0.9887

TABLE 1.4
Adsorption rate constants at different temperatures for Rhodamine B adsorption with kiwi shell.
Lagergreen
First Order Velocity Equation
T(K)
kads.1*10-3 (dk-1)
298
5.75
308
6.22
318
7.37

Ho-Mc Kay
Second Degree Velocity Equation
R2
kads.2*10-2(g/mg.dk)
R2
0.834
4.41
0.9998
0.799
4.09
0.9997
0.789
4.77
1

Weber-Morris
Intra-Particle Velocity Equation
K int. (mg/gdk1/2)
R2
0.0004
0.8666
0.0006
0.9103
0.001
0.9841

order kinetic model. Similar results were obtained
also in previous studies [19].

The activation energy (Ea), which corresponds
to the energy of adsorption for methylene blue dye,
was calculated as 9.67 kj based on the slope of the
line in this graph.

FIGURE 6
(a) Weber-Morris (Particle Diffusion) drawings
for Kiwi Shell and Methylene blue adsorption
and (b) Weber-Morris drawings of Kiwi Shell
and Rhodamine B adsorption

FIGURE 5
(a) Ho-McKay graph of kinetic data for
adsorption of Methylene blue with Kiwi and
(b) Ho-McKay drawings of kinetic data for
Rhodamine B adsorption with kiwi husk

When the correlation values of the graphs in
Fig.6.a and Fig.6.b obtained for both dyeing reagents were analyzed, it was concluded that methylene blue gives better results at all three temperatures. Table 1.3 and Table 1.4 indicates that the
adsorption does not follow the pseudo-first order

When Fig.5.a and Fig.5.b are examined, it is
observed that the correlation coefficient of the
graphs obtained for both dyeing reagents is larger
than 0.99. Therefore, they follow the pseudo-second
7048
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kinetic model since the correlation values of Rhodamine B in the pseudo-first order rate equation are
low. It is observed that the correlation values of the
graphs obtained from the rate equation for both
dyeing reagents are larger than 0.99. Since this
value is very close to 1, the adsorption follows the
pseudo-second order kinetic model. This suggests
that both Rhodamine B and methylene blue dyeing
reagents may have a chemical reaction with kiwi
peel.
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TABLE 1.5
Langmuir adsorption isotherm parameters for
Methylene blue adsorption with Kiwi Shell
T (K)
298
308
318

B
10.154
3.742
1.597

qm
75.75
86.20
93.46

R2
0.9998
0.9408
0.9997

TABLE 1.6
Langmuir adsorption isotherm parameters for
Rhodamine B adsorption with kiwifruit
T (K)
298
308
318

FIGURE 7
(a) The values of qe balanced against the
equilibrium concentrations of kiwifruit and
Methylene blue dye at different temperatures
and (b) the values of qe balanced against the
equilibrium concentrations of kiwifruit and
Rhodamine B at different temperatures

B
0.295
0.174
0.103

qm
75.75
74.63
78.74

R2
0.9764
0.9861
0.9632

FIGURE 8
(a) Langmuir isotherm drawings for Kiwi shell
and Methylene blue adsorption and
(b) Langmuir isotherm drawings for Rhodamine
B adsorption with kiwifruit

Drawing adsorption isotherms. The data related to the adsorption isotherms for Rhodamine B
and methylene blue in aqueous solutions at 25°C,
35°C, and 45°C were calculated.

Table 1.5 and Table 1.6 show that qm, which
denotes the Langmuir adsorption capacity, was
calculated as 75.75 mg/g at 25°C, 86.20 mg/g at
35°C, and 93.46 mg/g at 45°C for methylene blue
and as 75.75 mg/g at 25 °C, 74.63 mg/g at 35°C,
and 78.74 mg/g at 45°C for Rhodamine B. The b
value, which denotes the adsorption energy, was
found to be 10.154 L/mg at 25°C, 3.742 L/mg at
35°C, and 1.597 L/mg at 45°C for methylene blue
and as 0.295 L/mg at 25°C, 0.174 L/mg at 35°C,
and 0.103 L/mg at 45°C for Rhodamine B. For
methylene blue, adsorption may follow the Langmuir isotherm model since the correlation values

Langmuir Isotherm. The Langmuir adsorption isotherm data obtained for three different temperatures were graphed in Fig.8.a and Fig.8.b.


The Langmuir constants q m and b were calculated by use of the slopes and the intercepts of the
Langmuir linear isotherms Table 1.5 and Table 1.6.
Here, qm denotes the Langmuir constant (mg/g)
related to the adsorption capacity and b denotes the
Langmuir constant related to the adsorption energy
[20].
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and the correlation values of the plotted lines were
given in Table 1.8 and Table 1.9.

>0.99 at two different temperatures, 298K, and
318K. In addition, the dimensionless separation
factor value (RL), which is a special feature of the
Langmuir isotherm, was calculated and data are
given in Table 1.5.

TABLE 1.8
Freundlich adsorption isotherm parameters for
Methylene blue adsorption with kiwifruit

TABLE 1.7
RL values at different initial concentrations of
Methylene Blue and Rhodamine B adsorbed
onto kiwi shell at different temperatures
Dyestuff
M.M.
R.B.

RL
50 ppm
0.002
0.0634

75 ppm
0.0035
0.0712
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T (K)
298
308
318

n
4.512
3.8066
2.2227

Kf
59.76
60.05
52.67

R2
0.7871
0.4404
0.957

TABLE 1.9
Freundlich adsorption isotherm parameters for
Rhodamine B adsorption with kiwi husk

100 ppm
0.0062
0.0088

T (K)
298
308
318

As seen in the table 1.7, RL values increase
from lower concentrations of higher. All RL values
were found to be between 0 and 1, which shows
that the adsorption happens consistently for both
dyeing reagents [21].

n
2.81
2.604
2.34

Kf
23.22
17.99
14.09

R2
0.9716
0.9969
0.9883

Table 1.8 shows that correlation values of
0.7871 and 0.4404 were obtained at 25°C and 35
°C, respectively. Based on these correlation values,
in can be said that the adsorption of methylene blue
by kiwi peel does not follow Freundlich isotherm
due to low correlation values. Table 1.9 indicates
correlation values of 0.9716, 0.9969, and 0.9883
were obtained for Rhodamine B at 25°C, 35°C, and
45°C, respectively. These correlation values suggest
that the adsorption of Rhodamine B by kiwi peel
follows Freundlich isotherm [22].

FIGURE 9
(a) Freundlich isotherm plots for Methylene blue
adsorption with kiwifruit and (b) Freundlich
isotherm drawings for Rhodamine B adsorption
with kiwi husk
Freundlich Isotherm. The Freundlich adsorption isotherm graph was prepared by using data
obtained for three different temperatures Fig.9.a and
Fig.9.b.

FIGURE 10
(a) In the adsorption of Rhodamine B onto kiwi
shell, Temkin isotherm and (b)Temkin isotherm
in the Adsorption of Methylene blue on kiwi
shell

The values of the Freundlich constants KF and
n, calculated for both dye at different temperatures,
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TABLE 1.10
Temkin isotherm constants in the Adsorption of Rhodamine B and Methylene blue
on zeolite at different temperatures
Rhodamine B
Methylene blue
Temp.(K)
298 K
308 K
318 K
298 K
308 K
318 K
AT
6*10-4
7.30*10-4
4.65*10-4
2.95*10-147
1.18*10-99
4.03*10-71
-3.9088
-4.0462
-3.715
-0.1103
-0.1631
-0.2288
RT/bT
bT
-633.84
-632.86
-711.66
-22462
-15700
-11555
R2
0.9854
0.9793
0.9832
0.975
0.9963
0.9906

Temkin Isotherm. The Temkin isotherm,
which was derived by considering the interactions
between the adsorbent and the adsorbed species,
was applied to the data from the adsorption of
methylene blue and Rhodamine B on kiwi peel to
produce the graphs given in Fig.10.a and Fig.10.b.
The values of the Temkin isotherm equilibrium binding constant AT and B=RT/bT values,
known as the adsorption enthalpy, for both dye and
the correlation values, were given in Table 1.10.
When the correlation values obtained for both dyeing reagents were considered, in can be said that the
correlation values of 0.97-0.98 and 0.97-0.99 for
Rhodamine B and methylene blue are consistent
with Temkin. Thus, for Rhodamine B and methylene blue, the adsorption enthalpy of all molecules
in a layer decreases linearly as the surface is covered due to the adsorbent-adsorbate interactions.

TABLE 1.11
1/T and logB values when evaluated in Clausius Clapeyron equation of kiwifruit and Methylene
blue adsorption
298K
1/T
0.003355

logb
1.0006

308K
1/T
0.003247

logb
0.5731

318K
1/T
0.003144

Logb
0.2033

TABLE 1.12
1/T and logB values when evaluated in the Clausius - Clapeyron equation of kiwifruit and Rhodamine B adsorption
298K
1/T
0.003355

logb
-0.5302

308K
1/T
0.003247

logb
-0.7594

318K
1/T
0.003144

Logb
-0.9872

Thermodynamic Data on Adsorption.


When the solution adsorption enthalpy for kiwi peel was evaluated in Clausius ± Clapeyron
equation adapted to adsorption;
ǻ+ WKH HQWKDOS\ FKDQJH IRU WKH DPRXQW RI
matter adsorbed on the adsorbent, was determined
from the slope of the line obtained with this graph;
ǻ*WKHIUHHHQHUJ\FKDQJHRIWKHEFRQVWDQWVDWWKH
different temperature, was calculated [23,24].
ǻ* -RT Inb
(7)
8VLQJ WKH ǻ+ DQG ǻ* HTXDWLRQV WKH HQWURS\
FKDQJHǻ6LVFDOFXODWHG
(8)
ǻ+0 ǻ*07ǻ60
ǻ+0ǻ60DQGǻ*0 refer to standard enthalpy,
entropy and energy changes, respectively.
ǻ+ VWDQGDUGHQWKDOS\ ,WUHSUHVHQWVWKHKHDW
exchange for the reactions that proceed at constant
pressure. If this value is negative, it means the system is exothermic; if it is positive, it means the
reaction is endothermic.
ǻ6 VWDQGDUG HQWURS\  ,W UHSUHVHQWV WKH GLsorder in reactions. Entropy increases as disorder
increases; it decreases as disorder decreases.
ǻ* VWDQGDUG HQHUJ\  ,W FKDUDFWHUL]HV WKH
combination of standard enthalpy and standard
entropy togeWKHU ,I ǻ*  WKH UHDFWLRQ SURFHHGV
VSRQWDQHRXVO\LIǻ*!WKHUHYHUVHUHDFWLRQSUoceeds spontaneously.

FIGURE 11
(a) Clausius-Clapeyron equation for the
adsorption of Methylene blue with kiwifruit and
(b) Clausius-Clapeyron equation for Rhodamine
B adsorption with kiwi husk
The value of the enthalpy change from the
slope of the graphs drawn in Fig.11.a and Fig. 11.b
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that there may be a chemical interaction between
kiwi peel and methylene blue and Rhodamine B
dyeing reagents. It is observed in the studies that the
concentration has a significant effect on adsorption.
In order to determine the effect of starting concentration of the dyeing reagent, 50, 75, 100, and 150ppm concentrations of methylene blue and Rhodamine B dyeing reagents were selected. It was determined that the percentage of adsorbed dyeing
reagent drops and that the amount of dyeing reagent
adsorbed by a unit mass of adsorbent increases as
the starting concentration of methylene blue was
increased. For methylene blue dyeing reagent, a
removal efficiency of approximately 99.88% was
reached at the 75-ppm starting concentration of the
dyeing reagent. The Adsorption of Rhodamine B
was completed in a short time at lower concentrations but adsorption was completed in longer times
as the concentration increases. It was observed that
the percent adsorption decreases while the amount
of adsorbed dyeing reagent per gram of adsorbent
increases as the concentration increases. Thus, a
removal efficiency of 97.36% was reached for Rhodamine B dyeing reagent at 50-ppm starting concentration.

is calculated and shown in Table 1.11 and Table
1.12.
Based on obtained results Table 1.13 and TaEOH  WKDW WKH ǻ6 YDOXH LV KLJK LQGLFDWHV WKH
GLVRUGHULVKLJK7KDWWKHǻ*YDOXHLVQHJDWLYHDQG
small indicates that the reaction proceeds spontaneously for methylene blue. However, this is not so
IRU5KRGDPLQH%,QDGGLWLRQWKDWWKHǻ+YDOXHLV
negative for both dye reagents means the reaction is
exothermic.
TABLE 1.13
Thermodynamic parameters of Kiwi shell and
Methylene blue adsorption
T(K)
298
308
318

ǻ* NMPRO
-5.357
-3.379
-1.238

ǻ+ NMPRO
-72.38
-72.38
-72.38

ǻ6 MPRO.
-241.090
-224.029
-223.717

TABLE 1.14
Thermodynamic parameters of kiwifruit and
Rhodamine B adsorption
T(K)
298
308
318

ǻ* NMPRO
2.821
4.478
6.009

ǻ+ NM/mol)
-41.46
-41.46
-41.46
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ǻ6 MPRO.
-159.28
-149.149
-149.273
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NUTRIENT FLUXES FROM RAINBOW TROUT
(ONCORHYNCHUS MYKISS) FECES AND UNEATEN FEED IN
THE BLACK SEA CONDITIONS
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2
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most important reason is emissions result from fish
feces and uneaten feed which is released directly to
the marine environment [5]. Therefore, the cage
farming leads to the enrichment of nutrients in the
sea water column and affect the seabed negatively
[6]. Organic matter also from fish farms is accumulated on the seabed. This organic enrichment causes
bacterial growth which disrupts the composition and
function of the benthos. Accordingly, because of the
decrease in oxygen and increase in oxygen demand,
biomass and biodiversity changes might occur [7].
The amount of waste released to the sea varies
based on the feed ingredients and feeding methods
used in the fish farming. Feed components are converted to the waste as metabolism products after digestion. These waste products are consisting of organic carbon, organic nitrogen, phosphate, ammonium, urea, bicarbonate, vitamin and pigment substances. The amount of feces and metabolic waste
might be divergent depending on the stocking density, and the feed quality [8].
Phosphorus (P) and nitrogen (N) are one of the
most crucial metabolic wastes and are produced by
fish after digestion of feed. Nitrogen and phosphorus
concentrations of feed varies depending on the nutrient content of fish feed. Feeds for carnivorous species are contained higher protein than omnivores
one. However, raw materials such as fish meal and
meat-bone meal used in fish feed; contain phosphorus at high rates [9]. Ammonium nitrogen is produced by the metabolism of fish feed protein. Therefore consumed or not consumed high rate protein
containing feeds causes to high ammonia emissions
[10]. Rainbow trout feed contains high levels of raw
protein (45-55%) and raw fat (12-25%). Hence, trout
feed consists of 7.2 to 8.8% nitrogen, 0.9 to 1.9%
phosphorous and 30-40% carbon [9]. However, to
ensure a sustainable increase in aquacultural production an adaption of eco-friendly production model is
required. Using more digestible fish feed in the production and estimation of the level of nutrient release
from fish feces besides uneaten feed to the water column will contribute to an eco-friendly production
model. In this context, herein this study aimed to estimate nutrient release in cage trout aquaculture in
the

ABSTRACT
The phosphorus release from trout feces and
feed at the low water temperatures (8 °C) occurred
slowly, while at high water temperatures (20 °C) on
the second day reached maximum levels (4.45 and
4.12 mg L-1 respectively), and then decreased to the
lower level at the end of day 11 (1.43 and 0.96 mg L1
respectively). The total released nitrogen concentration was increased gradually in both fish feces and
feed day by day. Total nitrogen level was reached to
the highest concentration at day 11. Additionally,
there was an obvious nitrogen release detected by
water temperature increments (p<0.05), i.e. higher
water temperatures promoted and caused higher nitrogen emissions.
KEYWORDS:
Nutrient leaching, orthophosphate, total nitrogen, Oncorhynchus mykiss

INTRODUCTION
Cage farming in Black Sea coast of Turkey was
began with the cultivation of Atlantic salmon (Salmo
salar) in 1980s. However, due to the fact that Black
Sea coastal water is warmer for its cultivation considering water temperature rises above 20 °C during
the summer season; the rainbow trout aquaculture
has been started in cages instead of salmon culture in
the early 1990s [1]. Trout farming in net-cages on
the Black Sea were started only with 3 company in
the early nineties. But nowadays, dozens of cage
farms were settled and farming is ongoing on the
Black Sea coast of Ordu and Trabzon provinces and
6,872 tons of rainbow trout are produced [2-3].
In recent years, the environmental impact of aquaculture activities have been started to be one of the
important issues. Cage farms which were settled in
the marine environment affect marine ecosystems inversely. Primary reasons of environmental impacts
of cage aquaculture activities consist the excretion of
nutrients from fish, solid wastes, antibiotics, disinfectants and antifouling paints [4]. However, the
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TABLE 1
Nitrogen, phosphor and proximate content of trout feces and feed.
Variables
CP (%)*
CL (%)*
N (%)*
P (%)*
13.46±0.42
3.12±0.07
2.15±0.17
2.13±0.12
Feces
41.78±1.05
16.95±0.71
6.68±0.56
1.95±0.06
Feed
*Rates were calculated as dry weight basis, CP: crude protein; CL: Crude lipid; N: Nitrogen; P: Phosphor
Samples

were made by the SPSS (ver. 23.0) statistical package programs at the 95% confidence interval.

Black Sea. Thus, ammonia, nitrogen and orthophosphate leaching from rainbow trout feces and feed
were determined at three different water temperatures; starts with min 8 °C, 15 °C and reaches up to
the max. 20 °C, (during winter, spring-autumn and
summer time, respectively) in the Black Sea.

RESULTS
The phosphorus and nitrogen values obtained
in feces and fish feed are given in Table 1. The phosphorus and nitrogen ratio (P: N) in rainbow trout feed
and feces was calculated as 1:3.42 and 1:1 respectively. These results indicate that main phosphorus
emission comes from rainbow trout feces to the marine environment.

MATERIALS AND METHOD
Rainbow trout, O. mykiss (300-350 g) stocked
in a cylinder conic fiber glass tank (150 cm x 75 cm),
which was supplied with a feces collector apparatus.
Marine water was supplied into the fish tank at the
flow rate of 0.3 L/s. After 10 days of acclimation
stage, a widely known commercial trout feed was
used to feed trout twice a day at 18ºC water temperature. After that feeding process the uneaten feed
pellet was taken back from both the collector and the
bottom of the tank. In addition to that muddy fish feces were removed from the collector at different time
courses during the day. The removed trout feces
were dried overnight at 105ºC. Dried trout feces
were grinded and mixed. Same process was also performed for above mentioned collected pellets. Those
mixed trout feces and feed were used for nutrient
leaching experiments. In order to examining of nutrient leaching from the fish feces and trout feed, 150
mg feces or feed samples were put in a flask, and 100
ml of sea water from Black Sea was added into the
feces and feed samples after filtered and autoclaved.
Then, all the flasks were transferred gently into the
incubators (Nüve ES250, ES500) and incubated for
11 days at three different temperatures (8, 15 and 20
°C). The contents of protein and total phosphorus in
the feed and the feces were measured using AOAC
[11] method. The initial (day 0) amount of orthophosphate (PO4-P) and ammonium (NH4+) concentrations of the seawater used in each experiment
were analyzed in advance spectrophotometrically
(Shimadzu 1800, Kyoto, Japan) [12]. Besides that,
the pH was recorded by a pH meter (Orion SA 520).
The same analysis was repeated on the days of 1, 2,
3, 5, 7, 9, 11 for the experimental groups of the feces
and feed which were incubated at different temperatures. All analysis either for nutrient release from the
fish feed or feces were conducted as triplicates.
One-way analysis of variance (ANOVA) were
used to determine if there were any significant differences in the nutrient concentrations leaching from
the feces and diet groups under different temperature
conditions on different days. Statistical analyses
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FIGURE 1
Orthophosphate releasing from trout feces at
three different water temperatures.
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FIGURE 2
Orthophosphate releasing from trout feed at
three different water temperatures.
The orthophosphate concentrations varied depending on the water temperature in both feces and
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feed. The highest orthophosphate concentration was
detected at the highest water temperature (20 °C) on
the second day (orthophosphate concentrations of
fish feces and feed were measured as 4.45±0.01 and
3.74±0.04 mg L-1 respectively). At the end of 10
days, orthophosphate level was decreased to the
value of 1.43±0.02 mg L-1 in the feces and 1.01±0.02
mg L-1 in the feed (Figure1, 2).

The amount of fecal waste produced by fish depends on the amount of feed consumed as feed digestibility. According to the Butz and Vens-Cappell
[13], 26% of consumed feed is transformed into the
fecal pellet on dry weight basis. Excreted phosphorus and nitrogen ratio in fish feces are depends on the
fish species and feed content. For example: phosphorus and nitrogen has been reported as 1.9-3.08%
3.21-3.29% in silver perch [14], 4.0% and 2.3% in
Atlantic salmon [15], 1:59% and 3.93% in rainbow
trout [16], and 1.91% and 2.43% in sea bass (D.
labrax) [17] respectively. In our study, phosphorus
ratio was found as 2.13±0.12% and nitrogen ratio
was found as 2.15±0.17 in rainbow trout feces similarly. These results indicate that phosphorus excretion occurs mainly through the fish feces.
According to the Rodehutscord et al. [18], excretion of phosphorus from the fish differs into three
types: first one is inevitable phosphor loss (occurs
even at zero intake phosphorus), second one is nonabsorbable P loss (resulted from feed quality) and
third one is P regulation loss in the fish body (If the
certain phosphorus level of feed is too high than that
of fish demand). The intake and bioavailability of
phosphorus from the feed might be occurred at the
best level when the phosphor level of feed is less
than the required amounts which the fish need, and
in this way regulatory loss would be reduced [1819]. In the present study, the amount of phosphorus
in the fish feed was found less than the feces. Therefore, we can conclude that phosphorus content of
feed should be reduced to the optimum degrees.
Our study and previous studies showed that nitrogen and phosphate emission from fish feces and
uneaten feed are occurred quite quickly at high water
temperatures. Therefore, to prevent nutrient releases
from fish feces and uneaten feed into the marine environment, they must be removed as soon as possible. Results showed that both ammonium and orthophosphate release are depending on the water temperature. The highest nutrient release occurred at 20
°C from the tested three different water temperatures
(8, 15, 20 °C). Kibria et al. [14] reported that the release of the nutrient is altered with the changes in the
pH, oxygen concentration and the microbial activity
in addition to the temperature of the water
In sum, fish feed is the most important nutrient
source in the aquatic environment for the living organisms. Hence, the fish feed industries and farmers
should be careful pertaining to the phosphorus content of fish diet and overfeeding respectively.
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FIGURE 3
Ammonium releasing from trout feces at three
different water temperatures
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FIGURE 4
Ammonium releasing from trout feed at three
different water temperatures.
Higher ammonia levels were measured at highest water temperature. The first three days, ammonium concentration remained as 2.37-3.8 mg L-1 in
the feces and the feed. Ammonium level of water
gradually increased in both feces and feed during the
experimental period. Releases of the ammonium
from the feces and feed were reached up to the highest concentration as 110±0.22 and 60.47 ± 0.31 mg
L-1 respectively. When the feed and feces are compared, higher ammonium release from feed is detected instead of feces (Figure 3-4).
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at most. Researchers found the anaerobic sludge as
the inoculum could endure acidosis during the dry
anaerobic fermentation of municipal organic wastes
[9, 10]. Someone used the anaerobic degradation residues by kitchen waste as the inoculum in the study
of the potential for biogas production during food
waste decomposition [11, 12]. Others have also studied the effects of other substances as inoculum on the
gas production by biomass anaerobic digestion, such
as the animal manure [13, 14], chicken manure [15,
16], dairy-farm biogas residue [17, 18] and so on.
Researchers found that the manures were rich in
NH4+-N, while the sludge had higher carbon content.
Thus, the mixture-inoculum mixed with these two
materials could balance the higher NH4+-N content
and pH value that given by the two single as inoculum.
By means of monitoring several indexes such
as methane yield, pH value, NH4+-N content and
VFA, the effects of inoculation with additional pig
manure to the biogas production rate and quantity
were studied. The result will have a contribution on
cost savings for the large dry fermentation biogas
projects.

ABSTRACT
Two dry anaerobic digesters which were designed and develop on the basis of the results of a
small pilot study as reactors (1 #, 2 # reactor), studied
the effect of the pig manure as the inoculate additives
on biogas production from dry anaerobic digestion
of biomass garbage. Monitored the biogas production and composition, pH, ammonia (NH4+-N), volatile fatty acids (VFA) and other indicators. Results
showed that UHDFWRU¶Vbiogas production enters a
stable phase 34 days after the operation, while the 2
# reactor was 15 days. Both the methane content in
two reactors was 60% to 70% during the stable
phase. Total biogas production of 1 # and 2# reached
/DQG/LQGD\V¶IHUPHQWDWLRQ
and the maximum gas production were 1068 L and
664 L, respectively. It can deduce that the addition
of pig manure FRXOGDFFHOHUDWHWKHJDVSURGXFWLRQ¶V
rate, and shorten the time of fermentation period of
adjustment phase in gas production, but it did not increase gas production and gas quality.

KEYWORDS:
pig manure, inoculum, dry anaerobic digestion, gas production rate

MATERIALS AND METHODS
0DWHULDOV%DVHGRQWKHFRQFHSWRIUHVRXUFHV
UHF\FOLQJ WKH ELRPDVV JDUEDJH IRU H[SHULPHQWDO
ZHUHIUXLWDQGYHJHWDEOHZDVWH )9: IURPWKHWUDVK
JDUEDJH FRQWDLQHUV ED]DDUV LQ VFKRRO DQG NLWFKHQ
ZDVWH .: IURPVWXGHQWFDQWHHQ7KHELRGHJUDGD
EOHFRPSRQHQWVZHUH VHOHFWHGIURPWKHJDUEDJHE\
PDQXDO VRUWLQJ 7KH LQRFXOXPV ZHUH GRPHVWLFDWHG
DQDHURELFJUDQXODUVOXGJHDQGSLJPDQXUH7KHDQ
DHURELFVOXGJH $6 ZDVGDUNJUDQXODULQDSSHDUDQFH
DQGKDGDPRLVWXUHFRQWHQWRI,WLVWDNHQIURP
WKH PLGGOH SDUW RI DQDHURELF GLJHVWLRQ WDQN IRU
ZDVWHZDWHUWUHDWPHQWDW&2)&2LQ:XKDQ7KHSLJ
PDQXUHZDVGHULYHGIURPWKHOLYHVWRFNIDUPZKLFK
FROOHFWV WKH VFKRRO FDIHWHULD DQG UHVWDXUDQWV¶ OHIWR
YHUVDVWKHPDLQVRXUFHRIIHHG,WVPRLVWXUHFRQWHQW
ZDV $OO RI ELRPDVV WKH UHODWHG DERYHPHQ
WLRQHG FDQ EH VHHQ DV UHSUHVHQWDWLYHV RI 0XQLFLSDO
6ROLG:DVWH 06: 
To achieve the aim of waste treatment by

INTRODUCTION
The rising of the agricultural residues and organic fraction of municipal solid waste has become
an important factor that affects the ecological environment and containments urban development [1].
The common processing methods cannot meet the
rapid development of the cities and the increasing
demand for energy. Solid-State Anaerobic Digestion
(SS-AD) has the most attractive waste treatment
technologies for stability fermentation, higher biogas
production rate and less biogas slurry [2-4]. Inoculation phase is an important step responsible for the
balanced microbial population and stability of AD
[5]. The right inoculum could not only relieve the
acid accumulation, and also shorten the start time of
dry anaerobic digestion, which is important to biogas
production normally [6-8]. Anaerobic sludge was
domesticated as the inoculum in the industrial scale
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1-Gas storage bag/tank, 2-One-way valve, 3-Gas flow computer, 4-Y-Filter, 5-Ball valve, 6-Gas sampling port,
7-Biogas Analyzers, 8-Barometer, 9-Temperature control device, 10-EPS insulation, 11-Dry anaerobic reactor
tank, 12-Water distributor, 13-return pump, 14-Y-Filter, 15-Multiwell plates, 16-Valve, 17-Slurry sampling port,
18-Slurry collection tank 1, 19-pH controller, 20-Slurry collection tank 2, 21-Pipe for pressure balance
FIGURE 1
The reaction system of dry anaerobic fermentation
TABLE 1
The main characteristics of the feed material in fermentation tank
Reactor
No.
1#
2#

Weight of different components in feed materials (kg)
KW
FVW
AS
PM
TW
TS
208
190
161
²
559
120.7
189
213
94
65
561
121.3

Ratio*
(w/w %)
28.80
28.34

Solid content
(w/w %)
21.59
21.27

C/N
21.56
19.43

KW-kitchen waste, FVW-fruit and vegetable waste, AS-anaerobic sludge, PM-pig manure,
TW-total weight of waste, TS- total solid, w-weight, C-carbon, N-nitrogen
*-inoculum (AS+PM) to substrate (TW) ratio,

and re-sprayed into the reactor after heated by an
electric heater when needed, for the purpose of maintaining the stability of the temperature in the system.

waste, the biogas leachate in slurry collection tank
was introduced into the system as a substitute for lye
to control pH. All chemical reagents used in this
study were analytical grade and were used without
further purification.

([SHULPHQWDO SURFHGXUH 7KH H[SHULPHQW
VXJJHVWHG VLQJOHSKDVH VHTXHQFLQJ PHVRVSKHULF
ZKLFKDGGHGDOOWKH PDWHULDOVLQWRWKHWDQNVDWRQH
WLPH DQG NHHSLQJ WKH WHPSHUDWXUH DW &7KH
06: 0XQLFLSDO 6ROLG :DVWH  ZHUH SUHWUHDWHG E\
VRUWLQJ LPSXULW\ DGGHG LQRFXOXP DFFRUGLQJ WR WKH
VHWVROLGUDWHDQGPL[HGWKRURXJKO\$IWHUFRPSDF
WLRQWKHPL[HGPDWHULDOVLQMHFWHGVXIILFLHQWDPRXQW
ZDWHULQWRWKHZDWHUVHDOHGWDQNIRUVHDOLQJDQGWKHQ
FRYHUWKHUHDFWRU)HHGWKHWZRUHDFWRUVE\WKHVDPH
ZD\DQGVWDUWHGWKHH[SHULPHQWDWWKHVDPHWLPH7D
EOHVKRZVWKHPDLQFKDUDFWHULVWLFVRIWKHIHHGPD
WHULDOLQ IHUPHQWDWLRQWDQNDQG7RVWXG\WKH
HIIHFWRIGLIIHUHQWLQRFXOXPVRQGU\DQDHURELFGLJHV
WLRQWKHLQRFXOXPZDVDFWLYDWHGVOXGJHLQZKLOH
WKHPL[WXUHRIDFWLYDWHGVOXGJHDQGPDQXUHDVLQRF
XOXPVLQ

([SHULPHQWDOVHWXS%DVHGRQSUHYLRXVVWXG
LHVRIGU\DQDHURELFGLJHVWLRQZLWKELRPDVVZDVWHE\
WHVWLQODEVZHKDGGHYHORSHGWZRUHDFWRUVRIWKHGU\
DQDHURELFGLJHVWLRQIRUSLORWWHVW6FKHPDWLFGLDJUDP
RIWKHH[SHULPHQWDOUHDFWRULVVKRZQLQ)LJ7KHHV
VD\VZHUHFDUULHGRXWLQEDWFKGLVFRQWLQXRXVUHDFWRU
ZLWKDQLQWHUQDOOHQJWKRIPZLGWKRIPDQGD
WRWDOKHLJKWRIP7KHUHDFWRUPDGHE\VWDLQOHVV
VWHHO DQG WKH WRWDO YROXPH FDSDFLW\ ZDV  P
ZKLOHWKHHIIHFWLYHYROXPHZDVP
Between the lining and shell of the reactor
filled with plus hotline, EPS thermal insulation layer
and temperature probe, for the purpose of heat insulation and temperature control. The biogas slurry
produced by anaerobic digestion flew to the tank
through the drain pipe at the bottom of the reactor,
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FIGURE 2
The 1#, 2# UHDFWRUV¶GDLO\ELRJDV\LHOGVDQGPHWKDQHFRQWHQW

During 132 days of fermentation, the total biogas yield of the 1# reactor was 46948.5 L, while the
2# reactor was 39453.5 L. The maximum daily biogas yields of 1# reactor was 1068L (at 58th day),
while the 2# reactor was 664 L (at 81th day).The methane content of the biogas was 3.4%~4.6% in the
initial stage, and rose to 60%~70% during the stabilization period. Thus, the accumulative methane
yield reached to 28386.2 L (1#), 22744.5 L (2#) respectively. According to the yield of 0.3m3 CH4 ·kg1
TS [15], the methane production of 1# reached
78.9% of the theoretical value, while 2# reached
7KXVWKHUHDFWRU¶VJDVSURGXFWLRQSHUIRU
mance was better, as both the gas production period
and the total gas yield were better than 2 # reactor.
The probable reason was that the C/N of the raw materials in reactor 1# was higher, which sustained
enough carbon source to support the anaerobic fermentation, and the anaerobic digestion in reactor 1#
was more completely. However, the effect of the inoculum on the SS-AD cannot be explained by the total amount of biogas yield single. There needed to
further research that combined with daily gas production, biogas composition and other factors to illustrate the problem. The daily biogas yields and methane content of two reactors are shown in Fig.2.
According to the daily biogas yields trends, defined the limit of the yield by 200 L·d-1, thus the anaerobic fermentation can be divided into three
stages, such as adjustment phase, stabilization phase,
attenuation phase. The 1# reactor entered into the
stabilization phase after 34 days, while the 2# reactor
entered earlier by only fermented 12 days. During
WKH VWDELOL]DWLRQ SKDVH ERWK RI WKH WZR UHDFWRUV¶
daily biogas yield trend present S-shaped curve. The
1# reactor had a great fluctuation of ranged between

Adjust the initial pH of 1 # and 2 # reactor to
7.0 by sodium bicarbonate solution, and open the
heating insulation system to control the temperature
at 35±1°C. After the reactors began to produce biogas, record and collected by gas collection bags periodically. And during the experiment, the pH and
NH4+-N values of the fermentation leachate were
monitored. Maintain the pH value between 6.8 ~ 7.2,
and adjust it by biogas leachate recirculation. The indicators that need to be monitored daily include: gas
yield, biogas compositions and content. The indicators that need to be monitored regularly include pH
value, NH4+-N value, VFA value.
$QDO\WLFDO PHWKRGV 7KH ELRJDV \LHOG GDLO\
DPRXQW ZDV PHDVXUHG E\ ZHW DQWLFRUURVLRQ JDV
IORZ PHWHU /0) &KDQJFKXQ$XWRPRELOH )LOWHU
&R/WG ZKLFKUDWHGIORZUDWHZDVPāKDQG
DFFXUDF\ ZDV  7KH ELRJDV PDLQ FRPSRVLWLRQV
&+&2+6 ZHUHGHWHFWHGE\DSRUWDEOHJDVDQ
DO\]HU *$ *HRWHFK  DQG WKH QXPHULFDO GDWD
ZHUH FDOLEUDWHG E\ *DV &KURPDWRJUDSK *&
6+,0$'=8  7KH S+ YDOXH ZDV PHDVXUHG E\
6KDQJKDL 3% GLJLWDO S+ PHWHU DQG WKH 1+1
YDOXHZDVPHDVXUHGE\+$11$ +7,WDO\ 
7KH 9)$ YDOXH ZDV PHDVXUHG E\ FRORULPHWULF
PHWKRGDFFRUGLQJWR4<=-

RESULTS AND DISCUSSION
7KH WUHQGV RI GDLO\ ELRJDV \LHOGV DQG PH
WKDQHFRQWHQWV7ZRGD\VDIWHUWKHFDSSLQJWKHIHU
PHQWDWLRQWDQNEHJDQWRSURGXFHELRJDV$QGWKH
UHDFWRUKDVDWRWDOJDVSURGXFWLRQWLPHRIGD\V
ZKLOHUHDFWRUZDVGD\V

7060

© by PSP

Volume 26 ± No. 12/2017 pages 7058-7064

200~1068 L, while the 2# had a less of ranged beWZHHQa/$IWHURIGD\V¶IHUPHQWDWLRQ
two reactors were involved into attenuation phase.
The 2# reaFWRU¶VGDLO\ELRJDV\LHOGGHFOLQHGUDSLGO\
and biogas production stopped at the 120th day, while
the 1# still produced biogas at 132 th day. However,
the reactors had a similar trend in methane content.
%RWKWZRUHDFWRUV¶PHWKDQHFRQWHQWUHDFKHGDSODW
eau of 60%~70% after 28 days, and maintained until
the end.
Therefore, it can be concluded that the 2# reactor which feed the mixture of activated sludge and
manure as inoculums can be more quickly accessed
the stabilization phase, and it indicated that the process of anaerobic fermentation within the 2# reactor
system was more quickly. The reason may be that
the pig manure which added in the 2# reactor increased the nitrogen content in the system and was
beneficial to the growth of methanogens in the system [19, 20]. However, the tendency of the methane
concentration in the two reactors was similar, which
preliminary suggested that the change of inoculum
had little influence on the components of biogas. As
to investigate the effects of different inoculums on
gas quality, further investigation of the changes in
other components of the biogas were set up. And another two major biogas components are CO2 and
H2S. The Fig.3 shows the trend chart of H2S and CO2
in two reactors.
As shown in Figure 3, the change of the two
components in two reactors appeared the similar
trends. At the initial stage the CO2 content in biogas
was ranged between 35%~40%, and it raised to
70~85% as the high peak value after 10 days ,then
decreased rapidly into a stabilization phase with
20%~45% during another 10 days, the stabilization
phase lasted for more than two months. At the attenuation phase, CO2 content in biogas was maintained
between 35%~40% again. However, the H2S content
in biogas was ranged between 0~1200 ppm, which
did not appear some regularity.
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In summary, as the trend of three main components of the biogas produced by the two reactors was
similar, it can be inferred that the biogas quality was
not affected by the change of the inoculum in the system. The quality of biogas is mainly related to the
raw materials in the reaction system. In order to further study the influence of the inoculum on the stability of the system, the pH, NH4+-N and VFA of the
leaching solution were monitored during the whole
process.
7KH WUHQGV RI S+ DQG 1+17KH VXLWDEOH
S+IRUWKHPHWKDQRJHQEDFWHULDZKLFKSOD\DOHDGHU
VKLSUROHGXULQJWKHIHUPHQWDWLRQSURFHVVLVa
7RRVORZS+ZRXOGLQKLELWWKHDFWLYLW\RIPHWKDQR
JHQLFEDFWHULDVHULRXVO\WKXVUHGXFHGWKHSURGXFWLRQ
RIWKHELRJDVRUHYHQGLGQRWSURGXFHPHWKDQHHQ
WLUHO\ ZKHQ DFLGLILHG VHYHUHO\ >@7KXV LW VKRXOG
WDNHDFWLYHVWHSVWRUHJXODWHWKHS+ZKHQSHUDFLGRU
WRRDONDOLQH7KHYDOXHRI1+1DIIHFWHGWKHV\V
WHP¶VS+1+1ZDVPDLQO\SURGXFHGE\K\GURO
\VLVUHDFWLRQVGXULQJWKHHDUO\VWDJHVRIIHUPHQWDWLRQ
+RZHYHUWKHUHKDYHQRW\HWEHHQGHWHUPLQHGRQWKH
LQKLELWLRQFRQFHQWUDWLRQRI1+1SUHVHQW,WZRXOG
EH GLIIHUHQW DV WKH GLIIHUHQW IHUPHQWDEOH VXEVWUDWH
DQG PLFURRUJDQLVP )LJ VKRZV WKH WUHQGV RI S+
DQG1+1GXULQJWKHZKROHIHUPHQWDWLRQVWDJH
As shown in Fig.4WZRUHDFWRUV¶S+ERWKGH
clined after 5 days fermentation. The pH value in 1#
declined rapidly which from 7.0 down to 5.21, while
the 2# was from 7.0 to 6.46 in the initial 5 days. The
process of pH decline was mainly due to the rapid
growth of acidogenic bacteria lead to the accumulation of VFA during the initial fermentation. Then,
WZRUHDFWRUV¶S+VKRZHGDQXSZDUGWUHQGDQGWKH
2# reactor pH was slightly higher than 1#. At this
stage, the 2# reactor pH appeared three peak values
were 7.33 (at 15th day), 8.28 (at 30th day) and 8.13 (at
65th day), while the 1 UHDFWRU¶V WKUHH SHDN YDOXHV
were 6.75, 7.01 and 7.33.

FIGURE 3
The content of CO2 and H2S in1#, 2# reactor
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FIGURE 4
The change trend of pH and NH 4+-N in 1#, 2#reactor
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FIGURE 5
The change trend of VFAs and daily methane yield in 1#, 2#reactor
$VWKHUHDFWRU¶VS+IOXFWXDWHGFRQVLGHUDEO\
and the daily biogas yield was lower than 2# reacWRU¶V LQ WKH preliminary 35 days of fermentation, it
can speculate that there was a phenomenon of acid
inhibition. However, sustained over long-term in the
acidic environment would inhibit the growth of
methanogens, and was unfavorable to methane proGXFWLRQ7RDGMXVWWKHUHDFWRU¶VS+/VRGLXP
bicarbonate solution (pH was 8.54) were added to
WKHUHDFWRU¶VELRJDVVOXUU\WDQNDWWKHth, 8th, 17th,
20th dD\UHVSHFWLYHO\7KHQUHDFWRU¶VGDLO\ELRJDV
yield began to rise gradually at 32th days, and was
KLJKHUWKDQUHDFWRU¶VDWth days.
The pH of the two reactors was approaching after 50 days, and the change trends of daily biogas
yield were consistent at this stage, but 1# was higher
than 2# on the value. After the third peak, the pH of
the two reactors changed gently and kept in 7.7 ~ 7.9,
and daily biogas yields began to reduce.

Well, the change trends of NH4+-N were similar
to pH in the two reactors, which showed an upward
trend with fermentation. The peak of pH and NH4+1 DSSHDUHG DW WKH VDPH WLPH DQG WKH  UHDFWRU¶V
NH4+-N was greater than 1# for most of the time.
As known that the pig manure was rich in nitrogen content and decomposed easily by microbes,
thus could providing nutrients needed for microbial
proliferation. Therefore, in the early stage of the fermentation, better microbial living environment and
higher microbe content was observed in the 2# reactor, which made faster hydrolysis reaction and higher
pH and NH4+-N (as shown in Fig.4), and result in the
gas stabilization period of 2# was earlier than 1#.
The gas production was also higher in 2 # during the
early fermentation period.
From what has been discussed above, the
changes trend of pH and NH4+-N in 2# reactor was
more relatively. Therefore, it could be deduced that
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the mixture of activated sludge and manure as inoculums provided a more stable operating system.
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The results of figure 5 showed that the trend of
VFAs in two reactors present S-type, which rose after first decreased and then drop again. At the beginning, the VFAs in 1# were higher than 2#, which due
to the daily methane yield in 1# was lower. Both of
the VFAs value declined as the daily methane yield
rose. This phenomenon lasted until the VFAs in 2#
began to rise while still declined in 1# after 38 days,
then the daily methane yield in 1# overtook. After 44
days, the VFAs value in 2# overtook than 1#, and
rose to another peak value at the 54th.Then both two
UHDFWRUV¶9)$VEHJDQWRGHFOLQH but the daily methane yield in 1# was higher than 2#.
Some paper reported that too high concentration of VFAs would do inhibition to the anaerobic
digestion [21].The VFAs accumulation in the anaerobic reactor reflected the inactive methanogens and
lower of the daily methane yield. Other literature reported the VFAs more than 2000mg/L will produce
inhibition for the methane production. But not presented in this experiment as the VAFs were more
than the limit value during the 70 days previous.

CONCLUSIONS
The main difference was biological inoculum
in the two reactors. The inoculum in 1# was activated
sludge, while in 2# was the mixture of activated
sludge and manure. The mixture inoculum could accelerate the biogas production rate, and shorten the
time in gas adjustment phase. But the mixture inoculum did not improve the biogas production and biogas quality. Thus, it can be concluded that the inoculum with high nitrogen content could speed up the
reaction rate of fermentation.
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sector has a non-binding commitment under the
current Kyoto Protocal regime, Annex I countries
were called to the protocol to pursue the limitation
and reduction of greenhouse gas emissions
originating from shipping through IMO [5]. Accordingly, two regulations, Energy Efficiency Design Index (EEDI) and Ship Energy Efficiency Management Plan (SEEMP), have recently entered into force
internationally by 1 January 2013. SEEMP aims at
improving overall ship energy efficiency by operational measures such as better monitoring, effective
maintenance, speed reduction and weather routing
[6]. On the other hand, IMO has introduced EEDI as
a mandatory technical measure for all new ships
above 400 GT and built after 1.January.2013 [7]. It
enables improving the energy efficiency of ships by
progresses in hull, propeller, rudders and machinery
designs of the ship. Accordingly, it can also be used
as an energy efficiency indicator of a ship as a
smaller EEDI value indicates a more energy efficient
ship design.
There have been several studies in the literature
that have evaluated EEDI for different types of ships.
Some of these studies have analysed reduction of
CO2 emissions through EEDI measures. For
instance, Anink and Krikke [8] focused on Dutch
Fleet to see the behaviour of CO2 reduction based on
the new EEDI requirements. They figured out the
new ships to be 10% more efficient after 2015, 20%
more efficient by 2020 and 30% more efficient from
2025 on. It is estimated that 263 million tones of CO2
will be produced annually by 2030 and potential
reduction expectation is 1.6%, 5.8%, 7.5% and
14.8% for phases 0, 1, 2, 3 and 4 respectively.
Rightship [9] has presented GHG ratings via
³Energy Verification Design ,QGH[´ which is an
application of EEDI over existing ships . Livanos et
al. [10] studied the reduction of CO2 emissions and
fuel consumptions throughout ship lifetime as one of
the parameters for EEDI . Turan and Ust [11]
assessed EEDI for 84 built tankers in Turkey to
understand the need for EEDI compliance. They
found that most of the ships built between 2009 and
2012 were under EEDI baseline for tankers. Ancic
and Sestan [12] also investigated CO2 reduction by
EEDI

ABSTRACT
International Maritime Organization( IMO) has
adopted the Energy Efficiency Design Index (EEDI)
in 1.January.2013 for all new ships above 400 GT, in
order to set technical practices to ensure ship energy
efficiency management. With this move IMO
stipulated global ship fleet to become more efficient
and less CO2 emitting by meeting the requirements
of EEDI measures, through three phases until 2050.
In this context, this study has analyzed the potential
of EEDI and CO2 reduction for 405 Turkish Flagged
(TF) Ships to understand the current and prospective
state of energy efficiency level of Turkish Fleet up
to 2025.

KEYWORDS:
Energy efficiency, EEDI, maritime energy, Turkish
Flagged Ships

INTRODUCTION
Transportation constitutes a significant portion
of the global fossil fuel combustion-related CO2
emissions. When the world oil consumption data between 1973-2013 is examined, it is seen that transportation sector appears prominent with a growing
share of about 18.3% in oil consumption amongst
other sectors such as residence, petrochemistry, agriculture and industry [1,2]. While the interrelation
of transportation based oil consumption and CO2
emission is an apparent issue, the characteristics of
the modes of transportation determine the level of
the consumption and resulted emission. In this context, maritime transportation is the most energy efficient and the least greenhouse gas (GGH) emitting
transportation mode. Maritime transport is responsible for the 2.5% of GGH with 1000 million tons of
CO2. However, a 50%-250% increase in emissions
and is expected by 2050, depending on the level of
precautions taken for energy efficiency [3]. In addition, concerns about global warming and its effects
on sea habitat have become important significantly
[4]. Thus, IMO calls for prompt action to place the
total emission under control. Although the maritime
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FIGURE 1
Equation of EEDI
emissions per ton-mile of goods transported. It is
applied to cargo ships greater then 400 GT. EEDI
equation, which is given in Figure 1, shows that it
depends on the ship type, ship size and ship
propulsion systems [14, 15]. Thus, EEDI can be
implemented to understand the ship¶V emission
performance determined by ship design based on
current innovations and technological developments.
In Figure 1, ME and AE : Main Engine(s) and
Auxiliary Engine(s); P: the power of the engines
(kW);CF:, a conversion factor between fuel
consumption and CO2 based on fuel carbon content;
SFC: the certified specific fuel consumption of the
engines (g/kWh); Capacity: the deadweight or gross
tonnage (tons); Vref: the ship speed (nm/h); fj: a
correction factor to account for ship specific design
elements (eg. ice-class)

implementation under different scenarious for the
bulk carriers. Tzannatos and Stournaras [13]
conducted an EEDI analysis for Ro-Pax and
passenger ships within Greece shipping network.
They found that large sized Ro-Pax vessels showed
a strong negative correlation between EEDI value
and gross tonnage.
From national maritime and shipping policies
perspective, it is important to understand the current
status of energy efficiency and CO2 emissions of the
ships under the flag of a country. Accordingly,
although EEDI is a mandatory measure for the ships
after January 2013, existing ships built before 2013
have to be investigated through EEDI regulations.
This investigation enables us to realize the future
EEDI compliance [11]. In this context, this study
aims at observing the EEDI and CO2 reduction trend
of Turkish Flagged (TF) Ships during the transition
period to EEDI regulations by analyzing and
comparing EEDI reference values with the existing
and prospective Turkish Flagged Ships in Turkey,
taking ship life and ship age until 2024 into
consideration, which comprises the phases 0, 1, and
2. With respect to this aim, a section on methodolody
will follow this introduction. The third section will
present the analysis and the results for EEDI trend
for each ship type of TF Ships. Lastly, a conclusion
will be presented as the fourth section of the study.

TABLE 1
Reference values for the calculation of Required
EEDI
Ship Type
General Cargo
Bulk Carrier
LPG-Gas Carriers
Tankers
Containers
Ro-Ro Cargo

a
107.48
961.79
1120.20
1218.80
174.22
1405.15

b
DWT
DWT
DWT
DWT
DWT
DWT

c
0.216
0.477
0.456
0.488
0.201
0.418

EEDI is seperated as ³$WWDLQHG((',´DQG³5H
TXLUHG((',´$WWDLQHG((',LVWKHDFWXDOFDOFXOD
tion of EEDI value of a ship based on the parameters
which are used in EEDI equation in Figure 1. On the
other hand, required EEDI is the

METHODOLOGY
EEDI and CO2 Reduction. EEDI can be
defined as a measure for estimation of CO2
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TABLE 2
Reduction and Interpolation Table
Phase 0
Phase 1
Phase 2
Phase 3
Jan.1.2013 Jan.1.2011 Jan.1.2020 Jan.1.2025
Dec.31.2014
Dec.31.2019
Dec.31.2024
onwards
Ship Type
Size
>20000 DWT
10- 0%
10%
20%
30%
Bulk Carriers
20000 DWT
N/A
0-10%*
0-20%*
0-30%*
>10000 DWT
0%
10%
20%
30%
2-10000 DWT
N/A
0-10%*
0-20%*
0-30%*
Gas Tankers
Tanker and
>20000 DWT
0%
10%
20%
30%
Combination Carriers
4-20000 DWT
N/A
0-10%*
0-20%*
0-30%*
>15000 DWT
10- 0%
10%
20%
30%
Container Ships
15000 DWT
N/A
0-10%*
0-20%*
0-30%*
>15000 DWT
0%
10%
20%
30%
General Cargo Ships
3-15000 DWT
N/A
0-10%*
0-20%*
0-30%*
Refrigerated Cargo
>5000 DWT
0%
10%
20%
30%
Tankers
3-5000 DWT
N/A
0-10%*
0-20%*
0-30%*
* The reduction factor is to be linearly interpolated between the two values depending on the vessel size. The lower value of the reduction
factor is to be applied to the smaller ship size.

maximum allowable value of the attained EEDI as
defined in Table 1. The required EEDI is calculated
for all ship types using 100% of the deadweight at
summer load draft. The required EEDI value is defined by a reference line which is mathematically
showed in Equation 1 [7].
(1)
Required EEDI = a · b-c
Table 1 lists the calculation values for the required EEDI depending on the ship type
The required EEDI will be reduced by a certain
percentage each five years based on the initial value
at Phase 0. EEDI reduction is also dependent to the
vessel size. Reduction percentages are applied to the
ships above a specified ship size, for each ship type,
by using linear interpolation up to 10% for each reduction phase. Table 2 presents the reduction and interpolation table for reduction of required EEDI with
the unit of DWT [15].

Shipping. We could obtain datasets for about 405
ships which are presented in groups in Table 3. After
classifying the dataset for each ship type (bulk carrier, lpg, tanker, container, dry cargo, ro-ro cargo and
ro-ro passenger), attained EEDI calculations had
been conducted to observe the EEDI trend of the ship
types by comparing their mandatory EEDI values for
phase 1 and phase 2. Six steps were performed for
the calculations and analysis of the data. These are:
i. Attained EEDI values for each ship were
calculated to see the existing situation in the preEEDI implementation period or phase 0.
ii. Required EEDI values were also calculated
based on the reference values in Table 1 and the reduction and interpolation ratios in Table 2 for each
ship.
iii. Two reference lines for each ship type
(EEDI versus DWT) were plotted for phase 1 and
phase 2 based on step ii.
iv. Graphs including two reference lines and
attained EEDI values for each ship type were obtained. The reference lines answer the question
³ZKDWWKHUHTXLUHGEEDI value would be if TF Ships
are required to be designed with their current specific
parameters and characteristic properties for future
requirements of phase 1 and phase 2 based on referHQFHYDOXHVLQ7DEOH´$FFRUGLQJO\the comparison
between the attained EEDI values and reference
lines enable us to understand the current energy efficiency level of the synthesized ships.
v. EEDI calculations were also performed for
each ship for phase 1 and phase 2 by applying a business as usual-lifetime criteria scenario. Business as
usual-lifetime criteria scenario assumed that life time
of a ship was 30 years and after 30 years, it would be
changed with a new one, designed in line with EEDI
for the same DWT and characteristics of the given
ship, while ship owners preserve their existing fleet.
Calculations with the scenario were then embedded
to the aforementioned graphs. With this step, we can
observe the EEDI trend for each ship by examining
the change in EEDI value nodes of the ships. Ships

TABLE 3
TF Ships
Fleet Type-TF
Dry Cargo
Bulk Cargo
Lpg
Tanker
Container
Ro-ro

Number of Ships
180
80
5
89
33
18

Method and Assumptions. This study has
compared the attained EEDI index values of existing
TF Ships with the required EEDI values of a given
ship size, for specific ship types. This comparison
helps us to understand the current EEDI level of
Turkish Fleet and to observe the behaviour of CO2
emission reduction in case of a replacement of an
existing ship with a new designed one in line with
EEDI. Dataset which comprised of specific ship
parameters such as ship type, ship age (based on
2013), DWT, GRT, NRT, lenght, draft, machine
count, machine power are taken from the member
database [16] of østanbul and Marmara, Aegean,
Mediterranean and Black Sea Regions Chambers of
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that SFC of main and auxiliary engines and generator
efficiency is assumed as 170 g/kWh, 185 g/kWh and
0.93 respectively. In addition, for the calculation of
EEDI, it is also assumed there is not any innovative
energy technologies involved at the synthesized
ships.

above the reference lines at phase 0 (pre-EEDI implementation) before phase 1 and phase 2, were presumed as low energy efficient ± high CO2 emitting
and were considered as more disposed to be built
with EEDI based on lifetime criteria scenario. It was
also expected that ships which were under the reference line, as energy efficient ships, would also be replaced with new ones after their lifetime.
vi. CO2 reduction potential was evaluated
based on EEDI change during phase 1 and phase 2
as we only aimed at seeing the effect of EEDI trend
on CO2 emission reduction.
The calculations were performed by Microsoft
Excel spreadsheet calculator of the EEDI equation
[17]. It is an application of the calculation guideline
contained in IMO Circular MEPC.1/Circ.681 [7].
In the calculator, the correction factors are
taken as ³1´ except for mechanical part of innovative
energy efficiency technologies. It is also assumed

EEDI TREND ANALYSIS FOR TURKISH
FLAGGED (TF) SHIP TYPE
Dry Cargo Ships. The majority of TF Ships are
Dry Cargo Ships. In this study, 180 TF Dry Cargo
Ships were analyzed. Figure 2 indicates the distribution of attained EEDI values of TF Dry Cargo Ships
versus their DWT by implementing the requirements
of phase 0 which is pointed as pre-EEDI, phase 1 and
phase 2 between 2013 and 2024.

FIGURE 2
EEDI Trend for TF Dry Cargo Ships between 2013-2024 for phase 0, phase 1 and phase 2

FIGURE 3
EEDI Trend for TF Bulk Cargo Ships between 2013-2024 for phase 0, phase 1 and phase 2
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When Figure 2 is examined, it can be seen that
18% and 5% of 180 ships have to be replaced with
new ones during phase 1 and phase 2 respectively,
between 2015 and 2024 while 58% of the ships are
expected to stay in their existing conditions. It is also
can be realized that 17% of the ships concur with reference lines. It can be concluded that TF Dry Cargo
Fleet does not consist of old ships. Thus, although
some of the ships can be efficient to fulfil the future
energy efficiency requirement with their design in
line with EEDI, the energy efficiency improvements
are mostly expected by other operational and technical precautions, presented in SEEMP guidelines.

Fresenius Environmental Bulletin

of 70 ships are expected to be replaced with newly
designed ships in line with EEDI between 2013 and
2024 at phase 1 and phase 2. It can be said that TF
Bulk Cargo Ships comprise a young fleet but include
low efficiency-high CO2 emitting ships. Accordingly, priority should be given to energy efficiency
management plans for TF Bulk Cargo Ships as there
will not be much differentiation in EEDI trend for
these ships.
Tanker Ships. We studied 89 TF Tanker Vessels. In Figure 4, EEDI trend for TF Tanker Fleet is
presented. In pre-EEDI implementation phase or at
phase 0, 52 ships were above the reference lines. 19
ships were under the reference lines. 18 of them intersected with these lines. When the ships are examined through lifetime criteria scenario, it is seen that
11 of 52 ships have to be replaced with the new EEDI
based ships which have EEDI values of reference
lines at phase 1 while one of the 52 ships, would need
to be changed at Phase2.

Bulk Cargo Ships. 80 ships are acknowledged
as TF Bulk Cargo. Figure 3 presents the EEDI trend
for TF Bulk Cargo Ships.
It is observed that 70 ships which equal to 87%
of total are above and 2 ships which constitute 2%,
are under the reference lines at pre-EEDI implementation period and phase 0 while 17% of the ships
have already been positioned on reference lines. 14

FIGURE 4
EEDI Trend for TF Tanker Ships between 2013-2024 for phase 0, phase 1 and phase 2

FIGURE 5
EEDI Trend for TF LPG Ships between 2013-2024 for phase 0, phase 1 and phase 2.
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LPG Fleet. We could obtain information about
5 LPG carriers to analyze their EEDI trend. At first
glance, it is understood that 4 of the ships are above
the reference lines while one of them is under. It is
seen that since the ships are young, only one of them
is expected to be changed with a new one at Phase 2,
which would more efficient than replacement, as
seen in Figure 5.

Fresenius Environmental Bulletin

can argue that TF Ro-Ro Cargo Ships can be
acknowledged as high efficient±low CO2 emitting,
with regard to EEDI.
Container Fleet. 33 container ships have been
analyzed with reference to their EEDI values for preEEDI implementation phase 0, phase 1 and phase 2,
presented in Figure 7. It is seen that TF Container
Fleet consists of mostly young ships, since there are
only three ships to be replaced with the new ones at
phase 2 according to lifetime criteria. However it can
be argued that 29 containers would have high EEDI
values at phase 1 and phase 2, while 6 of them would
have same EEDI values with the reference lines. Accordingly, there would be low expectation of CO2
emission reduction with regard to EEDI regulations
for TF Container Fleet.

Ro-Ro Cargo Fleet. Figure 6 presents the
EEDI trend of 19 Ro-Ro Cargo Ships under Turkish
Flag. The calculated EEDI values shows that TF RoRo Cargo Ships consists of young vessels. EEDI values of 14 RoRo Cargo Ships are under the reference
lines while 3 of them have the same value with the
reference points at pre-EEDI implementation phase.
Only one ship is expected to be replaced with a
newly designed ship in line with EEDI, with reference to lifetime criteria scenario. Accordingly, we

FIGURE 6
EEDI Trend for TF Ro-ro Cargo Ships between 2013-2024 for phase 0, phase 1 and phase 2

FIGURE 7
EEDI Trend for TF Container Ships between 2013-2024 for phase 0, phase 1 and phase 2
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FIGURE 8
Expected cumulative percentage of CO2 Reduction based on business as usual-lifetime
scenario criterias

FIGURE 9
Expected cumulative of CO2 Reduction potential for each type of TF Ships, based on
business as usual-lifetime scenario criterias

Cargo Ships with a cumulative of 540 GCO2/tNm.
93 GCO2/tNm, 62 GCO2/ tNm and 59 GCO2/tNm are
also potential CO2 reductions associated with TF
Container, Bulk and Tanker Ships respectively. It
can also be stated that there will not be any CO2
reduction for TF LPG and RO-RO Ships based on
EEDI regulation. For all CO2 reduction potential
calculations, it is assumed that only CO2 reduction
measure taken for shipping. The calculations are limited to TF Ships, depending on the business as usuallifetime criteria scenario.

CO2 REDUCTION POTENTIAL
7KHUHJXODWLRQ³0DUSRO$QQH[9,&KDSWHU´
was adopted in July 2011 and it has entered into
force in January 2013 for almost %94 of global
world fleet. It has a target (Compared to 2005) as
20%-30% CO2 reduction for ton/km by controlling
the shipping emissions and increasing ship
efficiency with EEDI and SEEMP until 2020 and
2030 [18]. When EEDI trend is evaluated for CO2
reduction for TF Flagged Ships, it is seen that
cumulative reduction potential is 479 GCO2/tNm
which refers to 5.2% until 2019 during phase 1. In
addition, CO2 reduction is expected to reach 8.3%
with 763 GCO2/tNm until 2025 at the end of phase
2. Figure 8 presents the cumulative percentage of
CO2 reduction potential until 2025, while Figure 9
introduces the cumulative CO2 reduction potential
for each ship type. As it is understood from Figure 9,
the greatest CO2 reduction is anticipated for TF Dry

CONCLUSION
Based on the calculations and discussions
above, we may conclude that the effects of transition
to new ships designed in line with EEDI in Turkish
Fleet will slightly occur. When attained EEDI of the
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Annex VI - Inclusion of regulations on Energy
efficiency for ships. http://www.dnv.com/
industry/maritime/publicationsanddownloads/p
ublications/updates/bulk/2011/3_2011/co2emis
sionsfromshipsthelatestimoregulatorydevelopm
entsandwhattheymeanforbulkcarriers.asp. (Accessed on: 10.09.2013)
[7] MEPC 62/6/4. (2011) Calculation of parameters
for determination of EEDI reference values.
[8] Anink, D. and Krikke, M. (2011) Analysis of the
effect of the new EEDI requirements on Dutch
build and flagged ships. CMTI Report No. 3134,
Zoetermeer, the Netherland.
[9] Rightship. Calculating and Comparing CO2
Emissions from the Global Maritime Fleet.
(2012).http://site.rightship.com/resources.ashx/
downloads/43/fileName/3576720F800984920E
57C4D9257FFCF0/Calculating_and_Comparin
g_CO2_Emissions_from_Ships_Dec_2012.pdf
[10] Livanos, G., Theotokatos, G. and Pagonis, D-N.
(2014) Techno-economic investigation of alternative propulsion plants for ferries and roro
ships. Energy Conversion and Management. 79,
640-651.
[11] Turan, E. And Üst, Y. (2013) EEDI Assessment
of Recently Built Tankers in Turkey. SPOUDAI
- Journal of Economics and Business. 63(3-4)
[12] $QþLü,$QG6HVWDQ$  ,QIOXHQFHRIWKH
required EEDI reduction factor on the CO2
emission from bulk carriers. Energy Policy.
84,107-16
[13] Tzannatos, E. and Stournaras, L. (2015) EEDI
analysis of Ro-Pax and passenger ships in
Greece. Maritime Policy & Management. 42
(4), 305-16
[14] ICTT- The International Council on Clean
Transportation. The Energy Efficiency Design
Index (EEDI) for New Ships. (2011).
http://www.theicct.org/sites/default/files/ publications/ICCTpolicyupdate15_EEDI_ final.pdf
(Accessed on: 10.08.2016).
[15] Germanisher Lloyd. Guidelines for Determination of the Energy Efficiency Design Index.
(2013). http://www.gl-group.com/info Services/rules/pdfs/gl_vi-13-1_e.pdf (Accessed on:
05.08.2016).
[16] DTO-,0($. 'HQL] 7LFDUHW 2GDVÕ *HPL
Listesi. (2013). http://www.denizticaretodasi.
org.tr/en-en/pages/shiplist.aspx (Accessed on:
06.05.2013)
[17] BIMCO. EEDI Calculator, (2011). https://www.
bimco.org/Products/EEDI.aspx (accessed on
5.May.2013)
[18] ICS-International Chamber of Shipping. Delivering CO2 Emission Reductions. (2015).
http://www.ics-shipping.org/docs/defaultsource/resources/environmental-protection/
shipsandco2-cop21.pdf?sfvrsn=14. (Accessed
on: 24.07.2016)

ships are compared with the reference values or required EEDI values, it is revealed that there has been
a number of ships that are under or above the reference line at pre-EEDI implementation term in their
early age. This means that EEDI-based energy efficiency measures for these ships do not have that
much effect on their energy efficiency management
plan. Expected precautions for increasing energy efficiency of these ships would probably be attained
through operational measures. However, the effect
of EEDI regulations on CO2 reduction is large
enough to be considered important. When cumulative CO2 reduction potential is estimated, 8.3% reduction is found. Anink and Krikke [8] also made a
similar calculation for 120 Dutch Flagged Ships [8].
They found 3-4% cumulative CO2 reduction potential for the low and high fleet development scenarios.
As a conclusion, although EEDI can be subject
to some criticism, it is still one of the important technical measures for ship energy efficiency. As energy
efficiency has emerged as an important concept in
sustainable development, its management has become a critical issue in maritime transportation area
as well as other sectors from the perspective of sustainability. Thus, further research on EEDI and its
implementation will speed up the sustainable development in maritime shipping field.

REFERENCES
[1] IEA-International Energy Agency. Key World
Statistics. (2015) http://www.iea.org/ publica
tions/freepublications/publication/KeyWorld_
Statistics_2015.pdf. (Accessed on: 10 July
2016)
[2] IMO-International Maritime Organization.
Third Greenhouse Gas Study. (2015)
http://www.imo.org/en/OurWork/Environment/
PollutionPrevention/AirPollution/Documents/
Third%20Greenhouse%20Gas%20Study/
GHG3%20Executive%20Summary%20and
%20Report.pdf. (Accessed on: 20.03.2016)
[3] Ruiz, M.E, Carbonell, L.T., Escobar, I.B,
Lopez, I., Martin, P.D., Zucchetti, M., Alfstad,
T. (2013) Climate Change And Extreme
Events:Vulnerability Of Energy Systems In
Cuba. Fresen. Environ. Bull. 22 (1), 79-83
[4] Dulcic, J., Grbec, B., Lipej,L., Paklar, G.B., Supic, N. , Smircic A., (2004) The effect of the
hemispheric climatic oscillations on the Adriatic
ichthyofaunal. Fresen. Environ. Bull. 13 (3b),
293-299.
[5] Lindstad, H., Asbjørnslett, B.E. and Strømman,
A.H. (2011) Reductions in greenhouse gas
emissions and cost by shipping at lower speeds.
Energy Policy. 39(6), 3456-64
[6] Longva, T. (2011) CO2 emissions from ships ±
the latest IMO regulatory developments and
what MEPC 62/6/3. Amendments to MARPOL

7072

© by PSP

Volume 26 ± No. 12/2017 pages 7065-7073

Received:
Accepted:

09.01.2017
29.06.2017

CORRESPONDING AUTHOR
Pelin Bolat
ITU Maritime Faculty Sahil Cad. Tuzla/IstanbulTurkey
e-mail:yilmazp@itu.edu.tr

7073

Fresenius Environmental Bulletin

Volume 26 ± No. 12/2017 pages 7074-7082

© by PSP

Fresenius Environmental Bulletin

PURIFICATION OF GLUCOSE 6-PHOSPHATE
DEHYDROGENASE FROM GILTHEAD SEA BREAM
(SPARUS AURATA) GILL AND LIVER TISSUES AND
INHIBITION EFFECTS OF SOME METAL IONS
ON ENZYME ACTIVITY
Mahinur Kirici1,*, Muammer Kirici2, Sukru Beydemir3, Metin Bulbul4
1

Department of Chemistry, Faculty of Arts and Science, Bingol University, 12000, Bingol, Turkey
2
Department of Fisheries, Faculty of Agriculture, Bingol University, 12000, Bingol, Turkey
3
Department of Biochemistry, Faculty of Pharmacy, Anadolu University, 26210, Eskisehir, Turkey
4
Department of Chemistry, Faculty of Arts and Sciences, Dumlupinar University, 43100, Kutahya, Turkey

production of reducing equivalents in the form of
NADPH; (ii) production of pentose phosphates necessary for nucleotide biosynthesis and (iii) to serve
as the route of entry of pentoses to the glycolytic
pathway. NADPH serves as a hydrogen and electron
donor for a variety of reductive reactions, including
fatty acid and cholesterol biosynthesis. NADPH also
has very important functions in the protection of the
cell against oxidative agents by transferring its reductive power to oxidized glutathione via glutathione disulfide reductase [1, 2]. In the case of NADPH
lack, the concentration of reduced glutathione in a
living system declines, resulting in cell death. For
this reason, G6PD can be defined as an antioxidant
enzyme [3]. In addition, NADPH also participates in
cell membrane protection and cell detoxification
from xenobiotics through the glutathione reductaseperoxidase system and the mixed-function oxidases
[4, 5].
In natural aquatic environments, different types
of toxic substances are present at various concentrations, especially metals. Metals are important contaminants of aquatic environments worldwide. Metal
pollution has increased with the technological progress of human society. Industry, mining, advanced
agriculture, household waste, and motor traffic are
all among the activities considered to be major
sources of metal pollution. Metals can accumulate in
aquatic organisms, including fish, and persist in water and sediments [6]. Some of metals play important
biological roles and some of them really hazardous.
The metals such as iron, copper and zinc are essential
metals since they play an important role in a biological system, whereas lead, cadmium and mercury are
nonessential metals, as they are toxic, even in trace
amounts. However, excessive accumulation of most
metals, both essential and nonessential, may pose serious health risks to humans and exert adverse impacts on the ecosystem itself [7, 8].
Generally, the mechanism underlying metal inhibition of the enzyme is based on heavy metal bind-

ABSTRACT
Fish is one of the most valuable protein sources
and vulnerable to all environmental pollution including metals. Metals play vital roles in enzyme activities and other metabolic events with their bioaccumulative and nonbiodegradable properties among
aquatic pollutants. Metal toxicity causes irregular
metallothioneins protein synthesis, renal damage,
and disruption of bone structure in humans and wildlife. In this study, we investigated in vitro effects of
some metal ions on chemical-targeted glucose 6phosphate dehydrogenase (G6PD; EC 1.1.1.49) enzyme from gilthead sea bream (Sparus aurata) liver
and gill tissues. In this purpose, G6PD was purified
from gilthead sea bream liver and gill. The purification was performed by preparation of homogenates,
DPPRQLXP VXOSKDWH SUHFLSLWDWLRQ DQG ¶¶-ADP
Sepharose 4B affinity chromatography. Overall purification procedure, yield and purification fold for
liver and gill were obtained as 54.6%, 52.2% and
1864.3, 283, respectively. The purify of the enzymes
were checked by SDS-PAGE. Which shaved a single
band. Additionally, inhibitory effects of some metal
ions (Zn2+, Ni2+, Cd2+, Ag+, Cu2+ and Al3+) were exDPLQHGWKHHQ]\PH¶VDFWLYLW\in vitro by performing
Lineweaver-Burk graphs and plotting activity% vs.,
respectively.

KEYWORDS:
glucose 6-phosphate dehydrogenase, gilthead sea bream,
toxic effects, metal ions, inhibition

INTRODUCTION
Glucose-6-phosphate dehydrogenase (G6PD,
(&  ȕ-d-glucose-6-phosphate; NADP oxidoreductase) is an enzyme that catalyzes the first
step of the pentose phosphate pathway. The pentose
phosphate pathway has three important functions: (i)
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MATERIALS AND METHODS

¶¶-ADP Sepharose 4B Affinity Chromatography. )RUPORIEHGYROXPHJRIGU\¶¶ADP Sepharose 4B was washed several times in 400
ml of distilled water. During several washings, the
impurities were removed and the gel was conditioned. After the removal of the air in the gel, it was
resuspended in the buffer (0.1 M K-acetate + 0.1 M
K-phosphate, pH 6.0) at a ratio of 25% buffer to 75%
gel and was packed in a column (1 x 10 cm). Precipitation of the gel, it was equilibrated with the same
buffer by means of a peristaltic pump (flow rate: 50
ml/h). After the dialyzed enzyme solution was
loaded on the column which was equilibrated with
buffer (0.1 M K-acetate + 0.1 M K-phosphate, pH
6.0) and the flow rate was regulated to 20 ml/h. The
column was respectively washed with 25 ml of 0.1
M K-acetate + 0.1 M K-phosphate (pH 6.0) and 25
ml of 0.1 M K-acetate + 0.1 M K-phosphate (pH
7.85). Eventually, the enzyme was eluted with a solution of 80 mM K-phosphate + 80 mM KC1 + 0.5
mM NADP+ + 10 mM EDTA (pH 7.8). The enzyme
activity was measured, and the activity-containing
tubes were collected together [10].

Materials. ¶¶-ADP Sepharose 4B was purchased from Pharmacia. NADP+, glucose 6-phosphate, protein assay reagent, and chemicals for electrophoresis were purchased from Sigma. All other
chemicals used were of analytical grade and were
purchased from Merck.

Activity Determination. Enzyme activity was
performed at 37oC in the spectrophotometer in accordance with the Beutler method [11]. This method
is based on the fact that NADPH, which is formed as
a result of reducing NADP+, yields absorbance at
340 nm.

Preparation of the Homogenate. The gilthead
sea bream (S. aurata) fish were obtained from a commercial fish farm in the Mediterranean region in Turkey. Gill and liver samples were removed from each
fish. The gills and livers were washed 3 times with
0.9% NaCl, an isotonic saline solution. The gill and
liver cells were lysed by immersion in liquid nitrogen. The lysed samples was then transferred to a
buffer solution containing 50 mM KH2PO4, 1 mM
PMSF, 1 mM EDTA and 1 mM DTT (pH 7.3) and
centrifuged 13 000 × rpm for 2 h at 4oC. The supernatant was centrifuged again and the second supernatant was used in the subsequent studies.

Protein determination. Quantitative protein
determination was spectrophotometrically measured
at 595 nm according to BradIRUG¶VPHWKRG, with bovine serum albumin being used as a standard [12].

ing to the protein. Metals particularly, bind sulfhydryl groups in proteins and produce mercaptan. Metals can also cause the depletion of glutathione. This
causes disturbances to the antioxidant capacity of the
cell, thereby leading to the occurrence of reactive oxygen species. Human metabolism is affected by
metal toxicity, either, directly or indirectly. Indirect
metal toxicity is particularly critical to human beings
and arises from fresh water, sea, air, industrial factors and foods. Fish consumption is significantly
high worldwide; therefore, metal-induced diseases,
such as cancer, cardiovascular disease, diabetes, athHURVFOHURVLV QHXURORJLFDO GLVRUGHUV $O]KHLPHU¶V
GLVHDVHDQG3DUNLQVRQ¶VGLVHDVHFKURQLFLQIODPPD
tion and others, have increased [9].
The aim of this study was to purify G6PD enzyme, which is of great importance for the metabolism, from gilt heat bream gill and liver and to examine the in vitro effects of certain metals upon enzyme
activity.

Sodium Dodecyl Sulphate Polyacrylamide
Gel Electrophoresis. To control the enzyme purity,
SDS±3$*( ZDV SHUIRUPHG E\ /DHPPOL¶V method
[13]. The acrylamide concentration of the stacking
and the separating gels were 3% and 10% containing
1% SDS, respectively. Gel was stained for 2 h in
0.1% Coomassie Brilliant Blue R-250 containing
50% methanol, 10% acetic acid, and 40% distilled
water. Then, the washing was carried out in the same
solution without the dye until protein bands were
cleared. The electrophoretic pattern was photographed (Fig. 1 and 2).

Ammonium Sulphate Fractionation and Dialysis. G6PD enzyme homogenate was exposed to
ammonium sulphate precipitation at 0±20, 20±30,
30±40, 40±50, 50±60, 60±70, 70±80% ranges; and
the precipitation range of the enzyme was determined. During each precipitation process, centrifugation was carried out at 13.500 rpm for 15 min. After ammonium sulphate, the precipitate was obtained
and dissolved in 50 mM KH2PO4 (pH 7.2) buffer.
Enzyme activity was measured in the precipitate and
supernatant for each time. Then, the enzyme solution
was dialysed at 4oC in 10 mM KH2PO4 including 1
mM EDTA (pH 7.2) for 2 h with two changes of
buffer [10].

In vitro Inhibition Assays. Zn2+, Ni2+, Cd2+,
Ag , Cu2+ and Al3+ metal ions were used as inhibitors. In the media with or without inhibitor, the substrate (G6P) concentrations were 0.03, 0.06, 0.09,
0.15 and 0.27 mM. Inhibitor (metal ions) solutions
were added to the reaction medium, resulting in three
different fixed concentrations of inhibitors in 1 ml of
total reaction volume. For the three fixed inhibitor
concentration values mentioned, the values were obtained by using five substrate concentrations. To
draw Lineweaver±Burk graphs [14] by using 1/V vs.
+
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0.01, 0.02, 0.03, 0.05 and 0,1 mM; Ni 2+: 1, 1.5, 2, 5
and 10 mM; Zn2+: 1, 1.5, 2, 3 and 5 mM; Cd2+: 1, 1.5,
2, 3.5 and 5 mM; Cu2+: 10, 12.5, 15, 17.5 and 20
mM; Al3+: 1, 1.8, 2, 2.5 and 3 mM). Cuvette activity
in the absence of inhibitor was acknowledged to be
100%. Regression analysis graphs were drawn using
inhibition% values by a statistical package on a computer. The inhibitor concentrations causing up to
50% inhibition (IC50) were determined from the
graphs.

1/[S] values, regression analysis (n = 5) was carried
out and equations obtained from regression analysis
were used to draw graphs for each fixed inhibitor
concentration. Ki constants were calculated from
these Lineweaver±Burk graphs.
In order to determine IC50 values, activities
were calculated with a 0.60 mM constant substrate
(G6P) and different inhibitor concentrations for liver
(Ag+: 0.005, 0.01, 0.02, 0.05 and 0.08 mM; Ni2+:
0.005, 0.01, 0.02, 0.05 and 0.08 mM), for gill (Ag+:

FIGURE 1
SDS-PAGE analysis of purified liver G6PD. Lane 1: molecular-mass markers (kDa): Escherichia coli ȕgalactosidase (116), rabbit phosphorylase B (97.4), bovine serum albumin (66), chicken ovalbumin (45)
and bovine carbonic anhydrase (29) (Sigma: MW-SDS- /DQHVDQG¶¶-ADP Sepharose 4B
affinity chromatography results for gilthead sea bream liver G6PD.

FIGURE 2
SDS-PAGE analysis of purified gill G6PD. Lane 1: molecular-mass markers (kDa): Escherichia coli ȕgalactosidase (116), rabbit phosphorylase B (97.4), bovine serum albumin (66), chicken ovalbumin (45)
and bovine carbonic anhydrase (29) (Sigma: MW-SDS- /DQHVDQG¶¶-ADP Sepharose 4B
affinity chromatography results for gilthead sea bream gill G6PD.

7076

© by PSP

Volume 26 ± No. 12/2017 pages 7074-7082

Fresenius Environmental Bulletin

requires NADPH to be synthesized in the pentose
phosphate metabolic pathway in which G6PD and
6PGD participate. For this reason, G6PD and 6PGD
have been considered as antioxidant enzymes [28].
G6PD was first isolated from human erythrocytes by
Yoshida [29]. In the following years, the enzyme
was purified by ion exchange chromatography by using the natural substrates: G6-P and NADP+, resulting in a high degree of purification [1, 30]. Yuregir
et al. [31] purified the enzyme from human erythrocytes using Sephacryl S-300, DE-52 Cellulose, and
CM-52 Cellulose column chromatography. There
are many studies using NADP+-Sepharose and ADPSepharose affinity chromatography for purification
of G6PD from mammalian red cells and tissues [19,
31]. As this enzyme is very important for all-living
systems, it has been characterized and crystallized
from many sources [32]. G6PD has been purified
previously with chromatographic methods from
many different sources, such as, humans [33, 34], animals [35, 36], plants [37, 38] and microorganisms
[39]. Inhibitory effects of many metal ions on G6PD
enzyme activities in different animal species have
been reported in many investigations [7, 40].
In the present study, we investigated the effects
of Zn2+, Ni2+, Cd2+, Ag+, Cu2+ and Al3+ metal ions on
liver and gill G6PD enzyme activity of gilt heat
bream, which is an important source of food for all
humanity. For this purpose, G6PD was purified form
fish tissues using preparation of homogenates, amPRQLXP VXOSKDWH SUHFLSLWDWLRQ DQG ¶¶-ADP Sepharose 4B affinity chromatography, respectively.
The method had also been used in other studies with
success5,7. Using this procedure, fish liver G6PD,
having the specific activity of 68.98 EU/mg proteins,
was purified 1864.3-fold with a yield of 54.6%; and
fish gill G6PD, having the specific activity of 17.15
EU/mg proteins, was purified 283-fold with a yield
of 52.2% (Table 1 and 2). After preparation of the
homogenate, precipitate saturation of the liver enzyme was determined as 40±60% with solid
(NH4)2SO4; precipitate saturation of the gill enzyme
was determined as 50±70% with solid (NH4)2SO4.
This precipitation interval is similar to that of others
obtained from different sources [41-43]. The purity
of the enzymes was checked on SDS-PAGE and
each purified enzyme showed a single band on the
gel (Fig. 1 and 2).

RESULTS AND DISCUSSION
Many environmental and health problems have
become a consequence of contamination of soil, air
and water by toxic heavy metals and organic pollutants in the present age of technology. These pollutants are involved in human metabolism with food
chain and they are causing bioaccumulation. Some
metals like manganese, zinc, copper, iron and nickel
are essential (i.e. elements with recognized role in
biological systems) in low concentrations for the
aquatic organisms metabolism [15, 16]. Others, such
as cadmium, lead and arsenic, are among the most
toxic nonessential metals [17]. Even essential metals
may be toxic for biological activities of organisms at
certain concentrations [18]. For example, Copper, an
essential trace metal for living organisms, is present
in natural waters and sediments [19] and virtually in
all media, i.e. air, water and soil [20]. This metal
plays a crucial role in many biological enzyme systems that catalyze oxidation/reduction reactions and
have molecular oxygen as a co-substrate. Copper in
surface waters is a well-known environmental hazard, associated with toxicity to a variety of aquatic
organisms [21]. High copper levels lead to an increase in the rate of free radical formation [22], teratogenicity [23] and chromosomal aberrations [24].
Zinc ion is an important metal for carbonic anhydrase enzyme active site. At the same time, this ion
is also found in active sites of some enzymes as sorbitol dehydrogenase, and so on. In addition, it is well
known that iron is a vital element in haemoglobin
structure. On the other hand, if metals are found in
high concentrations in living metabolism, they will
cause toxicological effects and vital results and may
even show fatal results. Besides, some metals are not
essential for biological functions [25]. Vital metabolic factors, toxicology studies about the effects of
the toxic compounds and metals on various enzyme
activities are becoming more and more important
with each passing day. It is well known that many
chemical compounds are affecting metabolism by
inhibiting the enzyme activities at relatively low dosages. These effects can be dramatic and systemic
[26, 27].
The importance of G6PD in metabolism has
been well-known for many years. GSH is used by
antioxidant defense mechanisms and its production

TABLE 1
Purification scheme of G6PD from gilthead sea bream liver
Purification step
Homogenate
Ammonium sulfate
precipitation (20-70%)
¶¶-ADP Sepharose 4B
affinity chromatography

Total
activity
(U)
2.36

Total
protein
(mg)
63.7

Specific
activity
(U/mg)
0.037

0.284

7.67

Total
volume
(ml)
8.31

1

100

0.687

6.62

2

1.36

13.24

0.102

2.77

57.4

0.861

0.01

1.5

1.29

0.018

68.98

1864.3

54.6

Activity
(U/mL)

Protein
(mg/mL)
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TABLE 2
Purification scheme of G6PD from gilthead sea bream gill
Purification step
Homogenate
Ammonium sulfate
precipitation (20-70%)
¶ ¶-ADP Sepharose 4B
affinity chromatography

5.88

Total
volume
(ml)
5.5

Total
activity
(U)
1.960

Total
protein
(mg)
32.34

Specific
activity
(U/mg)
0.061

0.556

2.86

2

1.112

5.77

0.024

0.06

1

1.024

0.059

Activity
(U/mL)

Protein
(mg/mL)

0.357

Yield
(%)

1

100

0.193

3.185

56.7

17.15

283

52.2
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FIGURE 3
Activity %±[Metal] regression analysis graphs for fish liver G6PD in the presence of five different
metal concentrations.
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FIGURE 4
Activity %±[Metal] regression analysis graphs for fish gill G6PD in the presence of five different metal
concentrations.
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In order to show inhibitory effects of toxic substances, while the most suitable parameter is the Ki
constant, some researchers use the IC50 value. Therefore, in this study, both the Ki and IC50 parameters of
these metal ions for fish liver and gill G6PD were
determined. IC50 values were determined by Activity%-[Metal ions] graphs for each metal ions (Fig. 3
and 4). In addition, Ki constants were calculated and
inhibition types were determined for these metals
from Lineweaver-Burk graphs (Fig. 5 and 6). In in
vitro assays, we used some metal ions (Zn2+, Ni2+,
Cd2+, Ag+, Cu2+ and Al3+) for inhibition. But when
only Ag+ and Ni2+ inhibited fish liver G6PD, the othHUVZDVQ¶WLQKLELWHILVKOLYHU*3'2WKHUZLVH$J +,
Al3+, Cd2+, Cu2+, Ni2+, and Zn2+ inhibited fish gill
G6PD. As shown in Table 3, the obtained IC50 values
of Ag+ and Ni2+ for fish liver G6PD were 0.025 and
4.89 mM, and Ki constants of Ag+ and Ni2+ were

35
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[Ag]=0.02 mM
[Ag]=0.025 mM
[Ag]=0.035 mM
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25
20
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80
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5

20
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[Ni]=4.5 mM
[Ni]=15 mM
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-1

30
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0.011 ± 0.003 and 1.73 ± 0.373 mM, respectively.
Ag+ showed uncompetitive inhibition, while Ni2+ inhibited the liver G6PD in a noncompetitive inhibition manner. The results showed that Ag+ was a
stronger inhibitor than Ni2+. In vitro inhibition on
liver G6PD rank order for IC50 values were determined as Ag+ > Ni2+. As shown in Table 4, the obtained IC50 values of Ag+, Al3+, Cd2+, Cu2+, Ni2+, and
Zn2+ for fish gill G6PD were 0.036, 0.170, 0.035,
0.116, 0.028 and 0.022 mM, respectively. Ki constants of Ag+, Cu2+ and Ni2+ for gill enzyme were
0.041 ± 0.008, 0.120 ± 0.034 and 0.019 ± 0.011 mM,
respectively. Ag+, Cu2+ and Ni2+ inhibited the gill
G6PD in a noncompetitive inhibition manner. The
results showed that Zn2+ was a stronger inhibitor
than the other metal ions. In vitro inhibition on gill
G6PD rank order for IC50 values were determined as
Zn2+ > Ni2+ > Cd2+ > Ag+ > Cu2+ > Al3+.
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FIGURE 5
Lineweaver±Burk graph in five different substrate (G6P) concentrations and in three different metal
ion concentrations for determination of liver K i.
25

Control

25

Control
[Cu]=0.125 mM

20

[Cu]=0.150 mM
[Cu]=0.175 mM

[Ag]=0.02 mM
20

-1

[Ag]=0.1 mM

1/V PROPLQ

1/V PROPLQ

-1

[Ag]=0.03 mM

15

10

5

10
5

0

-10

15

0

10

20

30

0

40

-10

0

10

1/[G6P] mM -1

20

30

40

1/[G6P] mM -1
35

Control
[Ni]=0.01 mM

9 PROPLQ

-1

30

[Ni]= 0.02 mM
25

[Ni]=0.1 mM

20
15
10
5

0
-10

0

10

20

30

40

1/[G6P] mM -1

FIGURE 6
Lineweaver±Burk graph in five different substrate (G6P) concentrations and in three different metal
ion concentrations for determination of gill K i.
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TABLE 3
Ki and IC50 values obtained from regression analysis graphs for fish liver G6PD in the presence
of different metal ion concentrations
Metal ions
Ag+
Ni2+

IC50 (mM)
0.025
4.89

Ki (mM)
0.011 ± 0.003
1.73 ± 0.373

Inhibition type
Uncompetitive
Noncompetitive

TABLE 4
Ki and IC50 values obtained from regression analysis graphs for fish gill G6PD in the presence
of different metal ion concentrations
Metal ions
Ag+
Cu2+
Ni2+
Al3+
Cd2+
Zn2+

IC50 (mM)
0.036
0.116
0.028
0.170
0.035
0.022

Ki (mM)
0.041 ± 0.008
0.120 ± 0.034
0.019 ± 0.011
-

Inhibition type
Noncompetitive
Noncompetitive
Noncompetitive
-

spectively. According to IC50 results for tissue, inhibition range has been reported as Ag+ > Ni2+ > Cd2+
> Cu2+.

This results are similar to that of others obtained from different sources. For example, Cankaya
et al. [7] investigated in vitro effects of Cd2+, Cu2+,
Fe2+, Hg2+, Pb2+ and Zn2+ metal ions on rainbow trout
liver G6PD. IC50 values of Fe2+, Pb2+, Hg2+, Cu2+,
Zn2+ and Cd2+ on the purified G6PD activity of rainbow trout were 0.39, 0.78, 0.87, 1.19, 1.97, 2.16 mM
and the Ki constants were 0.197, 0.213, 0.542, 1.721,
2.034, 2.770 mM, respectively. According to IC50 results for liver tissue, inhibition range has been reported as Fe2+ > Pb2+ > Hg2+ > Cu2+ > Zn2+ > Cd2+.
Besides, in another study, Kirici et al. [36] investigated the inhibition effects of Al3+ and Hg2+ on
G6PD enzyme activity of freshwater Capoeta umbla
and found the inhibitory potentials in the following
sequence; Hg2+ > Al3+. Besides, Hu et al. [40] effects
of metal ions (Zn2+, Mn2+, Al3+, Cu2+, and Cd2+) on
grass carp hepatopancreas G6PD in vitro. Inhibition
effects of metal ions on the purified G6PD activity
indicated that IC50 values of Zn2+, Mn2+, Al3+, Cu2+,
and Cd2+ were 0.42, 0.54, 0.94, 1.20, and 4.17 mM,
respectively. The Ki constants of Zn2+, Al3+, Cu2+,
and Cd2+ were 0.52, 1.12, 0.26, and 4.8 mM, respectively. The inhibitory potentials are in the following
sequence: Zn2+ > Mn2+ > Al3+ > Cu2+ > Cd2+. Additionally, in a different study, Tekman and colleagues
[43] investigated in vitro effects of Al3+, Cd2+, Cu2+,
Fe3+, Hg2+, and Pb2+ on rainbow trout liver glutathione reductase enzyme. According to IC50 results for
rainbow trout liver, inhibition range has been reported as Cd2+ > Cu2+ > Pb2+ > Hg2+ > Fe3+ > Al3+.
On the other hand, Kaya et al. [44] investigated the
effects of Cd2+, Cu2+, Ni2+ and Ag+ on the carbonic
anhydrase activity from gilthead sea bream liver.
They found that all metal ions inhibited the enzyme
activity in vitro and IC50 values of Cd2+, Cu2+, Ni2+
and Ag+ were 17.74, 36.20, 12.85 and 0.025 mM, re-

CONCLUSIONS
Today, the pollution levels with related metals
are increasing in the aquatic environment. This is the
very big risk factor for all livings including fish and
humans. The fish in fresh water and sea have been
consumed as an important food source until now and
will be consumed in the future. For this reason, great
efforts and cooperation between different authorities
are need to protect the aquatic resources from metal
pollution. To avoid the aquatic life loss there is need
to use the advanced technologies generating less
metal pollution to environment. Briefly, concentration of metal ion in contaminated sea, lakes and rivers must be decreased. In this study, we purified
G6PD from gilthead sea bream gill and liver for the
first time. In addition, inhibitory effects of some
metal ions (Ag+, Al3+, Cd2+, Cu2+, Ni2+ and Zn2+) on
enzyme activity were reported. G6PD enzyme assay
may be considered as a biomarker for the identification of pollution in aquatic environment.
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than 900 kg N ha-1), and they have been doing frequent irrigation to get a very high yield. This situation results in increased costs of irrigation and fertilization as well as polluted ground water resources
and soil [1].
Several abiotic and biotic processes can cause
soil degradation such as water and wind erosion, salinization and accumulation of chemical contaminants. This physical deterioration cause unwanted
plants growth and pests. All of them are serious
problems for the environment. A report on soil quality stated that primary soil contaminants indicate the
following conditions, including high persistence in
the environment, high toxicity and bioaccumulation,
relatively high mobility, and presence in significant
quantities. Accordingly, heavy metals are of special
interest in assessments of soil quality. To protect human health, the concentration of contaminants in
food products must be controlled. In many countries,
maximum permissible concentrations (MPC) for
heavy metals have been set by national health authorities [2].
Some trace metals are necessary for plants.
However, in the plants growing in the polluted areas
when the elements reach high concentration they
may cause serious damage to human health [3-5]. A
great amount of heavy metals and other chemicals,
particularly produced by industries, mining, agriculture, combustion of fossil fuels and traffic are often
released to the atmosphere, water and soil. They
eventually emerged aggressively on terrestrial and
aquatic flora and fauna [6, 7].
Increased anthropogenic activities, soil, water
and heavy metal contamination in the air negatively
affect food quality and human health [8]. Contamination of the soil by heavy metals is often a direct or
indirect consequence of anthropogenic activities [9].
Sources of anthropogenic metal contamination in the
soil include urban and non-ferrous metals and industrial wastes such as mining and melting of metallurgical industries [8]. During last twenty years, environmental problems have started to be a part of daily
life in several countries [6, 10, 11]. Both endurable
and deadly dose of toxic compounds for different
plants have been set up for ages and, in some situation, the alteration of chemical composition of the

ABSTRACT
Samples of Solanum tuberosum L. and soils
were collected in 2013 from roadside, centrical, rural, secondary roads and control area of five locations 'HULQNX\X .D\PDNOÕ dDUGDN 0D]Õ =LOH in
1HYúHKLU,QWKLVVWXG\&G&U&X1L3EDQG=Q
accumulation in the collected soil samples was determined by ICP- OES equipment. The lowest and
the highest levels of Cd (0.01-1.08 μgg-1 dw), Cr
(1.16-62.68 μgg-1 dw), Cu (1.1-38.79 μgg-1 dw), Ni
(1.29-63.41 μgg-1 dw), Pb (0.52-13.86 μgg-1 dw) and
Zn (2.87-69.81 μgg-1 dw) in the soils have been determined. Levels of heavy metals in the soils were
below the limits of the Turkey soil pollution control
regulations standard (TSP, 24609). The accumulated
heavy metals were quantified and their levels compared to the FAO/WHO Codex-Stan 179:2003 contamination limits. The lowest and the highest levels
of Cd (0.01-1.90 μgg-1 dw), Cr (0.08-0.98 μgg-1 dw),
Cu (0.52-18.57 μgg-1 dw), Ni (0.02-5.35 μgg-1 dw),
Pb (0.02-1.08 μgg-1 dw) and Zn (1.08-43.84 μgg-1
dw) in the potatoes have been determined. Ni was
only foXQG LQ WKH SRWDWRHV IURP  VLWHV .D\PDNOÕ
and Derinkuyu centre) and the level is above the
)$2:+2¶VOLPLWOHYHOV$VDUHVXOW3E&G&U&X
and Zn concentrations in the potatoes samples taken
IURP .D\PDNOÕ DQG 'HULQNX\X ZHUH DOVR IRXQG
above the limits.

KEYWORDS:
Heavy metals, ICP-2(6 3RWDWRHV SROOXWLRQ 1HYúHKLU
Turkey.

INTRODUCTION
The potato (Solanum tuberosum L.) is widely
cultivated in the Central Anatolia. Especially 25% of
total potato are grown in Nevsehir and Nigde provinces. 44% of the total annual potato harvest in Turkey is produced in this region. In recent years, the
farmers in Nevsehir and Nigde regions are used high
amounts of nitrogen (N) fertilizers (sometimes more
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of view, it can be concluded that potato also will differ in heavy metal concentrations. This information
may be useful for designing future breeding efforts
to improve potato quality management. Little information on the magnitude of variation in heavy metal
content of potato is currently available in literature
and more data would benefit future nutritional studies.
Our aim in this study;
1- The determined of the level of heavy metal
pollution in potatoes samples collected from Nevsehir.
2- The assessment of the FAO/WHO standard
of the heavy metal pollution in the Nevsehir potatoes
for human health.
3- Sampling of the contaminated potatoes,
with the degree of contamination and the accumulation of potato crops grown near the remote location
of polluting factors and to reveal correlations between.

plants which is under the action of pollutants has
been observed.
Potatoes are widely grown in Turkey. In the last
20 years, Turkey has had a considerable increase in
potato production due to the suitable soil and climatic conditions and the use of highly productive
seeds. In Turkey, a total of 5.250.000 tons of the
products are produced in the cultivated land with a
total of 203,000 ha [12]. The potato is planted in
every region of Turkey, but most of the products are
taken in Nevsehir/ Potato grows in almost every region of Turkey, but it is cultivated widely in Central
Anatolia Region especially in the Nevsehir-Nigde. It
is an important product for Central Anatolian region,
which covers 25% of the total potato planting area in
Turkey, and this region has light textured soils and
produces 44% of the total yield in the country. In recent years, the farmers planting potatoes in the
Nevsehir and Nigde have started to apply very high
amounts of N fertilizers (sometimes more than 900
kg N ha_1), and very frequent irrigation at high rates
in order to obtain higher yield. This increased the
cost of irrigation and fertilization, and at the same
time, significantly increased pollution of groundwater and soil [13]. Heavy metals easily accumulate in
large quantities in plant tissues with no visible phytotoxicity, but may exceed the tolerance in animals
and humans exceed tolerance [14]. From this point

MATERIALS AND METHODS
Potatoes samples were collected from 26 different locations in Nevsehir ('HULQNX\X.D\PDNOÕ
dDUGDN0D]Õ=LOH in 2013 (Figure 1).

FIGURE 1
1HYVHKLU7XUNH\DQGWKHVWXGLHGGLVWULFWVRI0D]Õ.D\PDNOÕdDUGDN=LOHDQG'HULQNX\X
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Potatoes samples that produced by Turkish farmers in different parts of Nevsehir were collected from
five different station types which are roadside, centrical, rural, secondary roads and control area in August, 2013.
Samples were taken by hands protected with vinyl
gloves and carefully packed into the polyethylene bags.
In addition, soil samples were collected from the areas
the potatoes were sampled. Samples were thoroughly
washed several times with tap water followed by distilled water to remove dust particles in a standardized
procedure, shells of potatoes were not peeled and
then they oven dried at 80 oC for 24 h.
As it is known, drying of the collected materials
is important since it protects the plant material from
microbial decomposition and also ensures a constant reference value by determining dry weight in contrast to
fresh weight, which is difficult to quantify [15]. To ensure the uniform distribution of metals in the sample,
all materials were milled in a micro-hammer cutter and
sieved through a 1.5-mm sieve [16].
Dried and milled samples were powdered and kept
in clean polyethylene bottles. In addition, the soil samples were collected with a stainless steel crab. They
were air dried and passed through a 2-mm sieve. After
homogenization, samples of soils were placed in clear
paper bags and stored for analysis [16].
Samples were then digested with 10 mL of pure
HNO3 using a CEM Mars 5 (CEM Corporation
Mathews, NC, USA) microwave digestion system.
The digestion conditions were as follows: the maximum power was 1200 W, the power was at 100%,
the ramp time was set for 20 min, the pressure was
180 psi, the temperature was 210 oC and the hold
time was 10 min. After digestion, solutions were
evaporated to near dryness in a beaker. The volume
of each sample was adjusted to 10 mL using 0.1 M
HNO3. Determinations of elements concentrations in
plant samples were carried out by inductively coupled plasma optical emission spectroscopy (VarianLiberty II, ICP-OES). Peach leaves (NIST, SRM1547) were used as reference material and also all
analytical procedures were performed for reference
material. Recovery rates ranged from 99% to 100%
for all elements that were examined. Samples were
analyzed in triplicate.
Heavy metal concentrations were below the detection limits of the method Cd< 0.3 x10-3, Cr<0.3
x10-3, Cu<0.5 x10-3, Ni<0.8 x10-3, Pb<2 x10-3, Zn<
0.2 x10-3 μg l-1). All chemicals used in this study
were analytical reagent grade (Merck, Darmstadt,
Germany).
Values were expressed as mean ± standard error (X±SE) for each parameter measured. Statistical
assessment of results was carried out using SPSS 17.
Data sets were analyzed using the Duncan post-hoc
multiple comparison by using the one-way ANOVA
test [17].

Fresenius Environmental Bulletin

RESULTS AND DISCUSSION
The mean values of Cd, Cr, Cu, Ni, Pb and Zn
concentrations in the soil and potato studied are
given in Table 2 and 3. The concentrations of heavy
metals in the potatoes were quite varied such as 0.011.90 μgg-1 for Cd, 0.08-0.98 μgg-1 for Cr, 0.52-18.57
μgg-1 for Cu, 0.02-5.35 μgg-1 for Ni, 0.02-1.08 μgg1
for Pb and 1.08-43.84 μgg-1 for Zn. The order of
the levels of heavy metals obtained from the potatoes
and soils were comparatively evaluated according to
different contamination areas (Table 1).
The increase in soil Cd may partly account for
Cd increase in the plant. However, direct inputs of
atmospherically-derived Cd onto herbage are probably significant: e.g., between 20 and 60% of Cd in
grassland foliar of a rural area. Small particles in the
air usually enter through stomata, where they are dissolved and carry metals through the plant. It is
known that vegetables contaminated with Cd result
in bone fracture, diarrhea, stomach pains and severe
vomiting, reproductive failure, damage of central
nervous system and DNA. In addition, they cause
cancer development [18, 19]. According to the findings out of this study, it is identified that the highest
Cd amount is in the potato at around roadside (1.90
μgg-1) recorded at above the FAO/WHO [20] permissible limit of 0.05 μgg-1. Cd. At the control station, the amount of the Cd concentration is around
low levels (0.01 μgg-1), the amount of pollution is
also low (Table 2).
Median concentrations of Cd in the potato tubers in the national surveys are about 0.03 μgg-1 [2].
Values reported by Weigert [21] are similar 0.03 to
0.05 μgg-1. Potato tubers can represent 50% of mean
adult dietary. In some countries, such as Australia,
the intake of Cd seems WRH[FHHGWKHȝJJ-1 limit
in 25% of the potatoes marketed [22]. The guideline
values for Cd have been set in several European
countries for feed and foodstuff. For example,
Mench [23] determined 0.03 μgg-1 Cd in potato. Hellen and Othman [24] determined/reported 0.09 μgg1
Cd in tomatoes and selected vegetables from
Lushoto district-Tanzania. According to the findings
out of this study, it is identified that the highest Cd
amount is in potato at around the roadside (1.90 μgg1
). Consequently, the cadmium contamination in the
potatoes cultivated in Nevsehir is high enough to endanger human health.
In the soil, Cd was recorded at below the Turkey soil pollution control regulations permissible
limit of 3.0 μgg-1 in all sampled locations [25]. Since
Cd is a mobile element, it is easily absorbed by the
roots and carried to the shoots, where it is uniformly
distributed in plant [26].
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TABLE 1
The studied localities and their GPS coordinates.
Localities

0D]Õ

.D\PDNOÕ

Çardak

Zile

Derinkuyu

Control

Roadside
Centrical
Secondary road
Rural
Control
Roadside
Centrical
Secondary road
Rural
Control
Roadside
Centrical
Secondary road
Rural
Control
Roadside
Centrical
Secondary road
Rural
Control
Roadside
Centrical
Secondary road
Rural
Control

Soil pH
6.91
6.37
5.64
5.95
6.21
6.15
6.07
5.98
5.8
6.42
5.82
5.5
5.84
6.01
5.87
5.73
5.82
5.92
6.21
5.78
6.52
6.21
6.12
5.58
6.14
6.70

GPS address of the samples
N 38 29 113 E 034 48 138 -1429m
N 38 29 280 E 034 49 485 -1458m
N 38 29 203 E 034 50 010 -1464m
N 38 29 190 E 034 50 314 -1471m
N 38 29 431 E 034 50 841 -1497m
N 38 26 649 E 034 44 712 -1409m
N 38 28 316 E 034 44 759 -1414m
N 38 29 016 E 034 46 747 -1424m
N 38 29 694 E 034 45 260 -1422m
N 38 27 415 E 034 45 291 -1412m
N 38 30 661 E 034 45 031 -1397m
N 38 32 679 E 034 45 738 -1356m
N 38 32 581 E 034 45 720 -1354m
N 38 31 624 E 034 45 701 ±1355m
N 38 32 349 E 034 45 684 -1357m
N 38 27 881 E 034 43 043 -1462m
N 38 27 729 E 034 42 250 -1436m
N 38 27 510 E 034 41 242 -1468m
N 38 28 448 E 034 41 090 -1457m
N 38 28 448 E 034 42 135 -1452m
N 38 22 965 E 034 44 995 -1361m
N 38 22 888 E 034 44 957 -1369m
N 38 21 994 E 034 44 942 -1352m
N 38 22 346 E 034 44 200 -1343m
N 38 24 202 E 034 44 287 -1397m
N 38 29 413 E 034 46 290 -1423m

soil is 62.68 μgg-1 measured at the secondary road
area (Table 3). According to the study of [29],
chrome values between 10-50 μgg-1 in soil are considered as normal values. Findings from the soil
above the low limit determined by Shanker, et al.,
[29] it is clearly understood that the Cr concentration
in the soil is near at a toxic level.
Copper, being different from heavy metals such
as cadmium and lead, is an important and essential
element for life. But, in plants, when the concentrations of copper increase above the certain level, it
causes various negative effects on the plants. In nature, Cu occurs in rocks, water, air and it is essential
for the normal growth and metabolism of all living
organisms [30]. According to the results obtained in
this study, the highest amount of copper in the potatoes is defined at around the roadside area (18.57
μgg-1) the place where the highest amount of copper
is obtained in the potatoes has been determined as
the roadside zone. In all potatoes, Cu levels were recorded above FAO / WHO [20], permissible limit of
5 μgg-1. Findings of this study are higher than previous studies [24, 31, 32]. This shows that copper contaminations in localities where potato samples were
collected in these countries are high. In the potatoes
cultivated in Nevsehir, copper contamination is at
quite a high value, which is an endangering level for
human health.

In this study, the highest cadmium value in soil
is identified as 1.08 μgg-1 within the rural area. When
compared to the data of Kabata-Pendias [27] (3-8
μgg-1) and Ross [28] (3-8 μgg-1) the values obtained
from the soil are much lower then those in the studies
mentioned/ the others. the values obtained from the
soil in this study are much lower than those in the
studies mentioned/the values obtained from the soil
are much lower than those in the studies mentioned/
the values in this study are much lower than those in
the studies mentioned. Therefore, it is possible to
state that there is not cadmium contamination in the
soil.
In nature, Cr is found in all phases (air, water
and soil) of the environment depending on the parental material, and it is considered a serious environmental pollutant. Cr compounds are highly toxic to
plants and are detrimental to their growth and development [29]. According to our results, the chrome
concentrations of the potato (0.98 μgg-1) collected
from various localities were above the FAO/WHO
[20] permissible limit of 0.05 μg/g. (Table 2). Hellen
and Othman [24] determined 0.44-20.00 μgg-1 Cr in
vegetables from Lushoto district-Tanzania.
In the soil, Cr was recorded at below the Turkey soil pollution control regulations permissible
limit of 100 μgg-1 in all sampled locations [25]. It is
understood that Cr amounts identified in soil are at
normal level and that there is not any toxic accumulation. In this study, the maximum Cr value in the
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TABLE 2
The result of one way ANOVA of heavy metal concentrations (station means±std error)
in potato samples (μgg-1 dw).
Localities

0D]Õ

.D\PDNOÕ

Çardak

Zile

Derinkuyu

Control

Cd
Roadside
Centrical
Secondary
road
Rural
Control
Roadside
Centrical
Secondary
road
Rural
Control
Roadside
Centrical
Secondary
road
Rural
Control
Roadside
Centrical
Secondary
road
Rural
Control
Roadside
Centrical
Secondary
road
Rural
Control

Cr
ef

Cu
JKÕ

Ni
bcdefgh

Pb

Zn

1,26± 0,031
0,18± 0,016 abcd

0,80± 0,04
0,63± 0,02efg

10,53±0,074
10,09± 0,042bcdefg

0,88± 0,01
0,56± 0,001abc

0,82± 0,01
0,32± 0,006efgh

19,19± 0,07defgh
17,03± 0,02bcdef

0,24± 0,011 bcd

0,54± 0,01bcde

8,00± 0,047bcd

0,04± 0,001a

0,21± 0,004bcdef

13,13± 0,04bcde

abcd

bc

a

abcd

ij

0,15± 0,002
0,02± 0,006 a
1,90± 0,018 g
1,25± 0,023 ef

0,40± 0,002
0,20± 0,006a
0,81± 0,03JKÕ
0,79± 0,05 JKÕ

7,08± 0,074
6,99± 0,023b
15,69± 0,07jkl
14,59± 0,01ijk

0,04± 0,002
0,04± 0,005 a
5,35± 0,07Õ
4,25± 0,06 h

0,13± 0,002
0,11± 0,002abc
0,69± 0,008i
0,86± 0,01jk

9,76± 0,06ab
7,81± 0,02cdefg
30,87± 0,08ÕLM
29,50± 0,0074ij

1,07± 0,021 e

0,56± 0,006cde

10,27± 0,05bcdefg

0,11± 0,001 a

0,41± 0,001JKÕ

25,34± 0,06KÕL

ef

1,21± 0,012
0,32± 0,008 cd
1,14± 0,052 ef
1,12± 0,041 ef
1,05± 0,014 e

a

b

bcd

0,15± 0,005
0,08± 0,002a
0,98± 0,07 i
0,74± 0,02 fgh

bc

a

bcde

7,28± 0,041
0,52± 0,02bcdefgh
12,07± 0,06HIJKÕL
10,74± 0,05cdefgh

0,05± 0,002
0,02± 0,001 a
2,35± 0,032g
2,10± 0,02fg

0,18± 0,003
0,02± 0,001a
1,08± 0,006k
0,29± 0,004efg

16,67± 0,06bcdef
12,08± 0,07bcd
29,63± 0,09ÕLM
23,92± 0,09IJKÕ

0,70± 0,07efg

8,75± 0,04bcdef

1,69± 0,05efg

0,19± 0,003bcdef

24,63± 0,07JKÕL

bcd

bcde

ab

abcd

ab

0,20± 0,004
0,03± 0,006 ab
1,32± 0,013 f
0,28± 0,002 bcd

0,43± 0,04
0,37± 0,03b
0,90± 0,03KÕL
0,61± 0,04def

8,60± 0,02
8,58± 0,07bcde
13,93± 0,03KÕLM
13,60± 0,07JKÕLM

0,24± 0,003
0,05± 0,002a
2,27± 0,04g
1,49± 0,03def

0,14± 0,006 abcd

0,43± 0,07bc

13,52± 0,04JKÕLM

1,09± 0,03cde

0,20± 0,002bcdef 17,99±0,07cdefgh

0,05± 0,004 ab
0,01± 0,004 a
1,24± 0,013 ef
0,37± 0,007 d

0,38± 0,07bc
0,17± 0,004a
0,96± 0,08ÕL
0,79± 0,04JKÕ

11,22± 0,06GHIJKÕL
10,91± 0,02GHIJKÕ
18,57± 0,08l
17,74± 0,04kl

0,22± 0,005ab
0,03± 0,002a
5,35± 0,005Õ
5,01± 0,02Õ

0,17± 0,001bcde
0,14± 0,004abcd
0,97± 0,04k
0,78± 0,03ij

19,63± 0,07efgh
13,23± 0,08bcde
43,84± 0,082k
34,10± 0,08j

0,08± 0,005 abc

0,53± 0,04bcde

14,43± 0,05ÕLMN

4,24± 0,04h

0,52± 0,005Õ

31,48± 0,07ij

0,08± 0,006 abc
0,04± 0,003 ab
0,01± 0,002 a

0,56± 0,06cde
0,10± 0,001a
0,01± 0,002a

12,34± 0,03IJKÕLM
11,47± 0,07GHIJKÕL
1,87± 0,005a

1,56± 0,03ef
0,04± 0,001a
0,01± 0,001a

0,43± 0,02KÕ
0,24± 0,006bcdef
0,01± 0,004a

30,06± 0,01ÕLM
19,96± 0,05efgh
4,42± 0,005a

0,05± 0,002
0,02± 0,004a
0,41± 0,01JKÕ
0,26± 0,003def

11,78± 0,08bcd
11,18± 0,05bc
34,19± 0,07j
30,63± 0,09ÕLM

Differences between stations, that are shown with lowercase in the same parameters are important (p<0.05)

metals which destroy the environment. The most important source of lead that destroys the environment
is the lead which is transferred by air. According to
the results which we have obtained, the highest
amount of lead defined is in the potato 1.08 μgg-1,
around the roadside (Table 2). The lead levels recorded in potato samples are above permissible limit
of 0.3 μgg-1of FAO. The findings which we have obWDLQHGDQG/LPHWDO>@¶VILQGLQJVH[DPSOHVDVSR
tatoes are similar to each other [8, 16, 24, 34, 35]¶V
findings on examples of vegetable are higher than
our findings which we have obtained. For this reason, the consumption of these vegetables certainly
causes health problems.
In this study, it was found that maximum level
of lead value in soil around the secondary road is
13.86 μgg-1 (Table 3). In the soil, Pb was recorded at
below the Turkey soil pollution control regulations
permissible limit of 50 μgg-1 in all sampled locations
[25]. It is seen that findings which we have obtained
lead values from the soil according to Allen [36] (!220 μgg-1) and Kabata-Pendias and 3HQGLDV >@¶V
(<10 normal μgg-1) readings which they obtained are
limited in toxics. According to Ross [28] (100-400
μgg-1), readings which we have obtained are not limited in toxics (0.52-13.86 μgg-1).

In this study, it was found that maximum level
of copper value in soil around the secondary road is
38.79 μgg-1 (Table 3). In the soil, Cu was recorded
at below the Turkey soil pollution control regulations permissible limit of 50 μgg-1 in all sampled locations [25]. This finding, when compared to Ross
[28] (60-125 μgg-1) and McLaren [33] (<40 normal
μgg-1), is under the toxic limits.
In nature, Ni is naturally found in soils, waters
and foods, and is emitted from volcanoes. Environmental Ni pollution influences the concentrations of
this metal in plants [27]. According to the results obtained in this study, the highest amount of nickel is
defined as; in potato (5.35μgg-1) around of the roadside area (Table 2). Ni levels recorded were near the
FAO/WHO [20] permissible limit of 5 μgg-1.
Briefly, in respect with the findings of this study, in
the potatoes cultivated in Nevsehir and its soil,
nickel contamination is at a low value, which does
not have a toxic value to endanger plant and human
health. Similar results were obtained when the findings of nickel of this study were compared with those
of Rosborg et al. [34]. On the other hand, the findings at [16, 35] are lower than those at this study.
Pb is an element found in the earth's crust and
almost all over the biosphere. It is the first of heavy
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the Turkey soil pollution control regulations permissible limit of 150 μgg-1 in all sampled locations [25].
As a result, the survey which we have done is
similar to the results of some researches which have
been obtained from both some of the researchers of
our country and foreign before than. Also, heavy
metal concentrations in the potatoes and the soil
which are used in this study should change, depending on the research area traffic density, climatic factors, structure of topography, surface of the potatoes
and besides these pesticides which are used for
growing the vegetable and the quality and the contents of water which is used for irrigating the potato.
Nevsehir soils had pH recorded as mildly acidic
(5.50) to mildly alkaline (6.91). Such soils were contributing to increased heavy metal solubility and
their uptake into potatoes being grown there. The
concentration of heavy metals Cd, Cr, Cu, Ni, Pb and
Zn in the soil were recorded as below the Turkey soil
pollution control regulations permissible limits for
these metals [25]. The levels of these heavy metals
in potatoes above of the FAO/WHO [20] permissible
limits in contaminated vegetables and were therefore
concluded as risk for human consumption.

Zinc, is an essential element for life, however,
when the concentration of the zinc raises above the
certain level, it can cause various negative effects on
the plants. Zn is one of the trace elements that are
present in all living structures, both in plants and animals [37]. In our survey, the highest reading of Zn
is 43.84 μgg-1 is defined on the round of the roadside
(Table 2). According to the results which we have
obtained, the highest amount of zinc is defined in potato 43.84 μgg-1 around the roadside. Zn levels recorded were above the FAO/WHO [20] permissible
limit of 5 μgg-1. It is seen that the amount of zinc is
high on the around of the roadside, as well. Zinc conWDPLQDWLRQLQWKHSRWDWRHVFXOWLYDWHGLQ1HYúHKLUDQG
its soil is lower than the studies carried out in foreign
countries. Zinc level in 1HYúHKLU¶VSRWDWRHVDUHTXLWH
high. According to findings which we have obtained
from our surveys, it is seen that the concentration of
WKH]LQFLVTXLWHORZDPRXQWUDWKHUWKDQ5RVV>@¶V
(70-400 μgg-1) results. Our findings are similar to the
other reseDUFKHV¶ILQGLQJV>@
In this study, it was found that maximum level
of zinc value in soil around secondary road is 69.81
μgg-1 (Table 3). In the soil, Zn was recorded at below

TABLE 3
The result of one way ANOVA of heavy metal concentrations (station means±std error) in soil (μgg -1 dw).
Localities

0D]Õ

.D\PDNOÕ

Çardak

Zile

Derinkuyu

Control

Roadside
Centrical
Secondary
road
Rural
Control
Roadside
Centrical
Secondary
road
Rural
Control
Roadside
Centrical
Secondary
road
Rural
Control
Roadside
Centrical
Secondary
road
Rural
Control
Roadside
Centrical
Secondary
road
Rural
Control

Cd 228.802
0,11± 0,006abcd
0,66± 0,008e

Cr 267.716
22,79± 0,07JKÕ
27,44± 0,05ÕL

Cu 324.754
19,15± 0,04cdef
20,68± 0,03defg

Ni 221.647
25,35± 0,03IJKÕL
27,13± 0,02JKÕLM

Pb 220.353
5,26± 0,05IJKÕ
5,63± 0,06KÕLM

Zn 206.200
47,18± 0,07fgh
52,35± 0,09gh

0,05± 0,001ab

40,01± 0,04j

26,05± 0,08 gh

31,01± 0,01ij

7,04± 0,01ij

47,05± 0,04fgh

0,03± 0,007ab
0,06± 0,004cd
1,03± 0,01f
0,17± 0,008abcd

19,76± 0,02GHIJKÕ
18,76± 0,03cdefgh
36,93± 0,09j
21,69± 0,05IJKÕ

19,10± 0,07 cdef
18,10± 0,06 defg
27,35± 0,01h
18,74± 0,05cdef

18,56± 0,02def
19,56± 0,01defg
34,78± 0,02j
28,30± 0,03KÕLM

3,62± 0,006bcdef
4,62± 0,01cdefgh
11,20± 0,04j
4,02± 0,05cdefgh

36,22± 0,05cdef
34,22± 0,06cdef
55,93± 0,07h
48,21± 0,09fgh

0,07± 0,006ab

37,50± 0,07j

22,00± 0,07defgh

39,58± 0,01j

5,51± 0,03JKÕL

46,70± 0,04fgh

f

IJKÕ

IJKÕL

1,08± 0,009
0,24± 0,008bcd
0,17± 0,005abcd
0,08± 0,001abc

21,80± 0,05
13,16± 0,03bcde
18,88± 0,05cdefgh
11,53± 0,03bc

22,05± 0,06
12,74± 0,05bc
16,79± 0,05 cde
16,29± 0,02 cde

26,08± 0,04
13,36± 0,02bcd
14,44± 0,02bcd
9,88± 0,01abc

2,54± 0,01
2,34± 0,04b
3,54± 0,007bcde
0,52± 0,006a

47,79± 0,06fgh
21,98± 0,02b
41,40± 0,08defg
39,88± 0,07cdefg

0,11± 0,003abcd

8,28± 0,04ab

9,79± 0,01 b

8,80± 0,01ab

4,31± 0,08defgh

26,93± 0,03bc

a

KÕL

defgh

IJKÕL

0,01± 0,06
0,21± 0,001abcd
1,04± 0,06f
0,01± 0,001a

25,11± 0,01
15,11± 0,07bcdefg
31,95± 0,04ij
14,64± 0,04bcdef

19,95± 0,03
14,95± 0,07 bc
24,83± 0,07fgh
17,11± 0,01cde

26,30± 0,07
16,30± 0,03cde
35,94± 0,09j
16,50± 0,07bcde

3,49± 0,04
4,19±0,001bcdefg
6,20± 0,05ÕLM
0,75± 0,006a

45,78± 0,07fgh
55,78± 0,08fgh
44,79± 0,06fgh
28,87± 0,02bcd

0,04± 0,006ab

62,68± 0,06k

38,79± 0,04Õ

63,41± 0,01k

13,86± 0,04j

69,81± 0,1Õ

f

HIJKÕ

defg

bc

bcde

bcd

HIJKÕL

bcd

1,05± 0,01
0,29± 0,006cd
1,04± 0,02f
0,33± 0,004d

20,80± 0,01
11,71± 0,02bcd
36,04± 0,01j
19,54±0,03FGHIJKÕ

15,99± 0,02
13,00± 0,02bc
24,87± 0,06fgh
22,83± 0,07efgh

23,22± 0,05
15,35± 0,04bcde
29,31± 0,02ÕLM
22,60± 0,04HIJKÕ

3,05± 0,006
2,60± 0,001bc
7,57± 0,02j
7,16± 0,04j

35,57± 0,07cdef
31,16± 0,05bcde
52,71± 0,09gh
47,49± 0,08fgh

0,32± 0,006d

19,23± 0,01cdefgh

19,97± 0,02defg

20,53± 0,05defgh

5,15± 0,03HIJKÕ

43,57± 0,04efgh

0,13± 0,007abcd
0,05± 0,006ab
0,01± 0,001a

18,55± 0,05cdefgh
14,37± 0,02bcdef
3,16± 0,006a

19,71± 0,05defg
16,53± 0,04cde
2,74± 0,006 a

18,97± 0,01def
17,29± 0,06cde
3,36± 0,001a

4,07±0,001cdefgh
3,61± 0,04bcdef
0,34± 0,006a

36,74± 0,01cdef
35,04± 0,07cdef
9,98± 0,009a

Differences between stations, that are shown with lowercase in the same parameters are important (p<0.05)
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[8] Kachenko, A.G. and Singh, B. (2006) Heavy
metals contamination in vegetables grown in urban and metal smelter contaminated sites in
Australia. Water Air Soil Poll. 169, 101±123.
[9] Paiva, L.B., Oliveira, J.G., Azevedo, R.A., Ribeiro, D.R., Silva, M.G. and Vitória, A.P.
(2009) Ecophysiological responses of water hyacinth exposed to Cr3+ and Cr6+. Environ. Exp.
Bot. 65, 403-409.
[10] Leblebici, Z. and Aksoy, A. (2008) Determination of heavy metals in honey samples from central Anatolia by using plasma optical emission
spectrofotometry (ICP-OES), Turkey. Pol. J.
Environ. Stud. 17, 101-107.
[11] Yadav, A., Yadav P.K. and Shukla, D.N. (2013)
Investigation of heavy metal status in soil and
vegetables grown in urban areas of Allahabad,
Uttar Pradesh, India. Int. J. Sci. Res. Pub. 3, 17.
[12] Anonymous, (1998) The report on problems and
solutions of Turkey agriculture. Agricultural
Engineering. 56, 31±34.
[13] Ilbeyi, A., Halitligil, B. and Akin, A. (1997) Determination of the effect of nitrogen content fertilizer on potato yield under Nevsehir Derinkuyu Region and its potential of pollution of
underground water with 15N technique. Regional Village Affair Topraksu, Ankara Research Institute, General No. 208, Report No.
114, Ankara.
[14] Prasad, M.N.V. and Freitas, H.M.O. (2003)
Metal hyperaccumulation in plants - biodiversity prospecting for phytoremediation technology. Electron. J. Biotechnol. 6, 285- 321.
[15] Aksoy, A., Demirezen, D. and Duman, F.
(2005) Bioaccumulation, detection and analyses
of heavy metal pollution in Sultan Marsh and its
environment. Water Air Soil Poll. 164, 241±
255.
[16] Demirezen, D. and Aksoy, A. (2006) Heavy
metal levels in vegetables in Turkey is within
safe limits for Cu, Zn, Ni and exceeded for Cd
and Pb. J. Food Qual. 29, 252-265.
[17] Logan, M. (2010) Biostatistical design and analysis using a practical guide. Wiley-Blackwell,
London.
[18] Jusufi, K., Stafilov, T., Vasjari, M., Korca, B.,
Halili, J., Berisha, A. (2016) Determination of
heavy metals by ICP-AES in the agricultural
VRLOV VXUURXQGLQJ .RVRYR¶V SRZHU SODQWV
Fresen. Environ. Bull. 25, 1313-1321.
[19] Oti, W.J.O. and Nwabue, F.I. (2013) Heavy
metals effect due to contamination of vegetables
from Enyigba lead mine in Ebonyi state, Nigeria. Environ. Pollut. 2, 19-26.
[20] FAO/WHO. (2003) Codex Alimentarius International Food Standards Codex Stan-179. Codex Alimentarius Commission.

CONCLUSION
As a result, in this study it is defined that the
contaminations of zinc, copper and the nickel are
higher than the other heavy metals such as the cadmium, lead and chrome in potatoes. It should be
taken some precaution lest these heavy metals can
increase above the much higher level; the potatoes
should be away from the around of the roadside
which the traffic density is much on, industrial
places and the city centre which the contamination
can be higher; and also it should be paid attention to
irrigating the potato and using pesticides.
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deciduous shrubs are widely grown in gardens for
WKHLUÀRZHUVDQGIUXLWVLQ7XUNH\[2].
Rosehip fruit and plant can be damaged by
many important insects. One of the most important
insect damaged rosehip is Syrista parreyssii (Spinola, 1843) (Hymenoptera: Cephidae). S. parreysii
NQRZQ DV ³*O )LOL]DUÕVÕ´ LQ 7XUNH\ KDV EHHQ UH
ported to cause harm to Rosa species [3-11]. In addition, S. parreyssii is spread in Albania, Azerbaijan,
Bulgaria, Armenia, Crete, Spain, Israel, Iran, Italy,
Cyprus, Macedonia, Poland, Russia, Serbia, Jordan,
Turkey, Turkmenistan and Greece [8, 12-17]. Previous studies on infestation level of this species reported 1-18% for oil-bearing roses [3], and a maximum damage ratio (number of infested shoots) of
14% and 16% for oil-bearing roses [18] and 5-17%
for rosehip plants [11].
In this pest control, cultural control methods in
terms of reducing the population are very important.
Due to the fact that, the insect it lived in shoot, chemical control of this pest may not be successful.
Both this cause and the negative aspects of conventional pest control [19] have led to the investigation of alternative methods such as biological control
[20-23].
Entomopathogenic fungi have been mass-produced as biopesticides since the 1970s. [24] and in
the recent years, biological pest control, including
the use of entomopathogenic fungi, has been attracting much attention. Entomopathogenic fungi are important natural control agents of many insects, including several pests [21, 25].
Most efforts have focused on more productionfriendly species, primarily Ascomycetous species of
the anamorphic genera Beauveria, Metarhizium,
Isaria and Lecanicillium (Sordariomycetes:
Hypocreales) [26]. The entomopathogenic fungus
Beauveria bassiana (Bal.) Vuillemin (Ascomycota:
Hypocreales) is also widely regarded as one of the
most promising species known for potential developments into practical insect biocontrol agents [2732]. The fungus B. bassiana has a great potential as
a mycoinsecticide. The microbial insect control
agent, B. bassiana, has been commercialized for use

ABSTRACT
The Rosa spp. (Rosa canina and Rosa
domescana) used since the earliest times in rituals,
cosmetics, perfumes, medicines, aromatherapy,
landscape design and repair work are the important
economic crop. The rose stem sawfly (Syrista parreyssii (Spinola, 1843)) is one of the most important
pests of R. canina, R. damascena. The larvae of S.
parreyssii bore galleries in and feed on the core sections of the shoots so these shoots completely dry out
after a certain time. Because of living in shoot, biological control of this pest is very difficult and important. Besides, recently, biological control of pests
are getting more prevalent due to the effects of
chemical residues. The present study was carried out
to determine insectisidal effect of the entomopathogen fungi Beauveria bassiana (Bal.) Vuillemin
against S. parreyssii.
The insectisidal effect tests were carried out
different conidial suspensions (106, 107 and 108 conidia/ml) of B. bassiana (ET 10) on laboratory conditions. The effect of these concentrations was observed larvae of S. parreyssii. The results of this
study showed that all of the concentrations showed
remarkable insectisidal effect against this insect larvae. Consequently, these fungal suspensions can be
used as new biocontrol agents in controlling S. parreyssii.

KEYWORDS:
Beauveria bassiana, biological control, rosehip, Syrista
parreyssii.

INTRODUCTION
The genus Rosa contains approximately 100
species that are widely distributed in Europe, Asia,
the Middle East and North America [1]. Rosa spp.
(Rosa canina L. and Rosa domescana Mill.) used
since the earliest times in rituals, cosmetics, perfumes, medicines, aromatherapy, landscape design
and repair work are important economic crop. These
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Tris 8.5, 0.25 M NaCl, 25 mM EDTA, 0.5% SDS)
was added. Following that, phenol/chloroform clarification and ethanol precipitation were applied.
'1$¶VZHUHGLOXWHGLQPl TE (10 mM Tris 7.5- 1
mM EDTA) buffer. ITS region from DNA samples
were amplified using primers ITS1 (TCCGTAGGTGAACCTGCGG) located on 18S rRNA
[38] and ITS4 (TCCTCCGCTTATTGATATGC) located on 28S rRNA [39]. PCR amplifications were
performed in 50 μl reaction mix containing 1,5 mM
MgCl, 0,2 mM dNTP mix, 0,3 pmol each primer,
1,5U Taq polymerase, 1X polymerase buffer (100
mM Tris-HCl (pH 8.8 at 25°C), 500 mM KCl, 0.8%
(v/v) Nonidet P40) (Fermentas, Germany) and 1 μl
of template DNA (20±50 ng). The analyze was done
in 94 oC for 1 second, 30 a in 94 oC 45s + 50C 45s +
72 oC 45s. PCR products were separated in 1.5 %
agarose gels, stained with ethidium bromide, and
visualized under UV light. Sequence analysis was
done by RefGen (Ankara, Turkey). The result of this
analyze was run ABI 3100 Genetic Analyzer.

as an environmentally friendly bio-pesticide and displays a broad host range capable of infecting and
killing a wide range of insect [33].
B. bassiana kills the pest by infection as a result
of the insect coming into contact with fungal spores.
An insect can come into contact with the fungal
spores in several ways: by having the spray droplets
land on its body, by moving on a treated surface, or
by consuming plant tissue treated with the fungus
(the latter is not a major method of uptake). Once the
IXQJDO VSRUHV DWWDFK WR WKH LQVHFW¶V VNLQ FXWLFOH 
they germinate sending out structures (hyphae) that
SHQHWUDWH WKH LQVHFW¶V ERG\ DQG SUROLIHUDWH ,W PD\
take 3-5 days for insects to die, but infected cadavers
may serve as a source of spores for secondary spread
of the fungus. Insects can also spread the fungus
through mating [34]. High humidity and free water
enhance activity of the conidia and the subsequent
infection of the insect [35-36].
The aims of this study were to assess the insecticidal effect of different conidial suspensions (106,
107 and 108 conidia/ml) of B. bassiana (ET10) isolated from Sphenoptera antiqua Illiger (Coleoptera:
Buprestidae) larvae with respect to the control of S.
parreyssii larvae under controlled condition.

Preparation of Conidial Suspensions. B. bassiana ET 10 isolate was cultured on SDA with 1%
yeast extract (SDAY) plates in several Petri dishes
(9 cm in dia-meter), and were grown for 2-3 weeks
at 25 ± 1°C under a 16 h/8 h (light/dark) photoperiod
and 60 ± 5% RH for fungal growth and conidial production. Conidial suspensions were prepared by
scraping conidia from the cultures into an aqueous
solution of 0.02% Tween 80 [40]. Surface of a 14day-old culture was gently scratched with inoculation needle and transferred to vials containing 5 ml
sterile Tween-80 solution (0.1% v/v). The concentration of conidia in stock suspensions were determined by direct count using hemocytometer. Three
different conidial suspensions (106, 107 and 108 conidia/ml) were prepared in sterile distilled water containing Tween 80 and vortexed for 3 min to produce
a homogenous suspension for the bioassay.

MATERIALS AND METHODS
Host Plant and Harmful Insect. Naturally infested (included larvae of S. parreyssii) rosehip
twigs (R. canina) and S. parreyssii larvae were used
as host plant and harmful insect in this study, respectively.
Fungal Isolate. B. bassiana (ET10) isolated
from S. antiqua larvae damaged on Onobrychis sativa L. (Fabacea) in Erzurum province were used as
biological control agent in this study. S. antiqua dead
larvae were washed in a solution of 2% sodium hypochlorite for 1 min. Then they were dried on filter
paper. After drying, they were transferred to Petri
dishes containing 20 ml of Potato Dextrose Agar
(PDA, Difco), and incubated at 25 oC for 1 week
with high humidity (80±10% rh). These colonies
were obtained from each dead larva and morphological characters of colonies were identified according
to Kulu et al. [37].
Entomopathogenic fungal isolate was grown
on PDA and maintained on Sabourd Dextrose Agar
(SDA, Merck, Darmstadt, Germany) slant cultures
were maintained at 4°C in the refrigerator until used
in fungal collection of Department of Plant Protection, Faculty of Agriculture, Ataturk University.

Bioassay. Infested rosehip twigs with S. parreyssii larvae were cut from rosehip in Ataturk University Campus (1854 m), Erzurum, Turkey in late
June 2015 and were brang to laboratory. Twigs were
divided into 8 cm in length including one larvae by
lancing. Three conidial suspensions (106, 107 and 108
conidia/ml) were sprayed to S. parreyssii larvae in
rosehip twigs opened with lancet. Rosehip twigs applicated by different fungal conidial suspensions
were closed with parafilm. They placed in petri
dishes (9 cm x 1.5 cm deep), and humidity of twigs
was provided by wetted cotton. Experiment was
planned to randomized block design with three replications and each replicate contained twigs with 9
larvae. Totally 81 larvae were sprayed by different
conidial suspensions of B. bassiana ET 10 and 27
positive control were sprayed by sterile distilled water, too. All Petri dishes were incubated at 23±2 oC.
The number of dead larvae and mortality rates (%)

Molecular Characterization of Beauveria
bassiana Isolate. DNAs of B. bassiana (ET10) isolate was obtained from mycelia growth on petri dish
culture. Around 200 mg mycelia were ground with
liquid nitrogen and 1 ml of extraction buffer (0.2 M
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h. Mortality rate calculated follow formula;
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RESULTS
Macroscopic characters of B. bassiana colony
that observed were growth pattern, color, shape, surface texture, colony elevation and diameter/day on
Petri dish. Macroscopic and microscopic characters
of B. bassiana isolate and appearance on PDA were
given Table 1 and Fig. 1. Macroscopic morphology
character shown that B. bassiana colony color was
white, texture was smooth. Colony growth pattern
was disperse, without pattern and not concentrical
(Fig. 1).
Genome of pure isolate was identified using
PCR method with primer specific for identification
B. bassiana. The molecular identification results of
tested fungal strain (ET 10) are shown Table 2, and
sequence of this fungus is shown Table 3. According
to the molecular identification test results, ET 10
fungal isolate was identified as Beauveria bassiana
at 0.99 similarity index.

Dead larvae were transferred to Petri dishes
lined with PDA to encourage fungal growth and
sporulation in order to confirm that death was due to
infection by B. bassiana. The insecticidal effect of
different conidial suspensions of fungal isolate was
expressed as death insects.
Statistical Analyses. All data in the present
study were processed by JUMP 5.0 and the means
were separated by LS Means Students tests. The statistical analyses of percentage values were performed by using transformed values.

TABLE 1
Macroscopic characters of B. bassiana isolate on PDA
Colony Observation
Isolate Code
ET 10

Growth
pattern
Disperse

Color

Shape

Texture

Elevation

White

Round

Smooth

Raised

Diameter/
days
4.5 cm/10 days

FIGURE 1
Apperance of B. bassiana isolate ET 10 on PDA in ten days: a) top view; b) bottom view; c) hypha
TABLE 2
The molecular identification result of fungal isolate ET 10, similarity index and ITS sequences analyzed
Isolate
ET 10

ITS identification
results
Beauveria bassiana

Similarity
index
0.99
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TABLE 3
ITS1+5.8S rDNA+ITS2 sequence of ET 10
1
41
81
121
161
201
241
281
321
361
401
441
481
521
561

ATTCCCGGGGGAGGTCTACCTGATTCGAGGTCACGTTCAG
AAGTTGGGTGTTTTACGGCGTGGCCACGTCGGGGTTCCGG
TGCGAGTTGGTTTACTACGCAGAGGTCGCCGCGGACGGGC
CGCCACTCCATTTCAGGGCCGGCGGTGTGCTGCCGGTCCC
CAACGCCGACTTCCCCAAAGGGAGGTCGAGGGTTGAAATG
ACGCTCGAACAGGCATGCCCGCCAGAATGCTGGCGGGCGC
AATGTGCGTTCAAAGATTCGATGATTCACTGGATTCTGCA
ATTCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGA
TGCCAGAGCCAAGAGATCCGTTGTTGAAAGTTTTAATTTA
TTTGTTTTGCCTTGCGGCGTATTCAGAAGATGCTGATAAT
ACAAGAGTTTGATGGTCCCCGGCGGCCGCTGGTCCAGTCC
GCGTCCGGCTGGGGCGAGTCCGCCGAAGCAACGATAGGTA
GGTTCACATAAGGGTTTGGGAGTTGAAAACTCGGTAATGA
TCCCTCCGCTGGTTCACCAACGGAGACCTTGTTACGACTT
TTACTTCTTCTAAGGGGACCAAGGAG

TABLE 4
The insecticidal effect of three different conidial suspensions of B. bassiana ET 10 against larvaes of
S. parreyssii under laboratory condition
The number of dead larvae
Mortality rate (%)
Average
Average
48 h
96 h
120 h
48 h
96 h 120 h
6.0
7.33
9.0
100
106 conidia/ml
7.44±1.50 A 66.67 81.48
82.72±16.70 A
6.0
7.67
9.0
100
107 conidia/ml
7.56±1.50 A 66.67 85.19
83.95±16.70 A
7.0
8.33
9.0
100
108 conidia/ml
8.11±1.02 A 77.78 92.59
90.12±11.31 A
0.0
0.0
0.33
0.0
0.0
3.7
Control
0.11±0.19 B
1.23±2.14 B
CV
29.61
29.61
LSD
1.65
18.38
*Mean values (Mean ± Standart deviation) in the same column by the same letter are not significantly different to
WKHWHVWRI/60HDQV'LIIHUHQFHV6WXGHQW¶V S 
Applications

of dead larvae and mortality rate of 108 conidial suspension of B. bassiana isolate (ET 10) were found to
be the highest. At 120 h, all of the applications, except control, showed insecticidal activity 100%. The
lowest the number of dead larvae and mortality rate
observed from control (0.33 and 3.7%) (Table 4).
The average of the number of dead larvae and
mortality rate (%) of treatments are given in Fig. 2a,
2b. Result of LSD multiple comparison test to explore the difference among the suspensions, there
were statistical difference for insectisidal effect of
treatments. The results show that all suspensions of
this isolate have a significant insecticidal effect on S.
parreysii (P< 0.01) (Fig. 2a, 2b).
According to conidial suspensions, the highest
number of dead larvae (8.11) and mortality rate
(90.12%) were observed at 108 and the lowest number of dead larvae (7.44) and mortality rate (82.72%)
at 106 conidial suspension of the fungi. The means of
dead larvae and mortality rate (%) of 106, 107 and 108
conidial suspensions of the fungi were 7.44, 7.56,
8.11 and 82.72%, 83.95%, 90.12%, respectively
(Fig, 2a, 2b).

The number of dead larvae and mortality rates
(%) of S. parreyssii recorded after 48, 96 and 120 h
are summarized in Table 4. The results show that all
of the different conidial suspensions of B. bassiana
ET 10 isolate have insecticidal effect on the larvae
of S. parreyssii. Insecticidal activities of the tested
three different conidial suspensions were statistically
different from the control at three different times (p<
0.001).
At 48 h, the lowest the number of dead larvae
and mortality rate (0%) were observed from control
application. All of the fungal suspensions used in
this study caused mortality but the number of dead
larvae and mortality rates were changed from 6 and
66.67 to 7 and 77.78 at 48 h respectively. All of the
tested conidial suspensions were statistically different from the control. At 96 h, the lowest number of
dead larvae and mortality rates were observed from
control application, too. The number of dead larvae
and mortality rate of the suspensions were different
from the control. The dead larvae and mortality rates
number of conidial suspensions including 106, 107
and 108 conidia/ml was 7.33, 7.67, 8.33 and 81.48,
85.19, 92.59 (%), respectively. At 96 h the number
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(a)

(b)
FIGURE 2
Insecticidal effect of B. bassiana ET 10 against larvae of S. parreyssii under laboratory condition the average of a) the number of dead larvae at all treatments, b) mortality rate (%) of all conidial suspensions
at different times
Insecticidal effect of different conidial suspensions of the fungi (106, 107 and 108) were different
from the control (Fig. 2a, 2b). The fungus was reisolated from dead larvae. The photographs of larvae
of S. parreyssii with B. bassiana (ET 10) were given
from 48 h to 120 h in Fig. 3.

DISCUSSION
It is believed that environmental safety and
ecosystem stability considerations lead to the conclusion that the use of native isolates in a microbial
control program is more convenient [41]. B. bassiana is one of the most ubiquitous and extensively
studied of the entomopathogenic fungal species and
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FIGURE 3
The dead larvae of S. parreyssii applicated by B. bassiana ET 10
is the active agent in many products currently in use
and under development worldwide [21, 42-48].

B. bassiana (ET10) isolated from S. antiqua
larvae was used as biological control agent in this
study. Sequences of fragments were compared with
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Yanar et al. [60] the insecticidal effects of 14 isolates
of B. bassiana on S. parreyssii were tested under laboratory conditions. They observed mortality rate of
O-80 as 91.7% and indicated that O-80 isolate can
be used for microbial and integrated management of
this species. The results coincide with the findings of
our studies.
The development of entomopathogen fungi
which may be effective, selective, and bio-degradable, with little or no resistance by the pest and no
toxicity to the environment will help to reduce the
negative effects of synthetic insecticides.

data from the GenBank, and the isolates were characterized as B. bassiana with high degree of identity
in this study. ET 10 isolate developed white mycelium on PDA in this study. This development was
related to study of Ahmad [49], Utami and Isnawati
[50] and Kulu et al. [37] which shown that B. bassiana will grow on PDA medium as white mycelium
and form white powder layer.
There are many articles which are insecticidal
effect of B. bassiana, most of them on Coleoptera
orders, such as Adane et al. [51], Eken et al. [52],
Marannino et al. [53], Sabour et al., [54]. The different mortality rates were observed on different pest
group applicated by B. bassiana. The infestation
level of B. bassiana (104 conidia/ml) were recorded
about 88% mortality against Sitophilus zeamais
(Coleoptera: Curculionidae) in eight day [51]. Both
B. bassiana and Metarhaizum anisopliae gave 77%
mortality against Bruchus rufimanus L. (Coleoptera:
Chrysomelidae) [54]. 108 conidia/ml and 107 conidia/ml of B. bassiana caused mortalities 100%
within 4.6 and 4.4 days respectively on S. populnea
larvae under laboratory conditions [52].
Besides, there are some article about B. bassiana on Hymenopteran species. Since certain entomopathogenic fungi present a high potential to control Atta bisphaerica, pathogenicity tests have been
performed with fungi widely used within the microbial control of insects, such as M. anisopliae and B.
bassiana. They have proved to be highly virulent in
the laboratory, although field tests do not reproduce
the same results [55-56]. The pathogenity of two isolates B. bassiana, two isolates M. anisoplia and two
isolates Paecilomyces farinosus against soldier of
Atta sexdens sexsdens (Hymenoptera: Formicidae)
were studied in laboratory conditions in the other
study. Three species of fungi were highly pathogenic
to A. sexdens sexdens soldiers causing high mortality
rates, above 80%, killing the ants in the first four
days after inoculation [57]. 100% mortality within
2.90 and 2.77 days were obtained against Caliroa
cerasi (Hymenoptera: Tenthredinidae) larvaea by
$VODQWDúHWDO[58] under laboratory condition. The
other study, B. bassiana effectively reduced wheat
stem damage caused by Cephus cinctus (Hymenoptera: Cephidae) larvae compared to untreated plots
or water spray only [48].
Additionaly, Swiergiel et al. [59] observed the
effect of an isolate of the B. bassiana strain GHA biocontrol product (BotaniGard wettable powder
[WP], Lindesro, Sweden) against Hoplocampa testudines (Hymenoptera: Tenthredinidae) under laboratory conditions. They indicated that their laboratory
infection experiment showed a significant effect of
B. bassiana GHA.
According to the result of our study, the number of dead larvae and mortality rate (%) of 106, 107
and 108 conidial suspensions of B. bassiana were
7.44, 7.56, 8.11 and 82.72%, 83.95% and 90.12% on
S. parreyssii, respectively. To our knowledge, only

CONCLUSIONS
According to the present results, it can be concluded that all tested concentrations (106, 107, 108)
of the B. bassiana has effected against S. parreyssii
larvae under laboratory conditions. This study matters to highlight the successful usage of an environment-friendly, natural, and for health of humans and
other livings, risk-free product against S. parreyssii
in substitution for the chemical pesticides that are intensely used and harmful for environment, natural
balance and human health.
Additional field research is needed to determine how effective B. bassiana is at controlling S.
parreyssii larvae in the field conditions.
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linoleic, oleic and stearic acid) [7-8]. Fatty acids
with allelopathic activity have been reported in
many research papers [9-12]. Gao et al. [13] researched the algae inhibition activity of fatty acids
released by culture solutions of three submerged
freshwater macrophyte (Vallisneria spiralis, Elodea
nuttallii and Hydrilla verticillata), incubated at 10
g( FW) /L for three days. These results indicate that
aquatic plants could release fatty acids into culture
solutions to inhibit the growth of M. aeruginosa. A
variety of fatty acids have been isolated from some
aquatic and terrestrial plants and characterized as
allelochemicals, which play an important role in
control of the algal growth in aquatic ecosystems
[11, 14]. In previous work, we have researched the
chemical composition of organic acids from two
submerged macrophytes(Potamogeton malaianus,
Potamogeton maackianus) and their allelopathic
effects on Microcystis aeruginosa [15], which is
often a dominant cyanobacterial species in summer
phytoplankton of eutrophic shallow lakes.
The current work describes the isolation and
identification of the ethyl acetate extracts from
Portulacaceae and seeds as well as their allelopathic
activities on the growth of algae.

ABSTRACT
In order to identify these allelochemicals of
ethyl acetate extracts from Portulacaceae and seeds,
the chemical components of the extracts were
analyzed
by
gas
chromatography-mass
spectrometry (GC-MS). The algal inhibitory effects
of the extracts were determined by bioassays using
Microcystis aeruginosa. 15 kinds of compounds,
including fatty acid, ester, ketone, sterol were
obtained and 8 identified fatty acids and
N-phenyl-2-Naphthalenamine were found to be
significantly active against some harmful algae. The
inhibitory ratios of the ethyl acetate extracts for M.
aeruginosa were 56.1% and 49.4% when the algae
were exposed to 20.0 mg/L of the extracts,
respectively. The results suggested that these ethyl
acetate extracts from Portulacaceae and seeds may
serve as environmentally friendly agents for
controlling the growth of M. aeruginosa.

KEYWORDS:
allelopathic activity, fatty acid, Portulaca oleracea, algae

INTRODUCTION
MATERIALS AND METHODS
In recent years, nutrient over-enrichment (eutrophication) of water systems has been a global
issue. Eutrophication can affect human health by
enhancing the growth of algal blooms which can
release toxins [1]. Therefore, control and elimination of the cyanobacterial blooms have become a
significant goal in environmental science [2]. Allelochemicals from macrophytes or other organisms
that inhibit microalgal growth have gained great
interests due to their environmental potential as
algaecides to control water blooms [3].
Portulaca oleracea L. (Portulacaceae) is a
widely distributed weed. It has been used as a folk
medicine in many countries as a antiseptic and
vermifuge [4]. It exhibits a wide range of pharmacological effects, including antibacterial, and anti-inflammatory [5-6]. It has been reported to be
rich in fatty acids (a-linolenic, linoleic, palmitic,

Preparation of plant materials extracts.
Portulacaceae and seeds were naturally dried on
trays away from sunlight at room temperature. The
dry weights of the Portulacaceae and seeds were
measured, and the each material was powdered to
obtain 20-mesh particles. Next, 5 g of the powder
was extracted with 100 mL of ethyl acetate (HPLC)
at room temperature (25 oC) for 24 h. The extract
was filtered through GF/C glass fibre filters (47 mm,
ȝPSXUFKDVHGIURP:KDWPDQ0DLGVWRQH8.)
for particle removal. The extracts were first dried
with anhydrous sodium sulfate (AR) and then
evaporated to dryness by a rotary evaporator at 39
o
C. The ethyl acetate extracts were stored at 4 oC
until use in GC-MS analysis and biological assay.
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Identification of allelochemical. The dried
ethyl acetate extracts were analyzed by GC-MS
(Agilent computerized system consistiing of a 6890
gas chromatograph coupled to a Agilent 5973N
quadrupole mass spectrometer) using a HP-5MS
capillary column (30 m × 0.25 mm × 0.25 mm id).
The oven temperature was programmed at 60 oC
(initial temperature maintained 1 min) to reach 260
o
C at a rate of 4 oC /min, kept constant 20 min. Helium was used as carrier gas with a flow rate of 1
mL/min. Mass fragments of the components were
compared to the mass fragmentation data contained
in the NIST 02.

Bioassay. Axenic M. aeruginosa were obtained from the Culture Collection of Algae at the
Institute of Hydrobiology, Chinese Academy of
Sciences. The algae were cultured in sterilized
BG11 medium (pH 7.4) at 25 °C with a light intensity of 2500 lux and 12:12 h light:dark cycle. The
algae were cultured for 4 days to reach the exponential phase with a density of 105 - 106 cells/mL
and then used for the growth inhibition assay. The
growth medium used in all cultures was BG11 [16].
The dose-response relationships between the
allelochemicals and the tested organisms were
studied in 50 mL flasks containing 25 mL test solution, to which 106 cells mLí1 of M. aeruginosa were
inoculated. The tested organisms were exposed, in
triplicate, to one concentration levels and a control,
respectively. The final concentrations of compounds in the test solution were 20 mg/L for ethyl
acetate extracts from Portulacaceae and seed,
respectively. The inhibition ratio of every component based on the cell density of the tested organisms and control was determined after exposure for
72 h. The stock solutions of extracts were prepared
with DMSO, the concentration of which was less
than 0.2% (v/v) in the test solution. The test results
indicated that the concentration of DMSO added
had no effect on the growth of the tested organisms.

FIGURE 1
Flow diagram for ethyl acetate extracts from
Portulacaceae and seed

RESULTS AND DISCUSSION
The components of the ethyl acetate extracts
from Portulacaceae and seeds are listed in Table 1.
Ten fatty acids, two sterols, one ester, one ketone
and N-phenyl-2-naphthalenamine were detected in
the ethyl acetate extracts of the two plant materials.
The compositions were differed between the two
plant materials.
The inhibitory ratios of the ethyl acetate extracts for M. aeruginosa were 56.1% and 49.4%
when the algae were exposed to 20.0 mg/L of the
extracts, respectively (Table 2). Hence, the ethyl
acetate extracts exhibited significant anti-cyanobacterial activities, and the allelopathic
effects of the extracts from Portulacaceae were
higher than those of the extracts from seeds.

TABLE 1
The analytical results of ethyl acetate extracts
from three plant materials by GC-MS
Rent
time
(min)
9.30
10.37
10.87
11.27
11.37
11.75
11.92
12.36
12.44
12.53
12.77
17.78
24.66
25.30
25.62
26.94
28.31
31.27
32.06

Compounds

Purslane

Purslane
Seed

dodecanoic acid
tetradecanoic acid
pentadecanoic acid
palmitelaidic acid
hexadecanoic acid
heptadecanoic acid
9,12-octadecadienoic
acid methyl ester
9,12-octadecadienoic
acid
D-linolenic acid
octadecanoic acid
N-phenyl-2-naphthalenamine
tetracosanoic acid
unknown
stigmasterol
unknown
E-sitosterol
unknown
unknown
friedelan-3-one

+
+
+
+
+
-

+
+
+
+
+

-

+

+
+
+

+
+
+

+
+
+
+
+
+
+
+

+
-
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TABLE 2
Inhibitory effects of ethyl acetate extracts from
Purslane and seed on growth of Microcystis
aeruginosa
Inhibition ratio

Purslane
56.1 %

Purslane seed
49.4%

Most of fatty acids (dodecanoic, tetradecanoic,
hexadecanoic, 9,12-octadecadienoic and octadecanoic acid) could inhibite the growth of M. aeruginosa [17-18]. For example, 9,12-octadecadienoic
acid (ODEA) caused maximum growth inhibition
(EC50 of 0.042 ± 0.012 mg/L) of M. aeruginosa.

³´GHWHFWDEOH³±´XQGHWHFWDEOH
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FIGURE 2
Inhibition (%) over control (IRs) of M. aeruginosa treated by mixtures of three fatty acids [Reference18]

electron transport chain, significantly enhanced
reactive oxygen species (ROS) accumulation and
overwhelmed the antioxidant system. The increase
in ROS destroyed pigment synthesis and membrane
integrity, which inhibited or killed the algal cells.

Tetradecanoic acid (TDA) and hexadecanoic acid
(HDA) were less in inhibitory to the growth of M.
aeruginosa and their EC50 were, 12.799 ± 0.471 and
17.167 ± 0.794 mg/L, respectively [18]. Pentadecanoic, heptadecanoic and D-linolenic acid could
also inhibit markedly the growth of algae
[10,17,19].
Zhang et al. [18] also studied the collective
activity of ODEA, TDA and HAD, these were
mixed and used in the cyanobacterial assay. A synergistic action on M. aeruginosa inhibition occurred
when ODEA, TDA and HAD were used together
(Fig.2). The mixtures drastically inhibited the
growth of M. aeruginosa by 95.1% on sixth day of
incubation, the experimental inhibitions (%) compared to predicted inhibitions (%) were significantly different (p<0.05). The results indicated that the
synergistic effect of allelochemicals may play an
important role in the inhibition of undesired algae
by allelopathic fatty acids.
Hu et al. [19] found that the effect was relevant to the carbon chain and unsaturated linkages,
which meant the shorter the carbon chain of the
fatty acid, the stronger the algal growth was inhibited, and them ore unsaturated linkages in the fatty
acid, the stronger the algal growth was inhibited.
The combined activity of multi-fatty acids showed
synergistic growth inhibition on algae.
In addition, N-phenyl-2-naphthalenamine
(PNA) also inhibited M. aeruginosa growth significantly in time- and dose-dependent. The highest
percent inhibition was 65.3%, which was observed
after 96 h of exposure to 1mg/L PNA. Qian et al.
[20]
analyzed
that
the
effects
of
N-phenyl-2-naphthylamine
on
photosynthesis-related and microcystin-related gene transcription and physiological changes of M. aeruginosa.
The results suggest that transcription of psaB,
psbD1
and
rbcL
was
inhibited
by
N-phenyl-2-naphthylamine, which blocked the

CONCLUSION
In the current work, 8 identified fatty acids
and PNA were found to be significantly active
against some harmful algae. The results suggested
that these ethyl acetate extracts from Portulacaceae
and seeds may serve as environmentally friendly
agents for controlling the growth of M. aeruginosa.
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ABSTRACT

INTRODUCTION

The aim of this study is to determine the impact
of water quality upon lipid, protein oxidation and
DNA damage in the tissue of farmed Oncorhynchus
mykiss (Walbaum, 1792) in concrete pond farms loFDWHGLQ&DQGÕU5LYHU 6WDWLRQ, .DUDFD|UHQ,5HV
ervoir (Station II), and Çatak Reservoir (Station III).
The O. mykiss muscle tissue, blood and water samples were obtained simultaneously from all stations
on February 2016. For each station, fourteen physicochemical parameters were measured in water samples and water quality levels determined by YSKYY
(Surface Water Quality Management Regulation)
were recorded. Muscle tissue malondialdehyde
(MDA), protein carbonyl (PC) levels, and grade of
DNA damage in erythrocytes using comet assay
were determined in O mykiss from three fish farms.
7KHZDWHU¶VSK\VLFDODQGFKHPLFDOSDUDPHWHUVVKRZ
that based on Turkish YSKYY, the water in all stations are categorised as class II according to the
Turkish YSKYY. However, based upon its nitrite
and total nitrogen values, Station III was found to be
less polluted than the other stations, followed by a
moderate degree of pollution for Station II, and significantly higher levels or pollution for Station I. The
MDA and protein carbonyl levels were significantly
higher in the muscle of the O. mykiss from Station I
than Station II and III (p<0.01). Fish from Station I
exhibited a significantly higher DNA damage in red
blood cells than Station II and Station III (p<0.01).
The study concluded that nitrogen species caused by
exposure to an accumulation of environmental pollutants are an important source of RNS/ROS generaWLRQZLWKLQWKHILVK¶VWLVVXH516526-mediated oxidative stress causes DNA fragmentation, lipid oxidation, and protein dysfunction, consequently negatively contributing to the quality of fish as a source
of food, and also to their welfare.

Increasing levels of environmental pollution
caused by industrial and agricultural activities are
becoming a significant problem when it comes to
food safety and the management of fisheries, representing a major threat to human health. Assessing the
impact of these pollutants via the use of biomarkers
is essential for evaluating the condition of aquatic
ecosystems. However, monitoring for the detection
of pollutants in aquatic organisms has failed to provide information on the relationship between contaminant exposure and biological effect [1]. The
presence of pollutants in aquatic ecosystems can be
detected by using physiological, histological and
molecular methods, including abnormal morphology, alteration of oxidant/antioxidant status, and alteration of biomolecular structures (DNA, proteins
and lipids) [2-5].
For the last two decades, oxidative stress and
antioxidant defences in human health and disease has
been a burning topic among researchers all over the
world. More recently, there has been an increasing
appreciation of these phenomena in fish, particularly
in the context of the pollution of freshwater and marine systems. Exposure to environmental chemicals
such as pesticides and industrial substances has been
shown to cause oxidative stress in marine and freshwater fish [6-9].
Oxidative stress can be defined as the deleterious cellular effects arising from the production of
highly reactive molecular species (primarily oxygen
and nitrogen) beyond the capacity of antioxidant defence systems to detoxify them. Reactive oxygen
species (ROSs), such as the hydroxyl radical (HO),
hydrogen peroxide (H2O2), the superoxide anion radical (O2±), ozone (O3) and singlet oxygen (1O2), and
mixed reactive nitrogen species (RNSs), such as nitric oxide (NO) and peroxynitrite (ONOOí), are oxygen- and nitrogen-based reactive molecules [10].
The severity of the oxidative stress can be influenced
by temperature [11, 12], salinity [13], and hypoxia in
aquatic ecosystem.
A considerable amount of attention has been
paid to determining the potential genotoxicity of
water pollution and gauging the effects of pollution

KEYWORDS:
Oncorhynchus mykiss, Oxidative stress, Protein carbonilation, Comet assay, Water pollution
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DNA damage in the tissue of O. mykiss as biomarkers of pollution.

upon individuals and populations; this is the main
objective of ecogenotoxicology. The impact of toxic
materials on the integrity and functioning of cellular
DNA has been investigated in many organisms under
field conditions. Spontaneous DNA damage and
damage caused by chemical and physical agents in
the environment constantly challenge the integrity of
cellular DNA. Oxidative damage to proteins and lipids can generate reactive intermediates that can
couple to DNA bases, resulting in DNA lesions, such
as altered bases, strand breaks, abasic sites,
'1$í'1$DQG'1$íSURWHLQFURVV-links [14]. Unpaired DNA lesions may block replication and transcription, potentially leading to cell death, or may
give miscoding information, generating mutations.
As a result, a number of biological consequences can
be initiated at the cellular, organ, whole-animal, and
community and population levels. Genotoxic pollution in a variety of aquatic animals has been associated with reduced growth, abnormal development,
and reduced survival of embryos, larvae and adults
[15, 16].
Karacaören Reservoir in Turkey has been contaminated by domestic effluence and industrial and
agricultural pollutants. O. mykiss is one of the most
frequently farmed fish in the Karacaören Reservoir.
It is of great commercial importance, as it is the most
common widely-consumed freshwater fish in Turkey. The purpose of this study is to determine the extent of pollution in three samples of Turkish-farmed
rainbow trout (O. mykiss) by measuring water-quality properties, lipid and protein oxidation status and

MATERIALS AND METHODS
Experimental design and sampling. Age- and
weight-matched adult male control and study groups
of O. mykiss were reared in analogous conditions in
the same commercial farm. They were fed a commercial diet, Optiline 3P (Skretting, Turkey) (41%
CP, 24% EE, 3.9% CF, 22.1% NFE), at around 1.5%
b.w. The levels of protein carbonyl and MDA in their
abdomen muscle tissue were determined. Analyses
of DNA damage were performed using the comet assay technique in the peripheral erythrocytes of the
Rainbow trout. The samples were collected from
WKUHHVWDWLRQV6WDWLRQ, dDQGÕUFRQFUHWHSRQGIDUP 
ƍƎ1±ƍƎ( 6WDWLRQ ,, .DUD
caören I Reservoir cage fDUP  ƍƎ1±
ƍƎ(DQG6WDWLRQ,,, dDWDN5HVHUYRLUFDJH
IDUP  ƍƎ1±ƍƎ( LQ )HEUXDU\
2016. A map of the sampling stations is shown in
Fig.1.
Rainbow trout muscle tissue, blood and water
samples were obtained from each station simultaneously. Captured fish were placed in plastic bags, and
anaesthetized immediately using 0.1 g/L Tricaine
methanesulfonate (MS-222) dissolved in 0.5 M NaHCO3 buffer (pH = 7.4). The criteria for anaesthesia
were deep sedation, loss of swimming action, and
partial loss of equilibrium [17].

FIGURE 1
0DSRIWKHVWDWLRQV6WDWLRQ, dDQGÕUFRQFUHWHSRQGIDUP 6WDWLRQ,, .DUDFD|UHQ,5HVHUYRLUFDJHIDUP 
and Station III (Çatak Reservoir cage farm).
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times with 1 mL of ethanol-ethylacetate (1:1, v/v) to
remove unreacted DNPH and lipid remnants. Each
washing step was followed by centrifugation at
10000 g for 10 mins at 4°C. The final pellet was dissolved in 0.5 mL of 6 M guanidine hydrochloride (in
20 mM potassium phosphate, pH = 2.3). Carbonyl
content was calculated from peak absorbance (360
nm) using a molar absorption coefficient of 22.000
M-1 cm-1. Results are expressed as nanomoles of carbonyls per milligram of protein.

After the Rainbow trout were anesthetized, blood
was sampled from the caudal vein using a 10 mL heparinised (5 IU/mL) plastic syringe and then transferred
into heparin-containing tubes. The blood was then immediately transferred to the laboratory in a cold chain
for comet assay (transfer time, 2 h). The fish were immediately killed with an overdose of MS 222 (0.5
g/L) after the blood was collected. The muscle tissues of the Rainbow trout were surgically removed
and placed on ice in plastic bags before being transSRUWHGWRWKHODERUDWRU\DQGVWRUHGDWí oC for biochemical assays. Experimental protocols were reviewed and approved by the Local Experimental Animal Ethical Committee of Süleyman Demirel University (Protocol number: 02.08.2014-14-01).

Determination of lipid peroxides as MDA.
Tissues were weighed and homogenized in 1.15 %
KCl, containing 0.05 % Triton X-100 (1:4 w/v). Tissue homogenates were then centrifuged at 1000 g for
10 mins at 4°C. Lipid peroxidation in muscle tissue
samples was determined as MDA concentration using the method described by Mihara and Uchiyama
[22]. Tetramethoxypropane was used as a standard,
and MDA levels were calculated as nanomoles per
gram of protein.

Water chemical analysis. Water samples were
taken from each of the stations on February 2016.
Samples were taken in 1-litre plastic bottles from the
points that represent water quality at its optimum
level. Water temperature, pH values, dissolved oxygen, and electrical conductivity were measured at
site. Water temperature was measured in Celsius
(°C) using a Testo 915-1 brand oxygen-meter, pH
values were measured using a WTW pH 330i brand
pH-meter, dissolved oxygen was measured in mg
O2/L using a WTW oxi 340 brand oximeter, and
electrical conductivity was measured in μS cm-1 using a WTW cond.330 brand. Other parameters were
measured according to the APHA (American Public
Health Association) [18] requirements. These parameters are shown in Table 1. Water quality levels
were determined at all of the stations according to
YSKYY [19].

Single cell gel electrophoresis (SCGE, comet)
assay. The comet assay was conducted under alkali
conditions according to the methods described by
Singh et al. [23]. All chemicals used were obtained
from life science and technology company Sigma in
St. Louis, MO, USA. 10 μL of whole fish blood was
quickly diluted with 1 ml phosphate buffered saline
(PBS; Ca++ and Mg++ free) to reach 105 cells/ml. Ten
micro litres of cell suspension was mixed with 75 μL
of 0.5% low melting point agarose (LMPA). ȝ/RI
the mixture was than layered on the slides, which
were precoated with 1% normal melting point
(NMP) agarose, immediately covered with a coverslip and then kept for 10 mins in a refrigerator to
solidify. The embedded cells were lysed in a precooled lytic solution (2.5 M NaCl, 100 mM Na2EDTA, 10 mM Tris, pH = 10, with 10% DMSO and
1% Triton X-100 added fresh) at 4°C for 75 mins,
rinsed, and then equilibrated in an alkaline electrophoresis buffer (0.3 M NaOH and 1 mM EDTA, pH
= 13). Electrophoresis was performed in an ice bath
at 25 V and 300 mA for 20 mins (1.02 V/cm), and
the slides were neutralized with 0.4 M Tris± HCl (pH
=  VWDLQHGZLWKHWKLGLXPEURPLGH ȝJPL) for
5 mins in the dark and analyzed using a fluorescence
microscope (Zeiss Axio Imager A1). The DNA contents in the head and tail were quantified using the
³&RPHWVFRUH´IURP2SHQ&RPHW

Determination of protein carbonyl content.
Tissues were weighed and homogenized in phosphate buffer (50 mM, pH=6.7) containing 1 mM
EDTA (1:4 w/v) and then centrifuged at 10000 g for
15 min at 4°C. A total protein assay was performed
using the Lowry assay [20] on all tissue homogenates, which were then diluted in homogenisation
buffer to a protein concentration of 4 mg/mL. Protein
oxidation was measured by an estimation of carbonyl
groups performed according to the method described
by Levine et al [21]. Two hundred μL of tissue homogenate supernatant containing 4 mg/mL protein
was then quickly placed in sample and control tubes.
0.8 mL of DNPH was added to the sample tube and
0.8 mL of 2.5 M HCl was added to the control tube.
The tubes were incubated in the dark at room
temperature for an hour, with vortexing every 15
mins during the incubation. The proteins were precipitated by adding 1 mL of 20% cold trichloroacetic
acid and incubated for 5 mins on ice. They were then
collected by centrifugation at 10000 g for 10 mins at
4°C. Proteins were precipitated with 1 mL of 10%
trichloroacetic acid, and the sample was left on ice
for 5 mins. They were then centrifuged at 10000 g
for 10 mins at 4°C. The pellet was washed three

Statistical analysis. Statistical analysis was
performed using the commercial software package
IBM SPSS Statistics 20.0 (IBM Corporation, Armonk, NY, USA). Data were tested for homogeneity
RIYDULDQFHXVLQJ/HYHQH¶VWHVW,IYDULDQFHZDVKR
mogenous, a two-way analysis of variance or Mann±
Whitney test was carried out for the variable and then
post hoc analysis of group differences was carried
out by the least significant difference (LSD) test. All
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and settlements that exist in the upper part of Station
I. Nevertheless, total nitrogen and nitrate nitrogen
concentrations were slightly higher in Station I
(0.410 mg/L and 1.33 mg/L respectively) than Station II (0.133 mg/L and 0.03 mg/L respectively). The
VWDWLRQ,,,KDVKLJKHVWHOHFWULFFRQGXFWLYLW\ ȝ6
cm-1) despite of lack of point pollutant sources. It is
suggested that the geological factors may be the main
reason.
The mean MDA and protein carbonyl levels of
muscle tissue samples from caught fish at the sampling stations are shown in Fig. 2. The results of this
study showed that there were statistically significant
differences between the groups in terms of muscle
MDA and protein carbonyl levels. The fish from Station III displayed significantly lower levels of muscle MDA and protein carbonyl when compared with
those from stations I and II) (p<0.001).

RESULTS
The mean weight of investigated fish was 235
g±20.78 (Sitation I), 226g±26.03 (Sitation II) and
210g±18.06 (Sitation III), which showed no statistical significance between trout weight from all three
analyzed sampling sites.
Physico-chemical parameters of water samples
from two stations are shown in Table 1. According
to water quality parameters, all stations studied were
determined to fall within quality class II. The highest
nitrate nitrogen value was measured at Station I inflow and outflow (8.99 mg/L and 5.13 mg/L, respectively). It is thought that the high level of nitrate nitrogen inflow is due to the influence of the fish farms

TABLE 1
Physio-chemical parameters of water samples from sampling stations
Physio-chemical Parameters
Temperature (oC)
pH
Dissolved oxygen (mg/ L)
(OHFWULFFRQGXFWLYLW\ ȝ6 cm-1)
Ammonium (mg/ L)
Chlorine (mg/L)
Nitrite-N (mg/L)
Nitrate-N (mg/L)
Phosphate-P (mg/L)
Sulfate (mg/L)
Carbonate (mg/L)
Bicarbonate (mg/L)
Total phosphorus (mg/L)
Total nitrogen (mg/L)
YSKYY Quality Level

Station
flow)
9.8
7.98
9.7
395
<0,06
3.95
<0.01
5.13
<0.05
8.31
36.00
298.3
<0.02
0.176
II

I

(in-

Station I (outflow)

Station II

Station III

10.02
8.2
8.9
350
<0,06
2.38
<0.01
8.99
<0.05
2.92
24.00
219.60
<0.02
2.403
II

13.2
8.2
8.3
338
0,08
6.5
<0.01
1.33
<0.05
12.55
24.00
189.10
<0.02
0.410
II

13.8
8.3
8.5
445
<0,06
3.55
<0.01
0.03
<0.05
31.47
48.00
237.90
<0.02
0.133
II

FIGURE 2
Effects of water pollution on MDA (a) and PC (b) levels in O. mykiss muscle tissue. Each bar represents
mean ± SD of eight animals per group. Statistical analysis was performed using one-way-ANOVA (LSD).
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TABLE 2
DNA damage in rainbow trout erythrocytes in different sampling groups. Data represent mean values
(±SEM) of tail length, tail DNA percent tail moment, and olive moment of the alkaline comet assay, and
refer to 100 scores/animals.
Stations
Group comparison (p value)
Comet assay
parameter
I
II
III
I vs II
I vs III
II vs III
7.65±0.49 4.42±0.37 3.12±0.18 0.000
<0.001
0.015
Tail length
<0.001
<0.001
Tail DNA percent 3.90±0.23 3.47±0.19 1.80±0.10 0.099
1.06±0.25 0.55±0.20 0.13±0.02 0.059
0.001
0.118
Tail moment
1.94±0.19 1.35±0.17 0.76±0.04 0.006
0.007
0.007
Olive moment

The results for the comet assay in peripheral
blood erythrocytes of O mykiss are shown in Table
2. Statistically significant differences in tail DNA
percent, tail length, tail moment and olive moment
were found among each sampling side (p< 0.01, LSD
test), except between sampling side I and II (p> 0.05
in tail DNA percent and tail moment parameters).

in the ecosystem. Excess nitrogenous substances entering aquatic systems due to human activities have
been contributing to the elevated nitrate and nitrite
concentrations. The presence of these substances
typically indicates the potential usage of agricultural
chemicals such as fertilizer and pesticides. Kincheloe et al. [28] recommended that a maximum nitrate
level of 2.0 mg/L would be appropriate for protecting
the most sensitive freshwater species. The nitrate nitrogen concentrations of stations I, II and III were
found to be 8.99 (outflow), 1.33 and 0.03 mg/L respectively. It was demonstrated that the water samples tested do not exceed safe levels of nitrate concentratiRQVZLWKWKHH[FHSWLRQRI6WDWLRQ,¶VRXWIORZ
sample. Nitrate levels may be elevated due to sediment nutrient accumulation in concentrate cage
farming (Station I).
Chronic exposure to pollutants alters oxidative
stress, which could also expose fish flesh to possible
oxidation of fatty acids. This can result in the production of ROSs, which, in turn, can induce severe
alterations in nucleic acid, protein and lipids [29 31]. Lipid peroxidation is a serious problem for the
food industry because it leads to the development of
undesirable off-flavours, odours, and potentially
toxic reaction products [32]. In this study, it was observed that the level of tissue MDA, a biomarker of
oxidative stress, was significantly increased in the
flesh of fish taken from stations I and II (P< 0.001)
when compared with fish taken from Station III (Fig.
2). MDA is one of the most prevalent by-products of
lipid peroxidation during oxidative stress, and its
level directly reflects the degree of contaminant-induced oxidative damage [9, 33]. The presence of
high tissue MDA levels supports the hypothesis that
there is a relationship between pollutant exposure
and MDA levels. Several other studies have demonstrated similar results, with elevated lipid peroxidation levels in fish from polluted field sites [34-38].
The covalent modification of proteins or chemical alteration of their amino acids can be induced directly by ROS or indirectly by reactions of secondary
by-products of oxidative stress [39]. Carbonylation
of proteins is a type of irreversible oxidative damage,
often leading to loss of sulfhydryl groups, enzymatic
degradation of the proteins, mostly via the 20S proteosome, and changes to the structure of amino acids,

DISCUSSION
Maintaining a clean and safe water supply for
fish farms is of prime importance. Lakes, rivers, reservoirs, marine coastal areas, etc. are receptacles for
huge amounts of waste derived directly from industry, agriculture and urban settlements, and indirectly
from the atmospheric deposition of airborne emissions. The most cases, controlling the water quality
collected from different natural sources is most difficult factor and also not under the supervision of
farmer. Therefore, choosing the most suitable water
for fish farming is an important step in ensuring a
high quality of fish as a source of food and also protecting fish welfare. Physico-chemical parameters of
water samples from three stations are shown in Table
I. As seen in Table 1, the values of these parameters
are suitable for trout production and welfare with respect to different documents [24-26].
The total nitrogen and nitrate nitrogen concentrations were high in Station II when compared to
Station III. Agricultural and urban activities are major sources of nonpoint nitrogen pollution in Karacaören Reservoir. Primary point sources of pollutants in Karacaören Reservoir are industrial discharge, municipal wastewater treatment facilities,
and fish farm wastes. However, the primary pollutants in Çatak Reservoir consist solely of fish farms.
Agricultural areas account for 28.13 percent of the
Isparta basin area [27], concentrated along the main
VWHPRIWKH ,VSDUWD(÷LUGLUDQG $NVXEDVLQVLQWKH
upper part of Karacören Reservoir. Sewage discharge and agricultural areas in Isparta province contribute pesticides, nitrogen and phosphorus to Karacaören Reservoir.
Nitrogenous substances such as nitrate (NO3í)
and nitrite (NO2í) are naturally occurring anions,
which are produced by the biological nitrogen cycle
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troxyl (HNO), nitrosonium cation (NO+), higher oxides of nitrogen, S-nitrosothiols (RSNOs), ONOO-,
dinitrosyl iron complexes, and nitrite (NO2-). Although nitrates (NO3-) are not RNSs, nitrate from dietary, endogenous or exogenous sources is reduced
to nitrite, a RNSs, by commensal bacteria in the gastrointestinal tract and on body surfaces. Once nitrite
is formed, there are numerous pathways in the body
for its further reduction to NO, involving haemoglobin, myoglobin, xanthine oxidoreductase, ascorbate,
polyphenols, and protons [57]. The NO formed also
diffuses into the tissue, where it forms nitrosating
species that react with secondary amines to form nitrosamines.

which are considered major indicators of severe oxidative damage, altering protein function and therefore impacting upon the integrity of the organism
[40-42]. Protein oxidation can be also generated via
environmental pollutant-induced oxidative stress
when exposed to it, and also during meat ageing and
cooking, which might impair tenderness, limit its
water-holding capacity, and technological properties
of raw meat [43]. In more recent years, protein carbonylation has been used as a biomarker of xenobiotic effects in fish [44, 45]. Fish tissues collected
from stations I and II showed significantly elevated
levels of protein carbonyls in the muscle of O. mykiss
compared to those from Station III (Fig. 2). Similar
variations have been observed before in fish plasma
exposed to STP (sewage treatment plant) effluence
[46], and in fish liver and kidney exposed to xenobiotics [47, 48].
A broad range of in vivo and in vitro detection
of deoxyribonucleic acid (DNA) damage at the level
of the individual eukaryotic cell has been used to assess the genotoxicity of environmental pollutants in
marine and freshwater fish. The detection of genotoxicity in aquatic systems is also the target of various scientific studies in environmental monitoring.
Single cell gel electrophoresis (SCGE) or the comet
assay is highly sensitive, reliable, relatively cheap,
and easy to perform for assessing DNA damage formation and repair at the level of the individual eukaryotic cell. In the present study, the comet assay was
utilized as a biomarker of the genotoxic potential in
the waters of Station I and II, and was found to be
effective at demonstrating that the group of O.
mykiss from the lake exhibited twice the level of
DNA damage that those found in Station III displayed. The results show that the peripheral erythrocytes of O. mykiss could be used as a bio-indicator
for testing the genotoxicity potential of environmental pollution in freshwater. Based on these results, it
appears that O. mykiss specimens sampled from fish
farms serve as an effective bioindicator for assessing
environmental pollution. They are directly exposed
to chemicals and mutagens resulting from environmental pollution that is present due to industrial and
agricultural activities and indirect contaminants that
have passed through the food chain due to feeding
using the commercial diet described above.
Several studies have reported the toxic effects
of nitrogenous compounds on various aquatic organisms, including fish, invertebrates and amphibians
[49-51]. The main toxic action of nitrate on fish occurs due to the binding of haemoglobin in their blood
to form methemoglobin. This means that fish in
high-nitrite waters may suffocate even if sufficient
oxygen is present [52-56].
Nitrite (NO2±) and nitrate (NO3±) are known
predominantly as undesired residues in the food
chain with potentially carcinogenic effects. RNSs refer to various nitrogenous products, such as NO, ni-

CONCLUSIONS
N and P are the main end-products of fish
loading, and can affect not only the rearing water, but
also the environment as a whole. Quantification of
fish waste production is required for monitoring risks
for fish quality and welfare. This is also important to
develop new approaches in integrated high density
culture systems. The primary concern is related to
the values of N and P waste of trout in different
rearing systems, and therefore the qualitative and
quantitative protein requirements in different growth
stages should be determined [58].
The changes in biomarkers of oxidative stress
in Rainbow trout were found to be associated with
higher concentrations of nitrogen pollution in this
water body. It can be concluded that nitrogen species
are an important source of RNS/ROS generation
within fish tissue. Exposure to accumulated environmental pollutants can lead to the production of large
amounts of genotoxic RNSs, including nitric oxide
(NOÂ) and the highly reactive peroxynitrite
(ONOOí). ONOOí formed by the reaction of NOÂ
and O2Âí causes DNA fragmentation, lipid oxidation,
and protein dysfunction, consequently negatively
contributing to the quality of fish as food in addition
to their welfare.
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DETERMINING LAKE METABOLISM USING DIEL
OXYGEN TECHNIQUE:
A CASE STUDY OF LAKE ABANT
Gonca Silahan Turan, Nusret Karakaya*
Department of Environmental Engineering, Faculty of Engineering and Architecture, Abant Izzet Baysal University, Bolu, Turkey

change, and land-use and ±cover changes, the ecosystem structure and function of lakes deteriorate,
thus leading to the irreversible losses of ecosystem
goods and services. Thus, long-term and high-frequency monitoring of limnological changes provides
the basis for the decision-making process towards
sustainable and adaptive management of lakes.
By the recent advances in proximal and remote
sensors, diurnal changes in lake water quality and
quantity have been facilitated, thus allowing for the
quantification and prediction of lake metabolism dynamics and its components in response to altered environmental conditions. Lake metabolism components include gross primary production (GPP), net
ecosystem production (NEP), and ecosystem respiration (R). The collection of continuous and highfrequency limnological in-situ data across the different biomes of the world has led to the emergence of
international networks such as GLEON (Global
Lake
Ecology
Observatory
Network
(https://www.gleon.org) and NETLAKE (Networking
Lake
Observatories
in
Europe
(https://www.dkit.ie/netlake).
In this study, high-frequency water quality data
were collected using a diel oxygen technique over
three years and used to model lake metabolism components of GPP, NEP, and R for the first time in a
Turkish lake (Lake Abant) on a daily and monthly
bases.

ABSTRACT
Recently, diel oxygen technique has been intensively used to estimate gross primary production
(GPP), net ecosystem production (NEP), and ecosystem respiration (R) from lakes, rivers, and lagoons.
This study (1) estimated GPP, NEP, and R of Lake
Abant using diel oxygen technique at three locations
over the period of 2012 to 2014; and (2) built empirical models to predict temporal changes in GPP,
NEP, and R. To estimate the lake metabolism components, dissolved oxygen concentration (DO, mg L1
), saturated dissolved oxygen value (O2sat, %), and
water temperature (Tw, oC) were continuously measured using in situ water quality monitoring probes,
while solar radiation (SR, W m-2) and wind speed
(WS, m s-1) were monitored using a meteorological
station set up by the lake. Lake Abant was found to
be of a net heterotrophic character (GPP/R < 1 and
NEP < 0) for 2012, 2013 and 2014. Also, temporal
GPP and R dynamics were modelled and validated
on a monthly basis.

KEYWORDS:
Lake metabolism, Gross primary productivity, Net ecosystem productivity, Ecosystem respiration, Diel oxygen
technique

INTRODUCTION
MATERIALS AND METHODS
Though occupying a small spatial extent when
compared to other ecosystems globally, lakes and
their surrounding wetlands are very rich in biodiversity and play a significant role in net ecosystem exchange (NEE) of carbon dioxide (CO2). A better understanding of net metabolism responses of lakes to
human-induced disturbances over time and space is
of pivotal significance to tailoring preventive, mitigative and adaptive management strategies and practices to such ecosystems. Unless measures are taken
against environmental pressures such as industrial
and urban wastewater and effluent discharges, water
withdrawal for agricultural irrigation, global climate

Study region description. Lake Abant is situated in the province of Bolu in the western Black Sea
region between 40°35'32" to 37'36" N latitudes and
31°14'48" to 18'34" E longitudes (Fig. 1). The lake
is located in an oval-shaped valley surrounded by the
mountain ranges of Abant and Mudurnu at an altitude of about 1350 m above sea level and fed by unGHUJURXQGZDWHUDQGVXFKPDMRUFUHHNVDV%HúSR\UD]
LQWKHZHVWDQG)ÕQGÕNOÕLQWhe east. The outlet of the
lake in the northeast called Büyüksu creek (Abant
creek) constitutes one (Bolu water) of two main
branches of Filyos creek [1].
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FIGURE 1
General information and location of the Lake Abant region.
TABLE 1
Continuous and high-frequency monitoring of water quality variables of the Lake Abant at a sampling
frequency of 15 min.
Sampling
location

Station
name

Sampling
depth (m)

Sampling
date

A1-1

2

06.06-30.11.2012
25.05-23.11.2013
24.06-30.12.2014

A1-2

6

06.06-30.11.2012
25.05-23.11.2013
24.06-24.11.2014

A2-1

2

06.06-30.11.2012
25.05-23.11.2013
24.06-24.11.2014

A2-2

6

06.06-30.11.2012
25.05-23.11.2013
24.06-24.11.2014

A3-1

2

06.06-30.11.2012
25.05-23.11.2013
24.06-24.11.2014

A1

A2

A3

7115

Variables
measured
DO, mg L-1
O2sat , %
EC, mS cm-1
6Å
Tw, oC
DO, mg L-1
O2sat , %
EC, mS cm-1
6Å
Tw, oC
DO, mg L-1
O2sat , %
EC, mS cm-1
6Å
Tw, oC
DO, mg L-1
O2sat , %
EC, mS cm-1
6Å
Tw, oC
DO, mg L-1
O2sat , %
EC, mS cm-1
6Å
Tw, oC
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measured DO < or > saturation value (O2sat), respectively.
F value was derived from the following equations [4]:
ൌ ݇ሺ െ 2ଶ௦௧ ሻȀܼ௫
(3)
ௌ ିǤହ
ିଵ
ିଵ
(4)
݇ሺK ሻ ൌ ݇ ሺK ሻൈሺ ሻ

 ൌ ͲǤͲͶൈܶ ଷ  ͵Ǥͺͳͺൈܶ ଶ െ ͳʹͲൈܶ 
ͳͺͲͲǤ
(5)
݇ ሺKିଵ ሻ ൌ ሺʹǤͲ  ͲǤʹͳ8ଵǤ
ሻȀͳͲͲ
(6)
ଵ
where O2sat (mg L-1) refers to saturation value of DO;
and Zmix (m) to mixture depth caused by wind in water column. Zmix was defined as the depth where Tw
drops by one oC by one meter [4], and its value was
estimated using temperature profiles determined on
the field campaigns. The coefficient k (m h-1) was
estimated depending on Schmidt number (Sc) and
k600 (m h-1). Sc was calculated depending on T w by
using Wanninkhof¶V equation [4]. k600 was determined as a function of wind speed at 10 m (U10),
based on the equation by Cole and Caraco [7]. U10
was estimated using the equation by Smith [4] and
wind speed data collected by the meteorological station. In the present study, A value was assumed to be
neglectable. In the estimates of GPP, NEP, and R,
the other equations used are presented in Table 2. For
the calculation of R, no photosynthesis was assumed
to occur at night (GPP = 0), and Rnight was estimated
to equal Rday as with the related literature. Based on
the hourly averages of the 15-min data from the
monitoring stations, the diurnal metabolism components were estimated.

Geological studies showed that the lake is not a
crater but a tectonic one with slightly alkaline water
[1]. The prevailing climate of the site is semi-humid
during winter with moderate water deficiency during
summer [1]. Based on the previous water quality
studies, the lake trophic status is mesotrophic, with
such major fish species as Salmo trutta abanticus,
Tontonese (1954), an endemic species, Barbus capito, Güldenstaedt (1773), and Leuciscus cephalus
/LQQDHXV  2EDOÕHWDO>@DQG.ON|\OR÷OX
et al. [3] reported that there exist 292 phytoplankton
taxa, and a total of 35 zooplankton species including
20 Rotifera, 13 Cladocera and two Copepoda species.
Diel oxygen technique. To estimate the components of lake metabolism based on diel oxygen
technique, dissolved oxygen concentration (DO, mg
L-1), dissolved oxygen saturation value (O2sat, %),
water temperature (Tw, oC), electrical conductivity
(EC, mS cm-1  DQG VDOLQLW\ 6 Å  were continuously measured in situ at 15 min-intervals using YSI
water quality monitoring probes. These measurements were made between June and December of the
years 2012, 2013 and 2014 (Table 1). The calibration
procedures specified in the manuals of the probes
were followed on each visit to the site. Solar radiation (SR, W m-2) and wind speed (WS, m s-1) data
required to compute the lake metabolism were obtained using T107 meteorological station situated by
the lake (Fig. 1).
A field campaign was conducted once in every
two weeks for data transfer from data logger of the
probe and meteorological stations. According to the
diel oxygen technique, changes in DO concentration
in a water body reflect the (im)balance of O2 exchange among photosynthetic production, respiration and atmosphere [4,5]. When compared to the
other methods such as 14C isotope technique, the diel
oxygen technique is easy and cost-effective to apply
[4, 6]. On the other hand, difficulties with the quantification of O2 exchange between air and water and
of spatial (vertical and horizontal) heterogeneity in
the fluxes of GPP, NEP, and R constitute the main
uncertainties associated with the diel oxygen technique.

Statistical data analyses. All the statistical
analyses were performed using Minitab 17 software.
Data for the period of 2012 to 2014 were subjected
to one-way analysis of variance (ANOVA) followed
E\7XNH\¶VPXOWLSOHFRPSDULVRQWHVWLQRUGHUWRGH
tect significant mean differences among mean values
of the metabolism components in terms of monitoring year, month, and station at a significance level
(p) of 0.05. Also, the best-fit multiple linear regression (MLR) models were built to predict temporal
dynamics of the lake metabolism. Goodness-of-fit
and predictive power performances of the empirical
models were evaluated using adjusted coefficient of
determination (R2adj), and coefficient of determination based on independent validation (R2iv).

Lake metabolism estimation. The following
equation was used to estimate the lake metabolism
components (GPP, NEP, and R) [4]
 ൌ  െ 
(1)
(2)
ȟ2ଶ Ȁȟ ൌ  െ  േ )$
where ǻ22ǻW mg O2 m-3 h-1) refers to change in DO
concentration over time; GPP to gross primary production (mg O2 m-3 h-1); R to ecosystem respiration
(mg O2 m-3 h-1); F to atmospheric oxygen exchange
(mg O2 m-2 h-1); and A to the other processes changing DO (e.g., vertical and horizontal advections) (mg
O2 m-3 h-1). F value becomes positive or negative if

RESULTS AND DISCUSSION
The profile measurements made to determine
Zmix of the lake showed that stratification of T w on
average started over the period of May to June and
ended over the period of October to November. The
diurnal patterns of DO concentration and pH indicated that an increase in DO and pH started at 08:00
and continued until 18:00 with all the stations. The

7116

© by PSP

Volume 26 ± No. 12/2017 pages 7114-7121

Fresenius Environmental Bulletin

CO2. Similarly, DO concentration rose with the increased daytime activity of phytoplankton, whereas
R dominated over the other fluxes at nighttime.

reason for the increased pH is the photosynthetic assimilation of CO2 by phytoplankton. This process
was reversed at nighttime during which pH decreased with the increased atmospheric release of

TABLE 2
Assumptions and equations used in estimation of lake metabolism components.
Variable

Assumption/Equation
Total hours of daylight per 24 hours where solar radiation > 40 W m-2 was assumed
to indicate daylight.
NEPhour (mg O2 m-3 h-1  ǻ22 ࡳ F/Zmix
NEPday (mg O2 m-3 day-1) = daylight average NEPhour × daytime fraction × 24
Rnight (mg O2 m-3 h-1) = ࡳ nighttime average NEPhour
Rday (mg O2 m-3 h-1) as a function of Tw, EC, and pH
R(mg O2 m-3 day-1) = Rnight + Rday
GPP (mg O2 m-3 day-1) = NEPday + Rnight
NEP (mg O2 m-3 day-1) = GPP ࡳ Rday

Daytime fraction
NEPday
R
GPP
NEP

TABLE 3
Mean monthly and annual metabolism components of Lake Abant in 2012
Station

Month

A1-1

June 2012
July 2012
August 2012
September 2012
October 2012
November 2012

Annual mean

A1-2

June 2012
July 2012
August 2012
September 2012
October 2012
November 2012

Annual mean

A2-1

June 2012
July 2012
August 2012
September 2012
October 2012
November 2012

Annual mean

A2-2

June 2012
July 2012
August 2012
September 2012
October 2012
November 2012

Annual mean

A3-1

Annual mean

June 2012
July 2012
August 2012
September 2012
October 2012
November 2012

NEP
(mmol O2 m-3 day-1)
0.72 ± 0.26
0.01 ± 2.77
-0.17 ± 2.99
-0.16 ± 1.35
-0.81 ± 1.93
-1.19 ± 2.87
-0.26 ± 0.67
2.20 ± 4.95
-0.33 ± 6.00
-0.18 ± 2.95
-0.81 ± 1.86
-1.01 ± 2.71
-1.70 ± 2.39
-0.63 ± 1.34
0.47 ± 2.71
-0.09 ± 3.40
-0.37 ± 3.28
-0.28 ± 1.81
-0.80 ± 1.16
-1.32 ± 2.39
-036. ± 0.63
-2.56 ± 10.17
0.50 ± 4.48
-0.92 ± 2.05
-2.88 ± 3.70
-2.55 ± 2.47
-1.68 ± 1.44
-0.29 ± 5.81
-0.36 ± 6.38
0.57 ± 6.55
-0.53 ± 4.29
-0.18 ± 2.39
-0.35 ± 3.66
-3.14 ± 0.61

7117

GPP
(mmol O2 m-3 day-1)
10.70 ± 0.47
9.52 ± 3.83
9.43 ± 2.66
7.33 ± 2.39
7.00 ± 1.85
6.57 ± 2.49
8.43 ± 1.68
20.47 ± 8.98
16.34 ± 9.22
8.96 ± 4.55
7.40 ± 3.45
6.19 ± 2.28
6.35 ± 2.64
10.95 ± 6.00
10.86 ± 5.09
9.43 ± 3.22
8.08 ± 3.01
7.02 ± 3.28
7.23 ± 2.18
7.45 ± 4.47
8.35 ± 1.51
25.17 ± 14.39
10.47 ± 8.75
10.46 ± 4.82
12.57 ± 3.89
11.77 ± 5.62
14.09 ± 6.26
35.01 ± 12.65
45.46 ± 18.88
28.53 ± 12.65
21.91 ± 15.12
10.15 ± 4.65
6.58 ± 2.41
24.61 ± 14.83

R
(mmol O2 m-3 day-1)
9.98 ± 0.37
9.51 ± 4.83
9.60 ± 2.38
7.49 ± 2.81
7.81 ± 2.90
7.76 ± 3.83
8.69 ± 1.12
18.27 ± 12.38
16.67 ± 11.92
9.14 ± 5.37
8.21 ± 4.01
7.20 ± 3.94
8.05 ± 3.60
11.26 ± 4.88
10.39 ± 4.72
9.34 ± 4.98
8.45 ± 5.47
7.30 ± 4.04
8.03 ± 2.49
8.77 ± 5.08
8.71 ± 1.07
27.73 ± 10.87
9.97 ± 11.05
11.38 ± 5.46
15.45 ± 4.70
14.32 ± 6.24
15.77 ± 7.04
35.30 ± 12.48
45.82 ± 20.01
27.96 ± 16.19
22.44 ± 16.57
10.33 ± 6.03
7.90 ± 4.37
24.96 ± 14.58
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The most autotrophic states of the lake occurred at A1-2 in June 2012 and at A1-1 in July 2013
and June 2014 and ranged from 2.2 + 4.95 mmol O2
m-3 day-1 in June 2012 to 0.77 + 1.93 mmol O2 m-3
day-1 in July 2013 (Tables 3 to 5). The most heterotrophic states were observed at A2-2 in June 2012
and 2013 and in October 2014 and varied between 16.15 + 17.07 mmol O2 m-3 day-1 in June 2014 and 2.56 + 10.17 mmol O2 m-3 day-1 in June 2012 (Tables
3 to 5). The mean annual NEP estimates changed
from -4.86 + 5.99 mmol O2 m-3 day-1 in 2014 to -0.1
+ 0.61 mmol O2 m-3 day-1 in 2014 and -0.1 + 1.01
mmol O2 m-3 day-1 in 2013 (Tables 3 to 5).

In 2012, mean annual GPP varied between 8.35
and 24.61 mmol O2 m-3 day-1, while R ranged from
8.69 to 24.96 mmol O2 m-3 day-1. In 2013, mean annual GPP and R ranges were 10.27 to 20.32 and
11.24 to 24.09 mmol O2 m-3 day-1, respectively. In
2014, GPP and R on average changed from 9.03 to
17.54 and from 9.90 to 19.14 mmol O2 m-3 day-1, respectively. Given these estimates, the lake appeared
to be net heterotrophic (GPP/R < 1 and NEP < 0)
over the years of 2012 to 2014. Maximum daily GPP
and R values were estimated in July 2012 and 2013
at A3-1 and in 2014 at A2-2. Minimum daily NEP
value was observed in October 2012 at A3-1, in June
2013 at A2-2 and August 2014 at A2-2.

TABLE 4
Mean monthly and annual metabolism components of Lake Abant in 2013
Station

Month

A1-1

June 2013
July 2013
August 2013
September 2013
October 2013
November 2013

Annual mean

A1-2

June 2013
July 2013
August 2013
September 2013
October 2013
November 2013

Annual mean

A2-1

June 2013
July 2013
August 2013
September 2013
October 2013
November 2013

Annual mean

A2-2

June 2013
July 2013
August 2013
September 2013
October 2013
November 2013

Annual mean

A3-1

Annual mean

June 2013
July 2013
August 2013
September 2013
October 2013
November 2013

NEP
(mmol O2 m-3 day-1)
0.20 ± 2.94
0.77 ± 1.93
-0.21 ± 1.46
0.69 ± 1.72
-0.04 ± 3.66
-2.01 ± 4.61
-0.10 ± 1.01
-6.05 ± 18.58
-4.42 ± 10.43
-2.37 ± 5.02
-0.71 ± 3.17
-1.40 ± 5.67
-4.05 ± 7.71
-3.17 ± 2.03
-1.19 ± 2.74
-0.66 ± 3.57
-1.06 ± 2.72
0.35 ± 2.57
0.09 ± 4.51
-3.32 ± 4.47
-0.97 ± 1.31
-8.38 ± 9.27
-0.05 ± 19.84
-2.02 ± 5.31
-4.60 ± 6.62
-3.77 ± 3.60
-0.62 ± 5.91
-0.17 ± 5.64
-0.73 ± 4.79
0.76 ± 3.72
0.26 ± 3.94
-5.01 ± 6.04
-0.92 ± 2.08
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GPP
(mmol O2 m-3 day-1)
14.07 ± 3.38
10.43 ± 3.38
11.23 ± 3.03
9.84 ± 3.58
11.23 ± 5.64
10.68 ± 4.13
11.25 ± 1.48
28.58 ± 21.17
23.55 ± 14.01
9.71 ± 5.50
8.38 ± 4.30
9.10 ± 6.69
14.44 ± 10.38
15.63 ± 8.51
9.26 ± 4.10
10.89 ± 3.73
10.22 ± 3.97
9.25 ± 3.82
10.05 ± 6.41
11.97 ± 7.35
10.27 ± 1.04
28.16 ± 15.70
33.50 ± 23.78
11.46 ± 6.70
8.17 ± 5.15
20.32 ± 12.40
26.85 ± 13.43
32.83 ± 13.48
23.56 ± 13.16
11.93 ± 5.98
11.50 ± 5.39
9.14 ± 6.94
19.30 ± 9.76

R
(mmol O2 m-3 day-1)
13.87 ± 3.34
9.66 ± 3.37
11.44 ± 3.07
9.15 ± 3.68
11.27 ± 6.37
12.69 ± 7.10
11.35 ± 1.78
34.63 ± 26.82
27.97 ± 20.93
12.08 ± 8.18
9.09 ± 5.64
10.50 ± 6.67
18.49 ± 8.59
18.79 ± 10.42
10.45 ± 5.15
11.55 ± 5.70
11.28 ± 5.50
8.90 ± 5.10
9.96 ± 6.20
15.29 ± 8.33
11.24 ± 2.20
36.54 ± 21.04
33.55 ± 23.11
13.48 ± 7.80
12.77 ± 7.95
24.09 ± 12.72
27.47 ± 16.13
33.00 ± 16.16
24.29 ± 14.48
11.17 ± 5.52
11.24 ± 5.04
14.15 ± 11.57
20.22 ± 9.29
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TABLE 5
Mean monthly and annual metabolism components of Lake Abant in 2014
Station

Month

A1-1

June 2014
July 2014
August 2014
September 2014
October 2014
November 2014

Annual mean
June 2014
July 2014
August 2014
September 2014
October 2014
November 2014

A1-2

Annual mean
June 2014
July 2014
August 2014
September 2014
October 2014
November 2014

A2-1

Annual mean
June 2014
July 2014
August 2014
September 2014
October 2014
November 2014

A2-2

Annual mean
June 2014
July 2014
August 2014
September 2014
October 2014
November 2014

A3-1

Annual mean

NEP
(mmol O2 m-3 day-1)
0.81 ± 1.57
-0.24 ± 2.29
-0.09 ± 3.27
0.18 ± 2.80
-0.22 ± 2.03
-1.05 ± 3.06
-0.10 ± 0.61
-16.15 ± 17.07
-6.29 ± 12.91
-3.25 ± 6.12
-0.15 ± 2.26
-0.16 ± 2.66
-3.14 ± 3.96
-4.86 ± 5.99
-0.30 ± 1.69
-1.67 ± 3.36
-1.00 ± 3.66
-0.59 ± 2.29
-0.48 ± 1.60
-1.18 ± 2.80
-0.87 ± 0.51
-0.31 ± 2.75
-4.28 ± 11.94
-6.46 ± 11.43
-1.13 ± 3.89
-0.64 ± 2.19
-0.92 ± 2.77
-2.29 ± 2.50
-0.71 ± 4.30
-1.88 ± 7.83
0.90 ± 7.43
-1.15 ± 5.72
0.69 ± 3.23
-3.45 ± 6.13
-0.93 ± 1.63

GPP
(mmol O2 m-3 day-1)
7.70 ± 3.17
12.73 ± 3.92
12.94 ± 5.31
10.92 ± 4.85
8.81 ± 3.72
8.25 ± 3.26
10.23 ± 2.30
30.03 ± 21.67
25.88 ± 14.61
15.43 ± 15.90
4.36 ± 3.44
5.06 ± 2.40
4.95 ± 3.08
14.29 ± 11.44
5.54 ± 5.14
12.43 ± 6.83
15.80 ± 9.22
10.25 ± 3.99
5.32 ± 2.13
4.81 ± 3.70
9.03 ± 4.53
13.47 ± 17.69
35.03 ± 23.76
16.92 ± 14.06
4.68 ± 2.55
4.26 ± 3.30
4.86 ± 2.24
13.20 ± 11.94
23.07 ± 13.47
28.70 ± 17.53
22.99 ± 14.23
13.35 ± 11.37
10.04 ± 6.99
7.10 ± 5.52
17.54 ± 8.57

R
(mmol O2 m-3 day-1)
6.89 ± 4.12
12.97 ± 4.27
13.03 ± 5.95
10.74 ± 6.97
9.03 ± 3.90
9.30 ± 4.97
10.33 ± 2.41
46.18 ± 36.47
32.17 ± 22.42
18.68 ± 17.05
4.51 ± 3.96
5.22 ± 3.58
8.09 ± 6.16
19.14 ± 16.92
5.84 ± 5.20
14.10 ± 8.09
16.80 ± 10.01
10.84 ± 4.99
5.80 ± 2.75
5.99 ± 4.41
9.90 ± 4.79
13.78 ± 14.95
39.31 ± 30.96
23.38 ± 18.62
5.81 ± 3.72
4.90 ± 4.41
5.78 ± 3.14
15.49 ± 13.66
23.77 ± 14.96
30.58 ± 19.01
22.09 ± 13.82
14.50 ± 13.34
9.35 ± 6.81
10.55 ± 5.76
18.47 ± 8.36

TABLE 6
Best-fit multiple linear regression models for monthly mean metabolism components of Lake Abant
over the entire period of 2012 to 2014 (n = 6; p < 0.05).
Model
GPP
R

Term
Intercept
Month
Intercept
Month

Coefficient
30.97
-2.452
32.08
-2.697

SE
4.90
0.565
5.65
0.652

T-Value
6.32
-4.34
5.68
-4.14

VIF
1
1

R2adj (%)

R2iv (%)

78.11

94.25

76.32

94.27

in 2012 when compared to the other years (p < 0.05)
(Tables 3 to 5). Mean monthly GPP and R did not
significantly differ between June and July, and October and November but between August and the
other months (p < 0.05) (Tables 3 to 5). Mean NEP
differed significantly between September to October

In terms of mean annual GPP in 2012, stations
A1-1 and A2-1 differed significantly (p < 0.05) (Tables 3 to 5). Significant mean annual R differences
were detected between stations A1-2 and A2-2 in
2012 and 2013 (p < 0.05) (Tables 3 to 5). There was
a significant difference in mean annual NEP at A1-2
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June 2014 included only one week of data, they were
not incorporated in the validation data.
The best-fit MLR model of temporal dynamics
of GPP and R obtained in the present study had R2adj
values of 78.11% and 76.32%, respectively. The independent validation of the models led to R2iv values
of 94.25 for GPP and 94.27% for R. When the June
2014 data omitted were added to the validation data,
these values declined to 48% for GPP and to 59% for
R. In comparison to those in related literature, the
R2adj values of the best-fit MLR models in the present
study were high for the lake metabolism components.

and November (p < 0.05). A significant difference
occurred between A3-1 and the other stations in
terms of mean annual GPP and R (p < 0.05). Mean
annual NEP of stations A1-1, A2-1 and A3-1 was
significantly different from that of A1-2 and A2-1 (p
< 0.05). The higher mean annual GPP and R estimates of the shore station A3-1 are consistent with
other previous findings in related literature [6, 8] and
can be attributed to this land and water interface rich
in water plants and benthic activity.
Considering the mean annual lake metabolism
components, estimates from the data of the 6-m deep
stations (A1-2 and A2-2) were higher that from that
of the 2-m deep stations (A1-1 and A2-1). In close
agreement with findings here, Van de Bogert et. al.
[9] reported depth dependence of the lake metabolism components for Lakes Sparkling and Peter.
Also, Coloso et. al. [10] obtained similar results for
Lake Crampton. Depth-related changes in biological
and physical processes are believed to be the driving
force behind the different metabolism estimates between the two depths found in the present study.
Also, in lakes with low turbidity, and thus, high secchi depth, high NEP was reported in the layer below
the mixture depth where sunlight penetrates into
[10].
The present study quantified spatiotemporal
dynamics of the lake metabolism components based
on the diel oxygen technique with the assumption
that Rday and Rnight were equal. As was stated by
Staehr et al. [4], this assumption may lead to underestimation of Rday and GPP. Similarly, Karakaya
[11] modelled Rnight and Rday RI/DNH<HQLoD÷DXVLQJ
the predictors of water temperature, pH, and EC and
found higher mean GPP values when Rnight and Rday
were not assumed to be equal.
There exist a limited number of empirical models for the lake metabolism components. For example, Staehr et al. [12] developed regression models
of GPP, R, and NEP with R2adj values of 57%, 63%,
and 38%, respectively, by taking into account physical parameters (lake area, average depth, and average forest canopy in basin), and biological and
chemical properties (Chl-a concentration, dissolved
organic carbon, and water temperature). Similarly,
Coloso et al. [13] built separate regression models
for Lakes Peter and Paul (USA) as a function of wind
speed, water temperature, and Chl-a concentration.
Coloso et al. [13] found R2adj values of 30%, 43%,
and 34% and 32%, 55%, and 22% in 2008 and 43%,
55%, and 51% and 22%, 54%, and 12% in 2009 for
the GPP, R and NEP components of Lakes Peter and
Paul, respectively.
In the present study, the MLR models were
best-fitted to monthly GPP and R data on a monthly
basis (Table 6). The data collected in 2012 and 2013
were used in the model parameterization, while the
2014 data were used in the independent validation of
the best-fit MLR models. Since the data belonging to

CONCLUSIONS
The present study quantified and validated spatiotemporal dynamics of the lake metabolism components over the three sampling points and the three
years using high-frequency proximal data. Given the
mean annual NEP estimates, the lake acted as a heterotrophic ecosystem over the entire period with the
NEP range of -4.86 mmol O2 m-3 day-1 in 2014 to 0.1 mmol O2 m-3 day-1 in 2013 and 2014. Uncertainties in the lake metabolism estimates in the present
study are associated mostly with the assumptions
adopted and the sensors used. For example, the presence of negative GPP and R values in the calculations points to the need for denoising techniques
prior to processing of high-frequency data such as
wavelet filtering. The omission of A in the calculations in the present study could also contribute to this
issue. In the future, not only integration of proximal
high-frequency data and remotely sensed hyperspectral data but also impacts of uncertainties and extreme events on the lake metabolism components remain to be explored in order for decision-makers and
public to be better informed about state of lake ecosystems and their sustainable management strategies.
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petroleum hydrocarbon is a major menace to terrestrial and marine ecosystem due to they can severely
damage the surrounding ecosystem, arising either
accidentally or operationally [3-4-5]. Owing to their
toxic, carcinogenic, and mutagenic properties, a
large number of petroleum hydrocarbons have been
recognized as the first class of primary contaminants
in natural phases such as water, soil and sediment
[6]. Therefore, it is essential to control the release of
contaminants including petroleum and its by-products in the environment [7-8].
Considering the ongoing pollution and toxicity
of oil hydrocarbons, it is proposed that the development of effective chemical, physical, as well as biological techniques for dealing with oil pollutant [9].
A variety of restoration techniques have been employed to remove hydrocarbon contaminants in the
past few decades [10]. Physical and chemical methods such as chlorination, incineration, solidification
and stabilization, ozonation, and combustion are always expensive. Moreover, the disadvantages of the
above-mentioned approach are the elaborate equipments and secondary pollution produced during the
processing [11]. Biological treatment of organic pollutants has received an increasing attention for a
number of advantages, such as relatively economic,
versatile alternative, high efficiency, low cost, and
low adverse impact to the surrounding environment
[12]. Accordingly, biodegradation by natural microbial populations is considered as the most basic and
reliable strategy to utilize biological activities for the
rapid elimination of xenobiotic pollutants, e.g., crude
oil [13]. Previous published literatures have demonstrated that a lot of microorganisms were able to consume fuel hydrocarbons as a carbon source, including enormous yeasts, bacteria, and filamentous fungi
[14]. Those hydrocarbon-degrading microorganisms, such as, Pseudomonasspec [15], Bacillus spec.
[16], Acinetobacterspec [17-18], Alcaligenesspec.,Comamonas spec. [19], Rhodococcus sp. [20],
Agrobacterium spec., Achromobacterspec. [21], and
Yarrowialipolytica [22], Candidatropicalis were
isolated and successfully used to eliminate oil pollutants. These microorganisms were mainly obtained

ABSTRACT
This study details the indigenous oil-degrading
consortia, using crude oil as sole carbon and energy
sources, which were screened out from the oily
sludge of Central-Asia arid region via a crude oil
mineral salt medium (MSM) plate tests. The enriched consortia are considered as heterotrophic alkali-tolerant microorganisms, which readily grew
under the pH 6.0-12.0. Moreover, petroleum hydrocarbon degradation in water exhibited that the decomposition rate was the highest at pH 11.0 and
reached 68.57% for the 8 d period. For the alkaline
oily sludge with pH of ~10, the selected consortia
could consume 60% of petroleum hydrocarbon in 7
days of aerobic cultivation, indicating that it had the
potential practical application in remediation of
crude oil-contaminated saline-alkaline soil and
sludge. GC-MS analysis of the residual hydrocarbons showed that chain saturated alkane (C8 to C20)
was greater than 90% treated for 8 days. Based on
16S rRNA gene sequences, the consortia were identified as Porphyrobactercryptus, Staphylococcus epidermidis, and Pseudomonas aeruginosa. Overall,
the obtained oil-degrading strain presented a short
growth period, the ease of isolation and screening, as
well as the high crude oil degradation capacity and
alkali-tolerant property, which would endow it to degrade crude-oil under alkali-wastewater or sludge.

KEYWORDS:
Petroleum biodegradation, consortia screening, alkali-tolerant property, 16S rRNA

INTRODUCTION
Petroleum hydrocarbon, a complex mixture of
alkane, cycloalkanes, aromatic hydrocarbons heavy
metals, as well as oxygen-, nitrogen-, sulfur-containing compounds, is considered as a wide-spread environmental pollutant [1-2]. During the production,
transportation, storage and refinery of crude oil, the
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mm petri dish under sterile conditions [25].

from crude oil-contaminated terrestrial soils and sediments as well as marine sediments. However, the information for biodegradation of oil in the alkaliphases by indigenous strain was still limited. Moreover, litter research is based on the study of the active bacterial with alkali-tolerant property in biodegradation of petroleum hydrocarbon in oily sludge.
In the present study, oil-degrading consortia,
using crude oil as the sole carbon and energy, were
enriched from the oily sludge of Central-Asia arid
interior region, Xinjiang China. The objectives of
this study are (i) to reveal the predominant taxa of
the microbial communities with alkali-tolerant property for engagement in oil degradation, (ii) to estimate their oil-degrading potential in laboratory, and
test the biodegradation capacity of crude oil in alkaliphases, and (ii) to investigate themicrobial biodiversity and degradation potential of petroleum hydrocarbons in alkali-oily sludge.

Enrichment and separation of hydrocarbondegrading bacteria. Approximately 2.5 g oily
sludge was added into 50 mL MSM plusing 1%
crude oil in a 150 mL sterile Erlenmeyer flask. The
flasks were incubated for 7 days at 30 qC in a rotary
shaker operation at a rate of 150 r/min [26]. Then the
enriched cultures were transferred to the same fresh
medium and cultivated under the same conditions for
another 7 days. After the enrichments were repeated
twice, the culture broth was streaked out MSM crude
oil agar plates. Colonies with big and clear oil-dissolving circles were picked by the tooth pick method
and cultured at 30 qC for 3 days. The bacteria consortia were stored in stock media with glycerol at 20
qC for subsequent usage [25].
PCR amplification of 16S rDNA. Analysis of
16S rRNA was performed for the taxonomic characterization of isolated strains. Total genomic DNA extraction of bacterial strains was employed as the
CTAB miniprep protocol. The bacterial 16S rRNA
loci were amplified using the forward domain specific bacteria primer, Bac27F (50-AGAGTTT
GATCCTGGCTCAG-30) and universal reverse primer Uni1492R (50-TACGYTACCTTGTTAC
GACTT-30). The amplification reaction was performed in a total volume of 25 ȝOFRQVLVWLQJ ȝ0
each primer (1 ȝO DQG ȝOddH2O.
Amplification for 35 cycles was performed in a
PCR AnalyzerDL9700. The temperature profile for
PCR was kept at 94 qC for 5 min, 94 qC for 30 s, 54
qC for 30 s, 72 qC for 90 s, 35 cycles; and then 72 qC
for 10 min and finally stored at 4 qC.

MATERIALS AND METHODS
Samples and reagents. The oily sludge were
collected from the bottom sludge of oil separating
tank in Xinjiang Branch Company, PetroChina,
Karamay, China (Central-Asia arid region, latitude:
ƍ-N; /RQJLWXGH ƍ-E). Total petroleum
hydrocarbons (TPHs) in the oily sludge were extracted in Soxhlet extractor and determined by UV
spectrophotometry [23]. The petroleum hydrocarbons content of collected oily sludge is ~11.5% and
the pH value is ~10.2. Organic solvents and other
chemicals used in this study, such as Na2SO4, HCl,
NaOH, K2HPO4·3H2O, MgSO4·7H2O, NaCl, CaCl2,
NH4Cl, CCl4 and CH2Cl2, were of analytical grade
and obtained from Baishi Chemical Co. Ltd. Tianjin,
China. Peptone (total 1 ) and beef extract
(total 1) were purchased from Aoboxing Biotechnology Co., Ltd. Beijing, China. Agar (bacterial
JUDGH JHO VWUHQJWK  g/cm2) was purchased
from Shanghai blue quarter Technology Development Co., Ltd. The crude oil was supplied by Xinjiang Branch Company, PetroChina, Karamay,
China.

Crude-oil removal assay. One glycerol tube of
culture was inoculated in 100 mL seed media and incubated in a rotary shaker at 25 qC and agitated at
120 rpm for 24 h. Then 5 mL (5%) inoculums was
transferred into 250 mL shaking flasks with 50 mL
petroleum degrading media (MSM plus crude oil).
The 10 mL of cell suspension was collected by centrifuging at 4000 rpm for 8 min, and then washed the
precipitant twice with a 0.9% sterilized normal saline, and finally the suspended precipitant with 4ml
the sterilized normal saline. Then 4 mL inoculum
was transferred to 250 mL shaking flasks with 50 mL
petroleum degrading media (MSM plus crude oil).
After the samples were fermented on days of 3, 6,
12, 15, and 18 at 25 qC under shaking conditions
(120 rpm), then extracted at ambient temperature using 40 mL carbon tetrachloride with ultrasonic treatment 5 min for three times. The content of petroleum
hydrocarbons was determined by the optical density
of the oil extract using OIL-460. To evaluate the removal efficiency of petroleum hydrocarbons in oily
sludge, the crude oil suspensions were substituted by
the oily sludge sample, which collected from the bottom sludge of oil separating tank.

Culture media. Nutrient broth (NB) or seed
medium was composed of 10 g peptone, 5 g beef extract, and 10 g NaCl in 1 L de-ionized water. Preparation of nutrient agar plates or slants, 15.0 g L-1 agar
was added. The pH was adjusted to 7.0 using 1 N
NaOH and auto claved under 121 qC for 20 min [24].
Mineral salt medium (MSM) used in the whole study
contained 0.8 g K2HPO4, 0.4 g K2HPO4·3H2O, 0.2 g
MgSO4·7H2O, and 2 g NH4Cl, and the pH was adjusted to 7.2. Oil agar plates were prepared by the
following procedures: filter papers with the size of
about 85 mm were soaked with 2 mL Petrolether of
crude oil (10g L-1), auto claved, air-dried and then
placed on the MSM agar plate (1.5% agar) in a 90
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In order to investigate the alkali-tolerant property of the obtained consortia, the degradation of
crude oil were assessed by 50 mL petroleum degrading media with initial pH value of 3, 4, 5, 6, 7, 8, 9,
10, 11 and 12, respectively. After treating for 8 days,
fermented at 25 qC under shaking at 120 rpm, the
samples were employed to measure the oil content.

Fresenius Environmental Bulletin

TABLE 1
Closest relative of 16rRNA gene sequences of
bacteria isolated in this study.

Max score
Total score
Query
cover
E value
Ident

GC±MS analysis of Hydrocarbon. The composition of extracts was identified using a Agilent
7890A-5975C gas chromatograph incorporated with
a mass spectrometer operated on a full scan mode
(30±500 amu), where a HP-5MS capillary column
(length = 30 m; internal diameter = 250 μm; film
thickness = 0.25 μm) was employed. Helium was
used as carrier gas at a flow rate of 1.2 mL min-1 with
splitless injection at 230 qC. The oven temperature
was programmed from 50 qC (2 min hold), and then
to 300 qC (10 qC miní1, 10 min hold). Pyrolysis
gases collected from pyrolysis process were analyzed by an Agilent Technologies 7890A gas chromatograph using an HP5 column (30 m×0.25
PPîȝP +\GURJHQZDVXVHGDVWKHFDUULHUJDV
at a nominal flow rate of 1 mL min-1. The oven temperature programming was initiated from temperature 55 qC without holding time. The total run time
was 12 min. Exhaust gas of residue combustion was
analyzed using Testo Combustion Analyser (Testo
310).

Accession
Sequence
lenghth

Porphyrobactercryptus
2241
2241

2617
13017

Pseudomonas aeruginosa
2601
10393

99%

99%

99%

0
96%
NZ
KE383966.
1

0
99%

0
99%

NC 004461.1

NC
002516.2

1371

1436

1423

Staphylococcus
epidermidis

FIGURE 1
Evolution of crude oil removal rate and pH
value as functional of reaction time.

RESULTS AND DISCUSSION
PCR amplification of 16S Rrna. Three alkane-degrading bacterial Strains were isolated and
identified by classical biochemical tests, which were
performed by amplification and sequencing the 16S
rRNA gene sequencing and comparing them to the
database of known 16S rRNA sequences. The results
of identification were presented in Table 1. Based on
16S rRNA gene sequences, the consortia were identified as Porphyrobactercryptu, Staphylococcus epidermidis, and Pseudomonas aeruginosa with ID
value of 96 %, 99 %, and 99 %, respectively. Gene
bank ID of those strains in NCBI is NZ KE383966.1,
NC 004461.1, and NC 002516.2, respectively.

FIGURE 2
Effects of alkali-tolerant property on the
degradation of crude oil by the consortia.

Crude oil removal by the consortia. The degradation capacity of petroleum hydrocarbons by isolated consortia was evaluated in water with 1% of
crude oil for 18 days. As shown in Fig. 1, the degradation rate significantly increased with the reaction
time during the period of 12 days, and then the degrading rate became slowly. Meanwhile, the pH
value of reaction system gradually decreased from
7.0 to 4.0. The result suggested that the pH value
could have an influence on the degradation capability of hydrocarbons by the obtained consortia. In
other words, the isolated consortia could readily consume hydrocarbons under alkali conditions.

To investigate the effect of pH on oil degradation, the reaction array was conducted under various
pH values from 3.0 to 12.0. As shown in Fig. 2,
merely 12% of crude oil was degraded when the initial pH was 3.0. With pH value increasing, the removal rate gradually increased to 55% at pH 8.0. The
optimum occured at pH~11.0, the degradation rate of
crude oil by strains was up to 68.6%, indicating that
highly strong alkaline environment was suitable for
degrading of crude oil by isolated consortia. Namely,
those microorganisms possess alkali-tolerant property. As reported previously, the electric charge and
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structure of enzyme is easily influenced by the ions
of H+ or OH- in cells, which would result in the
change of the activity and function of enzyme [27].
Therefore, during the fermentation of the strains,
there was an optimal pH value for the growth of
strains, thus enhanced the consumption of hydrocarbons via enzyme.
Degradation of hydrocarbons in oily sludge.
To evaluate the potential degradation capacity of petroleum hydrocarbons in oily sludge, the batch experiments were conducted for degradation of collected bottom sludge by isolated consortia. As presented in Fig. 3, the degradation percentage gradually increased to 75 % with the reaction time in the
15th day, and then the degrading capacity became
slowly. Meanwhile, the oil content in the alkaline
oily sludge decreased from 11.5% to 2.85%, which
was lower than the control (~3% of oil content) for
hazardous wastes in China.

Degradation percentage (%)

80

FIGURE 4
GC±MS analysis of residual crude oil in the control experiment (A), and in the flask incubated
with the consortia (B) after one week incubation
at 30 oC and 120 rpm.

60

40

TABLE 2
Degradation percentage of petroleum hydrocarbon in crude oil by the consortia.

20

0
5

10

15

20

Reaction time (d)

FIGURE 3
Evolution of degradation percentage as the
function of reaction time.
The composition of the extracted sample obtained from the degradation process by the isolated
consortia was analyzed by GC-MS and identified by
comparing with the NIST library (Fig. 4). It was
noted that the original oily sludge and extracted oil
samples had very complex compound compositions
with carbon number ranging from C6-C32. Comparing with the original oily sludge, the proportion of
C6-C16 was dramatically reduced in extracted hydrocarbons after biodegrading. Table 2 listed the hydrocarbon fraction distributions of extracted oil sample as well as the extraction of original oily sludge
sample for comparison. Hydrocarbon fractions of
C18-C32, such as 3-Octadecene, Z-5-Nonadecene,
hentriacontanein the extracted oil were decreased to
some extent compared to those compounds in the
original sludge. While some hydrocarbons, such as
heptane, octane, nonane, and decane were totally disappeared during the process of biodegradation.

Types

Items

C6
C6
C7
C8
C8
C9
C10
C12
C13
C14
C15
C16
C18

Cyclohexane
Benzene
Heptane
Octane
Ethylbenzene
Nonane
Decane
Dodecane
Tridecane
4-Tetradecene
Pentadecane
Hexadecane
3-Octadecene
Z-5-Nonadecene
Eicosane
Hentriacontane

C19
C20
C31

Degradation
(%)
80.2
80
100
100
81
100
100
96.8
80.9
79.5
85.7
81.8
68.3

rate

37.1
95.73
77.2

The result indicated that the saturated alkane
chain had a preference for biodegradation. However,
the degrading rate of olefin and cyclic hydrocarbon
was inferior to 90%. Meanwhile, the degrading rate
of the saturated alkane chain decreased with the increasing of chain length. The results suggested that
the isolated consortia had a better degradation rate
for saturated n-alkanes than olefin or cyclic hydrocarbon, which was caused by the structure of olefin
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DQGFKDUDFWHUL]DWLRQRIDONDQHGHJUDGLQJEDFWH
ULDIURPSHWUROHXPUHVHUYRLUZDVWHZDWHULQ,UDQ
.HUPDQ DQG 7HKUDQ SURYHQDQFHV  0DU 3ROO
%XOO  
[6] &HUTXHLUD96 +ROOHQEDFK (% 0DERQL )
9DLQVWHLQ0+&DPDUJR)$23HUDOED0
GR &5 %HQWR )0   %LRGHJUDGDWLRQ
SRWHQWLDO RI RLO\ VOXGJH E\ SXUH DQG PL[HG
EDFWHULDOFXOWXUHV%LRUHVRXU7HFKQRO  

[7] /HH&+6KLH-/7VDL&</L<&KDQJ
&<  3UHSDUDWLRQDQGFKDUDFWULVWLFVRI1
DQG6GRSHG7L2ZLWKVHQVLWL]HGG\HRIHRVLQ<
IRUSKRWRFDWDO\VLVDSSOLFDWLRQ  
[8] %H]]D)$&KLUZD(01  3URGXFWLRQ
DQGDSSOLFDWLRQVRIOLSRSHSWLGHELRVXUIDFWDQWIRU
ELRUHPHGLDWLRQ DQG RLO UHFRYHU\ E\ %DFLOOXV
VXEWLOLV&1%LRFKHP(QJ-
[9] $EHG 500$O6DEDKL -$O0DTUDVKL )
$O+DEVL$$O+LQDL0  &KDUDFWHUL]D
WLRQRIK\GURFDUERQGHJUDGLQJEDFWHULDLVRODWHG
IURPRLOFRQWDPLQDWHGVHGLPHQWVLQWKH6XOWDQ
DWHRI2PDQDQGHYDOXDWLRQRIELRDXJPHQWDWLRQ
DQG ELRVWLPXODWLRQ DSSURDFKHV LQ PLFURFRVP
H[SHULPHQWV,QW%LRGHWHU%LRGHJUDG
[10] 'HQJ0&/L-/LDQJ)5<L0;X;
0<XDQ -33HQJ -:X&):DQJ -+
 ,VRODWLRQDQGFKDUDFWHUL]DWLRQRIDQRYHO
K\GURFDUERQGHJUDGLQJ EDFWHULXP $FKURPR
EDFWHU VS += IURP WKH FUXGH RLOFRQWDPL
QDWHGVHDZDWHUDWWKH'D\D%D\VRXWKHUQ&KLQD
0DU3ROO%XOO  
[11] 0UD\\DQ % %DWWLNKL 01   %LR
GHJUDGDWLRQ RI WRWDO RUJDQLF FDUERQV 72&  LQ
-RUGDQLDQ SHWUROHXP VOXGJH - +D]DUG 0DWHU
  
[12] =KDQJ ;6 ;X '- =KX &< /XQGDD7
6FKHUU.(  ,VRODWLRQDQGLGHQWLILFDWLRQ
RIELRVXUIDFWDQWSURGXFLQJDQGFUXGHRLOGHJUDG
LQJ 3VHXGRPRQDV DHUXJLQRVD VWUDLQV &KHP
(QJ-
[13] &DSSHOOR6&DUXVR*=DPSLQR'0RQWL
FHOOL /6 0DLPRQH * 'HQDUR 57ULSRGR
%7URXVVHOOLHU0<DNLPRY0*LXOLDQR/
  0LFURELDO FRPPXQLW\ G\QDPLFV GXULQJ
DVVD\VRIKDUERXURLOVSLOOELRUHPHGLDWLRQDPL
FURVFDOH VLPXODWLRQ VWXG\ - $SSO 0LFURELRO
  
[14] ,EUDKLP00˗$O7XUNL$˗$O6HZHGL'˗
$ULI ,$˗ (O*DDO\ *$   0ROHFXODU
DSSOLFDWLRQIRULGHQWLILFDWLRQRISRO\F\FOLFDUR
PDWLFK\GURFDUERQVGHJUDGLQJEDFWHULD 3$+' 
VSHFLHV LVRODWHG IURP RLO SROOXWHG VRLO LQ
'DPPDP6DXG$UDELD6DXGL-%LRO6FL  

[15] &DPHRWUD666LQJK3  %LRUHPHGLDWLRQ
RIRLOVOXGJHXVLQJFUXGHELRVXUIDFWDQWV,QW%L
RGHWHU%LRGHJUDG  
[16] 3DWHO9˗3DWHO-0DGDPZDU'  %LR
GHJUDGDWLRQ RI SKHQDQWKUHQH LQ ELRDXJPHQWHG

or cyclic hydrocarbon was more complex than saturated alkane.

CONCLUSIONS
Consortia of Porphyrobactercryptus, Staphylococcus epidermidis, and Pseudomonas aeruginosa,
which were obtained from the oily sludge of CentralAsia arid region and isolated and identified as degraders of petroleum hydrocarbons. The enriched
consortia possessed alkali-tolerant property and exhibited an outstanding hydrocarbon-degrading capacity and excellent adaptability at high pH. Therefore, these three strains could be considered as a
cost-effective and eco-friendly methods for removing hydrocarbon contaminants from alkali-sludge,
such as soil, wastewater polluted by crude oil.
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INFLUENCE OF CADMIUM ON GROWTH AND
ANTIOXIDATIVE CAPACITY OF WEIGELA FLORIDA
µRED PRINCE¶
Zhouli Liu1, Wei Chen1, Xingyuan He1,2,*, Yanqing Huang3, Yue Zhang3, Weihang Ding3
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It is considered that Cd is non-essential element to plant growth, which can result in root putrescence, leaf chlorosis, growth inhibition and
eventually plant death [13-17]. Cd can also cause a
burst of active oxygen species (AOS), which lead to
oxidative damage to plants [18]. On the other hand,
plants have evolved defense systems for protection
against AOS. Among these defense systems in plant
tissues, antioxidative enzymes play an important
role in scavenging AOS through a series of complex reactions, which include the dismutation of O2āØ
to H2O2 and O2 by superoxide dismutases (SOD),
and the detoxification of H2O2 by peroxidases
(POD) [19]. The Cd-induced changes in antioxidative enzymes have been reported in several crops,
such as rice, rape, mustard, tomato, mungbean,
maize and barley [20-26]. However, it is rarely
studied on woody ornamentals.
Weigela floridaµ5HG 3ULQFH¶ is a popular ornamental shrub in China. It possesses the characteristics of easy cultivation, extensive competitive
ability, and strong resistance to environmental
stresses. The ornamental shrub has the important
ecological and social status, which is widely used in
the greening of courtyard, hedge and road. Plant
samples are tested in Table 1. Therefore, in the present study, the growth characteristics and antioxidative capacity of Weigela floridaµ5HG 3ULQFH¶ were
studied. It will be helpful to have a better understanding of the tolerance mechanisms of plants to
Cd stress. It will also provide critical insights on
future research of ecological function evaluation of
woody ornamentals.

ABSTRACT
Cadmium (Cd) is one of the most hazardous
heavy metals, which has significant adverse biological effects to humans and other living organisms. It makes the people pay much more attention
to the toxic effects of Cd on plants and environment.
Therefore, in the present study, the growth characteristics and antioxidative capacity of Weigela floridaµ5HG3ULQFH¶ were studied. When the concentration of Cd in the medium was 0.5 and 2.5 mg/L, the
height of plant increased significantly by 7.37% and
11.69%, and with the increase of Cd concentrations,
the height of plant began to decrease significantly
compared with the control (p<0.05). It was indicated that low concentration Cd had a significant hormetic effect on the plant growth. Increased
malondialdehyde (MDA) concentrations suggested
Cd-induced oxidative damage to the plant. As the
effective defense systems, the activity of superoxide
dismutases (SOD) and peroxidases (POD) increased significantly, implicating a good tolerance
to lower concentration Cd exposure, but decrease
by exposure to higher Cd concentrations indicating
a potential damage to the plant.

KEYWORDS:
Cadmium, Growth, Antioxidative capacity, Weigela floridaµ5HG3ULQFH¶, Ornamental shrub

INTRODUCTION
Heavy metal contamination has recently become serious environmental problems [1-5]. Cd is
one of the most hazardous heavy metals, which has
significant adverse biological effects to humans and
other living organisms [6-10]. Over the past five
decades, the worldwide amount of Cd release has
reached 22,000 t (metric ton) [11, 12]. It makes the
people pay much more attention to the toxic effects
of Cd on plants and environment.

TABLE 1
Plant sample tested in the experiment.

7137

Plant species

Weigela floridaµ5HG3ULQFH¶

Common name

Red Prince Weigela

Family

Caprifoliaceae

Plant type

Deciduous shrub

Growth habit

Compact
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Aery and Rana (2003) [22] and Lonicera japonica
Thunb. by Liu et al. (2013) [31]. The phenomenon
is described as hormesis effect in toxicology, which
indicated that a toxic substance or stressor has a
stimulatory effect at low doses but a deleterious
effect at high doses [32, 33]. With the increase of
Cd concentrations in the medium, plant height began to decrease significantly compared with the
control (p<0.05). When Cd concentration got up to
the highest (25 mg/L), plant height increased by
18.04 % relative to the control. Excessive Cd levels
usually contribute to the inhibition of plant growth,
which resulted from that Cd is easily accumulated
within plant tissues and negatively interferes with
essential physiological processes [25].

MATERIALS AND METHODS
Study Site and Plant Culture. Plant samples
of Weigela floridaµ5HG3ULQFH¶ were collected from
a non-contaminated field in the Shenyang Arboretum, Chinese Academy of Sciences and propagated
in sterilized sand. After the plants were cultivated in
Hoagland solution for 5 week [27], CdCl2·2.5H2O
was added into the solution to get: 0 (CK), 0.5, 2.5,
5, 10, 25 (mg/L), respectively. The nutrient medium
was continuously aerated with an aquarium air
pump, renewed once every 3 days. The experiment
was repeated 5 times. The plants were grown in a
greenhouse at a temperature of 22 ± 2 Ԩ in 2014
and harvested 4 weeks later for analysis.
Sampling Method and Analysis. Fresh tissue
(0.1g) was homogenized in a pre-chilled mortar
under ice-cold conditions in 5.0 ml 50 mM cold
Na-phosphate buffer (pH 7.8), with 0.1 mM EDTA
and 1% (w/v) polyvinylpyrrolidone (PVP). After
centrifuging at 12,000 × g for 30 min at 4 Ԩ the
supernatant was used for further analyses.
Lipid peroxidation was estimated by the concentration of malondialdehyde (MDA), the major
trichloroacetic acid (TCA) reactive material, as
described by Heath and Packer (1968) [28]. All
enzyme activities were calculated on the basis of
fresh weight (FW). Superoxide dismutase (SOD)
activity was measured by the inhibition of nitroblue
tetrazolium (NBT) reduction [29], taking the enzyme extract that inhibites 50% of the reduction as
one unit. Peroxidase (POD) activity was measured
using guaiacol and H2O2 as substrates and the increase in the absorbance at 470 nm due to oxidation
of guaiacol was recorded [30].
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FIGURE 1
Influence of Cd on the height of Weigela
floridaµ5HG3ULQFH¶.

MDA content (nmol/g FM)

18

Statistical Analyses. All statistical analyses
were carried out with SPSS17.0. The significant
difference was set among treatments at p˘0.05 or p
˘0.01. Multiple comparisons were made by the
LSD (least significant difference) test. All data
were presented as mean ± SD.
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RESULTS AND DISCUSSION

FIGURE 2
Influence of Cd on MDA content of Weigela
floridaµ5HG3ULQFH¶.

Influence of Cd on Plant Growth. Under low
concentration Cd exposure, Weigela floridaµ5HG
3ULQFH¶ did not show obvious injury symptoms.
With the increase of Cd concentration in the medium, visible injury such as leaf chlorosis and dark
brown roots were observed. As shown in Fig.1,
when the concentration of Cd in the medium was
0.5 and 2.5 mg/L, the height of the plant increased
significantly by 7.37 and 11.69% relative to the
control, which showed an improved growth by Cd.
Similar phenomena has been reported in barley by

Influence of Cd on MDA Concentrations.
The level of lipid peroxidation products, estimated
as MDA concentrations, was shown in Fig. 2. Under low concentration Cd exposure, MDA concentrations in Weigela floridaµ5HG3ULQFH¶ had no significant changes. With the increase of Cd concentration in the medium, MDA concentrations in the
plant increased significantly compared with the
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CONCLUSIONS

control (p<0.05). When the concentration of Cd
exposure in the medium was 10 and 25 mg/L, MDA
concentrations in the plant increased by 35.79 and
58.48% relative to the control, which suggested the
plant was subjected to Cd-induced oxidative damage. This is in agreement with other study [22].

In the present study, low concentration Cd had
no obvious effect on Weigela floridaµ5HG 3ULQFH¶,
and showed significant hormesis effect on the plant
growth. It was also shown that the plant had good
tolerance to lower concentrations Cd, and the potential damage could be caused when the plants
exposed to higher concentrations Cd.
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and green spaces should be systematically planned
and developed in terms of their size, functional and
aesthetic qualities, and distribution within the framework of urban design [5].
Urban parks, which function as the most important dynamic components of urban open and
green spaces, are often described as semi-natural
outdoor areas having significant amount of vegetation, and are the last remnants of nature in urban areas in a way [1, 6]. These areas have crucial functions in terms of their ecological, social, and economical aspects; trees and shrubs in urban parks can
restore the air quality of the city and its surrounding
by absorbing gas pollution, trapping particles, and
helping to reduce the noise [7-8]. They provide a
healthier urban hydrological cycle [9]. With the help
of functions such as preventing soil erosion, absorbing rain water, regulating the microclimate, reducing
the urban heat island effect, they contribute to the
sustainability of the urban environment. Urban parks
also have recreational, social, economic, and cultural
values along with providing recreational areas, reducing work-related stress, increasing the quality
value of housing prices [6, 10, 11, 12, 13].
Urban parks serve as hot spots of landscape biodiversity and therefore, its sustainability in these areas is extremely important in terms of increasing urban biodiversity. Biodiversity is an important determinant of ecosystem process as well as ensuring the
its functioning; and it is considered high quality indicator in nature [14, 15].
Gilbert (1989) [11] indicated that in addition to
factors such as extent, shape, diversity, history, and
distribution of green spaces in a city, their separate
management and design, play a decisive role to define their functions. Malek et al. [17] state that studies, especially done after 2000s, concentrate on natural factors such as biodiversity, wildlife, vegetation
diversity and sufficiency in urban parks. In this context, the most important criteria, which shouldn't be
ignored to fulfill ecological functions of urban parks,
are natural biodiversity, structural diversity of vegetation cover and soil impermeability ratios [17].
Turkey has the richest biodiversity in its region,
with over 9000 natural vegetation and over %30 endemic plants [18]. It might be possible to ensure the
sustainability of this richness and to reach a level
closer to nature in biodiversity by using endemic

ABSTRACT
Urban parks are the areas that improve the
quality of life in urban areas and offer a significant
contribution to the urban ecosystem. The principal
factors that determine the level of contribution to the
urban ecosystem of these areas are the presence of
natural vegetation, vegetation diversity and the ratio
of impermeable surface of the areas. In this study,
ecological analysis of 23 parks in the city of Kilis has
been made at the determined criteria level. At the end
of the study, the naturalness value of Kilis city parks
were found to be high (65,09%); soil impermeability
ratio of parks is within the rage of %71,01-%9,8; and
21 parks are under the impermeability standards. In
addition, it has been found out that vegetation diversity in the parks is insufficient. Under the light of
findings, some precautions were proposed in order
to improve the ecological quality of the parks in Kilis.

KEYWORDS:
Urban park, ecological approach, Kilis

INTRODUCTION
Today, more than half the world's population
(with approximately 14% increase compared to the
previous century) live in urban areas [1]. In 2050,
this ratio is expected to reach to 70% [2]. Due to
rapid urbanization, the distance between people and
natural areas are increasing while natural ecosystems
are decreasing. To withstand this trouble, providing
sufficient condition for high-quality open and green
space in urban areas is extremely important [3]. In
addition to problems caused by rapid and unplanned
urbanization, the green spaces at hand can have different problems themselves. Sometimes the green areas can either only be assessed in terms of the presence of plants or be used beyond their actual function
since qualitative appropriateness of these areas is not
considered. Consequently, while existing green areas are abundant in quantity, their quality is quite
poor, and they are unable to meet the desired functional and aesthetic effect [4]. In order for cities to
reach to a planned and healthy environment, open
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plants on green spaces. The more natural plant species are used, the higher habitual value of that area
will be in terms of wildlife [19]. In their study to assess the nature of the vegetation in urban areas type,
Shaw et al. [20] indicated that some species are sensitive to their plant communities; and argue that
these plant communities will rapidly vanish if they
are replaced with exotic plants. In particular, protection and development of natural vegetation is emerging as the most effective method in terms of wildlife
management to be implemented in urban areas [17,
21]. Another criterion, which has a decisive importance in the ecological quality of open and green
spaces, is structural diversity of vegetation cover.
The diversity of vegetation structure is considered an
indicator of biological diversity in that area [21].
In addition, park ground impermeability ratio
and its surface water draining capacity, are among
the major factors effecting the contribution of the
parks on the urban ecosystem [22]. The ratio of covering soil surface with plants will affect soil and air
quality of the area alongside habitat value. The lower
permeability rate is, the more opportunities the area
affords to the biological activity, exchange of material and energy. High levels of impermeability of the
areas are the indicators of low ecological benefits
both to wildlife and to city [17, 21]
In this study, urban and neighborhood parks
which are the most important components of the
green areas classification of Kilis city are examined
with various ecological criteria. Within this framework, natural biodiversity, vegetation cover, structural diversity of plants used in the parks and impermeability ratio of relevant areas have been identified.
At the end of study, some measures were proposed
to maximize the level of ecological contributions of
parks to the city.

Fresenius Environmental Bulletin

MATERIALS AND METHODS
General Characteristics of the Research
Area. Kilis province where the research was conducted is in latitude 36 ° 45 ' and 37 ° 45' North and
longitude 37 ° 00 'and 36 ° 45 ' East. Kilis is located
in the east of Antakya and southern part of Gaziantep
city in Turkey. The southeast and the southern part
of the city is surrounded by Turkey-Syria border
(Figure 1).
Although there are five types of soils including
red soil, red brown earth soil, calcareous free brown
forest soil, basaltic soils and colluvial soils in the
city, the most common one is red brown earth soil.
The physical structures of those soils are clayey
loam, which are relatively poor in silicic acid, are
particularly rich in iron oxide. Together with the low
organic matter, this amount regularly reduces towards the surface [23].
Kilis is in the Mediterranean vegetation zone in
terms of the country's plant geography [24]. When
examining the average value of climate data of the
last 55 years (1950-2015), it has been identified that
mean monthly temperature is highest in July with
28,1o C and the lowest in January with 5,7 o C. Similarly, it was found that the highest temperature is in
August (45 °C), and again the lowest temperature is
in January (-12 °C). Amount of rainfall per month is
the highest in December with 85,9 kg/m², and the
lowest in July with 1,2 kg/m². Average number of
rainy days per month is the highest in January (12,8
days); the lowest in July (0,3 days) [25]. When the
population data of Kilis was examined, it was observed that central district population was 77.706 in
2007 and 93.266 in 2015 [26].

FIGURE 1
The location of the research area
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FIGURE 2
Presentation of parks made to analysis in the settlement plan

stage, available presence of plants in green spaces
were determined after the field works.

Parks in urban areas compose the main material
of this study. The study consists of data collection,
analysis-synthesis, and evaluation stages.

Analysis-Synthesis. At this stage, soil impermeability ratio was determined as a percentage by
calculating the ratio of green space amount to the total area. While assessing these rates, the criteria prepared by Anonymous 2004 were used [22]. According to these criteria, it has been determined ecologically;
6RLOLPSHUPHDELOLW\UDWH!LVQRWVXLWDEOH
!VRLOLPSHUPHDELOLW\UDWH!LVDF
ceptable
!VRLOLPSHUPHDELOLW\UDWLR!LVJRRG
6RLOLPSHUPHDELOLW\UDWHLVideal
In the next stage of the study, while gathering
data about subject areas, identified plants were examined in detail whether they are natural vegetation
cover of the region or not. Some previous research
[24-29-30-31] were utilized to determine the plant
species and natural endemic plant species. In addition, the structural diversity of vegetation cover in
the parks was identified by grouping the plants as
trees, shrubs, prehensile and groundcovers.

Data collection. In the first stage of the study,
parks in the urban areas have been determined by
transferring 1/1000 scaled city construction plan to
the relevant software. Westmacott [26] emphasized
that park sizes are in parallel with the contribution
level of parks to the urban ecology, and stated that
the size of the park to create a wildlife habitat should
be 2000 m² at the very least. Accordingly, the study
was conducted in the total 23 parks with over 2000
m² area. Distribution of these parks in the city was
mapped on Kilis city construction plan (Figure 2).
The parks with less than 2000 m2 area were not assessed.
In the second stage of data collection, permeable surfaces (areas covered with vegetation such as
grass, shrub, tree) and impermeable surfaces (areas
covered with hard materials such as asphalt, concrete, rubber, cobblestone) of the parks were determined. The surface areas in question were identified
at the end of existing projects and measurements that
were made at the relevant parks [28]. In the next
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TABLE 1
Impermeability rate of the parks
No

Park name

1
Mücahitler
2
Gazze
3
Ekrem Çetin
4
0HKPHWdXOKDR÷OX
5
$KPHW(GHR÷OX
6
9DNÕI2÷X]
7
Kartalbey
8
øVODPEH\
9
Hannan Özüberk
10
60HKPHWdDYXú
11
ùXUDKELO%+DVHQH
12
Bilal-L+DEHúL
13
.DUDWDú
14
0XUDW'D÷GHYLUHQ
15
'R÷DQ*UHú
16
<HQL%HúHYOHU
17
<HQL%HúHYOHU
18
<HQL%HúHYOHU
19
)ÕVWÕNOÕ3DUN
20
0XVWDID6DUÕEDú
21
$ODDWWLQ<DYDúFD
22
ø.DUDR÷ODQ
23
$ODDWWLQdD\FÕ
Average of Impermeability

Total area
(m²)
2283
3300
6450
2400
5500
2160
2680
6370
34000
7790
2710
3112
74205
22500
2157
4093
4218
2190
9330
2030
2350
3295
2250

Permeable
area (m²)
935
2570
2680
1600
3190
980
1119
3508
30460
4850
2130
2032
68833
20185
1200
1600
1950
854
3815
1100
992
955
1302

Evaluation. In the last stage, all findings obtained have been evaluated, and recommendations
have been proposed to maximize the ecological benefits for the urban parks of the city.

Impermeable
area (m²)
1348
730
3770
800
2310
1180
1561
2862
4540
2940
580
1080
5372
2315
957
2693
2268
1336
5515
930
1358
2340
948

Rate of impermeability
(%)
59,04
22,12
58,45
33,33
42
54,63
58,25
44,93
14,29
37,74
35,79
34,7
9,8
10,29
44,36
65,7
53,7
38,99
59,1
45,8
60,38
71,01
42,13
43,32

of the main axis, access roads connecting the usage
areas and walkways planned in the parks in addition
to these squares or gathering places were seen to be
redundant. This must be evaluated as the most important reason for a very high percentage of impermeable areas in the parks. With a different perspecWLYH SHRSOH¶V QHHG IRU JUHHQ Vpaces for visiting or
relaxing has decreased to a minimum level and
strayed from its goal. Though they do not fully meet
WKHVSHFLILFDWLRQVWKH\DUHVWLOOFRQVLGHUHG³SDUNV´
even if by name.
In the study carried out on 23 parks whose areas
cover over 2000 m², a total of 60 different species
were found. These species include: 40 trees, 15
shrubs, 2 ground covers and 3 prehensile. A total of
5510 (%85,4) plants belonging to 26 species of natural vegetation cover of Kilis city are situated in the
parks. KaraWDú3DUNKDVWKHKLJKHVWQDWXUDOQHVVUDWH
with %99,15 while an unnamed park in the neighborhood Mücahitler has the lowest rate with %0 (Table 2).
The parks in question had an average naturalness rate of %65 and this indicates that priority was
given to using native species. Another reason for this
high rate is that Kilis has a wide range of native
plants due to its location close to Amanos Mountains, one of the richest regions in Turkey in terms of
natural vegetation cover, as well as being in the Mediterranean and continental climate transition zone.

RESULTS AND DISCUSSION
Among the 23 parks whose impermeability raWLR DUH XQGHU  DQ XQQDPHG SDUN LQ øEUDKLP
.DUDR÷ODQOÕQHLJKERUKRRGKDVWKHKLJKHVWUDWLRZLWK
%71,01. The park with the lowest soil permeability
UDWHLV.DUDWDú3DUN  7KHDYHUDJHRILPSHU
meable surfaces of the parks which were analyzed in
the city is % 43,32.
Impermeable area ratios in 20 of the 23 parks
with 2000 m2 and above area in Kilis were determined to be %20 and higher, and it was concluded
WKDWWKHYDOXHIDOOVLQWRWKHFDWHJRU\RI³QRWapproSULDWH´ DFFRUGLQJ WR UHOHYDQW VWDQGDUGV ,PSHUPHD
EOH DUHD UDWLR LQ .DUDWDú 3DUN LV FRQVLGHUHG WR EH
JRRG´ZLWKRQO\DQGLPSHUYLRXVDUHDUDWLRV
RI0XUDW'D÷GHYLUHQDQG+DQQDQg]EHUNSDUNVDUH
within the range of %10 - %20, and considered to be
"acceptable " (Table 1).
It can be seen that the main axis, connection
roads, walkways and the width of the square or gathering areas around the parks are too high. The width
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TABLE 2
Naturalness rates of the parks
No

Park name

1
Mücahitler
2
Gazze
3
Ekrem Çetin
4
0HKPHWdXOKDR÷OX
5
$KPHW(GHR÷OX
6
9DNÕI2÷X]
7
Kartalbey
8
øVODPEH\
9
Hannan Özüberk
10 60HKPHWdDYXú
11 ùXUDKELO%+DVHQH
12 Bilal-L+DEHúL
13 .DUDWDú
14 0XUDW'D÷GHYLUHQ
15 'R÷DQ*UHú
16 <HQL%HúHYOHU
17 <HQL%HúHYOHU
18 <HQL%HúHYOHU
19 )ÕVWÕNOÕ3DUN
20 0XVWDID6DUÕEDú
21 $ODDWWLQ<DYDúFD
22 ø.DUDR÷ODQ
23 $ODDWWLQdD\FÕ
TOTAL

Total species
(Unit)
1
13
25
26
21
16
10
17
14
11
7
7
12
6
19
7
10
8
11
26
12
5
15
299

Natural species
(Unit)

Natural plant
(Unit)

7
14
15
13
11
6
11
10
4
5
5
9
4
9
3
7
4
5
17
7
3
9
178

63
69
326
272
241
46
149
755
47
90
25
1742
542
51
73
22
49
173
133
107
32
59
5110

Naturalness rate
(%)
0
45,65
35,94
80,49
71,77
93,05
59,74
80,54
94,04
31,33
94,74
35,21
99,15
92,65
47,22
72,27
30,98
45,37
38,27
76,43
89,17
64,00
54,13
65,09

TABLE 3
The diversity of vegetation structure in the park
No Park name
1
Mücahitler
2
Gazze
3
Ekrem Çetin
4
0HKPHWdXOKDR÷OX
5
$KPHW(GHR÷OX
6
9DNÕI2÷X]
7
Kartalbey
8
øVODPEH\
9
Hannan Özüberk
10 60HKPHWdDYXú
11 ùXUDKELO%+DVHQH
12 Bilal-L+DEHúL
13 .DUDWDú
14 0XUDW'D÷GHYLUHQ
15 'R÷DQ*UHú
16 <HQL%HúHYOHU
17 <HQL%HúHYOHU
18 <HQL%HúHYOHU3
19 )ÕVWÕNOÕ3DUN
20 0XVWDID6DUÕEDú
21 $ODDWWLQ<DYDúFD
22 ø.DUDR÷ODQ
23 $ODDWWLQdD\FÕ
TOTAL

Tree (Unit)
59
69
152
217
218
257
77
179
767
150
95
71
1697
585
93
96
25
90
257
78
98
50
109
5489

Shrub (Unit)
69
70
157
152
2
6
11
60
15
5
46
18
195
96
22
924
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Groundcover (Unit)
30
30

Prehensile (Unit)
1
9
1
11
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in question. The usage of the green plants such as
Pistacia terebinthus, Pistacia lentiscus, Cotinus coggygria, Rhus coriaria, Quercus coccifera, Cistus sp.,
Arbutus andrachne, Arbutus unedo, Laurus nobilis,
Rosmarinus officinalis, Ceratonia siliqua, Paliurus
spina-christi, Crataegus sp. which are among the
natural vegetation of the region should be increased
in green space arrangements. These plants will create a living environment for different species; thus,
urban biodiversity will increase as a high indicator
of ecological quality in an area. When examining the
vegetation structure diversity in the areas where the
study was carried out, it was detected that trees were
given a lot more place compared to shrubs, ground
covers and prehensile. Since each living species will
need different kinds and forms of vegetation for sheltering, nutrition and breeding, the diversity of vegetation structure in the area is not qualified to fulfill
all the needs of different species.
One of the biggest short comings in the green
areas is the lack of grass areas to complete the flora.
Since it faces water shortage, greenspaces in city
parks are not swarded, but barren lands [4]. However, using only sward as the coating material will
increase water and the maintenance costs. Therefore,
other options, as an alternative to sward, should be
used as ground covers in open and green spaces of
Kilis.
Permeable surface average of the parks evaluated in the study is %56.07. This rate is higher than
WKH YDOXHV GHWHUPLQHG ZLWK WKH VWXGLHV DW $\GÕQ
Parks [1], Çanakkale Public Garden [32] and
.DKUDPDQPDUDú3DUNV[33] in Turkey.

The majority of total 6454 plants detected in
the parks consists of trees. Plants used in research
area include 5489 (%85,1) trees, 924 (%14,3)
shrubs, 30 (%0,4) groundcovers and 11 (%0,2) prehensile (Table 3). It was observed that the number of
coniferous plant species used in the parks constitutes
approximately one third of the number of leafy
plants; however, the number of coniferous plants is
more than twice the number of leafy plants.
In addition, vegetation diversity consisting of
only trees and/or shrubs is dominant in most of the
parks. The only park containing at least one plant
from the species such as tree, shrub, groundcover
DQG SUHKHQVLOH LV 0HKPHW dXOKDR÷OX 3DUN :KHQ
the parks were examined in terms of their vegetation
diversity, Mehmet ÇulhDR÷OX 3DUN VHHPHG WR KDYH
XQGHUFRYHUV ZKLOH $ODHGGLQ<DYDúoD 3DUNDQG
$KPHW (GHR÷OX 3DUN KDG IHZ SUHKHQVLOH VSHFLHV
The fact that ground covers and prehensile were used
prevents one to talk about the existence of plant composition in the parks. Furthermore, no other plant
species except trees were used in 8 parks (Table 3).
In the light of these findings, it was observed
that the parks have too high impermeable area ratio;
good level of naturalness ratio; and, poor values in
terms of vegetation structure diversity. During the
restoration of the parks in question or construction of
new parks, special care should be given to keep impermeable area ratio less than %20, to use native/natural plants and to increase vegetation diversity by
forming a plant composition with trees, shrubs,
groundcovers and prehensile.
In this study, 23 parks in Kilis province have
been examined according to the criteria defined. 14
coniferous and 26 leafy trees, 15 shrubs, 2 prehensile
and 3 groundcover species were detected. The total
number of plants belonging to these species is 6454.
The natural vegetation of the region forms the %85,4
(5510) of the total number of plants; and %65 (26 including 10 coniferous, 12 leafy, 3 shrubs, 1 prehensile- of 40 species) of the species. In areas where
the research was conducted, Cupressus sempervirens, Cupressus arizonica, Pinus brutia, Pinus
pinea, Morus alba, Melia azederach, Olea europaea
can be considered among the most common natural
species.
Coniferous plant species used in those areas
where the research was conducted constitutes about
one-third of the leafy plant species. However, it was
found out that the number of coniferous plant is 2
times more than the number of leafy plants. Even if
this is a desired outcome to ensure an evergreen
place, it might cause a disadvantage in terms of creating a habitat for different species.
The fact that the average ratio of naturalness is
%65,09 in the parks is a pleasant situation. These
rates are far above the rate of %16.93 determined by
(úEDh [17] and %20 determined by Shaw et al. [20].
On the other hand, it was observed that the plants of
the same species were commonly used in the parks

CONCLUSION
Urban parks are areas that have important functions in the re-establishment of the relationship between nature and man, broken down with rapid urEDQL]DWLRQ ,Q DGGLWLRQ WR PHHWLQJ SHRSOH¶V UHFUHD
tional and educational needs of the public, these
parks support regional biodiversity by hosting the local habitats, and offer significant contributions to the
city ecosystem. To increase the level of their contribution to the urban ecosystem, these areas must be
designed according to the specific ecological criteria. In this context, impermeability levels, presence
of natural vegetation and vegetation diversity in
these areas are among the important issues to be considered.
When we examine the population movement of
.LOLVVLQFHZKHQLWZDVGHFODUHGDµSURYLQFH¶
LWKDVEHHQIRXQGWKDWFLW\¶VFHQWUDOGLVWULFWSRSXOD
tion has increased at a rate of %20 between 2007 and
2015 [26]. Increasing urbanization, the degradation
and the loss of natural vegetation, the formation of
new habitat types, changes in resource flows, reduction in net primary production trigger the changes in
natural environment such as increase in regional
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[9] Kusuluoglu, D.D., Aytac, G. (2016) Urban
Parks and Their Role on Sustainable Urban Water Cycle. Journal of Environmental Protection
and Ecology. 17(2), 621±628.
[10] Chiesura, A. (2004) The Role of Urban Parks
for The Sustainable City. Landscape and Urban
Planning. 68(1), 129±138.
[11] Uy, P., Nakagoshi, N. (2008) Application of
Land Suitability Analysis and Landscape Ecology to Urban Greenspace Planning in Hanoi,
Vietnam. Urban Forestry & Urban Greening. 7,
25±40.
[12] Neema, M., Ohgai, A. (2010) Multi-Objective
Location Modeling of Urban Parks and Open
Spaces. Environment and Urban Systems. 34,
359±376.
[13] Stewart, I.D., Oke, T.R. (2012) Local Climate
Zones for Urban Temperature Studies. Bull.
Am. Meteorol. Soc. 93(12), 1879±1900.
[14] Niemela, J. (1999) Ecology and Urban Planning. Biodiverity Conservation. 8, 119±131.
[15] Imai, H., Nakashizuka, T. (2010) Environmental Factors Affecting the Composition and Diversity of Avian Community in Mid- to Late
Breeding Season in Urban Parks and Green
Spaces. Landscape and Urban Planning. 96,
183±194.
[16] Malek, N.A., Mariapan, M., Sharrif, M.K.
(2010) Assessing the Quality of Green Open
Spaces: A Review. In: Healthy Parks Healthy
People. International Congress, 11-16 April
2010, Australia.
[17] (úEDK+(2006) Investigation of Urban Parks in
$\GÕQ7KURXJK6RPH(FRORJical Quality Criteria. Ekoloji. 58, 42-48.
[18] <ÕOPD]+, Irmak M.A. (2004) Evaluating Plant
Materials Used in Open-Green Areas in Erzurum. Ekoloji. 52, 9-16.
[19] 6DUÕEDú0.D\D=%DúDUDQ6<DPDQ%
Sabaz, M. (2007) The use of some natural plant
species from the Western Black Sea Region of
Turkey for landscape design. Fresen. Environ.
Bull. 16(2), 193-205.
[20] Shaw, W.W., Harris, L.K., Livingston, M.
(1998) Vegetative Characteristics of Urban
Land Covers in Metropolitan Tucson. Urban
Ecosystem. 2, 65-73.
[21] 'HQL]%(úEDK+%\NHUEDú(9ùLULQ8
(2008) Analysis of Vegetation Structure in Urban Land Uses: Case of The City of $\GÕQ,
Ekoloji. 17, 55-64.
[22] Anonymous (2004) Making Greener Cities: A
Practical Guide, Development of Urban Green
Spaces to Improve the Quality of Life in Cities
and Urban Regions. Research Project, Uzf Center for Environmental Research.
[23] Governorship of Kilis (2011) Environmental
Status Report of Kilis Province. Directorate of
Environment and Urbanisation, Kilis. Turkey
(In Turkish).

temperature, deterioration on air and water quality,
formation of disordered regimes and alteration of alien species rates [1]. Some of the most important
ways to prevent high-impact environmental transformation that occurs in concentrated urban environment of the growing population are to increase the
rate of green space, to use permeable materials and
to increase natural species diversity and vegetation
diversity in the city parks, described as high quality
natural indicators. Thus, the ecological benefits of
the urban parks will be fully exploited. Furthermore,
the use of natural trees and shrub species as well as
natural ground covers as alternatives to grass areas
in landscape design will reduce the use of chemical
medicines and fertilizers in these areas. Thus, the
rate of urban soil pollutants specified in relevant academic studies [34-35-36] will be reduced to a large
extent. This will positively affect soil quality in urban areas and hence, water quality.
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physical, chemical and biological properties of a
stream that determine suitability for habitation and
reproduction of stream organisms, such as fish [2].
The distribution, diversity and richness of stream
fish assemblages result from a combination of historical, evolutive and biogeographical processes in
streams, and they are affected by biotic interactions
such as competition and predation, as well as the
strong variability in this physicochemical environment [3, 4]. Stream fishes use a large diversity of
habitats to cope in their current environment, with a
variety of selective constraints such as hydrology,
canal characteristics, land use, temperature or oxygen level [5]. To understand how evolution has
shaped species to adapt with the temporal and spatial variability of their present environment a large
number of studies have been performed [6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22].
Due to its geographic location (being a boundary between the Europe and Asia continents), Turkey has a rich biodiversity of cosmopolitan (Europe
and Asia origin species), endemic and exotic freshwater fish species. In order to examine the environmental parameters that is affecting the distribution and habitat selection of fish species, we chose
the Istranca Stream as study area, which is located
at a critical point in terms of species diversity and
has different hydrological properties. Istranca
Stream runs from a low altitude, forested area
through the Istranca Mountains to the Lake Durusu
LQøVWDQEXOFLW\7KHZDWHUVKHGFRYHUVDSSUR[LPDWely 450 km2, and the area is characterised by
croplands and forestlands with a few small villages
in rural area. Nowadays, the region is confronted
with pollution originating from domestic, animal,
agriculture and forestry. But in the near future, the
basin of the stream will be threatened by urbanization and pollution, depending on many factors such
as the expansion of the city's borders, rapid population growth, and the construction of the third airport
iQøVWDQEXO Urban development is a common form
of environmental degradation that threatens stream
systems globally. Stream systems are very vulnerable to the effects of urbanization and urbanization
has a central role in major changes in hydrology,
geomorphology, water quality and living communities [23, 24]. When assessed for fish, the habitat

ABSTRACT
The aim of present study is to investigate the
impacts of environmental variables to distribution
and habitat preference of the species in an endorheic stream. For this purpose, the study was conducted in the Istranca Stream, which is draining into the
Lake Durusu in Istanbul city, from March 2012 to
June 2013, monthly. The sampling surveys were
carried out at six stations on the stream, and fish
samples were collected from the stations by electrofishing. Water samples for water quality (NO2-N,
NO3-N, SiO2, PO4-P, TP, Fe, SO4) and chlorophylla analyses were taken simultaneously with fish
sampling from the stations. At each sampling station, pH, dissolved oxygen (DO), conductivity (EC)
and water temperature were measured in situ with a
portable digital multiparametric analyzer. Water
depth, stream width, flow rate and weather temperature were also recorded in situ. To assess the
relationships between the biotic variables (fish
assemblages and chl-a) and the environmental variables, redundancy analysis (RDA) was employed to
explore possible patterns. During the study, a total
of 20 taxa belonging to 4 families were captured
from the Istranca Stream. Rhodeus amarus (Bloch,
1782) (24%), Squalius cephalus (Linnaeus, 1758)
(16%) and Gobio bulgaricus Drensky, 1926 (13%)
were determined as the most abundant fish species
in the stream. RDA analysis explained 68% of the
variation between biotic and environmental variables. Statistical analyses indicated that fish assemblages of the stream highly associated with the
environmental variables; flow rate, conductivity
and water temperature were the most influential.

KEYWORDS:
Water quality, Istranca Stream, fish assemblages, Redundancy analysis, water depth.

INTRODUCTION
Streams are complex environmental structures
and amazingly variable across space and time [1].
In general, stream habitat can be identified as the
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FIGURE 1
Study area (Istranca Stream, Lake Durusu Basin) and sampling stations.

and rarely sandy, especially in small pools.
Station 2 (St. 2; 41.31415º, 28.24893º)'DQDPDQGÕUD FUHHN is influenced by domestic and
agriculture pollution and animal waste. There are
many croplands along the bank. It is shallow and it
contains filamentous algae and submerged macrophytes in warm seasons.
Station 3 (St. 3; 41.41750º 28.13845º)-ùH\WDQ
creek is a small and shallow creek with stony (cobbles) substrate.
Station 4 (St. 4; 41.39901º 28.19366º)-%LQNÕOÕo
creek is influenced by domestic pollution and sewage discharge. The water depth varies depending on
seasons and the substrate is mostly stony (cobbles
and gravel).
Station 5 (St. 5; 41.37920º 28.29610º)Karamandere creek is the deepest station and the
substrate is mostly stony (boulders and cobbles)
with leaf detritus.
Station 6 (St. 6; 41.39946º 28.38352º)Karacaköy creek is the closest station to the lake
and is influenced by domestic pollution and sewage
discharge. The stream bed and depth vary depending on seasons and the substrate is mostly sandy
(rarely boulders and cobbles).

changes occurred by urbanization may be advantageous for some cosmopolitan and invasive species,
but they have negative effects on sensitive and
endemic species. Habitat degradations such as
physical change of stream bed, change of flow
regime, sedimentation, turbidity, toxicity increase,
dissolved oxygen deficiency, deterioration of water
quality, introduction of exotic species and change
or decrease of nutrient groups are the main factors
in decrease of species diversity, richness and abundance of fish populations [25]. Streams are dynamic
systems and fishes have evolved according to this
property of streams. Fishes use different habitats in
streams to feed, spawn and take shelter and it is
necessary to ensure the continuity of the existing
stream habitats in order to ensure the continuity of
the fishes.
The number of the studies on fish in this critical area is quite limited. Despite some literature
information regarding fishes of Lake Durusu [26,
27, 28], there is not any study about the fish fauna
and their habitat preference depending on physical,
chemical and biological properties of the Istranca
Stream (the largest freshwater drains into the lake)
and its tributaries. In the present study, we aimed to
test the relationship between distribution and abundance of fish species and their habitat preferences,
in order to determine the strategies adopted by fish
to several selected environmental variables in the
Istranca Stream (Lake Durusu BasinøVWDQEXO 

Sampling. To study the distribution and abundance of fish species and their relationships with
habitat variables, we collected the fish samples
from the sampling stations by electrofishing
(SAMUS 725MS) and investigated some physicochemical, hydrological and biological variables
from March 2012 to June 2013, monthly. Fish samples were captured from the same points of the
stations (approximately 50 m length of sampling
sections without stop nets) and then transferred to
the laboratory in cold conditions. The duration of
the fishing was recorded in situ for each sampling.
In the laboratory, the fishes were identified to species level and counted. For statistical analyses,
fishes were expressed as catch per unit effort

MATERIALS AND METHODS
Study area. The study was conducted in six
different sampling stations, from upstream to
downstream of the Istranca stream (Figure 1).
Station 1 (St. 1; 41.33098°, 28.24897°)7DúOÕJHoLWFUHHN is a very small and shallow creek,
ceases its water flow during summer months. The
substrate is mostly stony (boulders and cobbles)
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(CPUE; fish number × time-1) [29].
Water samples for nutrient analyses were taken simultaneously with fish sampling from the
stations. Nitrite (NO2-N; μg/L), nitrate (NO3-N;
mg/L), orthophosphat (PO4-P; μg/L), total phosphorus (TP; μg/L), iron (Fe; mg/L), sulphate (SO4;
mg/L) and silica (SiO2; mg/L) were detected spectrophotometrically
following
APHA-AWWA
WPCF [30] using water samples pre-filtered. For
chlorophyll-a (chl-a; μg/L) analysis 1000 mL of
water was filtered through GF/C membrane filters
and deep-frozen. Chl-a analysis was performed by
ethanol extraction method [31]. Total solids (TS;
g/L) were measured following the standard methods
[29]. At each sampling station, pH, dissolved oxygen (DO; mg/L), conductivity (EC; μSm/cm) and
water temperature (°C) were measured in situ with
a portable digital multiparametric analyzer. Water
depth (cm), stream width (m), flow rate (m/s) and
weather temperature (°C) were also recorded in
situ. Stream cross sectional depth was recorded
every 50 cm in stations, and flow rate was measured using a floating object in the middle and sides
of water column at the same points where depth and
stream width were recorded. For depth and flow
rate, the averages off all points were used to identify the sampling station.

Fresenius Environmental Bulletin

(for all stations and environmental variables) were
used in this analysis.
The redundancy analysis (RDA) was used to
assess the relationships between the biotic variables
(fish assemblages and chl-a) and the environmental
variables. In the study, two sets of explanatory
variables were built: biotic (fish and chlorophyll-a)
and abiotic (physicochemical and hydrological
factors). The abiotic matrix contained fish species
and chl-a. Four fish species (C. gibelio, L. delineatus, R. rutilus and E. lucius), that were in small
numbers, were excluded from the analysis. The
abiotic matrix contained all measured physicochemical and hydrological variables (including
nitrite, nitrate, orthophosfate, total phosphorus,
iron, sulphate, silica, TS, pH, dissolved oxygen,
conductivity, water temperature, suspended particulate matter, water depth, stream width and flow
rate). To determine the relationship between fish
and their environmental parameters, DCA (detrended correspondence analysis) was performed first.
The length of the gradient was determined in this
analysis. The result (SD<3) showed that the linear
method (RDA; redundancy analysis) was appropriate [35]. The biological data and environmental
variables in RDA were log (x+1)-transformed.
DCA and RDA analyses were performed by
"CANOCO for Windows 4.5" and the figures were
described with "CANO DRAW for Windows"
packet programs [35, 36]. To guard against interpretation of spurious axes, the statistical significance of the first and all the ordination axes was
tested by Monte Carlo permutation test (999 unrestricted permutations).
In order to approximate better to normal distributions, biotic and abiotic variables were logtransformed (log (x+1)). 6SHDUPDQ¶V FRUUHODWLRQ
analysis was used to count the matrix of correlation
coefficients between biotic variables and environmental factors completed [37], and estimated using
the SPSS 16.0 for Windows.

Statistical Analyses. To determine the diversity and evenness of fish species among the stations, Shannon-Wiener diversity (H') [32] and
Pielou's evenness (J') [33] indices were used. However, four fish species, (Carassius gibelio (Bloch,
1782), Leucaspius delineatus (Heckel, 1843), Rutilus rutilus (Linnaeus, 1758) and Esox lucius Linnaeus, 1758) were not included in the analyses, as
they are in small numbers (n<9).
Analysis of variance (one-way ANOVA) was
performed to identify differences in physicochemical, biological and hydrological parameters among
the sampling stations [34]. All monthly samples

TABLE 1
List and abundance of fish species at the sampling stations in the Istranca stream during the period
March 2012 to June 2013.
Familia
COBITIDAE
CYPRINIDAE

ESOCIDAE
GOBIIDAE

Species
Cobitis pontica Vasil'eva & Vasil'eva, 2006
Alburnoides tzanevi Chichkoff, 1933
Alburnus istanbulensis Battalgil, 1941
Barbus cyclolepis Heckel, 1839
Carassius gibelio (Bloch, 1782)
Gobio bulgaricus Drensky, 1926
Leucaspius delineatus (Heckel, 1843)
Petroleuciscus borysthenicus (Kessler, 1859)
Phoxinus strandjae Drensky, 1926
Rhodeus amarus (Bloch, 1782)
Rutilus frisii (Nordmann,1840)
Rutilus rutilus (Linnaeus, 1758)
Squalius cephalus (Linnaeus, 1758)
Vimba vimba (Linnaeus, 1758)
Esox lucius Linnaeus, 1758
Knipowitschia caucasica (Berg, 1916)
Ponticola cf. eurycephalus (Kessler, 1874)
Babka gymnotrachelus (Kessler, 1857)
Neogobius melanostomus (Pallas, 1814)
Proterorhinus semilunaris (Heckel, 1839)

7152

St.1

+
+
+
+

+

St.2

St.3

+

+
+
+

+
+
+

+

+
+
+

+
+
+

+

+
+

St.4
+
+
+
+
+
+
+
+
+
+
+
+

+
+

+

St.5
+
+
+
+

St.6
+

+
+
+
+
+
+
+
+
+

+

+
+
+
+
+

+
+

+
+
+
+
+

+
+
+
+

n
172
144
220
549
3
883
27
607
608
1598
50
9
1075
175
5
2
15
51
50
310
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sampling stations showed different values between
1.5 and 3.2, and it was detected as the highest for
St. 5 during the study period. Pielou's evenness
index (J') values varied from 0.64 to 0.89, and the
distribution of the species in St. 2 was detected as
the most homogeneous (Table 2).
Environmental (physicochemical and hydrological) variables and chl-a values of the sampling
stations over the study period are summarised in
Table 3. Regarding the stations, significant differences were detected for EC, TP, pH, NO3-N, SiO2,
water depth and stream width (p<0.05).
In RDA, eigenvalues of first two axes were
determined as 0.179 and 0.140, respectively. Biotic
and abiotic correlation of axis 1 (0.731) and axis 2
(0.735) were high. RDA analysis explained 68% of
the variation between biotic and environmental
variables. The Monte Carlo permutation test was
significant on the first axis (F-ratio= 11.144, Pvalue=0.001) and all axes (F-ratio= 2.574, Pvalue=0.001).
The RDA showed that dominant fish species
scattered apart and related to different environmental variables (Figure 2). According to results of
6SHDUPDQ¶VFRUUHODWLRQDQG5'$DQDO\VHV 7DEOH
Table 5), R. amarus (the most dominant fish species
of the stream) was negatively correlated with axis 1
(-0.0880) and flow rate, and positively correlated
with axis 2 (0.0792). The second dominant fish
species S. cephalus was positively correlated with
two axes (0.1112 and 0.3879, respectively); it was

For the statistical analyses (one-way ANOVA,
5'$DQG6SHDUPDQ¶VFRUUHODWLRQanalyses) only 12
months of data between May-2012 and April-2013
were used.
TABLE 2
Shannon-Wiener diversity (H') and Pielou's
evenness (J') indices of fish species in the
sampling stations of the Istranca Stream.
Stations
Station 1
Station 2
Station 3
Station 4
Station 5
Station 6

Number of species
5
8
10
14
18
13

H' (log 2)
1.497
2.486
2.532
2.563
3.214
2.923
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J'
0.6449
0.8857
0.7989
0.7407
0.8036
0.7899

RESULTS
During the study period, a total of 20 taxa
were captured from the Istranca Stream. Distribution of the species and their abundance in the each
station are given in Table 1. Rhodeus amarus
(Bloch, 1782) (24%), Squalius cephalus (Linnaeus,
1758) (16%) and Gobio bulgaricus Drensky, 1926
(13%) were the most abundant species among all
captured species. While P. strandjae and G. bulgaricus were the most abundant fish species for the St.
1 and St. 2, respectively, R. amarus was detected as
the most abundant fish for all the other stations
along the stream (Table 1).
Shannon±Wiener diversity index (H') of the

TABLE 3
Summary of selected environmental and biotic variables at the sampling stations in the Istranca Stream.
Environmental
bles
NO2-N (μg/L)
NO3- N (mg/L)
PO4-P (μg/L)
TP (μg/L)
Fe (mg/L)
SO4 (mg/L)
SiO2 (mg/L)
Chl-a (μg/L)
TS (g/L)
pH
DO (mg/L)
EC (μSm/cm)
Water
temp. (°C)
Depth (cm)
Width (m)
Flow rate (m/s)

varia-

St. 1
Mean±S.D.
(Min.-Max.)
1.17±2.01
(0.06 - 7.52)
0.20±0.19
(0.00 - 0.71)
10.8±17.9
(1.5 - 68.0)
25.3±30.6
(3.9 - 121.5)
0.15±0.23
(0.02 - 0.85)
27.9±23.0
(7.9 - 70.9)
5.9±2.1
(1.4 - 8.5)
1.90±3.03
(0.00 - 10.78)
0.24±0.13
(0.03 - 0.51)
8.04±0.38
(7.35 - 8.62)
6.88±2.01
(2.33 - 10.30)
473±203
(111 - 694)
11.3±5.4
(4.2 - 19.7)
18.9±8.3
(9.4 - 34.1)
2.3±0.5
(1.4 - 3.5)
0.25±0.23
(0.01- 0.61)

St. 2
Mean±S.D.
(Min.-Max.)
1.17±1.12
(0.02 - 3.64)
1.26±0.87
(0.18 - 3.61)
24.8±13.4
(10.1 - 53.5)
51.7±19.8
(26.0 - 101.2)
0.17±0.26
(0.01 - 1.09)
30.2±17.6
(10.3 - 62.8)
11.6±4.5
(3.7 - 18.0)
3.83±6.33
(0.44 - 26.50)
0.39±0.46
(0.03 - 1.92)
7.84±0.28
(7.29 - 8.24)
7.23±1.59
(4.90 - 10.04)
510±195
(129 - 714)
14.3±5.8
(5.4 - 21.9)
16.5±10.4
(5.6 - 43.1)
5.6±0.5
(4.7 - 6.7)
0.33±0.19
(0.12 - 0.90)

St. 3
Mean±S.D.
(Min.-Max.)
0.27±0.26
(0.01 - 1.03)
0.43±0.30
(0.01 - 1.05)
7.2±6.2
(0.0 - 20.8)
21.0±23.1
(2.2 - 99.3)
0.07±0.05
(0.01 - 0.17)
23.7±21.8
(3.1 - 73.8)
7.9±3.3
(1.7 - 12.1)
2.34±4.16
(0.00 - 15.98)
0.23±0.21
(0.01 - 0.75)
8,15±0.24
(7.61 - 8.51)
6.26±1.11
(4.10 - 7.89)
359±164
(134 - 572)
14.0±5.6
(6.4 - 22.2)
15.7±5.5
(7.3 - 26.2)
4.1±0.4
(3.5 - 5.0)
0.23±0.22
(0.00 - 0.71)
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St. 4
Mean±S.D.
(Min.-Max.)
0.66±0,659
(0.06 - 2.33)
0.33±0.50
(0.01 - 1.86)
26.0±37.9
(0.1 - 136.5)
45.3±51.8
(10.6 - 191.8)
0.08±0.06
(0.02 - 0.25)
20.1±14.5
(6.2 - 56.7)
7.7±3.2
(1.8 - 11.3)
2.25±2.26
(0.00 - 8.88)
0.20±0.10
(0.02 - 0.44)
8.13±0.32
(7.71 - 8.67)
6.37±2.13
(3.04 - 9.59)
362±93
(208 - 508)
14.0±6.4
(5.3 - 23.6)
34.2±13.9
(15.0 - 60.9)
12.3±1.2
(11.0 - 15.4)
0.20±0.17
(0.00 - 0.66)

St. 5
Mean±S.D.
(Min.-Max.)
0.66±1.024
(0.00 - 4.21)
0.61±1.27
(0.04 - 5.12)
23.3±15.0
(0.3 - 50.6)
39.4±18.6
(0.5 - 64.3)
0.10±0.09
(0.01 - 0.29)
25.0±20.2
(4.5 - 66.0)
6.9±2.8
(2.0 - 10.7)
1.91±2.70
(0.00 - 9.18)
0.17±0.09
(0.04 - 0.40)
8.29±0.41
(7.79 - 9.01)
7.04±1.39
(4.53 - 8.68)
314±70
(200 - 425)
14. 5±6.6
(5.9 - 24.1)
53.9±19.7
(27.5 - 89.9)
12.7±0.8
(11.2 - 14.0)
0.17±0.13
(0.00 - 0.38)

St. 6
Mean±S.D.
(Min.-Max.)
0.69±0.73
(0.02 - 2.35)
0.48±0.53
(0.00 - 1.91)
22.0±20.0
(2.8 - 74.7)
53.5±34.7
(18.1 - 153.7)
0.11±0.09
(0.01 - 0.33)
22.1±13.7
(8.1 - 49.6)
6.4±2.6
(1.8 - 9.2)
2.43±2.33
(0.00 - 7.40)
0.19±0.18
(0.04 - 0.75)
8.27±0.21
(7.89 - 8.53)
7.68±1.4
(4.80 - 10.07)
322±79
(211 - 458)
17.2±8.3
(6.3 - 30.2)
24.2±9.2
(11.0 - 45.5)
8.58±4.1
(3.0 - 16.0)
0.42±0.20
(0.05 - 0.73)
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related with axis 1 (0.6807) and PO4-P, NO3-N,
SiO2, water temperature and EC, and also negatively correlated with axis 2 (-0.4833) and water depth.

positively correlated with TP, PO4-P, water temperature and stream width, while it was negatively
correlated with SO4 and flow rate. The third dominant fish species G. bulgaricus was positively cor-

FIGURE 2
Relationship between fish species and environmental variables defined by RDA ordination.
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TABLE 4
Spearman's correlation matrix for fish species, chl-a and environmental variables in the Istranca Stream.
Bold type shows significant differences between relative conditions at 95% confidence limits.
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TABLE 5
Biotic and abiotic gradients defined in the Istranca Stream by means of RDA analysis.
Biotic variables

Axix 1

Axis 2

Chl-a
R. amarus
S. cephalus
G. bulgaricus
P. strandjae
P. borysthenicus
B. cyclolepis
P. semilunaris
A. istanbulensis
C. pontica
A. tzanevi
N. melanostomus
B. gymnotrachelus
P. cf. eurycephalus
R. frisii
L. delineatus
V. vimba

0.4426
-0.0880
0.1112
0.6807
0.5470
0.5471
0.1552
-0.2471
-0.0299
-0.0199
-0.1506
-0.1097
-0.1479
-0.1137
-0.0701
-0.1363
-0.1358

0.3800
0.0792
0.3879
-0.4833
-0.5256
-0.2598
0.1840
0.4585
0.5663
0.6446
-0.0763
0.3251
0.1776
0.1817
0.0514
0.0827
0.3760

Abiotic variables
TP
o-PO4
SiO2
Fe
NO2-N
NO3-N
SO4
DO
pH
Water temp.
Weather temp.
EC
TS
Flow rate
Depth
Width

Axix 1

Axis 2

0.2855
-0.2127
0.2117
-0.1791
0.2390
0.4382
0.2198
-0.2866
-0.0694
-0.1458
0.1542
0.7278
-0.1674
0.6849
0.1734
-0.2071

0.6219
-0.4485
-0.2828
-0.0094
0.3268
0.2736
-0.4682
-0.1383
0.3452
0.3592
0.3638
-0.6973
-0.2066
0.5494
0.1807
-0.0189







number of croplands and sewage discharge along
their banks) and S. cephalus was one of the most
abundant fish species in those stations. The observations in those stations also showed that this species, captured in high numbers from the sewage
discharge areas (especially St. 4), has a high tolerance to the water contamination. However, abundance of the species through the stream has increased with increasing width and also depth as
approach to the lake. For instance, St. 1 was a quite
small and shallow station as located in the headwaters, and during the study period only four small
specimens have preferred this station (Table 1). In
spite of that, in larger and deeper stations such as
St. 5 and St. 6, S. cephalus was captured in high
numbers (more than 200 specimens). The field
observation also showed that the large specimens of
S. cephalus preferred deeper refuges having aquatic
vegetation and roots in these stations, than small
fishes. Several investigations have shown that large
fishes generally use deeper habitats as a reaction to
predation [40, 41, 42]. According to Toham and
Teugels [43], pools with woody debris are known
to be enhance invertebrate production, which is a
major food for fishes, and these pools are important
for the protection from flow and predators.
Another dominant fish species G. bulgaricus
was positively correlated with PO4-P, NO3-N, SiO2,
water temperature and EC, and also negatively
correlated with water depth. Considering the distribution of this species according to different stations, it seems to be the most dominant fish species
in St. 2. According to the results obtained, silica,
conductivity and nitrate (which are positively correlated with the species) were also measured in the
highest concentrations for this station. However,
CPUE values of G. bulgaricus species was determined to be in a marked increase with increasing
water temperature. In addition to this, results and
also field observations showed that this species

DISCUSSION
The fish assemblages and environmental variables were related as shown by redundancy analysis
(RDA). Rhodeus amarus, which is dominant fish
species of the Istranca Stream, showed negatively
correlation with the flow rate while it has no significant correlation with the other environmental variables (Figure 2). This result can be explained by the
high tolerance of this species to the environmental
conditions. The observations and the findings in the
field also proved that this species prefers the relatively deeper places that have a slow flow rate and
root or aquatic plants as refuge area. The species
was captured from the all stations in the stream
except St. 1. It is considered that absence of R.
amarus in St. 1 is related being of the station dry in
summer months (from July to November) during
the study period. Rhodeus amarus shows a distinctive spawning relationship with freshwater mussels;
females place their eggs onto the gills of a mussel
[38], and the production of R. amarus depends on
the presence of living mussels in the environment.
Dry periods usually expose mussels; most of the
mussels burrow themselves into the wet or moist
sediment and die if water levels do not quickly
return [39]. The St. 1 was dry approximately four
months from July to November), and these conditions are thought to be negative for surviving of the
mussels which are necessary for reproduction of R.
amarus.
According to results, the second dominant fish
species of this study S. cephalus showed positively
correlation with TP, PO4-P, water temperature and
stream width. Phosphorus components in waters
increase as a result of human activity as fertilization
or sewage. During the warm seasons, TP and PO 4-P
were measured in high concentrations (TP=191.75
μg/L and PO4-P=136.50 μg/L in June-2012) especially in St. 2, St. 4 and St. 6 (these stations have a
7155
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run habitats. It is considered that, the large fish
prefers the mainly pool habitats as a result of their
limited mobility and also predation pressure by
fisheries or predators, while the small fishes are
restricted to shallower habitats [43, 52]. According
to RDA analysis (Figure 2), B. cyclolepis positively
correlated with flow rate and water temperature. As
is known, the members of genus Barbus are lithophilic species that spawn on gravel or cobble in
fast-flowing habitats [50], and the increase in the
number of B. cyclolepis in the spring months along
the riffle habitats is related to the spawning strategy
of the species.
Similar to literature concerned [44, 53, 54], A.
istanbulensis and V. vimba are potamodromous
species living in the Lake Durusu. These two species migrate to the riffle habitats in the downstream
of the Istranca Stream for spawning strategy in
spring months. However, in December and January,
only a few specimens belonging to this species
were captured from the pool habitats in St. 5. These
specimens are thought as being unable to return to
the lake and restricted in pool areas to overcome the
harsh winter condition.
Both Shannon-Wiener Diversity Index (H')
and Pielou's Evenness Index (J') has the lowest
value at St. 1 (Table 2). There were only 5 different
fish species that living in this station and P.
strandjae was represented with a high number of
specimens as different from the other species (Table 1). Phoxinus strandjae is a rheophilic species
and it generally prefers fast-flowing habitats on
gravel bottom along the shallow headwaters [44].
The most important feature of P. strandjae, being
the most dominant species of this shallow station, is
having a smaller body, which provides an advantage for its mobility compared with the other
species.
In the present study conductivity (EC), total
phosphorus (TP), pH, nitrate (NO3-N), silica (SiO2),
depth and width showed significant differences
among stations (p<0.05). Conductivity values are
affected by human-induced pollution and tend to
increase with increasing pollution [55]. Besides the
sewage inputs, due to the increase in agriculture
and livestock activities (especially in St. 2) during
the warm months, the high EC values were detected. However, pH values showed irregular variations
among months and stations, and the maximum
value was detected as 9.01 (April, 2013) in St. 5
(Table 3).
Agriculture and human activities are a major
source of phosphor and nitrogen in aquatic systems.
The total phosphorus (TP), phosphate (PO4-P) and
inorganic nitrogen (NO2-N and NO3-N) concentrations showed an increasing in summer months, due
to the increment of the anthropogenic effects in the
study area. Additionally, spatial variations were
also observed for these variables; especially TP and
PO4-P values were determined as higher in St. 2, St.

preferred the shallow and flowing headwaters,
having stony and sandy substrate. According to
Kottelat and Freyhof [44] Gobio species prefers a
wide variety of habitats in small rivers and streams,
and habitat of G. bulgaricus is stretches of streams
and rivers with moderate flow, usually sand bottom.
During the study period, significant temporal
and spatial differences were observed in physical
characteristic of the Istranca Stream. Station 6 has
shown seasonally significant changes in depth and
width (max. depth was 89.9 cm in January, 2013
and max. width was 14.0 m in March, 2012), while
St. 1 was completely dry in summer months. Besides, the flow rate has also changed seasonally and
its high values were measured in rainy seasons
(max. flow rate was 0.73 m/s in May, 2012-St. 6).
Spatially, from upstream to downstream, the channel of the stream has become deeper and wider, and
flow rate has increased. Physical habitat is a primary factor influencing the structure and composition
of stream faunal communities [45]. In the Istranca
Stream, hydrological characteristics of creeks (e.g.
width, water depth, flow rate, substrate) are affected
on the distribution and occurrence of the fish species from upstream to downstream, directly. When
the distribution of the fish species living in the
Istranca Stream was analysed, the richness of the
species has increase from upstream to downstream.
The highest value of Shannon-Wiener Diversity
Index (H) was determined at St. 5, where the highest values of the depth and width were measured in
(Table 2, Table 3). Furthermore, depending on its
different structural features named as "riffle",
"pool" and "run", St. 5 showed a higher species
diversity. Streams are recognised as patchy habitats,
and patchiness (including riffle, pool and run) plays
an important role in the habitat preference of aquatic communities and contains different species composition [46, 47, 48, 49]. When investigated habitat
preferences of fishes in St. 5, A. tzanevi, B. cyclolepis, V. vimba, A. istanbulensis and L. delineatus
seem to prefer the riffle habitats. In addition to this,
R. amarus, S. cephalus and P. borysthenicus were
captured from pool habitats, while C. pontica and
Gobiidae species (P. semilunaris, P. cf. eurycephalus, B. gymnotrachelus, N. melanostomus) have
preferred run habitats. Members of genus Alburnoides are rheophilic species, prefers oxygenated and hard substratum habitats with intermediate
depths [50, 51]. Similarly, A. tzanevi has preferred
especially riffle habitats in the Istranca Stream, and
RDA analysis (Figure 2) also showed that A. tzanevi positively correlated with dissolved oxygen.
Barbus cyclolepis has preferred especially riffle and run habitats in the all stations along the
Istranca Stream. However, this species was also
captured from the pool habitats in some stations (St.
2, St. 3 and St. 6) in small numbers. But, size distribution of the specimens preferring the pool habitats
was larger than the specimens captured in riffle and
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[14] Oakes, R.M., Gido, K.B., Falke, J.A., Olden,
J.D. and Brock, B.L. (2005). Modelling of
stream fishes in the Great Plains, USA. Ecology of Freshwater Fish. 14, 361-374.
[15] Vlach, 3'XãHN, -âYiWRUD, M. and Moravec,
P. (2005). Fish assemblage structure, habitat
and microhabitat preference of five fish species
in a small stream. Folia Zool. 54 (4), 421±431.
[16] Beyer, K., Copp, G.H. and Gozlan, R.E.
(2007). Microhabitat use and interspecific associations of introduced topmouth gudgeon

4 and St. 6 (these stations are near to villages) due
to the increase in population, sewage and agriculture. Pollutant inputs have increased in recent decades and have degraded water quality of many
rivers, lakes and coastal oceans. Especially anthropogenic inputs of nitrogen (N), phosphorus (P) and
oxygen-consuming materials to aquatic ecosystems
can change nutrient dynamics, deplete oxygen, and
change abundance and diversity of aquatic plants
and animals [56, 57]. Point and nonpoint chemical
inputs to water sources are affected on habitat
health. However, the study area includes a few
silica and aggregate processing plants and it is
thought that these activities affected the silica concentration of water, directly or indirectly. The silica
values were detected as higher in St. 2, due to the
processing plant located 1 km above this station, as
different from the other stations.
In conclusion, the fish fauna and their relationship with the environmental variables were
determined monthly in the Istranca Stream for selected six stations. The most important factors in
distribution of fishes are hydrological features
(depth, width, flow rate, distance to lake, substratum) of the stream. Results also showed that the
stream basin of the Lake Durusu was threatened
with pollution loads (e.g. sewage and domestic
discharges, agriculture pollution and animal waste).
Besides of the nonpoint nutrient pollution (atmospheric or agriculture), the sewage of the villages
inputs to the stream without controlling by municipally, and it may cause decline of water quality. It
is considered that this situation would be affective
on the presence or absence in their habitats of the
fish species, in the long view.
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ment. In particular, seawater is an appropriate monitor for the investigation of suspicious contamination
by heavy metals throughout on-time accidents as
well as the continuous inputs of heavy metals. However, seawater is an inappropriate monitor for the investigation of the historical status of marine environment. Additionally, seawater always contains low
levels of heavy metals, which could be difficult to be
directly detected unless sensitive analytical methods
are applied. On the other hand, sediment is a good
reservoir for heavy metals, which indicates integrated accumulation over a certain period and thus
provides historical records of metal input. Nevertheless, sediment is an inadequate tool for the estimation of metal bioavailability.
Aquatic organisms potentially accumulate
heavy metals; and hence, they are considered reliable indicators for heavy metal contamination [3].
However, typical species of aquatic organisms preferentially accumulate typical metals. Additionally,
typical species are not always available at all examined sites during sampling process [4-5]. In this context, the use of macroalgae for the investigation of
contamination by heavy metals in the environment is
well-established [6-9]. The potentials of macroalgae
for monitoring metals are attributed to their large distribution size, longevity, presence at contamination
sites, rapid rate of accumulation and ease of identification [10, 11]. The uptake of heavy metals by
macroalgae classes proceeds in the following descending order: Chlorophyta (green algae) > Phaeophyta (brown algae) > Rhodophyta (red algae) [12,
13].
In particular, more than 4500 green algae species have been identified in the environment [14].
Nevertheless, based on our literature survey, it has
been found that only five green algae species
(Caulerpa spp., Cladophora spp., Enteromorpha
spp., Halimeda spp. and Ulva spp.) were reported for
monitoring heavy metals [12, 15-21]. Therefore, it is
desirable to expand the number of green algae species used as monitor of heavy metals.
In the literature, Enteromorpha spp. and Cladophora spp. were used for monitoring Mn, Cu, Zn,
As, Cd and Pb in the main stream of Hanifah Valley
[16]. The stream runs through Riyadh, which is the
most density populated and industrialized city (the

ABSTRACT
Seven green algae species (Caulerpa spp.,
Cladophora spp., Dictospheria spp., Dictyosphaeria
spp., Enteromorpha spp., Halimeda spp. and Ulva
spp.) at the Sudanese Red Sea coast were examined
for the total contents of some heavy metals. Samples
were collected in triplicate along seven locations
over 100 km, which includes the two main harbors
of the Sudan (Port-Sudan and Sawakin). The levels
of heavy metal uptake by algae were in the following
descending order: 0Q!!&U§=Q!1L§&X!3E!!
Cd. Cluster analysis classified algae species, based
on heavy metal contents, into two main clusters. One
cluster included only Enteromorpha spp. while the
other cluster included the rest of the species. Enteromorpha spp., Caulerpa spp. and Cladophora spp.
recorded higher Mn uptake than other species while
Enteromorpha spp. and Halimeda spp. recorded
higher Ni uptake than other species. Suspicious
manmade contribution by heavy metals could be reported since different levels of uptake of Mn, Cr, Zn
and Cd were recorded in the similar species in some
locations. The global comparative study showed that
Ulva spp., Cladophora spp., Caulerpa spp.,
Halimeda spp. and Enteromorpha spp. have the
higher affinity to heavy metal uptake than other species.

KEYWORDS:
Biomonitroing, Chlorophyta, marine environment, heavy
metal, marine pollution

INTRODUCTION
Coastal environments have been loaded by foreign chemicals such as heavy metals, which are originated from various anthropogenic activities including urbanization, industry and shipping. Therefore,
continuous attention has been paid for studying the
situation, fate and effects of contaminants in coastal
ecosystems [1-2].
Seawater, sediment and biota are commonly
used for monitoring heavy metals in marine environ-
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of 100 km including the two main harbors in the Sudan, namely Port-Sudan and Sawakin, was examined. Five locations in Port-Sudan harbor and three
locations in Sawakin harbor were selected for sampling (Fig 1). Port-Sudan and Sawakin are the only
harbors for the import and the export of oil from/to
Sudan and South of Sudan countries. Port-Sudan is a
large (218,887 km2) and densely populated (>
520,000 residents) harbor while Sawakin is a historical harbor (over 1000 years old). In addition, the
two harbors are the largest commercial exchange
centers in the east of Sudan.

capital) in Saudi Arabia. The study reported that Enteromorpha spp. and Cladophora spp. were highly
enriched by Mn, Cu and As while other metals were
within the limits of free of contamination. The
coastal zone of Yemen, Aden Gulf was also investigated for heavy metals using three types of algae including green, brown and red [12]. Green algae recorded the highest heavy metal uptake. Moreover, the
thalluses of the green alga Ulva pp. was exploited in
the Great Bay, the Japan Sea [17]. It was reported
that metal concentrations in green algae species decreased in the following order: Fe >> Mn >> Zn >
Cu > Pb > Ni > Cd. Furthermore, the ecosystem of
the Bulgarian Black Sea coast was assessed for
heavy metals using green algae [19]. The study recorded different degrees of contamination by heavy
metals. On the other hand, a comparative study between Cladophora pp. and Enteromorpha pp. was
accomplished in the coast and the lagoon of the
Southern Baltic Sea [20]. The study reported that
both species presented similar trends of indication of
metal toxicity. This output reflects that both species
could be alternatives for monitoring heavy metals. A
seasonal study on monitoring heavy metals by green
algae in the Thermaikos Gulf, Greece was carried
out as well [18]. No significant variation in metal
concentrations was detected in the four seasons, with
the exception of Cu and Cd that recorded lower levels in winter-spring.
The only harbors of Sudan Port-Sudan and
Sawakin are located at the Red Sea. The two harbors
involve shipping, urban and industrial activities.
Collectively, those activities may make the environment of the Sudanese Red Sea coast susceptible to
contamination. However, few studies on the environment of the Sudanese Red Sea coast were carried
out [6, 22-24]. It was reported that sediment from the
Sudanese Red Sea coast had been subjected to minor
to moderate levels of anthropogenic contribution by
metals [23, 24]. Brown algae also showed that some
locations at the Sudanese Red Sea coast might be enriched by heavy metals [6].
As a continue of our previous study [6], it has
been proposed that to examine the levels of heavy
metals in green algae at the Sudanese Red Sea coast
for the following objectives: (i) to assess heavy metal
uptake by green algae species, (ii) to compare heavy
metal concentration between each green algae species, (iii) to study the spatial distribution of metal
concentration in green algae in the examined area
and (iv) to compare the levels of heavy metals in
green in the examined area with other coastal areas
in the world.

Sample collection. Samples of Caulerpa spp.,
Cladophora spp., Dictospheria spp., Dictyosphaeria
spp., Enteromorpha spp., Halimeda spp. and Ulva
spp. were collected during October and November,
2015. Locations near to shipping, industry and domestics activities were considered. Samples were
collected from locations across the fringing reefs
area into the open sea at depths ranging from 0.5 to
1.5 m and per transect of 50 m intervals. Samples
were collected in triplicate from each location. Only
live algae were used for analysis. Samples were
placed in polyethylene bags and transported to the
laboratory within 3 hours. At the laboratory, algae
samples were thoroughly washed by filtered seawater collected from the respective sampling locations. Washing was carried out to remove all adherent foreign particles. Algae samples were then rinsed
in distilled water to remove salts. Thereafter, algae
samples were dried to constant weight (85 °C) and
ground to fine powder. On the other hand, the pH and
the salinity of seawater were examined on-site in
triplicate for the respective locations.

MATERIALS AND METHODS

Sample treatment. Nitric acid (70% for trace
metals basis) and perchloric (70% for trace metals
basis) were purchased from Sigma-Aldrich (Darmstadt, Germany). Double distilled deionized water
was used. About 1 g of dried homogenous powder of
sample was weighed and placed in a 100 mL beaker.
The samples were digested by 7 mL of nitric acid on
a hotplate at 70°C until the sample was dissolved and
the evolution of NO2 ceased. After cooling to the
room temperature, 2 mL of perchloric acid were
added and the mixture was gently heated to 70°C in
order to evaporate excess acids. The solution was diluted up to 50 mL with water and filtered through
Whatmann® filter paper no. 42. The filtrate was
used for the measurements of metals. Blank samples
were prepared in triplicate in parallel with algae. A
certified reference material (CRM) was analyzed in
parallel with algae samples. The CRM used was hay
powder IAEA-V-10, which was developed by the International Atomic Energy Agency.

Study area. The Sudanese Red Sea coast is located in the northeastern part of Sudan having a longitude of 750 km. In the current study, a coastal line

Measurements. Flame atomic absorption
spectrometer (AAS, SpectrAA 220, Varian, Mulgrave, Australia) was used for metal analysis. The
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ard solution of 100 mg L-1 of Pb, besides other metals, was also prepared in 2% nitric acid by SigmaAldrich (Darmstadt, Germany).

instrument was equipped with sample introduction
device (SPS 5, Varian, Palo Alto, CA, USA),
air/acetylene flame and deuterium background corrector. Hollow cathode lamps were used for metal
excitation at the following wavelengths and currents:
Cr: 357.9 nm and 12 mA, Mn: 279.5 nm and 15 mA,
Ni: 232.0 nm and 40 mA, Cu: 324.7 nm and 25 mA,
Zn: 213.9 nm and 15 mA, Cd: 228.8 nm, and 20 mA
and Pb: 217 nm 12 mA. The AAS was calibrated using mixed standard solutions. The calibration was
carried out for each metal using seven levels of concentrations. The stock standard solution of 100 mg
L-1 Cr, Mn, Zn, Cu, Ni and Cd, besides other metals,
were ready prepared in 2% nitric acid by Sigma-Aldrich (Darmstadt, Germany). Another mixed stand-

Software. The SPSS version 16.0 released in
2007 by Polar Engineering and Consulting Company
was used for cluster analysis of the average concentrations of heavy metals in green algae samples. Hierarchical cluster analysis was applied to classify algae species with their respective locations based on
heavy metal concentrations. Cluster analysis was
carried out using the agglomeration schedule and the
QHDUHVW QHLJKERUV¶ PRGH 7KH PHDVXUHPHQW ZDV
based on the interval squared elucidation distance
and the dendogram plot was adopted.

FIGURE 1
Map showing sampling stations along the Sudanese Red Sea Coast.
TABLE 1
pH and Salinity of Seawater at Respective Locations to Green Algae Sampling along
the Sudanese Red Sea Coast
Location
Haloot
Flamingo
Abuhashesh
Dama Dama
Klanieb
Sawakin -1
Sawakin -2
Haidob
Average
Relative standard deviation (%)

pH
8.11
8.57
8.82
8.76
8.74
8.73
8.73
8.71
8.63
2.87

7162

Salinity (PSU)
38
41
40
41
39
39
39
39
39
2.87
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other species. However, all examined species
showed similar affinity for Cr, Cu, Zn, Cd, and Pb.
The uptake of heavy metals by algae is also controlled by the biochemical features of algae as well
as the physiochemical forms of metals [12, 16, 17,
19, 20]. Cladophora spp. recorded higher affinity for
Cu, Pb and Zn than other metals [20]. In another
study [25], Ulva lactuca sp. and Enteromorpha intestinalis sp. recorded higher affinity for metals than
other green algae species.

RESULTS AND DISCUSSION
Uptake of heavy metals by green algae. For
CRM analysis, all measured values were within the
confidence intervals. Acceptable recovery, with values in the range of 85-110%, were obtained for all
metals. The results of the pH and the salinity of seawater from the respective locations are compiled in
Table 1. The RSD values of both pH and salinity
were < 3% indicating no significant variation among
different locations. The uptake of heavy metal by algae is influenced by some conditions such as the pH
and the salinity of seawater, in addition to metal concentration in seawater [27].
The concentrations of heavy metals in each examined species were illustrated in Fig. 2a-g. The uptake of heavy metals by algae decreased in the order
RI0Q!!&U§=Q!1L§&X!3E!!&G. This order
is typically similar to that was recorded in green algae at the Aden Gulf coast [12]. With the exception
of Ni, the order is also similar to that recorded at the
Southern Baltic Sea coast [20, 21]. Our previous
study [6] showed the descending order of Mn >> Zn
§&U!&X§1L!3E!&G was recorded in brown
algae in the same area of the current study. Both
green and brown algae are similar in the uptake order
of Mn, Pb, Ni, Cu and Cd and different in the uptake
order of Cr and Zn.
In the current study, Enteromorpha spp.,
Caulerpa spp. and Cladophora spp. recorded higher
affinity for Mn while Enteromorpha spp. and
Halimeda spp. recorded higher affinity for Ni than

Assessment of metal concentrations in green
algae species. Halimeda spp. and Caulerpa spp.
were collected from all selected sampling locations
because of their abundance in the ecosystem of the
Sudanese Red Sea coast. Hence, the first assessment
was be based on the uptake by Halimeda spp. and
Caulerpa spp. Sawakin-1 location recorded Cr concentration in algae samples of 1.5-fold higher than
other locations, which may indicate anthropogenic
input of Cr. Mn contents in algae samples from Haloot and Klanieb locations were 5- to 6-fold higher
than those from other locations indicting significant
anthropogenic input of Mn. Notably, Mn recorded
significant variation in uptake by different species.
In this issue, Enteromorpha spp., Caulerpa spp. and
Cladophora spp. exhibited higher Mn uptake than
other species. For Ni uptake by the same species, no
marked variation among the seven locations was observed, which could be considered as evidence for
the absence of Ni input from anthropogenic sources.
This finding was also concluded in our previous
study using brown algae [6].

(a)
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(f)

(g)
FIGURE 2
Concentrations of (a) Cr, (b) Mn, (c) Ni, (d) Cu, (e) Zn, (f) Cd and (g) Pb in seven green algae genera
collected from seven locations at the Sudanese Red Sea coast.
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Abbreviated name
AhCauler
AhDictyo
AhHalime
DdCauler
DdCladop
DdDictos
DdEntero
DdHalime
FlCauler
FlCladop
FlDictyo
FlHalime
HdCauler
HdEntero
HdHalime
HlDictos
HlCauler
HlDictos
HlEntero
HlHalime
KlCauler
KlCladop
KlDictos
KlEntero
KlHalime
S1Cauler
S1Entero
S1Halime
S2Cauler
S2Entero
S2Halime

Location
Abuhashesh
Abuhashesh
Abuhashesh
Dama-Dama
Dama-Dama
Dama-Dama
Dama-Dama
Dama-Dama
Flamingo
Flamingo
Flamingo
Flamingo
Haidob
Haidob
Haidob
Haidob
Haloot
Haloot
Haloot
Haloot
Klanieb
Klanieb
Klanieb
Klanieb
Klanieb
Sawakin-1
Sawakin-1
Sawakin-1
Sawakin-2
Sawakin-2
Sawakin-2

Fresenius Environmental Bulletin

Genera
Caulerpa spp.
Dictyosphaeria spp.
Halimeda spp.
Caulerpa spp.
Cladophora spp.
Dictospheria spp.
Enteromorpha spp.
Halimeda spp.
Caulerpa spp.
Cladophora spp.
Dictyosphaeria spp.
Halimeda spp.
Caulerpa spp.
Enteromorpha spp.
Halimeda spp.
Dictospheria spp.
Caulerpa spp.
Dictospheria spp.
Enteromorpha spp.
Halimeda spp.
Caulerpa spp.
Cladophora spp.
Dictospheria spp.
Enteromorpha spp.
Halimeda spp.
Caulerpa spp.
Enteromorpha spp.
Halimeda spp.
Caulerpa spp.
Enteromorpha spp.
Halimeda spp.

FIGURE 3
Dendogram representing the hierarchical cluster analysis of 31 samples including seven green
algae genera.
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TABLE 2
Comparison of the Levels of Heavy Metals (μg g-1) in the Current Study with other Levels of
Heavy Metals in Green Algae in the World
Area
Sudanese
Red Sea
coast
Wadi Hanifah Stream,
Riyadh,
Saudi Arabia
Thermaikos
Gulf, Greece

Green algae species
Enteromorpha, Halimeda,
Caulerpa, Dictospheria, Cladophora, Halimeda and Dictyospheria
Enteromorpha and Cladophora

Mn

Ni

Cu

Reference

6.00-16.65

10.95-241.12

2.03-9.45

2.48-10.8

Current
study

NRa

84.49-339.29

NR

28.23-71.76

16

0.53-2.84

27.0-783

0.74-4.46

2.5-8.2

18

Bulgarian
Black Sea

Bryopsis, Chaetomorpha, Enteromorpha, Ulva, Caulerpa
and Cladophora

NRa

169-199

NR

5.1-6.1

19

Great Bay,
Sea of Japan

Ulva

NRa

8.2-90.3

0.65-3.90

4.5-178.3

17

Aden Gulf,
Yemen

Halimeda, Rhizoclonium, Cladophora, Enteromorpha, and
Caulerpa

3.40-15.30

3.50-13.70

1.20-13.30

8.31-20.50

12

Area
Sudanese
Red Sea coast
Wadi Hanifah
Stream, Riyadh, Saudi
Arabia
Thermaikos
Gulf, Greece

Ulva

Cr

Green algae species
Enteromorpha, Halimeda,
Caulerpa, Dictospheria, Cladophora, Halimeda and Dictyospheria
Enteromorpha and Cladophora

Ulva

Zn

Cd

Pb

Reference

4.28-14.33

0.04-0.25

1.05-2.4

Current
study

23.54-35.37

0.25-1.08

2.48-6.15

16

6.3-54.7

0.02-1.4

10-3213

18

NR

0.9-1.3

3.0-3.6

19

Bulgarian
Black Sea

Bryopsis, Chaetomorpha, Enteromorpha, Ulva, Caulerpa and
Cladophora

Great Bay,
Sea of Japan

Ulva

4.1-71.5

0.02-0.33

0.4-80.5

17

Aden Gulf,
Yemen

Halimeda, Rhizoclonium, Cladophora, Enteromorpha, and
Caulerpa

2.35-8.10

0.38-2.30

0.73-6.00

12

a: not reported

heavy metal contents. The results obtained are presented in a dendogram (Fig 3), which summarizes
the classification using the nearest neighbors approach. The dendogram shows that algae species
were clustered into two major groups. The first
group included only Enteromorpha spp. that was
collected from Haloot location. This result emphasizes metal input from manmade sources at Haloot
locations as well as the higher affinity of Enteromorpha spp. for metal accumulation. It is noteworthy
mentioning that Haloot is far from other locations in
the study area (Fig 1). Enteromorpha sp. was characterized in a single cluster by the highest intake of
Cd. The second cluster group included the rest of
species that were collected from different locations.
The second group was further split into two subgroups. The small group included Caulerpa spp.,
Cladophora spp., Dictospheria spp. and Enteromorpha spp., which were all collected from Haloot and
Klanieb locations (Fig 1). The large sub-group in-

Evidently, marked Cu input from manmade
sources was observed in Haloot location. High enrichments were monitored by Enteromorpha spp.,
Caulerpa spp., Cladophora spp. and Dictospheria
spp. Moreover, Zn exhibited high contents in Enteromorpha spp., Caulerpa spp., Caulerpa spp. and
Dictospheria spp. that were sampled from Haloot,
Sawakin-2 and Flamingo locations. Furthermore,
suspicious (1.5-fold) manmade contribution of Cd
was observed in Sawakin-2 location. Notably, Pb accumulation did not reveal significant contamination
since all levels were in the range of 1.05-2.40 μg g1
. The findings of possible heavy metal contamination at typical locations at the study area is to far extent comparable with those reported in our previous
study [6].
Classification of green algae genera with
their locations by hierarchical cluster analysis.
Cluster analysis was carried out to classify green algae species with their respective locations based on
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Enteromorpha spp., Caulerpa spp., and Cladophora spp. showed higher affinity for Mn while Enteromorpha spp. and Halimeda spp. showed higher
affinity for Ni. In contrast, no significant variation in
the uptake of Cr, Cu, Zn, Cd and Pb was observed
among different green algae species.
Green algae species from Sawakin-1 and
Sawakin-2 locations recorded higher concentrations
of Cr, Zn and Cd than the same algae species from
other locations. This phenomenon was also observed
for Mn and Cu in Haloot location and for Mn and Zn
in Klanieb and Flamingo locations, respectively. On
the other side, irrespective of species, the current
study emphasizes the significant affinity towards
bio-essential elements including Mn, Cu and Zn. The
comparative study with other coastal areas in the
world revealed that the green algae at the Sudanese
Red Sea coast was free from Cd enrichment.

cludes 26 samples, i.e. the rest of the objects. Interestingly, the dendogram shows that the same algae
species collected from different locations were the
most nearest neighbors. For example, two samples
of Cladophora spp. from Dama Dama (sample # 5)
and Flamingo (sample # 15) locations (Fig 1) were
found the nearest in the dendogram. This phenomenon could be also observed in Caulerpa spp. that was
collected from Flamingo and Sawakin-1 as well as
Dictospheria spp. That was collected from Abuhashesh and Dama Dama locations. In conclusion, this
phenomenon reflects the characteristic behavior of
marine algae for the uptake of heavy metals.
Global comparative study. The concentration
ranges of heavy metals in green algae at the Sudanese Red Sea coast and other areas in the world are
compiled in Table 2. In general, the Thermaikos Gulf
and the Great Bay recorded different levels of heavy
metals than other areas. Ulva spp. was used as biomonitor in the ecosystems the Thermaikos Gulf and
the Great Bay. Hanifah Stream, which is different
ecosystem than marine system, was also examined.
In another context, Cd exhibited the most comparable results. All Cd contents were in the range of
0.02-2.3 μg g-1. Cd concentration below 2.0 μg g-1
indicates the absence of significant manmade contribution [26]. In contrast, high levels of Pb, which has
serious environmental effect that is similar to Cd,
recorded marked variation among the global data.
Fortunately, it could be concluded that the Sudanese
Red Sea coast is free from significant Pb enrichment
(1.05-2.4 μg g-1) when compared with other areas
that used almost the same green algae species (0.736.00 μg g-1). Interestingly, Ulva spp. that was used in
the Thermaikos Gulf and the Great Bay is a more appropriate species for monitoring Zn and Cd, besides
Mn to some extent. The concentration ranges of Ni,
Cr and Cu in algae samples in the current study were
within the range of those concentrations in the Aden
Gulf, Yemen. It is known that the water of the Aden
Gulf flows into the Red Sea through the Bab-ElMandeb strait.
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EFFECTS OF SALT AND WATER STRESS ON YIELD AND
VEGETATIVE GROWTH PARAMETERS OF BASIL
(OCIMUM BASILICUM L.)
Ismail Tas*
Canakkale Onsekiz Mart University, Agricultural Faculty, Agricultural Structures and Irrigation Department, 17020 Canakkale, Turkey

ABSTRACT
The present study was conducted to assess the
response of lemon balm to irrigation water salinity,
water deficits and excess water treatments. To assess the effects of different irrigation water salinity
levels, 6 different salinity levels (EC = 0.25, 1.00,
1.50, 2.00, 4.00 and 6.00 dSm-1) with a sodium
absorption ratio of less than 3 were used. To assess
the effects of water stress, 4 different irrigation
levels (75, 100, 125 and 150% of evaporation from
Class-A pan) were applied. Two harvests were
performed for salt and water stress treatments.
Yields of salt treatments varied between 52.8-102.3
g/pot at the first harvest and between 22.3-49.8
g/pot at the second harvest. Yields of water stress
treatments varied between 62.8-99.8 g/pot at the
first harvest and between 35.3-55 g/pot at the second harvest. Plant heights varied between 32.3-47.3
cm at the first harvest and between 22.3-39.8 cm at
the second harvest. The differences between the
treatments were found to be significant in both
treatments (P<0.05). It was concluded for sufficient
drainage and infiltration conditions that lemon balm
plants could be irrigated with irrigation waters with
salinity levels up to 1.5 dS/m, SAR value of less
than 3 and a leaching fraction of 20%. About 1.25
times of evaporation from Class-A pan can be applied to get the greatest yield levels.

KEYWORDS:
Irrigation water salinity, Irrigation water level, Basil

INTRODUCTION
Water is an essential component of human
life. It is a limited resource and there is no alternative of it. Water plays significant roles in cell metabolisms like identification of beneficial and harmful organelles, intake and removal of these organelles, regulation of cell inner activities and reactions. Water is the primary transporter of all substances circulating within plant organs and tissues.
In other words, water plays beneficial roles in several plant activities such as carbon dioxide uptake

of leaves, nutrient uptake of roots, transport and
assimilation of nutrients.
Natural waters contain more or less dissolved
salts. The amount of dissolved salts in water is
influenced by several factors. Current climate
change and resultant global warming and drought
have great influences on water resources. Such
impacts deteriorated both the quantity and the
quality of water resources. Since agriculture is the
greatest water user sector in developing countries,
like Turkey, water saving technologies should be
used in irrigations. Together with ever-increasing
demands, some irrigators are searching for potential
use of marginal waters (low quality waters) in irrigations.
Water and soil salinity is becoming a progressive restriction for crop production, particularly in
arid and semi-arid regions of the word. With the
human population expected to reach over 10 billion
by the year 2050, to meet the requirements, increasing areas of land in arid and semiarid regions are to
be brought into production. Over irrigation with
inadequate drainage facilities and the use of low
quality water for irrigation are causing concerns for
secondary salinization [1]. The long-term survival
of the present agricultural system depends on tackling the problem in a more integrated manner using
management and biotechnological approaches.
Improved salt tolerance in crop plants appears to be
a desirable trait in view of the large percentage of
agricultural land that is saline and or salinized by
local irrigation practices. The growth and response
of plants to saline conditions vary at different stages
of growth depending upon the genotype. All plants
tolerate salinity up to a certain threshold level without any yield reduction. After which, an increase in
salinity level significantly reduces yield [2].
Ion balance within plant root zone is destroyed
with increasing salt concentrations in soils. Then,
cell membrane permeability is altered accordingly
and plant nutrient uptake is negatively influenced.
Different physiological disorders are observed
when the plants were not able to take some elements used in metabolic activities [3].
Irrigation water quality and quantity are the
primary reasons for abiotic stresses in plants. Such
abiotic stressors result in serious alterations in mor-
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phological, anatomic, physiological, biochemical
and molecular processes. Especially salt stress has
significant effects on plant growth, development
and yields [4].
Medicinal plants are among the major group
of crops [5]. They have been used for prevention
and treatment of various diseases [6]. According to
World Health Organization (WHO), about 80% of
the world population still relies on medicinal herbs.
Herbal medicinal products are used nearly by 19%
of adult population of the United States [7]; however, the quality and the quantity of secondary metabolites of medicinal plants strongly depend on environmental conditions. Although the effects of salt
stress on crops have been investigated widely, there
is still lack of information about them. The molecular mechanisms of salt tolerance and secondary
metabolism in these commercially important crops
have not been investigated as much as the other
crops. Thus, comparing the responses of medicinal
plants to salt stress with some other important crops
has a great significance. Creation of salt-tolerant
medicinal plant leads to increased production of
raw mateULDOV IRU GUXJV ÀDYRUV IUDJUDQFHV DQG
spices all over the world [8].
Lemon balm (Melissa officinalis L.) belongs
to Lamiaceae family. It is an aromatic perennial
shrub native to the eastern Mediterranean region
and western Asia and also widely cultivated in
Europe (Bulgaria, Romania and Spain) [9, 10].
Lemon balm is also a significant medicinal crop in
Turkey. There are three subspecies in Turkey
(Melissa officinalis subsp. officinalis, subsp. inodona and subsp. Altissima), but only subsp. officinalis has a commercial value with characteristic
lemony odor [11], which makes it favorite for cultivation in Turkey and the Balkans [12]. It has long
been used for medicinal effects and herbal aromatic
properties [13, 14]. It is traditionally used to treat
fever, catarrh, headaches, influenza and insomnia.
Essential oil is also believed to have spasmolytic,
sedative and moderate antibacterial characteristics
[15].
The present study described the effects of salt
and water stress on growth of lemon balm and performed a qualitative analysis of simulated crop
responses to irrigation water salinity and water
stress.

MATERIALS AND METHODS
Local basil seeds were supplied from the
nurseries of Ankara University Agricultural Faculty
Agricultural Structures and Irrigation Department.
The seeds were sown in viols in greenhouse and
after about 4 weeks, germinated seedlings were
transplanted into the pots (30 cm in diameter and 25
cm in depth) containing clay-loam soils. Experiments were conducted in randomized plots design
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with 3 replications. Irrigation water salinity levels
of 0.25, 1, 1.5, 2, 4 and 6 dSm-1 were used as to
represent different salt stress levels and irrigation
water levels of IWL1 (25% deficit irrigation),
IWL2 (100%, full irrigation = control treatment),
IWL3 (25% excess water) and IWL4 (50% excess
water) were used as to represent the different water
stress levels.
Irrigation water requirements were determined
with a Class-A Pan. Pots were weighed before all
irrigations and deficient water below the field capacity was added to the soil; 20% more water was
added to the soil as leaching fraction in salt stress
treatments of the study. Irrigation interval was
selected as 3 days. At the end of experiments, a
total of 380.4 mm (including 20% leaching fraction) water was applied in salinity stress treatments.
On the other hand in water stress treatments, 237.75
mm was applied in 25% water deficit treatment,
317.00 mm was applied in full irrigation, 395.25
mm was applied in 25% excess water treatments
and 475.5 mm was applied in 50% excess water
treatment.
To prepare irrigation water with different salinity levels, highly soluble NaCl, CaCl2 and MgCl2
salts were used. Sodium adsorption ratio was calculated by using the following equation:
SAR

Na
Ca  Mg
2

Resultant value was kept at about 1 in all salinity levels so that only the effect of salinity could
be evaluated without any negative effects of sodium. When SAR value is more than 3, evaluation of
sodium is important but when it is around or below
1 there is no effect of sodium [16]. In water deficit
part of the research, irrigation water salinity was
0.25 dSm-1, so only the effect of water stress was
evaluated since there was not a possible salt stress.
Experiments were terminated after two harvests. Resultant data (fresh weights, plant heights,
plant Na, Ca, Mg and K contents and soil salinity
parameters) were subjected to variance analysis
with JUMP statistical software and means were
FRPSDUHGZLWK6WXGHQW¶VW- test (P< 0.05).

RESULTS AND DISCUSSION
Change in soil characteristics. Excessive
amount of soluble salts in root zone solutions negatively influence both nutrient and water uptake of
plants. Such a case can be balanced through reducing water potential and increasing dissolved substance quantities to provide continuous turgor potential. Increasing salinity levels in soil solution
even make water and osmotic potential of plants
more negative [17]. Salinity parameters of the present study are provided in Table 1. Increasing soil
salinity levels were observed with increasing irriga-
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tion water salinity levels. There was a rapid increase in soil EC values when they were irrigated
with waters with an EC value of over 1 dS/m. Soil
salinity was more than twice of irrigation water
salinity when they were irrigated with waters with
1.5 dS/m or higher EC values. Especially EC and
ESP values clearly put forth such cases. There is a
linear relationship between soil EC and ESP. Both
EC and ESP values of the soils increased with increasing irrigation water salinity levels. Increasing
salt concentrations in plant root zone created an
abiotic stress in plants.
Increasing pH values were observed with increasing salinity levels. Similarly, ESP, %Ca and
%Mg values also increased with increasing salinity
levels. The Ca, Mg, Na and Cl ion concentrations
also increased with increasing salinity levels. Such
increases were because of CaCl2, MgCl2 and NaCl
salts used to create salinity treatments. A remarkable increase was observed in Cl concentrations
because of these salts. The increase in K, B, HCO3,
and SO4 ion concentrations were because of dominant CaCl2 salt in the ambient and reduced K and B
ion uptakes. In other words, plants were not able to
take relevant ions because of ion toxicity.
Considering soil ESP and accumulated Na and
Cl ions, it was through that 20% leaching fraction
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was sufficient until 1.5 dS/m salinity level. Leaching fraction may be increased with increasing salinity levels by taking also sufficient drainage and soil
characteristics into consideration.
Effects of salt stress on plants. Plants may
have different responses to irrigation water salinity
levels. Salinity-induced stress may result in physiological disorders and ultimately limit vegetative
growth and development. Salinity may also have
adverse effects on pollination and result in small
fruit sizes. It may also result in total dry outs.
Effects of salinity levels on plant heights and
fresh weights were found to be significant (p<0.05)
(Table 2). Decreasing fresh weights were observed
at both harvests with increasing salinity levels.
Plant fresh weights varied between 52.8 - 102.3
g/pot at the first harvest and between 22.3 - 49.8
g/pot at the second harvest. The greatest fresh
weight (102.3 g/pot) of the first harvest was obtained from the control treatment and the lowest
value (52.8 g/pot) was obtained from 6 dS/m salinity treatment. The greatest fresh weight (49.8 g/pot)
of the second harvest was obtained from the control
treatment and the lowest value (22.3 g/pot) was
obtained from 6 dS/m salinity treatment.

TABLE 1
Change in soil characteristics with different irrigation water salinity levels
Parameter

Unit

pH
EC
CEC
ESP
%Ca
%Mg
CO3
HCO3
Cl
SO4
Ca
Mg
Na
K
Bor

0.25 (Control)
7.5 e
0.8 d
33.6
2.2 f
24.1 f
21.1 f
0.0
6.4 d
6.0 d
1.4 e
11.4 e
3.9 f
2.9 d
4.1 f
0.07 d

dS/m
me/100 g

me/l
me/l
me/l
me/l
me/l
me/l
me/l
me/l
ppm

1.0
7.7 d
1.1 d
33.8
2.7 e
30.5 e
28.6 e
0.0
6.8 d
29.0 c
4.0 ed
13.0 e
11.4 e
8.3 c
9.3 e
0.07 d

Irrigation water salinity levels (dS/m)
1.5
2.0
4.0
7.7 cd
7.8 bc
7.9 b
5.0 c
5.2 c
6.5 b
34.4
34.2
33.4
5.7 d
7.7 c
10.0 b
34.2 d
39.5 c
43.7 b
32.4 d
36.7 c
40.7 b
0.0
0.0
0.0
7.8 c
8.3 c
9.4 b
30.3 cb
33.2 cb
34.9 b
7.0 d
29.2 c
41.3 b
18.7 d
21.4 c
24.7 b
14.8 d
18.9 c
23.9 b
8.5 c
17.4 b
20.6 b
11.0 d
15.5 c
18.8 b
0.26 c
0.65 b
0.75 a

6.0
8.0 a
13.5 a
33.8
13.2 a
45.6 a
42.1 a
0.0
10.9 a
110.3 a
64.7 a
49.4 a
26.1 a
86.8 a
20.1 a
0.77 a

TABLE 2
Effects of different salinity levels on plant fresh weights and plant heights
Parameter

0.25 (Control)

1FW (g/pot)
2FW (g/pot)
1PH (cm)
2PH (cm)

102.3 a
49.8 a
49.0 a
38.0 a

1
93.5 b
40.5 b
38.3 b
30.5 b

Irrigation Water Salinity Levels (dS/m)
1.5
2
4
82.0 c
71.0 d
64.8 e
33.5 c
31.5 c
25.8 d
32.5 c
29.3 d
25.5 e
27.5 c
23.5 d
19.8 e

6
52.8 f
22.3 d
20.5 f
12.5 f

1FW: Fresh weight at 1st harvest, 2FW: Fresh weight at 2nd harvest, 1PH: Plant height at 1st harvest,
2HP: Plant height at 2nd harvest
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As it was in fresh weights, plants heights also
decreased with increasing salinity levels. Plant
heights varied between 20.5 - 49 cm at the first
harvest and between 12.5 - 38 cm at the second
harvest. The greatest plant height at both harvests
was obtained from the control treatment (49 and 38
cm). Again the lowest values were obtained from 6
dS/m salinity treatments (20.5 and 12.5 cm). Such
decreasing plant fresh weight and plant height values with increasing salinity levels indicated that
lemon balm plants were sensitive to irrigation water
salinity.
Salt stress results in weak growth, reduced
root growth, decreased bud formation, reduced leaf
and fruit sizes and pollination disorders. Salinity
also results in cell deaths and consequently necrosis
on roots, buds, leaf edges and shoot tips [18]. Similar findings were also reported by [19] in alfalfa, by
[20] in cotton, by [21] in peas, by [22] in tomato, by
[23] in mint, by [24] in cauliflower and by [38] in
H. ammodendron.

35.3 g/pot). The greatest plant heights at both harvests were observed in again 25% excess water
treatments (47.3 and 39.8 cm) and the lowest plant
heights at both harvests were observed in 25%
water deficit treatments (32.3 and 22.3 cm). Considering the yield values, it was observed that both
water stress and excess water treatments significantly influenced lemon balm plants. About 1.25
times (25% more) of 3-day cumulative evaporation
value from the Class-A pan could be used to increase the yields in lemon balm.
Effects of different irrigation water levels
(100, 85, 70 and 50%) were reported as decreased
yields, plant heights, number of branches, shoot
diameter, leaf area, herbage fresh and dry weights,
root fresh and dry weights with decreasing irrigation water levels [25].
Effects of irrigation water salinity levels on
plant salt content. Salinity may result in specific
ion toxicity, increased alkalinity of root region,
increased osmotic pressure and reduced water use
efficiency. Specific ion toxicity is generally related
to excessive sodium, chlorine and other ion uptake
and consequent ion imbalance [17].
Ion composition of the plants were investigated in this study and the differences in ion composition of treatments were found to be significant
(p<0.05) (Table 4). Increased Na and Cl accumulations were observed with increasing irrigation water
salinity levels. In general, irrigation water salinity
levels up to 1.5 dS/m exhibited a fertilizer impact
and plants tended to potassium uptake against salt
stress. Potassium is an important element in regulating the osmotic potential of plant cells and it is
believed that under conditions of salt stress, the best
performance of a certain genotype is related to
better potassium nutrition [26].

Effects of Different Irrigation Water Levels
on Plants. Plants had similar responses to deficit
and excessive water. Water deficiency-induced
stress resulted in weak plant growth, thicker and
waxy leaves. Excess water treatments yielded normal plant heights or slightly taller plants. In excess
water conditions, soil oxygen balance is destroyed,
plant nutrients leach out and evapotranspiration
decreases. Both water deficits and excessive water
result in losses in yield and quality.
Irrigation water levels had significant effects
on yields (p<0.05) (Table 3). The greatest fresh
weights at both harvests were observed in 25%
excess water treatment (99.8 and 85.3 g/pot) and
the lowest fresh weights at both harvests were observed in 25% water deficit treatments (68.2 and

TABLE 3
Effects of different irrigation water levels on plant fresh weights and plant heights
Parameter
1FW (g/pot)
2FW (g/pot)
1PH (cm)
2PH (cm)

IWL 1
62.8 c
35.3 d
32.3 c
22.3 c

IWL 2
85.3 b
47.0 b
38.8 b
29.5 b

IWL 3
99.8 a
55.0 a
47.3 a
39.8 a

IWL 4
85.3 b
41.5 c
37.0 b
30.3 b

1FW: Fresh weight at 1st harvest, 2FW: Fresh weight at 2nd harvest, 1PH: Plant height at 1st harvest, 2HP:
Plant height at 2nd harvest
TABLE 4
Effects of different salt concentrations on plant nutrients
Treatment (dS/m)
0.25 (Control)
1.0
1.5
2.0
4.0
6.0

Ca %
0.53 e
0.64 b
0.78 a
0.62 c
0.57 d
0.51 e

Mg %
0.44 d
0.55 b
0.62 a
0.57 b
0.50 c
0.43 d

Na %
0.02 e
0.03 e
0.04 d
0.05 c
0.07 b
0.09 a
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K%
3.10 c
3.52 a
3.45 ab
3.38 b
3.18 c
2.93 d

N%
0.23 b
0.24 a
0.22 b
0.20 c
0.18 d
0.15 e

P%
0.55 d
0.79 a
0.65 b
0.59 c
0.48 e
0.44 f

Cl %
0.20 f
0.29 e
0.33 d
0.42 c
0.60 b
0.63 a
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TABLE 5
Effects of different irrigation water levels on plant nutrients
Treatments
IWL 1
IWL 2
IWL 3
IWL 4

Na (%)
0.03
0.03
0.03
0.03

Ca (%)
0.48 d
0.86 a
0.75 b
0.55 c

Mg (%)
0.33 c
0.63 a
0.62 a
0.43 b

Nitrogen and phosphorus contents increased
until 1.5 dS/m irrigation water salinity level and
then decreased later on with increasing salinity
levels. A similar case was also valid for calcium
and magnesium ions. Increasing Na and Cl contents
usually result in decreased Ca, Mg and K contents
[27, 28]. Soil salinity significantly affected leaf and
stem Ca contents, but did not affect their levels in
shoots. The highest Ca content was observed in the
highest salinity level, probably because of CaCl
used in preparation of salinity treatments. Present
findings differ from those reported reduced calcium
contents in shoots of salt-stressed maize plants [29,
30] since these authors used NaCl to exert salt
stress on plants [31].
Effects of irrigation water levels on salt accumulation in plants. Effects of different irrigation
water levels on ion composition are provided in
Table 5. Both deficit and excess water treatments
did not have significant effects on sodium contents.
The greatest calcium, magnesium and chlorine
contents were observed in control treatment. Potassium and phosphorus contents increased with 25%
excess water treatment. Plants could increase their
nutrient uptakes until a certain level of irrigation
water. Such a case is valid also for nitrogen content.
Increasing irrigation water levels promoted plant
nitrogen uptake and nitrogen accumulations increased with increasing irrigation water levels.
Because the rate of ion diffusion to the root
surface is usually the rate-limiting step in nutrient
uptake by plants, reduction in water availability
may affect plant growth substantially [32]. In fact,
two lines of evidence suggest that the effects of low
soil water content on nutrient availability may be
nearly as important as the direct effects of water
stress on plant growth: (1) Tissue concentrations of
growth-limiting nutrients (nitrogen and phosphorus)
often decline during water stress [33], whereas one
would expect these elements to increase in concentration if water directly restricted growth more
strongly than it affected nutrient uptake [34]; (2)
Experimental manipulations indicate that adding
nutrients enhanced the growth of some desert annuals more than adding water [35, 36, 32]. Present
findings also comply with the results of earlier
studies about the effects salt and water stress on
plant growth and development [37, 38, 39].

N (%)
0.20 c
0.24 b
0.25 b
0.26 a

P (%)
0.62 d
0.65 c
0.73 a
0.70 b

K (%)
2.70 c
3.30 a
3.35 a
3.00 b

Cl (%)
0.21 ab
0.23 a
0.23 a
0.19 b

CONCLUSION
Lemon balm is among the most common medicinal plants. It is quite sensitive to both water
deficits and excess water treatments. In cases with
20% leaching fraction and SAR value less than 3,
irrigation water salinity levels up to 1.5 dS/m can
be considered as a limiting value for sustainable
yield levels and soil characteristics. Plants exhibited
similar responds under deficit and excess water
conditions. About 1.25 times of evaporation from
Class-A pan can be considered as an ideal amount
of irrigation water providing considerable increases
in yields.
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SODFHVEHFRPLQJDPDMRUQXLVDQFHDQGLVUHVWULFWHG
LQSDUWVRI1RUWK$PHULFDDQG1HZ=HDODQG>@%XW
LQ&KLQD\HDUVDJR/RQLFHUDMDSRQLFDKDVEHHQ
SODQWHG ODUJHO\ LQ )HQJTLX FRXQW\ RI +HQDQ SURY
LQFHDQGWKHIORZHUVRI/RQLFHUDMDSRQLFDKDYHEHHQ
XVHGDVWKHORFDODQGWUDGLWLRQDOPHGLFLQHLQFOLQLFDO
SUDFWLFH IRU WKH WUHDWPHQW RI H[RSDWKRJHQLF ZLQG
KHDWHSLGHPLFIHEULOHGLVHDVHVVRUHVFDUEXQFOHVIX
UXQFOHVDQGVRPHLQIHFWLRQGLVHDVHV6FLQH/R
QLFHUDMDSRQLFDKDVEHHQOLVWHGLQWKH3KDUPDFRSRHLD
RIWKH3HRSOH¶V5HSXEOLFRI&KLQDDQGPRUHWKDQ
SUHVFULSWLRQV FRQWDLQLQJ /RQLFHUD MDSRQLFD KDYH
EHHQ XVHG WR WUHDW YDULRXV GLVHDVHV LQ &KLQD 7KH
PRGHUQSKDUPDFRORJLFDOVWXGLHVVKRZHGWKDW/RQLF
HUDMDSRQLFDDQGLWVDFWLYHSULQFLSOHVSRVVHVVHGZLGH
SKDUPDFRORJLFDODFWLRQVVXFKDVDQWLEDFWHULDODQWL
LQIODPPDWRU\DQWLYLUDODQWLHQGRWR[LQEORRGIDWUH
GXFLQJDQWLS\UHWLFDQGRWKHUDFWLYLWLHV0RVWRIWKHVH
DFWLRQV PDWFKHG WR WKRVH WUDGLWLRQDO XVHV VHULRXVO\
$WWKHVDPHWLPHLWZDVDOVRXVHGDVIRRGKHDOWK\
EHYHUDJH LQWKH ZRUOG>@$ORQJ ZLWK/RQLFHUDMD
SRQLFDEHLQJXVHGDQGFXOWLYDWHGLQPRUHDQGPRUH
FRXQWULHVWKHFKHPLFDOFRPSRXQGVKDYHEHHQH[WHQ
VLYHO\VWXGLHG(VVHQWLDORLOVRUJDQLFDFLGVIODYRQHV
VDSRQLQV LULGRLGV DQG LQRUJDQLF HOHPHQWV DV WKH
PDLQ FRPSRVLWLRQV ZHUH LVRODWHG DQG LGHQWLILHG
$PRQJRIWKHPHVVHQWLDORLOVDQGFKORURJHQLFDFLG
KDYHEHHQSURYHGZLWKVRPHJRRGSKDUPDFRORJLFDO
HIIHFWVDQGZHUHWKRXJKDVWKHDFWLYHFRPSRXQGVRI
/RQLFHUD MDSRQLFD ,Q FXUUHQW &KLQHVH 3KDUPDFR
SRHLD >@ FKORURJHQLF DFLG   KDV EHHQ RIILFLDOO\
XVHGDVWKH LQGLFDWRUFRPSRXQGWRFKDUDFWHUL]H WKH
TXDOLW\RIWKLVKHUE
+RQH\VXFNOH LV WKH PRVW FRPPRQO\ XVHG
EUHHGLQJ PHWKRG LV FXWWLQJ WKH PHWKRG LV VLPSOH
VSULQJDQGDXWXPQFDQEHFXWWLQJV%XWWKHLQFLVLRQ
LVHDV\WRFDUU\EDFWHULDFDQFDXVH SRRUJURZWKRI
KRQH\VXFNOHDQGUHGXFHWKHDFWLYHLQJUHGLHQWOHDY
LQJWKHSURGXFWTXDOLW\5RRWJURZWKLVQRWJRRGHDV
LO\OHDGWRSRRUUHVLVWDQFHORZVXUYLYDOUDWH>@/('
OLJKWDVDQHZIRXUWKJHQHUDWLRQOLJKWVRXUFHKDVD
VSHFWUDO GLVWULEXWLRQ RI SXUH VSHFWUDO GLVWULEXWLRQ
W\SH ULFK VSHFWUDO HQHUJ\ PRGXODWLRQ FRQYHQLHQW
ORZKHDWVPDOOVL]HORQJHUOLIHDQGRWKHUSURPLQHQW
DGYDQWDJHV LQ SODQW FXOWLYDWLRQ DQG VFLHQWLILF UH
VHDUFKKDVEHHQJUDGXDOO\DSSOLHG>@,QRUGHUWR

ABSTRACT
,QWKLVSDSHUQHZOLJKWVRXUFH/('ZDVLOOXPL
QDWHGIRUKGDLO\IRUKRQH\VXFNOHEDVHGRQWKHUH
VSRQVHVXUIDFHPHWKRGRI%R[%HKQNHQGHVLJQ7KH
UHGOLJKWZDYHOHQJWKEOXHOLJKWZDYHOHQJWKDQGOLJKW
GD\VZHUHVWXGLHGLQWKLVSDSHU7KHSODQWKHLJKWOHDI
DUHDDQGFKORURSK\OOFRQWHQWZHUHXVHGDVUHVSRQVH
LQGH[HV7KHUHVXOWVVKRZHGWKDWWKHHIIHFWVRIOLJKW
VXSSOHPHQWDWLRQRQWKHJURZWKRIKRQH\VXFNOHZHUH
VLJQLILFDQWDQGGLIIHUHQW2QWKHEDVLVRIWKHUHVHDUFK
PRGHO WKH EHVW FXOWLYDWLRQ FRQGLWLRQV RI KRQH\
VXFNOHZHUHREWDLQHG$QGWKHYDOLGLW\RIWKHRSWLPL
]DWLRQPHWKRGRIWKHKRQH\VXFNOHFXOWLYDWLRQFRQGL
WLRQ ZDV YDOLGDWHG E\ WKH UHVSRQVH VXUIDFH PRGHO
<LHOG RI KRQH\VXFNOH DQG RSHQ G\QDPLF RI VLQJOH
IORZHUZHUHVWXGLHG

KEYWORDS:
+RQH\VXFNOH %R[%HKQNHQ GHVLJQ 5HVSRQVH 6XUIDFH
0HWKRG2SWLPL]DWLRQ

INTRODUCTION
+RQH\VXFNOH /RQLFHUD MDSRQLFD 7KXQE  LV D
WUDGLWLRQDO PHGLFLQDOSODQWDQGQDWLYHWR(DVW$VLD
,WVIORZHULVULFKLQWZRELRDFWLYHSKHQROLFFRQVWLWX
HQWVFKORURJHQLFDFLGDQGJDOXWHROLQDQGKDVEHHQ
XVHGDV&KLQHVHPHGLFLQHIRUDORQJWLPH>@+RQ
H\VXFNOHLVDQLGHDOPDWHULDOWRH[SORLWFRDVWDOVDOLQH
ODQGGXHWRLWVVWURQJHQYLURQPHQWDODGDSWDELOLW\DQG
KLJKHFRQRPLFYDOXH7KH IORZHUEXGVRI/RQLFHUD
MDSRQLFD7KXQEDUHRQHRIWKHZHOONQRZQ&KLQHVH
WUDGLWLRQDO PHGLFLQHV DQG KDYH EHHQ XVHG IRU WKH
WUHDWPHQW RI D ZLGH UDQJH RI DLOPHQWV LQFOXGLQJ
V\SKLOLWLFVNLQGLVHDVHVWXPRUVEDFWHULDOG\VHQWHU\
FROGVHQWHULWLVSDLQDQGVZHOOLQJ
1RZDVDQRUQDPHQWDO JURXQGFRYHU/RQLFHUD
MDSRQLFD FRPPRQO\ SODQWHG LQ PDQ\ DUHDV IRU
VSUDZOLQJ KDELW QXPHURXV VZHHWO\ IUDJUDQW ZKLWH
IORZHUV DWWUDFWLYH HYHUJUHHQ IROLDJH DQG EHFRPH
QDWXUDOL]HGLQ$UJHQWLQD%UD]LO0H[LFR$XVWUDOLD
1HZ=HDODQGDQG8QLWHG6WDWHV'XHWR/RQLFHUDMD
SRQLFD KDV HVFDSHG IURP FXOWLYDWLRQ LQ VHYHUDO
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î FP  %RWK KRQH\VXFNOH FXOWLYDUV ZHUH SURSD
JDWHG XVLQJ VWHP FXWWLQJV 'XULQJ WKH H[SHULPHQW
ZDWHU DQG QXWULHQWV ZHUH VXSSOLHG VXIILFLHQWO\ WR
DYRLG SRWHQWLDO QXWULHQW GHILFLHQF\ DQG GURXJKW
VWUHVV 7KH OLJKW LV ILOOHG DIWHU  GD\V ZKHQ WKH
JURZWKNHHSVVWDELOLW\7KHOLJKWVRXUFHLVDFXVWRP
L]HG /(' SODQW JURZWK ODPS ZLWK WZR WUHDWPHQWV
EOXH %QP DQGUHG 5QP ZLWKQDWXUDO
OLJKWDVFRQWUROJURXS7KHKRQH\VXFNOHVDUHDGGHG
OLJKWIRUKDGD\WKHWLPHLVIURPWKHQH[W
GD\IRUHYHU\GD\/('ODPSZLOOEHSODFHGDW
WKHWRSRIWKHFPLQWKHKRQH\VXFNOHVRWKDWSODQWV
FDQ EH SRVVLEO\ H[SRVXUH ZKLFK PDNH IXOO XVH RI
OLJKWHQHUJ\7KHFXOWXUHSHULRGLVGD\V7KHSODQW
KHLJKWOHDIDUHDZHUHPHDVXUHGHYHU\GD\V7KH
FKORURSK\OORIWKH SODQWLV PHDVXUHGDIWHUGD\V
&KORURSK\OOLVH[WUDFWHGE\HWKDQRO

VWXG\WKHDSSOLFDWLRQRI/('SODQWODPSLQSODQWWKLV
SDSHUVWXGLHGWKHHIIHFWRI/('OLJKWVXSSOHPHQWD
WLRQRQKRQH\VXFNOHFXOWLYDWLRQE\WKHWUHDWPHQWRI
KRQH\VXFNOHZLWKUHGDQGEOXH/('

MATERIALS AND METHODS
0DWHULDOV +RQH\VXFNOH FXOWLYDUV ZHUH RE
WDLQHG IURP -LXSHQJ$JULFXOWXUDO 7HFKQRORJ\ /LP
LWHG &RPSDQ\ 3LQJ\L 6KDQJGRQJ &KLQD  /('
SODQWOLJKWVZHUHREWDLQHGIURP2XGL2SWRHOHFWURQ
LFV 7HFKQRORJ\ /LPLWHG &RPSDQ\ 6KHQ]KHQ
*XDQJGRQJ &KLQD  (WKDQRO  REWDLQHG IURP
-LQ\X &KHPLFDO /LPLWHG &RPSDQ\ RI 4LQJGDR
&KLQD 6LOLFDDQGFDOFLXPFDUERQDWHZHUHREWDLQHG
IURP ;LQPLQJ &KHPLFDO /LPLWHG &RPSDQ\ RI 'D
OLDQ&KLQD

RESULTS AND DISCUSSION

,QVWUXPHQW (OHFWURQLF EDODQFH ZDV REWDLQHG
IURP +HQJNH $XWRPDWLRQ (TXLSPHQW &R /WG RI
'RQJJXDQ&KLQD9HUQLHUFDOLSHUZDVREWDLQHGIURP
6KDQJKDL'DIHQJ0HDVXULQJ7RROV&R/WG8OWUDYL
ROHWYLVLEOHVSHFWURSKRWRPHWHU ZLZDVRE
WDLQHGIURP+$&+RI86$ 

The central composite design, an experimental
design for RSM, was used to create a set of designed
experiments by MINITAB software (version 17). In
this paper, the %R[%HKQNHQ is selected for 3 factors,
i.e., UHGOLJKWZDYHOHQJWK(A)EOXHOLJKWZDYHOHQJWK
(B) DQGOLJKWGD\V (C).
Table 1 shows the levels of original and coded
factors using %R[%HKQNHQ design. Table 2 shows
%R[%HKQNHQdesign and response value.

0HWKRGV 7KH H[SHULPHQW ZDV FDUULHG RXW LQ
WKH %LRORJLFDO 6SHFWUXP ([SHULPHQWDO %DVH 7KH
VHHGOLQJVZHUHSODQWHGLQEURZQSODVWLFSRWV FP
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only the fastest growing and plant height is the highest. This shows that the appropriate supplement of
red and blue light can promote the growth of honeysuckle plants, especially in the seedling stage, the
best effect of red light supplement.
,WLVVHHQIURPFig. 2, it is shown that UHGOLJKW
ZDYHOHQJWKDQGOLJKWGD\V have obvious effects on
SODQWKHLJKW. 3ODQWKHLJKWLQFUHDVHVDVOLJKWGD\V LQ
FUHDVHV

Interaction by RSM. The surface plot of objective function is drawn by Minitab in order to more
directly reflect the interaction between the various
factors that affect the response value and the role of
strength for interaction between the various experimental factors.
,WLVVHHQIURPFig. 1, it is shown that UHGOLJKW
ZDYHOHQJWKDQGEOXHOLJKWZDYHOHQJWK have obvious
effects on SODQW KHLJKW. Red light treatment is not

FIGURE 1
The relationship between red light wavelength and blue light wavelength affecting on plant height

FIGURE 2
The relationship between red light wavelength and light days affecting on plant height
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FIGURE 3
The relationship between blue light wavelength and light days affecting on plant height

FIGURE 4
The optimized result for plant height by response optimizer

FIGURE 5
The relationship between blue light wavelength and light days affecting on chlorophyll content
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FIGURE 6
The relationship between red light wavelength and light days affecting on chlorophyll content

FIGURE 7
The relationship between red light wavelength and blue light wavelength affecting on
chlorophyll content
,WLVVHHQIURPFig. 3, it is shown thatEOXHOLJKW
ZDYHOHQJWKDQGOLJKWGD\V have obvious effects on
SODQWKHLJKW. 3ODQWKHLJKWLQFUHDVHVDVOLJKWGD\V LQ
FUHDVHV
2EMHFWLYH IXQFWLRQ RI 0LQLWDE¶V UHVSRQVH VXU
face provides an intuitive tool for objective optimization and its unique response optimizer is a powerful tool for multi-objective problem to the solution

encountered in the experimental design. And the target fXQFWLRQLVRSWLPL]HGE\0LQLWDE¶VUHVSRQVHRS
timizer. The result is shown in Figure 4. It is calculated that the optimized conditions areSUHVHQWUHG
OLJKWZDYHOHQJWKLVQPEOXHOLJKWZDYHOHQJWKLV
QPand light daysDUHG
,WLVVHHQIURP)LJLWLVVKRZQWKDWEOXHOLJKW
ZDYHOHQJWK DQG OLJKW GD\V KDYH REYLRXV HIIHFWV RQ
FKORURSK\OOFRQWHQW&KORURSK\OOFRQWHQWGHFUHDVHV
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FIGURE 8
The optimized result for chlorophyll content by response optimizer
ZDYHOHQJWKLVQPEOXHOLJKWZDYHOHQJWKLV
QPand light daysDUHG
,WLVVHHQIURP)LJLWLVVKRZQWKDWEOXHOLJKW
ZDYHOHQJWK DQG OLJKW GD\V KDYH REYLRXV HIIHFWV RQ
OHDI DUHD /HDI DUHD GHFUHDVHV DV EOXH OLJKW ZDYH
OHQJWKLQFUHDVHV
,WLVVHHQIURP)LJLWLVVKRZQWKDWUHGOLJKW
ZDYHOHQJWK DQG EOXH OLJKW KDYH REYLRXV HIIHFWV RQ
OHDIDUHD/HDIDUHDLQFUHDVHVDVEOXHOLJKWLQFUHDVHV
/HDI DUHD LV PXFK PRUH ZLWK EOXH OLJKW DGGHG WKDW
UHGOLJKWDGGHG
,WLVVHHQIURP)LJLWLVVKRZQWKDWUHGOLJKW
ZDYHOHQJWK DQG OLJKW GD\V KDYH REYLRXV HIIHFWV RQ
OHDIDUHD

DVEOXHOLJKWZDYHOHQJWKLQFUHDVHV
,WLVVHHQIURP)LJLWLVVKRZQWKDWUHGOLJKW
ZDYHOHQJWK DQG OLJKW GD\V KDYH REYLRXV HIIHFWV RQ
FKORURSK\OO FRQWHQW &KORURSK\OO FRQWHQW LQFUHDVHV
DVUHGOLJKWZDYHOHQJWKLQFUHDVHV
,WLVVHHQIURP)LJLWLVVKRZQWKDWUHGOLJKW
ZDYHOHQJWK DQG EOXH OLJKW KDYH REYLRXV HIIHFWV RQ
FKORURSK\OO FRQWHQW &KORURSK\OO FRQWHQW LQFUHDVHV
DV UHG OLJKW ZDYHOHQJWK DQG EOXH OLJKW LQFUHDVHV
&KORURSK\OO FRQWHQW LV PXFK PRUH ZLWK EOXH OLJKW
DGGHGWKDWUHGOLJKWDGGHG
The result is shown in Figure 8. It is calculated
that the optimized conditions are SUHVHQW UHG OLJKW

FIGURE 9
The relationship between blue light wavelength and light days affecting on leaf area
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FIGURE 10
The relationship between red light wavelength and blue light wavelength affecting on leaf area

FIGURE 11
The relationship between red light wavelength and light days affecting on leaf area
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FIGURE 12
The optimized result for leaf area by response optimizer

FIGURE 13
The variation of yield of honeysuckle under different treatments
7$%/(
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%OXHOLJKWDQGQDWXUDOOLJKWWUHDWPHQWLQFUHDVHLVYHU\
JHQWOHDQGUHGOLJKWWUHDWPHQWGXULQJWKLVSHULRGRI
VLQJOH SODQW SURGXFWLRQ LV UDSLG JURZWK 7KH \LHOG
ZDV WKH ODUJHVW XQGHU WKH UHG OLJKW WUHDWPHQW WKH
\LHOGXQGHUQDWXUDOOLJKWZDVODUJHUWKDQWKDWRIWKH
EOXHOLJKWDQGWKHEOXHOLJKWKDGVRPHLQKLELWRU\HI
IHFWRQWKH\LHOG5HGOLJKWWUHDWPHQWRQWKH\LHOGKDV
DFOHDUDGYDQWDJH

The result is shown in Figure 12. It is calculated
that the optimized conditions are SUHVHQW UHG OLJKW
ZDYHOHQJWKLVQPEOXHOLJKWZDYHOHQJWKLV
QPand light daysDUHG
Effect of light on yield of honeysuckle. ,WFDQ
EHVHHQIURP)LJWKHQDWXUDOOLJKWUHGOLJKWDQG
EOXHOLJKWLQFUHDVHGVLJQLILFDQWO\LQWKHILUVWGD\V
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Effect of light on open dynamic of single
flower.)URP7DEOHWKHURRWOHQJWKDQGURRWQXP
EHURIKRQH\VXFNOHXQGHUQDWXUDOOLJKWZHUHDOOPRUH
VXSHULRUWRWKRVHWUHDWHGE\UHGDQGEOXHOLJKWZKLOH
WKHGLIIHUHQFHEHWZHHQUHGOLJKWDQGEOXHOLJKWZDV
QRWREYLRXV8QGHUQDWXUDOOLJKWWKHQHZORQJURRW
ZDVORQJHU7KHOHQJWKRILQWHUQRGHDQGVWHPGLDP
HWHURIKRQH\VXFNOHEUDQFKHVWUHDWHGZLWKUHGOLJKW
ZHUHREYLRXVO\KLJKHUWKDQWKDWRIEOXHOLJKWDQGQDW
XUDO OLJKW EXW WKH QXPEHU RI URRWV ZDV ORZHU WKDQ
WKDW RI QDWXUDO OLJKW 7KH LQWHUQRGH OHQJWK RI EOXH
OLJKWZDVVOLJKWO\VKRUWHUWKDQWKDWRIUHGOLJKW$QG
VPDOOWKHURRWQXPEHUOHVVWKDQWKHUHGOLJKW,QWKH
VDPHWLPHRIKRQH\VXFNOHZDVWUHDWHGE\UHG
OLJKWZKLOHEOXHOLJKWDQGQDWXUDOOLJKWWUHDWPHQWGLG
QRWVKRZEXG5HGOLJKWDQGEOXHOLJKWFDQSURPRWH
WKHHORQJDWLRQRIKRQH\VXFNOHEUDQFKHVUHGOLJKWLV
WKHPRVWREYLRXVUHGOLJKWFDQDOVREHHDUO\IORZHU
LQJ DV EOXH OLJKW RQ KRQH\VXFNOH IORZHULQJ LV DQ
HDUO\RUGHOD\HGUROHUHPDLQVWREHVWXGLHG
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THE DYNAMICS OF ACCUMULATION OF N, P, K AND Mg
IN THE INITIAL PERIOD OF GROWTH AS A REACTION OF
MAIZE CULTIVARS (ZEA MAYS L.) ON THE METHOD OF
THE APPLICATION OF A NITROGEN FERTILIZER
Piotr Szulc*, Tadeusz Michalski, Hubert Waligora, Wioletta Wilczewska
Department of Agronom\3R]QDĔ8QLYHUVLW\RI/LIH6FLHQFHV3R]QDĔ3RODQG

effects of anticipated changes (eg. drought) [5]. The
methods in which pre-sowing seeds are subjected to
different treatments are used more and more often.
The treatments accelerates the growth and development of plants and increases their tolerance for
adverse environmental factors of both abiotic and
biotic nature. Various treatments are used for the
purpose: hydration conditioning, germinated seedling, laser biostimulation, soaking in solutions of
growth regulators or other substances with stimulating effect on seed germination and seedling growth.
Among the substances exhibiting biological activity
there both naturally occurring substances in plants,
as well as synthetic compounds can be distinguished. Within the range of substances exhibiting
biological activity, an interesting group of compounds are anti-stress preparations on plants. These
substances usually increase the resistance of plants
to both biotic and abiotic adverse environmental
factors [5]. A soil purity regarding heavy metals is
also very important for proper growth and development of maize, besides correct agrotechnics and
rational mineral fertilization,. Plants growing under
such conditions can accumulate toxic components
and accumulate them in biomass [6].
Maize is very sensitive to a lack of nutrients,
especially in the early stages of its growth [7, 8]. At
this developmental stage (juvenile stage), this plant
has a very high sensitivity especially to phosphorus
deficiency, the uptake of which is to a high degree
dependent on both the concentration of orthophosphate ions in the soil solution, temperature, and
nutrition with other mineral components [9, 10].
Subedi and Ma [11] have found that nitrogen malnutrition of maize plants disrupts the processes of
the formation of leaves, cobs, and cob structural
elements. These phenomena appear very early,
during the 8-leaf stage. According Grzebisz et al.
[12], the critical stage of maize requirement for
NPK is the largest until stage BBCH 18 and in the
grain filling period (BBCH 71). A good vigour of
the initial maize growth and a proper nourishment
of the plants in the juvenile phase determine the
size of grain yield and guarantee the yield-forming
potential of new, more-yielding maize hybrids [13].
The aim of the field studies field were: i) the
assessment of the accumulation of nitrogen, phos-

ABSTRACT
The article presents the effect of the method of
application of nitrogen (N) and nitrogenmagnesium (N, Mg) fertilizer and the type of maize
hybrid on the dynamics of the accumulation of
minerals in the initial stage of plant vegetation. We
analyzed features, such as the concentrations of N,
P, K, Mg in the plant dry matter, nutrient uptake,
macronutrient ratios, and nutrition index (NI). Also,
the coefficients of the simple correlation between
the nutritional status of plants in the juvenile phase
and grain yield were determined. The row application of nitrogen was more effective compared to the
broadcast method or the row method supplemented
with top-dressing, which is shown by a higher accumulation of N, P, K and Mg in the dry matter of
plants and a better nutrition with nitrogen (N-NI)
and magnesium (Mg-NI). The ³stay-JUHHQ´ cultivar
was characterized by a more dynamic collection of
essential macronutrients in the early stages, compared to the classical cultivar. The K-NI and N/P
ratio in the stage BBCH 16/17 were correlated with
grain yield. These indicators can be considered as
predictors of grain yield.
KEYWORDS:
maize, nitrogen, method of nitrogen fertilization, nutrition
index (NI)

INTRODUCTION
Interest in maize cultivation (Zea mays L.) is
steadily increasing due to the versatility of its use
and an increase in its yields [1]. Obtaining a positive economic result is only possible on the basis of
carefully developed agrotechnology that should
take into account the nutritional status and specify a
factor or a group of factors responsible for this
process. Under proper agricultural technology, an
efficient system of fertilization and control of the
nutritional status of plants is essential in the cultivation of maize [2, 3,4].
Nowadays, agriculture, in particular climate
change, is facing challenges which force to the
search for projects aimed at reducing the negative
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phorus, potassium and magnesium in the dry matter
of juvenile maize plants, ii) the identification of the
NI nutrition index, iii) the determination of the
correlation between the plant nutritional status in
the juvenile stage and maize yield yields.

Soil abundance in basic macronutrients and
soil pH in the individual years of field studies are
presented in Table 1.
Thermal and humidity conditions. Thermal
and moisture conditions during the period from
sowing to 6-7 leaf stage of maize (BBCH 16/17) are
given in Table 2.

MATERIALS AND METHODS

Methods of determinations. The uptake (accumulation) of the individual macronutrients in the
dry matter yield of plants in the 6-7 leaf stage
(BBCH 16-17) was calculated according to the
formula:

Field experiment. The field experiment was
performed in the Department of Agronomy at the
University of Life Sciences in Poznan, on the fields
of the Teaching and Experimental Station in
Swadzim in 2009-2011. The investigated factors
were: the type of nitrogen fertilizer: ammonium
nitrate
(NH4NO3),
CANWIL
nitro-chalk
(NH4NO3+CaCO3+MgCO3), the method of fertilizer application: broadcast fertilization (a full dose of
nitrogen before maize sowing), row (a full dose of
nitrogen with simultaneous seed sowing), row fertilization supplemented with top-dressing [50 kg
N.ha-1 by row fertilization simultaneously with seed
sowing + 50 kg N.ha-1 by top-dressing in the stage
of 5-6 leaves (BBCH 15/16)] and the type of hybrid
maize: a traditional Palazzo ES and ³VWD\-gUHHQ´ ES
Paroli. In each year of the studies, we applied the
same level of mineral fertilization in the amount of
100 kg N.ha-1 (fertilizer according to the first factor), 35,2 kg P.ha-1 in the form of granular triple
superphosphate, 99,6 kg K.ha-1 in the form of a 60%
potassium salt.

Uptake = (dry matter yield u content of nutrients)/100
where: Uptake ± in kg ha-1, dry matter yield ±
in kg ha-1, content of nutrients ± in %.
The unit uptake of specific macronutrients together with dry matter yield of a single plant of 6-7
leaf stage (BBCH 16-17) was calculated by the
formula:
Unit uptake = [(dry matter of a single plant u
nutrient content)/100]u1000,
where: Uptake ± in mg plant-1, dry matter of a
single plant± in g, content of nutrients ± in %.
Nutrition index (NI) was calculated as the
quotient of the current (actual) and critical content
of a particular nutrient.

TABLE 1
Soil conditions at Swadzim

current (actual ) nutrient content in [%]
I=

Years
2009 2010 2011
63.1
39.0
42.2
89.0
91.3
83.3
42.0
37.0
44.0
5.5
5.5
5.4

Specification
P [mg P·kg-1 of soil]
K [mg K·kg-1 of soil]
Mg [mg Mg·kg-1 of soil]
pH [in 1 mol·dm-1 KCl]

Date of sowing
Date of reaching the 6-7
leaf stage
Number of days from
sowing to the 6-7 leaf
stage
Amount of precipitation
in the time period sowing
± 6-7 leaf stage [mm]
Mean air temperature in
the time period sowing ±
6-7 leaf stage [qC]
Mean soil temperature at
a depth of 10 cm in the
time period sowing ± 6-7
leaf stage [qC]

Years
2009
14 IV

2010
21 IV

2011
21 IV

3 VI

11 VI

27 V

50

52

36

130.7

143.8

23.8

14.6

13.8

14.9

12.1

10.8

12.8

critical nutrient content in [%]

The current nutrient content in the dry matter
of maize plants was determined in laboratory conditions by conducting a chemical analysis of the plant
material. The critical contents of N, P, K and Mg
were calculated using logarithmic, exponential, and
power functions, which describe the correlation
between the accumulation of dry matter and its
content of individual macronutrients [14, Fig. 1).

TABLE 2
Weather conditions in the time period from sowing to the 6-7 leaf stage (BBCH 16/17)
Specification
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FIGURE 1
Critical values of nutrients on the 46th day since
the sowing date depending on cultivar type [14].
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TABLE 3
Content of macronutrients in maize dry matter in the BBCH 16/17 stage (2009-2011)
Experimental factors

Type of nitrogen fertilizer
LSD 0.05
Method of fertilization

N
ammonium nitrate
Canwil nitro-chalk
broadcast
in rows
in rows + top -dressing

LSD 0.05
ES Palazzo
ES PaUROL³VWD\-JUHHQ´

Cultivar
LSD 0.05
Mean

P

K
g.kg-1 of dry matter
2.87
41.29
2.75
41.42
ns
ns
2.73
42.49
2.89
40.48
2.81
41.11
ns
ns
2.84
41.03
2.78
41.68
ns
ns
2.81
41.35

44.46
44.75
ns
42.43
46.93
44.46
1.788
45.29
43.92
0.788
44.60

Mg
2.41
2.36
ns
2.44
2.31
2.40
ns
2.51
2.26
0.095
2.38

n.s. ± non-significant difference
TABLE 4
Nitrogen uptake with dry matter of maize in the BBCH 16/17 stage
Experimental factors

Type of nitrogen
fertilizer

ammonium
nitrate
Canwil nitrochalk

LSD 0.05
Method of
fertilization

broadcast
in rows
in rows + top
-dressing

LSD 0.05
Cultivar

ES Palazzo
ES Paroli
³VWD\-JUHHQ´

LSD 0.05
Mean

2009
mg.plant1
kg.ha-1

Years
2010
mg.plant1
kg.ha-1

2011
mg plant1
kg.ha-1

mg plant1

kg.ha-1

80.92

5.88

43.16

3.29

61.09

4.64

61.73

4.60

83.12

6.02

44.12

3.35

61.12

4.70

62.79

4.69

ns
75.12
86.51

ns
5.46
6.27

ns
40.93
52.02

ns
3.10
3.98

ns
53.41
72.29

ns
4.04
5.53

ns
56.49
70.27

ns
4.20
5.26

84.42

6.12

37.98

2.88

57.63

4.43

60.01

4.48

6.592
72.89

0.491
5.14

2.049
44.42

0.155
3.29

5.617
61.68

0.445
4.61

2.761
59.66

0.211
4.35

91.14

6.77

42.87

3.35

60.53

4.72

64.85

4.95

3.967
82.01

0.270
5.95

ns
43.64

ns
3.32

ns
61.10

ns
4.66

2.026
62.25

0.146
4.64

.

Mean
.

n.s. ± non-significant differences
0,68 g.kg-1 d.m. for nitrogen, and 0,35 g.kg-1 d.m.
for magnesium.
The unit accumulation of nitrogen, phosphorus, potassium, and magnesium, a well as per area
unit (kg / ha) of these components with a dry matter
of the aerial parts of plants in the stage of BBCH
16/17, on average for the years of research, were
significantly affected by the method of fertilization
and the type of maize hybrid (Table 4, 5, 6, 7). The
significantly highest accumulation of N, P, K and
Mg was found for row fertilization, while the lowest for broadcast fertilization. Taking into consideratioQWKHW\SHRIYDULHW\³VWD\-JUHHQ´K\EULGDFFumulated significantly more nitrogen, phosphorus,
potassium, and magnesium in the dry matter of
plants compared to traditional (classic) cultivars
(Table 2, 3, 4, 5). These differences were, respectively: 5,19 mg.plant-1 and 0,6 kg.ha-1 for nitrogen;
0,31 mg.plant-1 and 0,03 kg.ha-1 for phosphorus;
7,57 mg.plant-1 and 0,76 kg.ha-1 for potassium, 0,03
mg. plant-1 and 0,02 kg.ha-1 for magnesium. AccordLQJ WR 6RZLĔVNL HW DO >@ DQG .UXF]HN DQG 6]XOF
[16], low temperature causes a lower root pressure,
which is responsible for supplying plant shoots with
mineral salts.

RESULTS
Averagely for the years of research, the method of fertilization and the type of a cultivar significantly shaped the nitrogen concentration in the dry
matter of maize in the stage BBCH 16/17 (Table 3).
The significantly highest N content in the dry matter of plants was recorded for row fertilization
(46,93 g.kg-1 d.m.), while the smallest for the
broadcast one (42,43 g.kg-1 d.m.) ± Table 3. When
considering the type of a cultivar, it has been found
that the cv. ES Palazzo had a higher content of this
nutrient in the dry matter of plants, compared to the
³VWD\-JUHHQ´ cv. ES Paroli. The difference between
the studied types of cultivars was 1,37 g.kg-1 d.m. N
(Table 3). The type of a cultivar significantly affected the magnesium content in the dry matter of
maize plants in the development stage discussed
(Table 3). A significantly higher content of that
component in the dry matter was recorded for the
traditional hybrid compared to ³VWD\-JUHHQ´ cultivar
(Table 3). In an earlier work of the same author
[10], the traditional variety, as compared to the
³VWD\-JUHHQ´ one, exhibited higher contents of nitrogen and magnesium. This difference amounted to
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TABLE 5
Phosphorus uptake with dry matter of maize in the BBCH 16/17 stage.
Experimental factors

Type of nitrogen
fertilizer

ammonium
nitrate
Canwil nitrochalk

LSD 0.05
Method of fertilization

broadcast
in rows
in rows + top
-dressing

LSD 0.05
Cultivar

ES Palazzo
ES Paroli
³VWD\-JUHHQ´

LSD 0.05
Mean

2009
mg.plant1 kg.ha-1

Years
2010
mg.plant1 kg.ha-1

2011
mg.plant1
kg.ha-1

mg.plant1

kg.ha-1

5.13

0.37

3.13

3.52

3.93

0.29

0.24

Mean

0.26

5.23

0.37

2.81

0.21

3.50

0.26

3.84

0.28

ns
5.18
4.95

ns
0.37
0.35

0.102
2.77
3.65

0.008
0.21
0.28

ns
2.96
4.15

ns
0.22
0.31

ns
3.64
4.25

ns
0.27
0.31

5.40

0.39

2.48

0.18

3.41

0.26

3.77

0.28

ns
4.79

ns
0.33

0.141
2.86

0.010
0.21

0.326
3.54

0.026
0.26

0.174
3.73

0.013
0.27

5.58

0.41

3.08

0.24

3.48

0.27

4.04

0.30

0.259
5.18

0.017
0.37

0.173
2.97

0.013
0.22

ns
3.51

0.018
0.26

0.126
3.88

0.009
0.29

n.s. ± non-significant differences
TABLE 6
Potassium uptake with dry matter of maize in the BBCH 16/17 stage.
Experimental factors

Type of
nitrogen
fertilizer
LSD 0.05
Method of
fertilization

ammonium
nitrate
Canwil nitrochalk
broadcast
in rows
in rows + top
-dressing

LSD 0.05
Cultivar

ES Palazzo
ES Paroli
³VWD\-JUHHQ´

LSD 0.05
Mean

2009
mg.plant1 kg.ha-1

Years
2010
mg.plant1 kg.ha-1

2011
mg plant1 kg.ha-1

mg plant1

kg.ha-1

72.75

5.29

37.75

2.87

61.78

4.69

57.42

4.29

74.15

5.37

40.46

3.08

59.10

4.54

57.90

4.33

ns
75.84
71.68

ns
5.52
5.20

1.207
37.60
44.07

0.104
2.85
3.37

ns
57.69
66.57

ns
4.37
5.10

ns
57.04
60.77

ns
4.24
4.56

72.82

5.29

35.65

2.71

57.05

4.38

55.17

4.13

ns
63.23

ns
4.45

1.914
38.72

0.143
2.87

5.574
59.69

0.444
4.46

2.631
53.88

0.202
3.93

83.67

6.21

39.49

3.08

61.19

4.77

61.45

4.69

3.557
73.45

0.243
5.33

ns
39.11

0.173
2.98

ns
60.44

0.307
4.62

1.888
57.66

0.136
4.31

.

Mean
.

n.s. ± non-significant differences
TABLE 7
Magnessium uptake with dry matter of maize in the BBCH 16/17 stage.
Experimental factors

Type of
nitrogen
fertilizer
LSD 0.05
Method of
fertilization

ammonium
nitrate
Canwil nitrochalk
broadcast
in rows
in rows + top
-dressing

LSD 0.05
Cultivar
LSD 0.05
Mean

ES Palazzo
ES Paroli
³VWD\-JUHHQ´

2009
mg.plant1 kg.ha-1

Years
2010
mg.plant1 kg.ha-1

2011
mg plant1 kg.ha-1

mg plant1

kg.ha-1

3.81

0.27

2.31

0.17

3.81

0.28

3.31

0.24

3.80

0.27

2.35

0.17

3.64

0.27

3.26

0.24

ns
3.84
3.79

ns
0.27
0.27

ns
2.35
2.56

ns
0.17
0.19

ns
3.41
4.03

ns
0.25
0.30

ns
3.30
3.46

ns
0.23
0.26

.

Mean
.

3.78

0.27

2.08

0.15

3.73

0.28

3.20

0.24

ns
3.40

ns
0.23

0.111
2.49

0.008
0.18

0.348
3.92

0.027
0.29

0.150
3.27

0.011
0.23

4.21

0.31

2.17

0.17

3.52

0.27

3.30

0.25

0.182
3.80

0.012
0.27

0.135
2.33

0.010
0.17

0.262
3.72

0.019
0.28

0.010
3.29

0.008
0.24

n.s. ± non-significant differences
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FIGURE 2
Nitrogen uptake with dry matter of maize in the BBCH 16/17 stage depending on method of nitrogen fertilizer application and hybrid type [A ± individual, B ± per area unit, A1 ± difference between cultivars, B1difference between cultivars] (2009-2011).

FIGURE 3
Phosphorus uptake with dry matter of maize in the BBCH 16/17 stage depending on method of nitrogen
fertilizer application and hybrid type [A ± individual, B ± per area unit, A1 ± difference between cultivars,
B1- difference between cultivars] (2009-2011).
to a cultivar ES Palazzo, whereas a significant difference was observed only for the broadcast application of nitrogen fertilizer. It can then be concluded that the better nutrition of maize plants due to
fertilizing row fertilization or row fertilization supplemented with top-dressing in the stage of 6-7
leaves, the lower the differences between the tested

The accumulation of nitrogen, phosphorus, potassium, and magnesium in the dry matter of plants
is significantly modified by the interaction between
the method of nitrogen fertilizer application and the
type of maize hybrid (Fig. 2, 3, 4, 5). A significantly higher accumulation of the above nutrients was
found for ³VWD\-JUHHQ´ hybrid ES Paroli in relation
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of new maize cultivars, of the ³VWD\-JUHHQ´ type,
responds better to the standard soil fertilization with
zinc compared to the foliar application of this component. On the other hand, the response of older
maize cultivars to the method of zinc application
was opposite; foliar (faster-acting) method of fertilization was more effective.

types of cultivars (Fig. 2, 3, 4, 5). This shows that if
a classic cultivar is to match the ³VWD\-JUHHQ´ cultivar we have to ensure its good nutrition, which, as
this paper suggests, is guaranteed by the row (initial) application of this component. The result obtained in our study is also confirmed by Potarzycki
et al. [17]. According to the author, the generation

FIGURE 4
Potassium uptake with dry matter of maize in the BBCH 16/17 stage depending on method of nitrogen
fertilizer application and hybrid type [A ± individual, B ± per area unit, A1 ± difference between cultivars,
B1- difference between cultivars] (2009-2011).

FIGURE 5
Magnessium uptake with dry matter of maize in the BBCH 16/17 stage depending on method of nitrogen
fertilizer application and hybrid type [A ± individual, B ± per area unit, A1 ± difference between cultivars,
B1- difference between cultivars] (2009-2011).
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None of the experimental factors significantly
affected the N/P ratio in the dry matter of plants at
BBCH 15-16 stage (Table 8). In our study, the N/K
and N/Mg ratios were significantly modified by the
method of fertilization and the type of cultivar (Table 8). Maize under row fertilization had significantly higher N/N and K/Mg indices compared to
the traditional, broadcast method of nitrogen application. In the case of the type of maize variety,
cultivar ES Palazzo showed a significantly higher
N/K index in comparison with cultivar ES Paroli
³VWD\-JUHHQ´, while for the N/Mg ratio, the impact

Fresenius Environmental Bulletin

of the tested types of cultivars on the value of this
trait was the opposite. In our studies, the N/K ratio
was significantly affected also by correlation between the method of mineral fertilizer application
and the type of maize hybrid (Fig. 6). For each of
the tested methods of nitrogen application, a ³VWD\JUHHQ´ cultivar ES Paroli had a lower value of this
index, whereas a significant difference was found
only for row fertilization compared to broadcast
fertilization or row fertilization supplemented with
top-dressing.

TABLE 8
Macronutrient ratios in dry matter of plants in the BBCH 16/17 stage (2009-2011).
Experimental factors
Type of nitrogen fertilizer
LSD 0.05
Method of fertilization

ammonium nitrate
Canwil nitro-chalk
broadcast
in rows
in rows + top -dressing

LSD 0.05
Cultivar
LSD 0.05
Mean

ES Palazzo
(63DUROL³VWD\-JUHHQ´

N/P
15.74
16.37
ns
15.82
16.43
15.92
ns
16.07
16.04
ns
16.05

N/K
1.08
1.08
ns
1.00
1.16
1.08
0.075
1.10
1.05
0.030
1.07

N/Mg
18.60
19.12
ns
17.53
20.35
18.70
1.136
18.25
19.47
0.641
18.86

n.s. ± non-significant differences

FIGURE 6
N/K ratio [A1] in dry matter of maize in the BBCH 16/17 stage depending on method of nitrogen fertilizer
application and hybrid type, [B1] ± difference between cultivars (2009-2011).
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TABLE 9
Nitrogen, phosphorus, potassium and magnessium nutrition index in the BBCH 16/17 stage (2009-2011).
Experimental factors
Type of nitrogen fertilizer
LSD 0.05
Method of fertilization

ammonium nitrate
Canwil nitro-chalk
broadcast
in rows
in rows + top -dressing

LSD 0.05
Cultivar
LSD 0.05
Mean

ES Palazzo
(63DUROL³VWD\-JUHHQ´

N-NI
1.03
1.04
ns
0.98
1.09
1.09
0.042
1.09
0.98
0.019
1.04

P-NI
0.82
0.78
ns
0.77
0.82
0.80
ns
0.85
0.74
0.051
0.79

K-NI
0.96
0.97
ns
0.99
0.94
0.96
ns
0.97
0.96
ns
0.96

Mg-NI
0.99
0.97
ns
1.00
0.95
0.98
0.029
1.10
0.86
0.041
0.97

n.s. ± non-significant differences

FIGURE 7
Nitrogen nutrition index (N-NI) of maize [A1] in the BBCH 16/17 stage depending on method of nitrogen
fertilizer application and hybrid type, [B1] ± difference between cultivars (2009-2011).
The N-NI and Mg-NI are significantly dependent on the method of nitrogen fertilization and
the type of hybrid maize (Table 9). Maize plants at
the BBCH16/17 stage were more nourished with
nitrogen under row fertilization or row fertilization
with top-dressing compared to broadcast nitrogen
fertilization. Grzebisz et al. [18] showed that maize
reaches the largest absolute growth in the early
stage of growth, which is highly dependent on a
large (optimal) supply of nitrogen. The N-NI was
also highly shaped by the interaction of the type of
hybrid with the method of fertilization (Fig. 7). In

each of the tested methods of nitrogen application,
³VWD\-JUHHQ´ cultivar ES Paroli was characterized
by a lower nutrition index, whereas a significant
difference was found only for the row fertilization
and the row fertilization supplemented with topdressing. The literature data suggest that the ³VWD\JUHHQ´ cultivar uptakes more nitrogen, which results in a lower unit productivity of this component
[19]. It also exhibits a higher yielding potential,
which is clearly evidenced by higher yield-forming
reservoirs compared to the classical variety. This
suggests that a nitrogen dose for the tested ³VWD\-
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JUHHQ´ cultivar could be reduced by at least the
difference between the two tested types of cultivars
to achieve the same yield-forming effect. In the
case of Mg-NI, broadcast fertilization turned out to
be more favorable, as compared to other methods of
nitrogen application. The P-NI in own studies was
significantly influenced by the type of maize hybrid
(Table 9). A significantly higher value of the discussed trait was recorded for the traditional hybrid
(E63DOD]]R FRPSDUHGWRWKH³VWD\-JUHHQ´ variety.
Plant analyses may provide some needed information about the agroecosystem, and especially
about the contents and ratios of elements in plants,
which can provide the basis for the development of
fertilizer recommendations [20]. In this work, we
studied the nutritional status of plants at BBCH
16/17 stage and determined the extent to which
grain yield is determined by the nutrition of maize
plants at their juvenile stage. It has been shown that
grain yield depended on K-NI and N/P ratio (Table
10). Grzebisz et al. [21] and Szczepaniak et al. [4]
found that the increased maize nutrition with K in
the early stages of growth is a prerequisite for high
yields of this plant. It can then be concluded that
potassium nutrition at BBCH 16/17 stage as well as
N/P ratio may be the first indices of the nutritional
status of maize plants and indicate their yielding
capacity.
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4. Maize under row fertilization was better
nourished with nitrogen (N-NI) and magnesium
(Mg-NI) compared to broadcast application or row
application supplemented with top-dressing.
5. The largest differences in the uptake of N,
P, K, and Mg in favor of WKH ³VWD\-JUHHQ´ cultivar
compared to the traditional one, were found using
broadcast nitrogen fertilizers. These differences
decreased under row fertilization. They were the
smallest under row fertilization supplemented with
top-dressing.
6. The K-NI and N/P ratio at 16/17 BBCH
stage may be the first indices of maize plant nutrition, indicating maize yields.
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H[WUDFWRIWRWDOIODYRQRLGVH[WUDFWLRQWHFKQRORJ\E\
VLQJOHIDFWRUDQGRUWKRJRQDOH[SHULPHQWVWRREWDLQD
QHZ PHWKRG RI H[WUDFWLQJ WRWDO IODYRQRLGV SHRQ\
VHHGFRDWWHVWDDLPHGSHRQ\FRPSUHKHQVLYHH[SORL
WDWLRQGHSWKVWXG\RILWVDFWLYHLQJUHGLHQWVSURYLGHD
WKHRUHWLFDOEDVLV

ABSTRACT
6XLWDEOHIRUSHRQ\VHHGFRDWDVUDZPDWHULDOH[
WUDFWLRQPHWKRGRIWRWDOIODYRQRLGVRSWLPL]HLWVH[
WUDFWLRQ SURFHVV FRQGLWLRQV 7KH HIIHFWV RI WKH HQ
]\PHW\SHFRQFHQWUDWLRQGLJHVWLRQLQFXEDWLRQWHP
SHUDWXUHLQFXEDWLRQWLPHDQGS+IDFWRUVRQWKHH[
WUDFWLRQSURFHVVDQGRQWKHEDVLVRIVLQJOHIDFWRUH[
SHULPHQWSURFHVVRSWLPL]DWLRQE\RUWKRJRQDOH[SHU
LPHQWPHWKRG,QYHVWLJDWLRQUHVXOWVVKRZHGWKDWSHF
WLQDVH PJP/HQ]\PDWLFLQFXEDWLRQWHPSHUD
WXUH S+ZHUHLQFXEDWHGK\GURO\VLVFRQGL
WLRQVPLQWKHWRWDOIODYRQRLGV\LHOGXSWR
PJJZLWKUHVSHFWWRHWKDQRO3HRQ\VHHGFRDWH[WUDF
WLRQ\LHOGRIIODYRQRLGVLQFUHDVHGVLJQLILFDQWO\

EXPERIMENTAL
0DWHULDOVDQG5HDJHQWV3HRQ\VHHGVPDWXUH
GULHGSHHOHGVKHOOHUE\FROOHFWLQJVHHGVNLQZDVKDI
WHU RYHQGU\LQJRYHUQLJKWVLIWHGWKURXJKD
PHVKVLHYHVSDUH5XWLQVWDQGDUG &KLQHVH3KDUPD
FHXWLFDO DQG %LRORJLFDO 3URGXFWV  PHWKDQRO +3/&
JUDGH XOWUDSXUH KRPHPDGH FHOOXODVH 5 HQ
]\PHDFWLYLW\8J$PUHVFR86$ SHFWLQDVH
HQ]\PHDFWLYLW\RI8PJ$PUHVFR86$ DQG
RWKHUUHDJHQWVZHUHRIDQDO\WLFDOJUDGH

.(<:25'6
3HRQ\VHHGFRDWWRWDOIODYRQRLGVSHFWLQDVHFHOOXORVH

7KH PDLQ LQVWUXPHQWV 89 899LV
VSHFWURSKRWRPHWHU 6KLPDG]X&RUSRUDWLRQ 0LOO4
GHLRQL]HG ZDWHU SUHSDUDWLRQ V\VWHP 0LOOLSRUH
86$  . XOWUDFHQWULIXJH 6LJPD 86$ 
%66HOHFWURQLFEDODQFH %HLMLQJ6DUWRULXV&R 

INTRODUCTION
3HRQ\ 3DHRQLD VXIIUXWLFDVD  LV 3DHRQLDFHDH
3DHRQLDHHDH  SHRQ\ 3DHRQLD  GHFLGXRXV VKUXEV
PDLQO\IRUWKHSURGXFWLRQDQG'DQSHRQ\SHRQ\VHHG
RLO LV D JRRG IRRG DQG PHGLFLQH ERWK SODQWV >@
0DUFKWKH0LQLVWU\RI+HDOWKLVVXHG ³RQ
WKHDSSURYDORI$FHUWUXQFDWXPSHRQ\VHHGRLODQG
IRRGUHVRXUFHVDVDQHZQRWLFH´RSHQHGDQHZFKDS
WHULQ&KLQD VSURGXFWLRQRIZRRG\HGLEOHRLO>@3H
RQ\SHRQ\VHHGRLOVHHGKXVNVDVDE\SURGXFWRIWKH
SURGXFWLRQ SURFHVV DOWKRXJK WKH ELRPDVV LV ODUJH
EXWLWKDVWREHGLVFDUGHGDVZDVWHFDXVLQJDJUHDW
ZDVWHRIQDWXUDOUHVRXUFHV,IWKHVHHGFRDWRIHIIHF
WLYH DFWLYH VXEVWDQFHV UDWLRQDO XVH RI DJULFXOWXUDO
VHHGSHRQ\LQFUHDVHHFRQRPLFVRFLDOVLJQLILFDQFHLV
YHU\LPSRUWDQW
)ODYRQRLGV DUH OLYHO\ SK\VLRORJLFDOO\ DFWLYH
VXEVWDQFHVZLWKORZHUYDVFXODUIUDJLOLW\DQGDEQRU
PDOSHUPHDELOLW\EORRGSUHVVXUHEORRGIDWDQGFKR
OHVWHURO SKDUPDFRORJLFDO HIIHFWV RI DQWLYLUDO DQWL
LQIODPPDWRU\DQWLFDQFHUDQWLR[LGDWLRQHVSHFLDOO\
WKHUDSHXWLFHIIHFWDJDLQVWFDUGLRYDVFXODUGLVHDVHDQG
PXFKDWWHQWLRQ>@,QWKLVH[SHULPHQWSHRQ\VHHG
FRDW DV UDZ PDWHULDOV DX[LOLDU\ HQ]\PDWLF HWKDQRO

([SHULPHQWDOPHWKRG'HWHUPLQDWLRQRI7R
WDO)ODYRQRLGV6WDQGDUGFXUYH:HLJKPJRI
UXWLQ ZLWK  HWKDQRO DIWHU FRPSOHWH GLVVROXWLRQ
DQGGLOXWHWRPODVDVWDQGDUGVROXWLRQSUHFLVLRQ
GUDZLQJPOPOPOPOPO
PORIUXWLQVWDQGDUGVROXWLRQZHUHSODFHGLQ
POWHVWWXEHZLWKVWRSSHU1D12VROXWLRQZHUH
DGGHG  PO VKDNH  PLQ UHVSHFWLYHO\ DIWHU D
DOXPLQXPQLWUDWHVROXWLRQPOVKDNHZHOO
SODFHG  PLQ WKHQ  DTXHRXV VRGLXP K\GUR[LGH
VROXWLRQZHUHDGGHGPOZLWKHWKDQROWRWKH
POVKDNHDQGOHWVWDQGPLQWKHUHDJHQWEODQN
PHDVXUHGDWGLIIHUHQWFRQFHQWUDWLRQVRIUXWLQVROXWLRQ
DEVRUEDQFHDWQP,QDEVRUEDQFH$IRUWKHYHUWL
FDOD[LVWKHFRQFHQWUDWLRQRIDEVFLVVDUXWLQVWDQGDUG
FXUYH WR REWDLQ WKH FXUYH HTXDWLRQ \  [ 
5 
3UHSDUDWLRQ DQG PHDVXUHPHQW VDPSOH $F
FXUDWHO\ ZHLJKHG  J WHVWD SHRQ\ SODFHG +$F
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WLPH  PLQ FRQGLWLRQV WHPSHUDWXUHV ZHUH  
  DQG $IWHUUHPRYLQJLQDFWLYDWHGDW
 PLQWKHQDGGHWKDQROVROXWLRQP/KRPRJ
HQL]HGPHDVXULQJWKHH[WUDFWLRQUDWHRIWRWDOIODYR
QRLGVSHRQ\VHHGFRDW
(Q]\PDWLFLQFXEDWLRQS+VFUHHQLQJDFFXUDWHO\
ZHLJKHGSDUWVWDNHJSHRQ\VHHGFRDWWKHHQ]\PH
ZDVDGGHG+$F1D$FEXIIHUFRQWDLQLQJPJ 
P/SHFWLQDVHP/DWDWHPSHUDWXUHRI WLPH
PLQHQ]\PHXQGHUFRQGLWLRQVVROXWLRQS+DQG
UHVSHFWLYHO\$IWHUUHPRYLQJLQDFWLYDWHGDW
 PLQWKHQDGGHWKDQROVROXWLRQP/KRPRJ
HQL]HGPHDVXULQJWKHH[WUDFWLRQUDWHRIWRWDOIODYR
QRLGVSHRQ\VHHGFRDW

1D$F $FHWLF$FLG6RGLXP DFHWDWH  HQ]\PH EXIIHU
DIWHULQFXEDWLRQHQ]\PDWLFWUHDWPHQWLQDFWLYDWHGDW
  PLQ D VROXWLRQ RI  HWKDQRO ZDV DGGHG
P/ XQLIRUPO\ PL[HG  PLQXWHV KRPRJHQDWH H[
WUDFWXQGHUWKHFRQGLWLRQVRIWLPHVWRRSHRQ\WHVWD
IODYRQRLGV7DNH  PO DERYH WHVWD IODYRQRLGV SH
RQ\H[WUDFWDFFRUGLQJWRWKHVWDQGDUGFXUYHPHWKRG
RI RSHUDWLQJ D PHDVXUHG DEVRUEDQFH YDOXH FDOFX
ODWHGE\WKHVWDQGDUGFXUYHSHRQ\WHVWDWRWDOIODYR
QRLGFRQWHQW
(Q]\PDWLFWUHDWPHQWRIVLQJOHIDFWRUH[SHUL
PHQWV 3HFWLQDVH HQ]\PH W\SH DQG FRQFHQWUDWLRQ
VFUHHQLQJFHOOXORVHDQGDFFXUDWHO\ZHLJKHGHLJKWJ
SHRQ\VHHGFRDWFRQGXFWHGK\GURO\VLVDW S+
DQGPLQLQFXEDWLRQFRQGLWLRQVHDFKSHRQ\
VHHG FRDW DGGHG +$F 1D$F $FHWLF$FLG6RGLXP
DFHWDWH  HQ]\PH EXIIHU  P/ ZKHUHLQ WKH HQ]\PH
FRQFHQWUDWLRQVZHUHPJP/PJP/FHO
OXODVHPJP/FHOOXODVHPJP/FHO
OXODVHPJP/FHOOXODVHPJP/SHF
WLQDVHPJP/SHFWLQDVHDQGPJP/
SHFWLQDVHUHPRYHLQDFWLYDWHGDW PLQWKHQ
DGGHWKDQRODIWHUWKHVROXWLRQP/KRPRJHQL]HGSH
RQ\VHHGFRDW'HWHUPLQDWLRQRIWRWDO
(Q]\PDWLFLQFXEDWLRQWLPHRIVFUHHQLQJDFFX
UDWHO\ ZHLJKHG J SHRQ\ VHHG FRDW  SDUWV DGGHG
+$F1D$FHQ]\PHEXIIHUFRQWDLQLQJPJP/
SHFWLQDVHP/ZHUHGLJHVWHGDW S+FRQ
GLWLRQV HQ]\PDWLF LQFXEDWLRQ WLPH ZDV PLQ
PLQPLQPLQDQGPLQ$IWHUUHPRY
LQJLQDFWLYDWHGDW PLQWKHQDGGHWKDQROVROX
WLRQ P/ KRPRJHQL]HG PHDVXULQJ WKH H[WUDFWLRQ
UDWHRIWRWDOIODYRQRLGVSHRQ\VHHGFRDW
6FUHHQLQJ RI HQ]\PDWLF LQFXEDWLRQ WHPSHUD
WXUHDFFXUDWHO\ZHLJKHGJSHRQ\VHHGFRDWSDUWV
+$F1D$FHQ]\PHEXIIHUVROXWLRQFRQWDLQLQJ
PJP/SHFWLQDVHP/HQ]\PRO\VLVDWS+

RESULTS AND DISCUSSION
(Q]\PH DVVLVWHG (WKDQRO ([WUDFWLRQ 7HFK
QRORJ\XQLYDULDWHUHVXOWVDQGDQDO\VLV7KHUHVXOWV
DUHVKRZQLQ)LJ)LJ)LJDQG)LJ$IWHUFHO
OXODVHDQGSHFWLQDVHHQ]\PHSHRQ\WHVWDWRWDOIODYR
QRLGV\LHOGZDVVLJQLILFDQWO\LQFUHDVHGWUHQGLQWKH
PJP/DQGPJP/SHFWLQDVH3HRQ\
VHHGFRDWDIWHULQFXEDWLRQLQWKH\LHOGRIIODYRQRLGV
LQFUHDVHG WKH PRVW :LWK SURORQJHG LQFXEDWLRQ HQ
]\PH \LHOG RI IODYRQRLGV VKRZHG DQ LQFUHDVLQJ
WUHQGDQGZLWKWKHLQFXEDWLRQWHPSHUDWXUHDQGLQFX
EDWLRQ S+ LQFUHDVHV WKH \LHOG RI IODYRQRLGV DSSHDU
KLJKHVW SRLQW ILUVW DQG WKHQ LQFUHDVHG DQG WKHQ GH
FUHDVHG%DVHGRQWKHDERYHH[SHULPHQWDOUHVXOWVVH
OHFWWKHQH[WVLJQLILFDQWOHYHOH[SHULPHQW6HOHFWFHO
OXODVHPJ  P/SHFWLQDVHDQGPJ 
P/LQFXEDWLRQWLPHPLQLQFXEDWLRQ
WHPSHUDWXUH LQFXEDWLRQS+YDOXH
SHUIRUPHG1H[WRUWKRJRQDOWHVW

),*85(
(IIHFWRIHQ]\PHFRQFHQWUDWLRQRQWKH\LHOGRIWRWDOIODYRQH
1RWH:KHUHFRQWUROUHSUHVHQWVDFRQWURO&(EHKDOIRIFHOOXODVH3(UHSUHVHQWDWLYHVSHFWLQDVHILJXUHVUHSUHVHQW
GLIIHUHQWFRQFHQWUDWLRQV7KHVDPHEHORZ
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FIGURE 2
Effect of enzyme reaction time on the yield of total flavone

),*85(
(IIHFWRIHQ]\PHUHDFWLRQWHPSHUDWXUHRQWKH\LHOGRIWRWDOIODYRQH

FIGURE 4
Effect of enzyme reaction pH value on the yield of total flavone
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BIOCHEMICAL AND HISTOLOGICAL OBSERVATIONS OF
LUNG INJURY AFTER STONEFISH (SYNANCEIA
VERRUCOSA) ENVENOMATION IN BALB/c MICE
Mohammad Wahsha1,*, Tariq Al-Najjar2, Haya Al-Tarawneh3, Maroof Khalaf2, Amer Saad4
1
Marine Science Station, The University of Jordan, Aqaba Branch, Jordan
Department of Marine Biology, The University of Jordan, Aqaba Branch, Jordan
3
Control Health Division, Aqaba Special Economic Zone Authority, Aqaba, Jordan
4
Armed Forces Hospital, Southern Region, Khamis Mushait, Saudi Arabia
2

hidden under the sand or between coral make them
difficult to detect and avoid [7]. Stonefish are usually
sluggish and will not attack a human being unless the
dorsal spines are trampled upon [5]. As a result of
stonefish envenomation injuries symptoms appeared
to be; respiratory difficulty due to pulmonary oedema, hypotension, bradycardia, arrhythmia, cardiovascular collapse, muscle weakness, paralysis convulsion and death at severe injuries [8, 5, 6]. Respiratory system composed of; the conducting tract (trachea, bronchi and bronchioles) and the respiratory
zone (respiratory bronchioles, alveolar ducts, and alveoli), and gas exchanging is the main function of
lungs [9]. Respiratory bronchioles are joined to thinwalled gas exchange areas lined by alveolar epithelium, alveolar duct, alveolar sacs (clusters of alveoli), and alveoli. Alveoli are separated by interalveolar septa, connective tissue sheets that contain a capillary bed, which covered by alveolar epithelium
and supported with pore of kohn [10, 9]. Pores of
Kohn provide collateral ventilation, which maintains
an equal pressure across neighboring alveoli and prevents atelectasis; they allow the passage of immune
cells, fluid, and infectious agents. The alveolus is the
functional and structural component of the respiratory zone [9]. As respiratory system is vital organ
and being affected with toxins, the current study
aimed to evaluate the toxicity of stonefish venom on
lungs, using histological and biochemical approaches based on [5, 8, 9, 11].

ABSTRACT
This study aimed to evaluate the toxicity of
stonefish venom isolated from genus Synanceia verrucosa, collected during winter 2015 and spring
2016 along the Jordanian coastline of Gulf of Aqaba,
Red sea. Stonefish venom was isolated from the
venom glands of the dorsal spines. Venom was intramuscular injected in experimental animal BALB
c/mice in order to evaluate the adverse effect of the
venom on mice lung tissues by studying histological
changes and the biochemical effect on the Alanine
Aminotransferase (ALT) enzymatic activity. Results
showed that the median lethal dose of the extracted
venom was 0.107mg venom/kg mice body weight.
Histological results showed pathological developments among the selected tissues. Lunge showed deformation in overall structure, severe inflammation,
hemorrhage and cellular degeneration. Moreover,
significant increasing in the enzymatic activities of
Alanine transaminase (ALT) was found as a result of
cellular injuries caused by the stonefish venom. The
observed pathological changes reflect the possibilities of failure in the respiratory system functions
with time as a result to stonefish venom.

KEYWORDS:
Synanceia verrucosa, Gulf of Aqaba, Stonefish.

INTRODUCTION
MATERIALS AND METHODS
A total of 14 fish species belonging to the family Scorpaeindae occurred along the Jordanian coast
[1]. Stonefish belongs to the family scorpaenidae
and to genus Synanceia, found in tropical waters (Pacific Ocean, Indian Ocean and Red Sea); it is one of
the most venomous fish in the world [2, 3, 4]. They
have defense system composed of 16 spines (13 dorsal) supported with venom glands and (3 anal) [5, 6].
Stonefish inhabit the shallow water they founded
near the bottom, among the corals and rocks or
within sand [3, 4]. They have strong ability to camouflage which in addition to their habits for being

Chemicals. All chemicals used in this study
were analytical grade and purchased from Sigma
Chemical Company, USA unless otherwise indicated.
Fish sample. A total of 10 fish samples of
Synanceia verrucosa were collected by SCUBA diving from northern sites of the Gulf of Aqaba and kept
alive in oxygenated seawater aquarium at the aquaculture unit in Marine Science Station (MSS). Fish
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from all groups and treated with formalin for fixation. Samples were dehydrated and embedded according to the procedures described by Al-Haj [16].
Tissue sections (7μm) were stained using hematoxylin and eosin stain (H&E), and analyzed microscopically based on Conti et al. [10], Al-Haj [17] and
Treuting and Dintzis [18].

species were identified according to Khalaf and Disi
[3].
Experimental animal. 60 Male BALB/c mice
6-7 week's old, average body weight 25gm were
used. Mice were obtained from animal house at Yarmouk University and were maintained on standard
laboratory diet and tab water during the experiment
procedure.

Statistical analysis. Statistical analysis was
based on ANOVA and is presented as means ± S.D.
Statistical significance was considered at p-value of
0.05 or less. The data were analyzed statistically using Sigma Stat statistical software version 3.5.

Isolation of fish crude venom. Venom was
isolated by inserting rubber caps of the test tubes into
the spine of the fish; reaching the suitable distance in
the spine will extrude the high viscous venom. A volume of 0.3-0.4 ml of venom was dissolved in 1ml
phosphate buffer saline, to get milky diluted venom.
The extracted soluble crude venom was immediately
stored in a dark container at -20 oC for further histobiochemical analysis. The concentration of the extracted venom was determined according to Lowry
et al. [12].

RESULTS
The concentration of the crude stonefish venom
was calculated using the standard curve and found
4.466μg/ml. The LD50 value of the extracted stonefish venom was evaluated using BALB/c mice under
laboratory conditions. The approximate LD50 of extracted toxin was 0.107 mg toxin/kg mouse body
weight.
After the i.m injection, mice exhibited abnormal behavior and it was distinguished bylosing of
their energetic activity and difficulty breathing, subsequently sufficient to cause detectable paralysis and
clearly increased after the second hours.

LD50 determination. A modified Fawell's up
and down method [13] was adopted to evaluate the
intramuscular injection (i.m) LD50 value of the extracted venom using BALB/c mice under laboratory
conditions, in order to establish an adequate dose of
venom to investigate its toxic effects. Thirty times
(V/V) of stock solution of crude stone fish venom
was diluted and concentrations of 0.01, 0.05, 0.1,
0.150, 0.155 and 0.200 V/V were initially used. This
process was continued until the approximate LD50
has been determined. The experiment was set into
triplicate groups of healthy mice (n=10).

Stonefish venom effect on Alanine Transaminase (ALT) activity. Control mice group (C) exhibited normal levels of ALT activity and it was 0.8u/l.
Figure. 1 illustrate a statistically significant increase
in ALT activity in the lungs of the toxin treated
groups T1, T2 and T3 respectively when compared to
the control group (P<0.05). ALT activity increased
by 18, 45 and 21 folds among T 1, T2 and T3 respectively as a result of stonefish venom.

Mice bioassay. According the method described by Wahsha et al. [14], 60 male BALB/c mice
6-7 weeks-old (average body weight 25g) were used.
They were divided into two main groups: The first
group (C) was the control group; mice were envenomed by intramuscular injection (i.m) with phosphate buffer saline without venom (15 mice). The
second group (T) was the toxin treated groups (45
mice); mice were envenomed by intramuscular injection (i.m) with 0.107 mg toxin/kg mouse body
weight (according to LD50 Value) and were subdivided into three group: 15 mice were sacrificed after
1hr (T1), 2 hours (T2) and 3 hours (T3).
Lungs were removed immediately after scarification and divided into two portions. The first portion was perfused with normal saline containing heparin, and homogenized with phosphate buffer saline
(pH 7.2). The perfused samples were kept in dark
plastic bottles and stored at -20ºC for estimating the
effect of stonefish venom on Alanine aminotransferase (ALT) enzyme activity in the lungs. ALT assay
was carried out according to the procedure described
by Vozarova et al. [15]. Regarding the histological
observations, small pieces of lungs were collected

Lung histology results. Control groups
showed normal regular distribution of its components as alveolar capillaries, alveoli and alveolar
walls (Figure 2). Histological changes appeared in
the lungs of toxin treated (LD 50) mice compared to
the control mice. The lung tissues of the treated
groups showed deformation in the overall organization, areas of hemorrhage, inflammation and alveolar wall thickening (Figure 3). Venom treated group
reveals less number and distribution of the pore of
kohn.

DISCUSSION
Kuntz and Kuntz [19] and Ozer et al. [11] reported that each organ possesses a typical quantitative and qualitative distribution of enzymes (enzymatic pattern); and this was in agreements with our
ALT results.
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Santos et al. [21] investigated the effect of Scorpaena plumieri venom on the lungs; they found that
BALB/c mice developed neutrophilic infiltrates, areas of lung hemorrhage and alveolar macrophage activation within 24 hours after injection with S. plumieri venom. These histopathological changes were
associated with an early increase in Bronchoalveolar
lavage fluid protein and early induction of cytokines,
chemokines and matrix metaloproteinases, followed
by a later increase in Bronchoalveolar lavage fluid
neutrophils.

Our histological results showed that the lungs
in the toxin treated groups showed deformation in
the overall organization, areas of hemorrhage, inflammation and alveolar wall thickening when compared to lungs of control group. Treated lungs lost
significant numbers of pore of kohn. Suarez et al. [9]
reported that these pores acts as holes in the alveolar
septa and provide collateral ventilation, equalizing
pressure between neighboring alveoli. They are also
responsible for the passage of immune cells and fluids within the tissue. In this context, and in agreement with previous study by Gwee et al. [5], one of
the most symptoms of a stonefish sting is severe difficulties in breathing as a result of losing of the lungs
function. This could be explained as a result of the
disturbance occurred in the overall tissue organization. Moreover, our results showed that the respiratory failure is a common feature in experimental envenomation by stonefish venom and this is in agreements with the findings of Gwee et al. [5] and Khoo
[6]. Furthermore, our results are also in agreement
with Gwee et al. [5] where the author noted that the
injection of stonefish venom into various species of
animals might accompanied by irregular and depressed respiration, leading to the respiration failure
when lethal doses are used.
Moreover, our histological results confirmed
that most piscine venoms are chemically similar, in
agreement with Church and Hodgson [20]. Boletini-

CONCLUSIONS
The lethal dose (0.107mg/kg mice body
weight) of stonefish venom is capable of stimulating
sever damaging reaction, noted by the significant elevation of the cell injury biomarker (ALT). A notable damage of lung tissue was occurred as a result of
stonefish envenomation, and it's proportional to the
dose of venom and elapsed time. Further researches
are necessary to evaluate the effect of stonefish
venom in other organs and it is important also to
study the distribution of stonefish along the coastline
of the Gulf of Aqaba in order to developing national
antivenom.


 


 

 

 












   
 
FIGURE 1
Trend of changes in ALT activity for mice lungs tissues. C: Control group, T 1: Toxin group after 1hr,
T2: Toxin group after 2hrs and T3: Toxin group after 3hrs. Presented data are mean values
(units per liter) for each group mice ± SD. n= 7 mice.
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FIGURE 2
Histological structure of the lungs of Balb/c mice. Control groups showing normal alveolar capillaries,
alveoli and alveolar walls and well organized structure are shown (H&E, 40X). 1: Alveolus, 2: Alveolar
macrophage, 3: Type I Alveolar cell, 4: Type II Alveolar cell, 5: Alveol sac, 6: Pore of kohn, 7: Alveolar
septa.

FIGURE 3
The histopathological changes in lungs of venom-treated (LD50) mice compared to the normal mice.
Toxin treated lungs showed deformation in the overall organization, areas of hemorrhage,
inflammation and alveolar wall thickening and less pore of kohn (H&E, 40X). C: Control group,
T1: Toxin group at 1hr, T2: Toxin group at 2hrs, T3: Toxin group at 3hrs. 1: Alveoli, 2: epithelial wall,
3: Pore of kohn. *: Area of hemorrhage.
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EHHQ H[SHQGHG WR DQVZHU WKLV TXHVWLRQ LW KDV UH
PDLQHG HOXVLYH SUREDEO\ EHFDXVH VRLO UHVSLUDWLRQ
FRPSRQHQWVXWLOL]HGLIIHUHQWFDUERQVRXUFHVDQGWKXV
PDNHGLIIHUHQWFRQWULEXWLRQVWRVRLOUHVSLUDWLRQ&XU
UHQWUHVHDUFKKDVIRFXVHGPDLQO\RQGDLO\UHVSLUDWLRQ
IOXFWXDWLRQVEDVHGRQVHDVRQDOYDULDWLRQVLQVRLOUHV
SLUDWLRQ>@+RZHYHULWLVLPSRUWDQWWRVWXG\GL
XUQDO YDULDWLRQLQVRLOUHVSLUDWLRQ5HVHDUFKRQWKLV
DVSHFWKDVEHHQIRFXVHGRQPDWXUHHFRV\VWHPVLQ
FOXGLQJJUDVVODQG>@IDUPODQG>@DQGIRUHVW>@
+RZHYHUWKHFRQWULEXWLRQVDQGGLXUQDOYDULDWLRQSDW
WHUQV RI WKH GLIIHUHQW FRPSRQHQWV RI 3RSXOXV VHHG
OLQJVRLOUHVSLUDWLRQKDYHUDUHO\EHHQVWXGLHG
7KHQDWXUDOSRSODU3RSXOXVLQWKH7DULP5LYHU
%DVLQWKHZRUOG VODUJHVWQDWXUDOSRSODUUHVRXUFHDF
FRXQWVIRURIWKHWRWDO3RSXOXVDUHDJOREDOO\DQG
RIWKHWRWDO3RSXOXVDUHDLQ&KLQD,QWKHSUHVHQW
VWXG\ZHSHUIRUPHGSRWH[SHULPHQWVWRLQYHVWLJDWH
WKHGLIIHUHQWSDUWVRIWKHVRLOUHVSLUDWLRQRI3RSXOXV
VHHGOLQJVWRGHWHUPLQH WKH UHODWLYH FRQWULEXWLRQVRI
DXWRWURSKLFUHVSLUDWLRQDQGKHWHURWURSKLFUHVSLUDWLRQ
RIWKH3RSXOXVVHHGOLQJDVZHOODVWKHLQIOXHQFHRI
HQYLURQPHQWDOIDFWRUVRQWKHFRPSRQHQWVRIVRLOUHV
SLUDWLRQ2XUVWXG\SURYLGHVVFLHQWLILFGDWDIRUFDU
ERQF\FOLQJUHVHDUFKRQDULGGHVHUWHFRV\VWHPV

ABSTRACT
,QWKHSUHVHQWVWXG\SRWH[SHULPHQWVZHUHSHU
IRUPHGWRLQYHVWLJDWHWKHVRLOUHVSLUDWLRQRIVHHGOLQJV
RI3RSXOXVHXSKUDWLFDLQDQDULGLQODQGULYHUEDVLQ
'LXUQDO YDULDWLRQV DQG WKH HIIHFWV RI K\GURWKHUPDO
IDFWRUVZHUHDOVRDQDO\]HG7KHVHK\GURWKHUPDOIDF
WRUV LQFOXGHG DLU WHPSHUDWXUH JURXQG WHPSHUDWXUH
IURPFPXQGHUJURXQGDWFPLQWHUYDOV VRLO
VXUIDFHPRLVWXUHDQGDLUKXPLGLW\7KHUHVXOWVLQGL
FDWHGWKDWWKHWRWDOVRLOUHVSLUDWLRQRI3RSXOXVVHHG
OLQJVZDVVOLJKWO\KLJKHUGXULQJWKHGD\WLPHWKDQDW
QLJKWDQGWKHPD[LPXPUHVSLUDWLRQYDOXHDSSHDUHG
EHWZHHQ  'XULQJ WKH GD\WLPH KHWHUR
WURSKLFUHVSLUDWLRQZDVWKHPDMRUPRGHRIVRLOUHVSL
UDWLRQDFFRXQWLQJIRURIWKHWRWDOZKHUHDVDW
QLJKWDXWRWURSKLFUHVSLUDWLRQZDVSUHGRPLQDQWDF
FRXQWLQJIRURIWKHWRWDO8VLQJVWHSZLVHPXO
WLSOHUHJUHVVLRQVLWZDVGHWHUPLQHGWKDWFKDQJHVLQ
WKHVRLOUHVSLUDWLRQRI3RSXOXVVHHGOLQJVZHUHFORVHO\
DQGGLIIHUHQWLDOO\UHODWHGWRFKDQJHVLQDLUWHPSHUD
WXUH DQG JURXQG WHPSHUDWXUH *URXQG WHPSHUDWXUH
FRQVWLWXWHGRIWKHGHFLVLYHLQIOXHQFHRQVRLOUHV
SLUDWLRQZKLOHDLUWHPSHUDWXUHZDVRIWKHGHFL
VLYHLQIOXHQFH5HJDUGLQJDXWRWURSKLFUHVSLUDWLRQDLU
KXPLGLW\KDGDPXFKVWURQJHULPSDFWRQVRLOUHVSL
UDWLRQFRPSDUHGWRWHPSHUDWXUH&RQFHUQLQJKHWHUR
WURSKLFUHVSLUDWLRQWKH4YDOXHZDV

MATERIALS AND METHODS
6WXG\DUHD7KHVWXG\DUHDZDVORFDWHGLQWKH
ORZHUUHDFKHVRIWKH7DULP5LYHUDWWKHHGJHRIWKH
7LHJDQOLNH2DVLV7KLVDUHDKDVDZDUPDQGGU\GH
VHUWFOLPDWHZLWKIUHTXHQWVDQGDQGGXVWZHDWKHU,W
KDVDQDYHUDJHDQQXDOSUHFLSLWDWLRQRIPP
DQG DQ DYHUDJH DQQXDO HYDSRUDWLRQ RI 
PPDQGWKXVLVRQHRIWKHPRVWDULGDUHDVLQ&KLQD
7KHDUHDKDVORQJKRXUVRIVXQVKLQHDQGODUJHGLIIHU
HQFHVLQWHPSHUDWXUH7KHDYHUDJHGDLO\WHPSHUDWXUH
UDQJH LV & DQG WKH DQQXDO PD[LPXP GDLO\
UDQJHLVJHQHUDOO\DERYH&7KHJURXQGLVFRP
SRVHGSULPDULO\RIILQHJUDLQHGVDQG\ORDPZKLFKLV
PDLQO\ FRYHUHG ZLWK GHVHUW YHJHWDWLRQ 7KH PDLQ
FRQVWUXFWLYHVSHFLHVLQFOXGH3RSXOXVDQG7DPDUL[

.(<:25'6
3RSXOXVKHWHURWURSKLFUHVSLUDWLRQDXWRWURSKLFUHVSLUDWLRQ
WHPSHUDWXUH

INTRODUCTION
6RLO UHVSLUDWLRQ D NH\ HFRORJLFDO SURFHVV WKDW
LQFUHDVHV DWPRVSKHULF &2 FRQFHQWUDWLRQ FRQVWL
WXWHVWKHPDLQSDUWRIWKHFDUERQF\FOHLQWHUUHVWULDO
HFRV\VWHPV>@6RLOUHVSLUDWLRQLQFOXGHVWKUHHEL
RORJLFDO SURFHVVHV DQG D QRQELRORJLFDO SURFHVV
+HQFHWRTXDQWLWDWLYHO\HYDOXDWHWKHSODQWDQGVRLO
FDUERQEDODQFHDQGWKHHQHUJ\EDODQFHLWLVHVVHQWLDO
WRGHWHUPLQHWKHUHODWLYHFRQWULEXWLRQVRIWKHYDULRXV
FRPSRQHQWVRIVRLOUHVSLUDWLRQWRWKHWRWDODPRXQWRI
VRLO UHVSLUDWLRQ >@ $OWKRXJK JUHDW HIIRUWV KDYH

(TXLSPHQW$SRWWHGSODQWZDVSODFHGLQDIODW
DQGRSHQORWLQWKH7DULP5LYHUZLOGOLIHWHVWVWDWLRQ
7KHSRWWHGSODQWFRQVLVWHGRI39&SLSHVZLWKD
GLDPHWHURIFPDQGDKHLJKWRIPZKLFKZHUH
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VHFRQGH[SHULPHQWDLPHGWRGHWHUPLQHGLXUQDOYDUL
DWLRQLQWKHVRLOUHVSLUDWLRQUDWHDQGLWVFRPSRQHQWV
'DWDZHUHFROOHFWHGIURPWRWKHQH[WDWK
LQWHUYDOV &RQFXUUHQWO\ WKH ZDWFKGRJ LQYULRVWDWLRQ
V\VWHPZDVXVHGWRPRQLWRUHQYLURQPHQWDOGDWDLQ
FOXGLQJDLUWHPSHUDWXUHVRLOVXUIDFHWHPSHUDWXUHDLU
KXPLGLW\ DQG ZLQG VSHHG 6LQFH WKH VRLO PRLVWXUH
FRQWHQWRQO\VOLJKWO\FKDQJHGLQRQHGD\ZHXVHGWKH
GU\LQJ PHWKRGWRPHDVXUH WKH ZDWHUFRQWHQWRIWKH
VRLOFPIURPWKHVXUIDFHRIWKHJURXQG
'DWDZHUHDQDO\]HGXVLQJ6366VRIWZDUH
$929$ZDVXWLOL]HGWRGHWHUPLQHFKDQJHVLQWKHVRLO
UHVSLUDWLRQ RI 3RSXOXV VHHGOLQJV 7KH UHODWLRQVKLS
EHWZHHQ VRLO UHVSLUDWLRQ DQG WHPSHUDWXUH ZDV DQD
O\]HGXVLQJQRQOLQHDUUHJUHVVLRQDQGWKHH[SRQHQ
WLDOPRGHOZDVDVIROORZV>@

SODFHG RQ WRS RI D ERWWRP WUD\ WR SUHYHQW VRLO DQG
PRLVWXUH ORVV 'HVHUW VRLO ZDV FROOHFWHG IURP WKH
3RSXOXV IRUHVW LQ WKH ORZHU UHDFKHV RI WKH 7DULP
5LYHU PL[HG WKRURXJKO\ DQG SODFHG LQ WKH 39&
SLSHVLQHTXDODPRXQWV7KHVRLOVDPSOHVZHUHPHDV
XUHG XVLQJ D VRLO FRPSDFWLRQ PHWHU WR HQVXUH WKDW
WKHUHZDVDVLPLODUGHJUHHRIVRLOFRPSDFWLRQLQHDFK
WXEHWZR\HDUROG3RSXOXVVHHGOLQJVZLWKDQDY
HUDJHKHLJKWRIPDQGDEDVHGLDPHWHURI
FPZHUHSODQWHGLQ39&SLSHVDQGIXOO\LUUL
JDWHGWRSURPRWHURRWGHYHORSPHQW$VDFRQWUROWKH
39&SLSHVZLWKWKHEDUHVRLOWUHDWPHQWZHUHLUULJDWHG
ZLWKWKHVDPHDPRXQWRIZDWHU39&SLSHVZHUH
XVHGIRUEDUHVRLOWUHDWPHQWZLWKRXWSODQWJURZLQJ
DQGWKHRWKHU39&SLSHV ZLWKOLYLQJVHHGOLQJV 
ZHUH XWLOL]HG IRUSRWH[SHULPHQWVRI3RSXOXVVHHG
OLQJV2QHPRQWKODWHUWKHVRLOUHVSLUDWLRQUDWHRIWKH
3RSXOXVVHHGOLQJVZLWKDQGZLWKRXWURRWVZDVPRQL
WRUHGXVLQJWKH/,V\VWHPIURP-XO\WR$X
JXVW3ULRUWRWKHPHDVXUHPHQWRIWKHVRLOUHVSLUD
WLRQUDWHDVPDOO39&SLSHZLWKDGLDPHWHURIFP
ZDV LQVHUWHG LQWR HDFK RI WKH  39& SLSHV  FP
KLJKHUWKDQWKHVRLOVXUIDFHDQGVWDELOL]HGIRUK

Rs

aebT

ZKHUH5VUHSUHVHQWVWKHVRLOUHVSLUDWLRQ7LVWKHDLU
WHPSHUDWXUHDLVWKHVRLOUHVSLUDWLRQDWΥRUEDVLF
UHVSLUDWLRQDQGELVWKHWHPSHUDWXUHUHVSRQVHFRHIIL
FLHQWZKLFKUHIOHFWVWKHVHQVLWLYLW\RIVRLOUHVSLUDWLRQ
WRWHPSHUDWXUH+RZHYHUUHVHDUFKHUVXVXDOO\XWLOL]H
DVLQJOHH[SRQHQWLDOPRGHO4ZKLFKLVGHWHUPLQHG
DVIROORZV

0HWKRGV7KHILUVWH[SHULPHQWDLPHGWRGHWHU
PLQHWKHGDLO\FKDQJHVLQWKHUDWHRIVRLOUHVSLUDWLRQ
DQGLWVFRPSRQHQWV7KHDSSDUDWXVZDVWKH/,
DXWRPDWHGVRLO&2IOX[V\VWHP'DWDZHUHFROOHFWHG
IURPWRDWKLQWHUYDOV&RQFXUUHQWO\WKH
7'5KXPLGLW\LQVWUXPHQWZDVXVHGWRPRQLWRU
WKH DLU WHPSHUDWXUH LQVLGH WKH 3RSXOXV FRPPXQLW\
DQG WKH :0<& GLJLWDO WKHUPRPHWHU ZDV HP
SOR\HGIRUUHDOWLPHPRQLWRULQJRIWKHFPXQ
GHUJURXQG VRLO WHPSHUDWXUH DW  FP LQWHUYDOV 7KH
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&RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHO WDLOHG 
XUQDOYDULDWLRQSDWWHUQRI3RSXOXVDXWRWURSKLFUHVSL
UDWLRQUDWH ZDVGLVWLQFWIURP 3RSXOXVKHWHURWURSKLF
UHVSLUDWLRQUDWHDQGVRLOUHVSLUDWLRQUDWHDOWKRXJKLW
DOVRH[KLELWHGDVLQJOHSHDNFXUYH7KH&2HPLVVLRQ
JUDGXDOO\LQFUHDVHGEXWUHPDLQHGDWDORZOHYHOGXU
LQJWKHGD\WLPHDQGUHDFKHGLWVSHDNDWIRO
ORZHGE\DUDSLGGHFUHDVHDWQLJKW7KHDYHUDJHUDWH
RIDXWRWURSKLFUHVSLUDWLRQZDVEHWZHHQDQG
DQGGXULQJWKHUHVWRIWKHGD\7KHGLXU
QDOYDULDWLRQSDWWHUQVRI 3RSXOXVKHWHURWURSKLFDQG
DXWRWURSKLF UHVSLUDWLRQ UDWHV ERWK VKRZHG VLQJOH
SHDNFXUYHVZLWKGLVWLQFWFKDUDFWHULVWLFV'XULQJWKH
GD\WLPH WKH KHWHURWURSKLF UHVSLUDWLRQ UDWH UHDFKHG
WKHSHDNEHWZHHQDQGZKLOHWKHDXWR
WURSKLFUHVSLUDWLRQUDWHZDVORZHVWDWWKHVDPHWLPH
)XUWKHUPRUH3RSXOXVDXWRWURSKLFDQGKHWHURWURSKLF
UHVSLUDWLRQV H[KLELWHG VLJQLILFDQWO\ GLIIHUHQW FRQWUL
EXWLRQUDWHV$XWRWURSKLFDQGKHWHURWURSKLFUHVSLUD
WLRQUDWHVFKDQJHGWRRSSRVLWHGLUHFWLRQVDQGFURVVHG
DWWZRWLPHSRLQWVDQG%HWZHHQ
DQGVRLOUHVSLUDWLRQZDVODUJHO\KHWHURWURSKLF
ZLWK DQ DYHUDJH FRQWULEXWLRQ UDWH RI 
ZKHUHDVWKHUHVWRIWKHGD\ZDVGRPLQDWHGE\DXWR
WURSKLFUHVSLUDWLRQZLWKDQDYHUDJHFRQWULEXWLRQUDWH
RI+HQFHKHWHURWURSKLFUHVSLUDWLRQZDVSUH
GRPLQDQWGXULQJWKHGD\WLPHZKLOHDXWRWURSKLFUHV
SLUDWLRQZDVSUHGRPLQDQWDWQLJKW,QDGGLWLRQWRWKH
LQIOXHQFH RI SODQW SK\VLRORJLFDO DFWLYLWLHV GLXUQDO
YDULDWLRQLQUHVSLUDWLRQUDWH ZDVODUJHO\DIIHFWHGE\
HQYLURQPHQWDOIDFWRUVHVSHFLDOO\WHPSHUDWXUH

RESULTS AND DISCUSSION
'LXUQDOYDULDWLRQLQWKHVRLOUHVSLUDWLRQUDWH
7KHGLXUQDOYDULDWLRQSDWWHUQRIVRLOUHVSLUDWLRQH[
KLELWHGDVLQJOHSHDNFXUYH7KHVRLO&2HPLVVLRQ
UDWHUHDFKHGDGDLO\SHDNEHWZHHQDQG
7KH &2 HPLVVLRQ UDWH WKHQ UDSLGO\ GHFUHDVHG WR D
ORZOHYHODQGUHDFKHGDGDLO\PLQLPDOYDOXHDW
WKHQH[WGD\$IWHUWKH&2HPLVVLRQUDWHJUDG
XDOO\LQFUHDVHG )LJXUHD 7KHDYHUDJHVRLOUHVSLUD
WLRQUDWHRIWKH3RSXOXVVHHGOLQJVZDVZLWKD
VWDQGDUGGHYLDWLRQRI+HQFHWKHGLXUQDOYDUL
DWLRQLQWKHVRLOUHVSLUDWLRQUDWHRIWKH3RSXOXVVHHG
OLQJVZDVUHODWLYHO\VPDOO
6RLOUHVSLUDWLRQFRPSULVHVWKUHHELRORJLFDOSUR
FHVVHV LHVRLOPLFURELDOUHVSLUDWLRQSODQWURRWUHV
SLUDWLRQDQGVRLODQLPDOUHVSLUDWLRQ DQGDQRQELR
ORJLFDO SURFHVV FKHPLFDO R[LGDWLRQ RI FDUERQFRQ
WDLQLQJ PLQHUDOV  5RRW PLFURELDO UHVSLUDWLRQ DQG
SODQWURRWUHVSLUDWLRQEHORQJWRDXWRWURSKLFUHVSLUD
WLRQZKLOHVRLOPLFURELDOUHVSLUDWLRQDQGVRLODQLPDO
UHVSLUDWLRQ FRQVWLWXWH KHWHURWURSKLF UHVSLUDWLRQ ,Q
WKHORZHUUHDFKHVRIWKH7DULP5LYHUVLQFHWKHIRUHVW
VRLO FRQWDLQV OLWWOH IDXQD WKH &2 UHOHDVHG WKURXJK
VRLODQLPDOUHVSLUDWLRQDQGFKHPLFDOR[LGDWLRQRQO\
DFFRXQWV IRU D VPDOO SURSRUWLRQ RI WRWDO &2  HPLV
VLRQV,QDGGLWLRQWKHVWXG\DUHDZDVOLWWHUIUHHDQG
WKXVWKHVHWZR&2HPLVVLRQSDWWHUQVZHUHQRWFRQ
VLGHUHG LQ WKH SUHVHQW VWXG\ )RUHVW VRLO UHVSLUDWLRQ
ZDVPDLQO\FRPSRVHGRIKHWHURWURSKLFUHVSLUDWLRQRI
VRLO PLFUREHV DQG DXWRWURSKLF UHVSLUDWLRQ RI SODQW
URRWV,QWKHFXUUHQWVWXG\WKHDXWRWURSKLFUHVSLUDWLRQ
RI3RSXOXVURRWVDQGUKL]RVSKHUHPLFUREHVZHUHGH
WHUPLQHG DV WKH GLIIHUHQFH EHWZHHQ VRLO UHVSLUDWLRQ
DQGKHWHURWURSKLFVRLOUHVSLUDWLRQZLWKRXWSODQWURRWV
7KHGLXUQDOYDULDWLRQLQ3RSXOXVKHWHURWURSKLF
UHVSLUDWLRQUDWHZDVYHU\VLPLODUWRWKDWRIVRLOUHVSL
UDWLRQUDWHH[FHSWWKDWWKHSHDNRIWKHUHVSLUDWLRQDS
SHDUHGDWDSSUR[LPDWHO\ )LJXUHE 7KHGL

5HODWLRQVKLS EHWZHHQ VRLO UHVSLUDWLRQ DQG
WHPSHUDWXUH7KHVRLOUHVSLUDWLRQRI3RSXOXVDQLQ
GLFDWRU RI VRLO ELRORJLFDO DFWLYLW\ UHIOHFWV WKH UH
VSRQVHVDQGVHQVLWLYLW\RIGHVHUWHFRV\VWHPVWRHQYL
URQPHQWDO VWUHVV 7KHUHIRUH WR H[SORUH WKH PHFKD
QLVPVXQGHUO\LQJWKHUHVSLUDWLRQSURFHVVHVRIGHVHUW
HFRV\VWHPV DQG WR SUHGLFW FKDQJHV LQ &2 F\FOLQJ
XQGHUIXWXUHFOLPDWHFRQGLWLRQVLWLVQHFHVVDU\DQG
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WKDWWKHGDLO\FKDQJHVLQ3RSXOXVVHHGOLQJVRLOUHVSL
UDWLRQKDGH[WUHPHO\VLJQLILFDQWFRUUHODWLRQVZLWKWKH
WHPSHUDWXUHV RI GLIIHUHQW OD\HUV RI VRLO 5 
 Į  7KH FRUUHODWLRQ ZLWK VRLO WHPSHUD
WXUHZDVWKHJUHDWHVWIRUVRLODWDGHSWKRIFPDQG
WKHQJUDGXDOO\GHFUHDVHG:HXVHGVWHSZLVHPXOWLSOH
UHJUHVVLRQWRDQDO\]HWKHGDLO\FKDQJHVLQVRLOUHVSL
UDWLRQUDWHDQGVRLOWHPSHUDWXUHDQGIRXQGWKDWWKH
OLQHDU UHJUHVVLRQ PRGHO FRXOG DFFXUDWHO\ GHVFULEH
WKHVRLOUHVSLUDWLRQDQGWHPSHUDWXUHRIWKHFPVRLO
5 VLJ  
$VVKRZQLQ7DEOHDQGGLXUQDOYDULDWLRQLQ
KHWHURWURSKLFVRLOUHVSLUDWLRQZDVVLJQLILFDQWO\FRU
UHODWHGWRVRLOWHPSHUDWXUHDQGHVSHFLDOO\DLUWHPSHU
DWXUH5HJDUGLQJVRLOWHPSHUDWXUHRQO\WHPSHUDWXUHV
RIWKHJURXQGDWWKHVXUIDFHDQGFPVRLOH[KLELWHG
VLJQLILFDQWFRUUHODWLRQVWRKHWHURWURSKLFVRLOUHVSLUD
WLRQ7KHFRUUHODWLRQFRHIILFLHQWRIVRLOWHPSHUDWXUH
UDSLGO\GHFUHDVHGZLWKLQFUHDVHRIVRLOGHSWK,QDG
GLWLRQGLXUQDO YDULDWLRQLQDXWRWURSKLFVRLOUHVSLUD
WLRQZDVQRWFRUUHODWHGWRHLWKHUVRLOWHPSHUDWXUHRU
DLUWHPSHUDWXUH

XUJHQWWRGHWHUPLQHWKHFRUUHODWLRQEHWZHHQUHVSLUD
WLRQDQGHQYLURQPHQWDOIDFWRUVDQGHVWDEOLVKPRGHOV
WR GHVFULEH WKHLU UHODWLRQVKLS$V WKH GLXUQDO YDULD
WLRQLQSODQWJURZWKDQGVRLOSK\VLFRFKHPLFDOSURS
HUWLHVLVYHU\VPDOOLQWKHSUHVHQWVWXG\ZHFKRVHWR
VWXG\WKHUHODWLRQVKLSEHWZHHQWKHVRLOUHVSLUDWLRQRI
3RSXOXV VHHGOLQJV DQG WKRVH HQYLURQPHQWDO IDFWRUV
ZLWKODUJHGLXUQDOYDULDWLRQLQFOXGLQJWHPSHUDWXUH
VRLOWHPSHUDWXUHDQGUHODWLYHDLUKXPLGLW\
,QWKHFXUUHQWVWXG\ZHIRXQGWKDWWKHVRLOUHV
SLUDWLRQ RI 3RSXOXV VHHGOLQJV DQG WHPSHUDWXUH
VKRZHGVLPLODUFKDQJHV'LXUQDOYDULDWLRQLQWKHVRLO
UHVSLUDWLRQUDWHRI3RSXOXVVHHGOLQJVZDVFORVHO\UH
ODWHGWRVRLOWHPSHUDWXUHDQGDLUWHPSHUDWXUH 7DEOH
  LQGLFDWLQJ WKDW WHPSHUDWXUH FRQVWLWXWHG D PDMRU
IDFWRULQIOXHQFLQJWKHVRLOUHVSLUDWLRQUDWHRI3RSXOXV
VHHGOLQJV,WKDVEHHQVXJJHVWHGWKDWWKHVKRUWWHUP
UHODWLRQVKLSEHWZHHQWKHVRLOUHVSLUDWLRQUDWHRIIRU
HVWVDQGWHPSHUDWXUHFDQEHGHVFULEHGE\H[SRQHQWLDO
>@OLQHDU>@RUQRQOLQHDUPRGHOV>@
7KHUHODWLRQVKLSEHWZHHQ3RSXOXVVHHGOLQJVRLO
UHVSLUDWLRQ UDWH DQG DLU WHPSHUDWXUH RU JURXQG VXU
IDFHWHPSHUDWXUHFRXOGEHZHOOVLPXODWHGE\PRGHOV
7KHUHJUHVVLRQVLPXODWLRQRIDLUWHPSHUDWXUHJURXQG
WHPSHUDWXUHDQGGLXUQDOYDULDWLRQLQVRLOUHVSLUDWLRQ
UDWH UHYHDOHG WKDW WKH UHODWLRQVKLS EHWZHHQ UHVSLUD
WLRQUDWH DQGWHPSHUDWXUH FDQEH ZHOOGHVFULEHGE\
OLQHDUDQGH[SRQHQWLDOUHJUHVVLRQHTXDWLRQV7KHUH
JUHVVLRQFRHIILFLHQWVEHWZHHQ3RSXOXVVHHGOLQJVRLO
UHVSLUDWLRQ DQG JURXQG VXUIDFH WHPSHUDWXUH DQG DLU
WHPSHUDWXUH ZHUH  DQG  UHVSHFWLYHO\
ZKLFKLQGLFDWHGWKDWDOWKRXJKERWKFRUUHODWLRQVZHUH
VLJQLILFDQW JURXQG VXUIDFH WHPSHUDWXUH H[KLELWHGD
PRUH VLJQLILFDQW FRUUHODWLRQ ZLWK VRLO UHVSLUDWLRQ
FRPSDUHGWRDLUWHPSHUDWXUH:H DOVRDQDO\]HGWKH
UHODWLRQVKLS EHWZHHQ WKH GDLO\ FKDQJHV LQ 3RSXOXV
VHHGOLQJVRLOUHVSLUDWLRQDQGWKHWHPSHUDWXUHRIGLI
IHUHQWOD\HUVRIVRLO 7DEOH 7KHUHVXOWVLQGLFDWHG

5HODWLRQVKLS EHWZHHQ VRLO UHVSLUDWLRQ DQG
VRLOPRLVWXUH7KHVXUIDFHVRLOPRLVWXUHGLVWULEXWLRQ
RIWKHVWXG\DUHDLVVKRZQLQ)LJXUH$OO3RSXOXV
VHHGOLQJV H[KLELWHG JRRG VRLO PRLVWXUH FRQGLWLRQV
RIWKHVHHGOLQJVVKRZHGDODUJHUVRLOPRLVWXUH
FRQWHQW WKDQ WKH DYHUDJH ILHOG FDSDFLW\ RI 
$PRQJWKHVHVHHGOLQJVZLWKODUJHUPRLVWXUHFRQWHQW
ZHUHVWLOOFORVHWRWKHDYHUDJHILHOGFDSDFLW\
:H DQDO\]HG WKH UHODWLRQVKLS EHWZHHQ VRLO UHVSLUD
WLRQDQGVRLOPRLVWXUHDQGIRXQGWKDWWKH\ZHUHVLJ
QLILFDQWO\ FRUUHODWHG 5  VLJ   ZKLOH
VRLOPRLVWXUHZDVQRWVLJQLILFDQWO\FRUUHODWHGWRWKH
FRPSRQHQWVRIVRLOUHVSLUDWLRQ

),*85(
5HODWLRQVKLSEHWZHHQ3RSXOXVVHHGOLQJVRLOUHVSLUDWLRQDQGVRLOPRLVWXUHFKDQJHV
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WKDWDOLQHDUHTXDWLRQ\ [FRXOGDFFX
UDWHO\GHVFULEHWKHFRUUHODWLRQEHWZHHQKHWHURWURSKLF
UHVSLUDWLRQDQGDLUKXPLGLW\ 5 VLJ  
:HDOVRDQDO\]HGWKHUHODWLRQVKLSEHWZHHQDX
WRWURSKLFUHVSLUDWLRQDQGZLQGVSHHGRUDLUKXPLGLW\
7KH UHVXOWV LQGLFDWHG WKDW EHWZHHQ  DQG 
DOWKRXJKDXWRWURSKLFUHVSLUDWLRQUDWHDQGDLUKXPLG
LW\ERWK VKRZHGORZOHYHOVDXWRWURSKLFUHVSLUDWLRQ
UDWH H[KLELWHG ODUJH IOXFWXDWLRQV DQG DLU KXPLGLW\
JUDGXDOO\ GHFUHDVHG 'XULQJ WKH VDPH WLPH SHULRG
ZLQG VSHHG ZDV KLJK %HWZHHQ  DQG WKH QH[W
 DXWRWURSKLF UHVSLUDWLRQ UDWH DQG DLU KXPLGLW\
ERWK VKRZHG KLJK OHYHOV EXW KDG GLVWLQFW FKDQJLQJ
SDWWHUQV DQG ZLQG VSHHG ZDV ORZ 2XU DQDO\VLV
GHPRQVWUDWHGWKDWDXWRWURSKLFUHVSLUDWLRQDQG ZLQG
VSHHG H[KLELWHG D VLJQLILFDQW QHJDWLYH FRUUHODWLRQ
ZLWK D FRHIILFLHQW RI  DQG ZLQG VSHHG FDQ
JUHDWO\ UHGXFH WKH FRUUHODWLRQ EHWZHHQ DXWRWURSKLF
UHVSLUDWLRQDQGDLUKXPLGLW\&RPSDUHGWRWKHGD\
WLPHSODQWURRWDFWLYLW\ZDVJUHDWHUDWQLJKWDQGDX
WRWURSKLF UHVSLUDWLRQ UDWH ZDV KLJKHU :H DQDO\]HG
WKH UHODWLRQVKLS EHWZHHQ SODQW URRW UHVSLUDWLRQ UDWH
DQGZLQGVSHHGRUDLUKXPLGLW\EHWZHHQDQG
 DQG GHWHUPLQHG WKDW DXWRWURSKLF UHVSLUDWLRQ
VKRZHGDVLJQLILFDQWQHJDWLYHFRUUHODWLRQWRDLUKX
PLGLW\ZLWKDFRHIILFLHQWRI VLJ  EXW
IDLOHG WR H[KLELW DQ\ VLJQLILFDQW FRUUHODWLRQ ZLWK
ZLQGVSHHG
7RHOXFLGDWHWKHFRPELQHGHIIHFWVRIDOORIWKHVH
HQYLURQPHQWDOIDFWRUVRQ3RSXOXVVHHGOLQJVRLOUHV
SLUDWLRQUDWHZHXWLOL]HGGLIIHUHQWUHJUHVVLRQPHWK
RGV WR DQDO\]H WKH UHODWLRQVKLS EHWZHHQ 3RSXOXV
VHHGOLQJVRLOUHVSLUDWLRQUDWHDQGHDFKRIWKHPHWHRU
RORJLFDOIDFWRUV 7DEOH $VVKRZQLQ7DEOHVRLO
WHPSHUDWXUH DLU KXPLGLW\ DQG WHPSHUDWXUH DF
FRXQWHG IRUD WRWDORI RIWKH VRLOUHVSLUDWLRQ
UDWH,IRQO\WHPSHUDWXUHOLPLWDWLRQVZHUHFRQVLGHUHG
VRLO WHPSHUDWXUH DQG DLU WHPSHUDWXUH DFFRXQWHG IRU
RIVRLOUHVSLUDWLRQUDWHZKLFKZDVQRWVLJQLI
LFDQWO\GLIIHUHQW7KHUHIRUHDVDPDMRUUDWHOLPLWLQJ
IDFWRUWHPSHUDWXUHDIIHFWHGWKHGLXUQDOYDULDWLRQRI
3RSXOXVVHHGOLQJVRLOUHVSLUDWLRQUDWHDQGLWVFRPSR
QHQWV

),*85(
'LXUQDOYDULDWLRQLQVRLOUHVSLUDWLRQDQGLWV
FRPSRQHQWVDQGZLQGVSHHGDQG
DLUKXPLGLW\
5HODWLRQVKLS EHWZHHQ VRLO UHVSLUDWLRQ DQG
ZLQGVSHHGRUUHODWLYHDLUKXPLGLW\:HDOVRDQD
O\]HG WKH VRLO UHVSLUDWLRQ RI 3RSXOXV VHHGOLQJV DQG
WKHGLXUQDOYDULDWLRQLQZLQGVSHHGDQGDLUKXPLGLW\
%HWZHHQDQGUHODWLYHDLUKXPLGLW\OHYHO
ZDVORZEXWVRLOUHVSLUDWLRQUDWHZDVKLJK )LJXUH 
DQG WKH\ VKRZHG GLVWLQFW FKDQJHV$IWHU  DLU
KXPLGLW\JUDGXDOO\LQFUHDVHGZKLOHVRLOUHVSLUDWLRQ
UDWHGHFUHDVHGLQGLFDWLQJWKDWDLUKXPLGLW\DIIHFWHG
VRLOUHVSLUDWLRQUDWHDQGH[KLELWHGDVLJQLILFDQWQHJ
DWLYHFRUUHODWLRQ2XUUHVXOWVDOVRGHPRQVWUDWHGWKDW
ZLWKLQ WKLV WLPH SHULRG ZLQG VSHHG VKRZHG ODUJH
IOXFWXDWLRQVDQGWKXVZDVQRWFRUUHODWHGWRVRLOUHV
SLUDWLRQUDWH
2XUUHVXOWVLQGLFDWHGWKDWKHWHURWURSKLFUHVSLUD
WLRQ H[KLELWHG D FKDQJLQJ SDWWHUQ VLPLODU WR ZLQG
VSHHGEXWDWUHQGRIFKDQJHRSSRVLWHWKDWRIDLUKX
PLGLW\&RUUHODWLYHDQDO\VLVUHYHDOHGWKDWWKHUDWHRI
KHWHURWURSKLF UHVSLUDWLRQ KDG D VLJQLILFDQW SRVLWLYH
FRUUHODWLRQZLWKZLQGVSHHGDQGDVLJQLILFDQWQHJD
WLYHFRUUHODWLRQZLWKDLUKXPLGLW\:HXWLOL]HGVWHS
ZLVHUHJUHVVLRQWRDQDO\]HKHWHURWURSKLFUHVSLUDWLRQ
UDWHDQGZLQGVSHHGRUDLUKXPLGLW\DQGGHWHUPLQHG

7HPSHUDWXUHVHQVLWLYLW\RI3RSXOXVVHHGOLQJ
VRLOUHVSLUDWLRQ7KHWHPSHUDWXUHFRHIILFLHQW4RI
3RSXOXVVHHGOLQJVRLOUHVSLUDWLRQUHIOHFWVWKH VHQVL
WLYLW\RIVRLOUHVSLUDWLRQWRWHPSHUDWXUHFKDQJHV8V
LQJ WKH UHODWLRQVKLS YDULDQFH EHWZHHQ WHPSHUDWXUH
DQGVRLOUHVSLUDWLRQUDWHZHGHWHUPLQHGWKH4 YDO
XHVRIVRLOUHVSLUDWLRQUDWHDQGKHWHURWURSKLFUHVSLUD
WLRQ:KHQWKHJURXQGVXUIDFHWHPSHUDWXUHLQFUHDVHG
IURP Υ WR Υ VRLO UHVSLUDWLRQ LQFUHDVHG E\
 4  :KHQWKHJURXQGVXUIDFHWHP
SHUDWXUHLQFUHDVHGIURPΥWRΥWKHVRLOUHVSL
UDWLRQLQFUHDVHGE\ 4  7KXVWKH
DYHUDJH4ZDV7KH4RIVRLOUHVSLUDWLRQWR
ERWK JURXQG VXUIDFH DQG DLU WHPSHUDWXUH ZDV 
6LPLODUO\WKH4RIKHWHURWURSKLFUHVSLUDWLRQWRDLU
KXPLGLW\ZDV



© by PSP

Volume 26 ± No. 12/2017 pages 7209-7217

Fresenius Environmental Bulletin

7$%/(
5HJUHVVLYHDQDO\VLVRIHQYLURQPHQWDOIDFWRUVDQG3RSXOXVVHHGOLQJVRLOUHVSLUDWLRQDQGLWVFRPSRQHQWV
&RQWHQW

0HWKRG

5HODWLRQVKLSPRGHO

6RLOUHVSLUDWLRQ
+HWHURWURSKLFUHVSLUDWLRQ

6WHSZLVH

Y

-5.225  0.340x1

Y

-4.979  0.290x 1  0.41x 2

(QWHU

Y

-5.328  0.289x 1  0.049x 2  0.004x 3

6RLOUHVSLUDWLRQ
+HWHURWURSKLFUHVSLUDWLRQ

6WHSZLVH
(QWHU

Y -3.463  0.199x 2
Y 0.107 - 0.030x 1  0.139x 2 - 0.030x 3  0.114x 4

$XWRWURSKLFUHVSLUDWLRQ

6WHSZLVH
(QWHU

Y

7.050 - 0.097x 3

Y

2.886  0.109x 1  0.015x 2 - 0.061x 3 - 0.054x 4

5VTXDUH



6LJ



















[VXUIDFHWHPSHUDWXUH[DLUWHPSHUDWXUH[UHODWLYHDLUKXPLGLW\[ZLQGVSHHG
DQGRIWHQLQFUHDVHWKHUDWLRRIFDUERQLQWKHURRWVWR
HQKDQFH WKH XWLOL]DWLRQ RI QXWULHQWV DQG ZDWHU E\
URRWV WR SURPRWH URRW JURZWK >@ :LWK DGHTXDWH
OLJKWDQGZDWHUVRLOWHPSHUDWXUHFDQVLJQLILFDQWO\DI
IHFWURRWJURZWKE\UHJXODWLQJWKHDEVRUSWLRQDQGUHV
SLUDWLRQUDWHRIURRWV7KXVZKHQWKHDLUWHPSHUDWXUH
LVEHWZHHQ&DQG&3RSXOXVVHHGOLQJVH[KLELW
JRRGDGDSWDELOLW\WRWHPSHUDWXUHDQGWKHLUVRLOUHV
SLUDWLRQ UDWH FDQ LQFUHDVH VXEVWDQWLDOO\ ,W KDV EHHQ
SURSRVHGWKDWWKHQRUPDOOHYHORIVRLOPRLVWXUHFDQ
QRWDIIHFWWKHUHVSLUDWLRQRIPLFUREHVDQGSODQWURRWV
>@+RZHYHUZKHQVRLOPRLVWXUHHLWKHULVUHGXFHG
WR WKH WKUHVKROG IRU VRLO SHUPDQHQW ZLOWLQJ RU LQ
FUHDVHG WR H[FHHG WKH ILHOG ZDWHU KROGLQJ FDSDFLW\
VRLOUHVSLUDWLRQUDWHFDQEHVLJQLILFDQWO\DIIHFWHGE\
VRLOPRLVWXUH>@
$GXOW3RSXOXVDUHXVXDOO\LQH[WUHPHDULGDUHDV
XQGHU SRRU ZDWHU FRQGLWLRQV RI ZKLFK WKH DYHUDJH
VRLOPRLVWXUHFRQWHQWLVXVXDOO\EHWZHHQ
>@ZKHUHDV3RSXOXVVHHGOLQJVJURZZLWKLQSODQW
LQJGDWHVZKHQVRLOPRLVWXUHLVPXFKEHWWHUDQGWKH
DYHUDJHVRLOPRLVWXUHFRQWHQWLVEHWZHHQ
6RLO LQ WKH ORZHU UHDFKHV RI WKH 7DULP 5LYHU SRV
VHVVHV D ILHOG FDSDFLW\ RI  DQG DQ DYHUDJH
ZLOWLQJFRQWHQWRI,QWKHVHWZRH[WUHPHFDVHV
RIVRLOPRLVWXUHWKHVRLOUHVSLUDWLRQUDWHRI3RSXOXV
LVVHQVLWLYHWRGLVWLQFWUDQJHVRIWHPSHUDWXUH,QWKH
SUHVHQWVWXG\ZHIRXQGWKDWIRU3RSXOXVDWGLIIHUHQW
GHYHORSPHQWDOVWDJHVGLXUQDOYDULDWLRQVLQVRLOUHV
SLUDWLRQUDWHZHUHVLJQLILFDQWO\GLVVLPLODU7KHUHIRUH
WR RYHUFRPH OLPLWDWLRQV LQ SHUIRUPLQJ ORQJWHUP
FRQWLQXRXVIOX[REVHUYDWLRQVLWLVFULWLFDOWRFKRRVH
DSSURSULDWH REVHUYDWLRQ WLPH SRLQWV IRU IOX[ PHDV
XUHPHQWV WR PRUH DFFXUDWHO\ GHVFULEH DYHUDJH IOX[
ZLWKLQDJLYHQWLPHSHULRG
6RLO UHVSLUDWLRQ DQG LWV FRPSRQHQWV FRQVWLWXWH
RQH RI WKH PRVW LPSRUWDQW WRSLFV LQ UHVHDUFK RQ
JOREDOFKDQJHV7RGHWHUPLQHWKHFDUERQEDODQFHRI
WHUUHVWULDOHFRV\VWHPVDQGVRLORUJDQLFFDUERQWXUQR
YHU UDWHV RQH NH\ SDUDPHWHU LV WKH SURSRUWLRQ RI
SODQW URRW UHVSLUDWLRQ LQ WRWDO VRLO UHVSLUDWLRQ >@
$OWKRXJKJUHDWHIIRUWVKDYHEHHQLQYHVWHG>@LWUH
PDLQVGLIILFXOWWRDFFXUDWHO\LVRODWH VRLOUHVSLUDWLRQ
DQG LWV FRPSRQHQWV &XUUHQW UHVHDUFK PHWKRGV DUH
PDLQO\ LQ VLWX PHDVXUHPHQW DSSURDFKHV LQFOXGLQJ

CONCLUSIONS AND DISCUSSION
7KHGLXUQDOYDULDWLRQSDWWHUQRIVRLOUHVSLUDWLRQ
PD\GLIIHUDPRQJVHDVRQV DQGHFRV\VWHPV )RULQ
VWDQFHWKHVRLOUHVSLUDWLRQVRIIRUHVW>@JUDVVODQG
>@ DQG DJULFXOWXUDO HFRV\VWHPV >@ H[KLELW G\
QDPLFKHWHURJHQHLW\,WKDVEHHQVXJJHVWHGWKDWWKH
VRLOUHVSLUDWLRQUDWHRIEURDGOHDYHGHYHUJUHHQIRUHVW
UHDFKHVLWVSHDNDWQLJKWDQGWKHVRLOUHVSLUDWLRQUDWH
LVJUHDWHUDWQLJKWWKDQLQWKHGD\WLPH>@ZKHUHDV
WKHVRLOUHVSLUDWLRQRIDJULFXOWXUDOHFRV\VWHPVVKRZV
REYLRXVGLXUQDOYDULDWLRQZKLFKLVXVXDOO\DVLQJOH
SHDNFXUYHDQGWKHVRLOUHVSLUDWLRQUDWH GXULQJWKH
GD\WLPH LV VLJQLILFDQWO\ JUHDWHU WKDQ DW QLJKW >@
&RQVLVWHQWZLWKWKHODWWHUREVHUYDWLRQZHIRXQGWKDW
WKHWRWDODPRXQWRIGDLO\VRLOUHVSLUDWLRQZDVVOLJKWO\
ODUJHU WKDQ WKH GLXUQDO YDULDWLRQ LQ VRLO UHVSLUDWLRQ
+HQFH SUHYLRXV VWXGLHV DOZD\V VKRZHG D FHUWDLQ
OHYHORIHVWLPDWLRQHUURULQWKHDQDO\VLVRIWKHDWPRV
SKHULFFDUERQEXGJHWEHFDXVHWKHGDLO\FKDQJHLQVRLO
UHVSLUDWLRQLQVWHDGRIWKHFDUERQH[FKDQJHEHWZHHQ
WKH SODQW FRPPXQLW\ DQG WKH DLU ZDV HPSOR\HG WR
HYDOXDWHWKH HIIHFWVRIHFRV\VWHPVRQ&2FRQFHQ
WUDWLRQLQWKHDWPRVSKHUH
3RSXOXV DW GLIIHUHQW DJHV PD\ H[KLELW GLVWLQFW
GLXUQDOYDULDWLRQVLQVRLOUHVSLUDWLRQUDWHV)RUDGXOW
3RSXOXVWKHPD[LPDOGLXUQDOYDULDWLRQLQVRLOUHVSL
UDWLRQ UDWH DSSHDUV EHWZHHQ  DQG  >@
:KHQWKHWHPSHUDWXUHLVKLJKHUWKDQ&WKHVRLO
UHVSLUDWLRQ UDWH RI DGXOW 3RSXOXV DUH GULYHQ WR GH
FUHDVHE\WKHKLJKWHPSHUDWXUH+RZHYHUWKHPD[L
PDO GLXUQDO YDULDWLRQ LQ WKH VRLO UHVSLUDWLRQ UDWH RI
3RSXOXV VHHGOLQJV DSSHDUV PXFK ODWHU XVXDOO\
DURXQGaDWZKLFKWLPHDLUWHPSHUDWXUH
LV WKH KLJKHVW7KH OHDYHV RI DGXOW 3RSXOXV XVXDOO\
VKRZDQRRQUHVWSKHQRPHQRQDURXQGQRRQGXHWR
KHDW VWUHVV >@ 3RSXOXV URRW UHVSLUDWLRQ DQ LP
SRUWDQWSDUWRIVRLOUHVSLUDWLRQLVXQGHUWKHFRQWURORI
QHZO\ V\QWKHVL]HGDVVLPLODWHVRISODQWV:KHQOHDI
SKRWRV\QWKHVLVLVGHFUHDVHGWKHHQHUJ\WUDQVIHUDQG
DEVRUSWLRQRISODQWVDUHUHGXFHGZKLFKLQWXUQFDQ
VLJQLILFDQWO\DWWHQXDWHSODQWURRWUHVSLUDWLRQ+HQFH
WKH VRLO UHVSLUDWLRQ UDWH RI DGXOW 3RSXOXV LV JUHDWO\
GLPLQLVKHGZKHQWKHDLUWHPSHUDWXUHLVDERYHΥ
+RZHYHU3RSXOXVVHHGOLQJVRQO\KDYHWHQVRIOHDYHV
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WKHFRPSRQHQWVV\QWKHVLVPHWKRGWKHURRWUHPRYDO
PHWKRGDQGWKHLVRWRSHPHWKRG$VLWLVTXLWHFKDO
OHQJLQJWRLVRODWHSODQWURRWVZLWKRXWLQWHUIHULQJZLWK
WKHRULJLQDOVRLOHQYLURQPHQWVWKHVHLQVLWXPHDVXUH
PHQWVDUHZLGHO\DFFHSWHG>@2QHFRPPRQO\XVHG
PHWKRGLVWKHSRWH[SHULPHQWRUSODQWFXOWLYDWLRQLQ
JUHHQKRXVHV WKURXJK ZKLFK WKH UHVSLUDWLRQ RI VRLO
VDPSOHVZLWKRXWURRWVLVXVHGWRUHSUHVHQWWKHFRQWUL
EXWLRQRIPLFURELDOUHVSLUDWLRQ$QXPEHURIWHUUHV
WULDOHFRV\VWHPVWXGLHVKDYHGHPRQVWUDWHGWKDWSODQW
URRWUHVSLUDWLRQFRPSULVHVRIWRWDOVRLOUHV
SLUDWLRQ&RQVLVWHQWZLWKWKHVHUHSRUWVRXUUHVXOWVUH
YHDOHGWKDWSODQWURRWUHVSLUDWLRQDFFRXQWHGIRU
RIWRWDOVRLOUHVSLUDWLRQ&KHQVXJJHVWHGWKDW
LQ&KLQDURRWUHVSLUDWLRQRIWKHIRUHVWZDV
RI WRWDO VRLO UHVSLUDWLRQ >@ 8VLQJ WKH WUHQFK GLJ
JLQJ PHWKRG &KHQ >@ IRXQG WKDW IRU WKH QDWXUDO
IRUHVWZLWKWKHSODQWDWLRQRI&NDZDNDPLLDQG&ND
ZDNDPLLILUURRWUHVSLUDWLRQDFFRXQWHGIRU
RIWRWDOVRLOUHVSLUDWLRQ8VLQJWKLVPHWKRG/HH>@
VWXGLHGD VHFRQGDU\GHFLGXRXVEURDGOHDYHG PL[HG
IRUHVWDWWKHDJHRIDDQGUHSRUWHGWKDWURRWUHVSL
UDWLRQ FRPSULVHG  RI WRWDO VRLO UHVSLUDWLRQ
7KHUHIRUHIRUPRVWW\SHVRIIRUHVWWKHSURSRUWLRQRI
URRWUHVSLUDWLRQLVDSSUR[LPDWHO\DQGWKHGLI
IHUHQFHV FRXOG EH FDXVHG E\ FOLPDWLF IDFWRUV ORFD
WLRQSODQWVSHFLHVDQGSODQWDJH,QWKHSUHVHQWVWXG\
ZH PHDVXUHG D VOLJKWO\ KLJKHU SURSRUWLRQ RI DXWR
WURSKLFUHVSLUDWLRQRISUREDEO\EHFDXVH
XQGHU VXLWDEOH ZDWHU FRQGLWLRQV KLJK WHPSHUDWXUH
FRXOGSURPRWHWKHUDSLGJURZWKRIURRWVDQGDFFHOHU
DWHUHVSLUDWLRQDQGPHWDEROLVP
6RLOUHVSLUDWLRQFRQVWLWXWHVDFRPSOH[ELRORJL
FDOSURFHVV7RHOXFLGDWHWKHHIIHFWVRIHQYLURQPHQWDO
IDFWRUVRQGLXUQDOYDULDWLRQLQVRLOUHVSLUDWLRQDQGLWV
FRPSRQHQWV ZH XWLOL]HG VWHSZLVH PXOWLSOH UHJUHV
VLRQWRHVWDEOLVKWKHUHJUHVVLRQHTXDWLRQEHWZHHQVRLO
UHVSLUDWLRQDQGWHPSHUDWXUH [ VXUIDFHWHPSHUDWXUH
[  DLU KXPLGLW\ [  RU ZLQG VSHHG ;  7KH
PHWKRGXVHVWKHSUREDELOLW\FDOFXODWHGE\WKH)WHVW
DVDFULWHULRQWRGHWHUPLQHZKHWKHUDQHQYLURQPHQWDO
YDULDEOHVKRXOGEHLQFOXGHGLQWKHPRGHORUH[FOXGHG
IURPLW,IWKHSUREDELOLW\RIDQHQYLURQPHQWDOYDULD
EOHLVWKLVYDULDEOHZRXOGEHLQFOXGHGLQWKH
HTXDWLRQ ZKHUHDV LI WKH SUREDELOLW\ LV  WKH
YDULDEOH ZRXOG EH H[FOXGHG 6WHSZLVH UHJUHVVLRQ
ZDVSHUIRUPHGEDVHGRQWKLVFULWHULRQXQWLODOOXQVH
OHFWHGHQYLURQPHQWDOYDULDEOHVZHUHH[FOXGHG,QDG
GLWLRQ WKH FROOLQHDULW\ EHWZHHQ WKH HQYLURQPHQWDO
YDULDEOHV ZDV DOVR DQDO\]HG GXULQJ WKH UHJUHVVLRQ
SURFHVVWKURXJKWKHVDPHVWHSVWRH[FOXGHWKRVHUH
GXQGDQW DQG QRQFRQYLQFLQJ HQYLURQPHQWDO YDULD
EOHV7KHUHVXOWVRIWKHUHJUHVVLRQDQDO\VLVUHYHDOHG
WKDWWRVWXG\GLXUQDOYDULDWLRQLQVRLOUHVSLUDWLRQUDWH
JURXQGVXUIDFHWHPSHUDWXUH ZDVLQFOXGHGLQWKHUH
JUHVVLRQHTXDWLRQZKLOHDOORWKHUYDULDEOHVZHUHH[
FOXGHG$VVKRZQLQWKHUHJUHVVLRQHTXDWLRQRI
WKH GLXUQDO YDULDWLRQ LQ WKH VRLO UHVSLUDWLRQ ZDV
FDXVHGE\FKDQJHVLQWKHJURXQGVXUIDFHWHPSHUDWXUH
ZKLOH WKH RWKHU  FRXOG EH DFFRXQWHG IRU E\ DOO
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RWKHUIDFWRUV5HJDUGLQJWKHGLXUQDOYDULDWLRQLQWKH
VRLO KHWHURWURSKLF UHVSLUDWLRQ RQO\ DLU WHPSHUDWXUH
ZDVLQWURGXFHGLQWRWKHUHJUHVVLRQHTXDWLRQZKHUHDV
JURXQGVXUIDFHWHPSHUDWXUHDLUKXPLGLW\DQGZLQG
VSHHGZHUHUHPRYHGGXULQJWKHVWHSZLVHUHJUHVVLRQ
SURFHVV+HQFHRIWKHFKDQJHVLQWKHVRLOPL
FURELDOUHVSLUDWLRQUDWHRIWKH3RSXOXVVHHGOLQJVZHUH
FDXVHGE\WHPSHUDWXUHFKDQJHV&RQFHUQLQJVRLODX
WRWURSKLFUHVSLUDWLRQRQO\DLUKXPLGLW\ZDVLQFOXGHG
LQWKHUHJUHVVLRQHTXDWLRQDQGFRXOGH[SODLQDSSUR[
LPDWHO\RIWKHGLXUQDOYDULDWLRQRIVRLOUHVSLUD
WLRQ$LUKXPLGLW\H[KLELWHGDQHJDWLYHFRUUHODWLRQWR
VRLO UHVSLUDWLRQ DQG LWV FRPSRQHQWV HVSHFLDOO\ IRU
DXWRWURSKLFUHVSLUDWLRQ$LUKXPLGLW\DOVRLQGLUHFWO\
DIIHFWHGVRLOUHVSLUDWLRQUDWHE\UHJXODWLQJVRLOWHP
SHUDWXUHDQGVRLOPRLVWXUHHVSHFLDOO\XQGHUKLJKVRLO
PRLVWXUH FRQGLWLRQV 7KLV ZDV PDLQO\ EHFDXVH VRLO
UHVSLUDWLRQRFFXUUHGLQVXUIDFHVRLODQGDLUKXPLGLW\
DQGVXUIDFH VRLO PRLVWXUH KDGD VLJQLILFDQWFRUUHOD
WLRQ 5  VLJ  0RLVWXUH LQWKH DLUFDQ
FRQGHQVHWKURXJKFRQWDFWZLWKWRSVRLOZKLFKLVWKHQ
DEVRUEHGE\FPVRLODQGVXEVHTXHQWO\XWLOL]HGE\
VKDOORZURRWV7KHUHIRUHDLUKXPLGLW\LQDULGDUHDV
FDQ JUHDWO\ LQIOXHQFH VKDOORZ URRW DFWLYLW\ ,Q WKH
FDVHRIQRSUHFLSLWDWLRQDLUKXPLGLW\KDVLPSRUWDQW
HFRORJLFDOVLJQLILFDQFHIRUDFWLYLWLHVRIWKHVHHGOLQJ
URRWVRIYHJHWDWLRQ
,WKDVEHHQVXJJHVWHGWKDWZLQGVSHHGFDQDIIHFW
VRLO DXWRWURSKLF UHVSLUDWLRQ UDWH7KH ODUJH IOXFWXD
WLRQLQZLQGVSHHGFDQDOVRZHDNHQWKHLPSDFWRIDLU
KXPLGLW\DQGWHPSHUDWXUHRQVRLODXWRWURSKLFUHVSL
UDWLRQUDWHWRVRPHH[WHQW+RZHYHULQWKHFXUUHQW
VWXG\ ZLQG VSHHG H[KLELWHG D YHU\ VPDOO UDQJH RI
FKDQJHVDQGWKXVZDVQRWVXIILFLHQWWRGHPRQVWUDWH
WKHLPSDFWRIZLQGVSHHGRQVRLOUHVSLUDWLRQ7KHUH
IRUHIXWXUHORQJWHUPVWXG\LVUHTXLUHGWRHOXFLGDWH
WKH HIIHFWV RI ZLQG VSHHG RQ 3RSXOXV VHHGOLQJ VRLO
UHVSLUDWLRQUDWH
7KH4YDOXHGHSLFWVWKHWHPSHUDWXUHVHQVLWLY
LW\ RI VRLO UHVSLUDWLRQ LH WKH IROG LQFUHDVH RI VRLO
UHVSLUDWLRQ ZKHQ WHPSHUDWXUH LV LQFUHDVHG E\ 
)RUH[DPSOHWKH VHDVRQDOUDLQIRUHVWRI;LVKXDQJ
EDQQDKDVD4YDOXHRI>@DQGWKHW\SLFDO
GHJUDGHGJUDVVODQGLQWKH;LOLQ5LYHU%DVLQKDVD4
YDOXH RI  >@ &RQVLVWHQW ZLWK WKHVH REVHUYD
WLRQVLQWKHSUHVHQWVWXG\ZHIRXQGWKDWWKH4YDO
XHV RI WKH FRPPXQLWLHV UDQJHG EHWZHHQ  DQG
 EXW WKH DGXOW 3RSXOXV LQ WKH VDPH VWXG\ DUHD
VKRZHGD4YDOXHRIZKLFKZDVVLJQLIL
FDQWO\ ORZHU WKDQ WKDW RI 3RSXOXV VHHGOLQJV7KHVH
UHVXOWVLQGLFDWHGWKDWGLXUQDOYDULDWLRQLQWKHVRLOUHV
SLUDWLRQRI3RSXOXVVHHGOLQJVZDVPRUHVHQVLWLYHWR
WHPSHUDWXUH FRPSDUHGWRDGXOW 3RSXOXV7KHUHIRUH
UHWDLQLQJWKHPDWXULW\DQGVWDELOLW\RI3RSXOXVFRP
PXQLWLHVFDQJUHDWO\UHGXFHWKHUHOHDVHRIFDUERQLQWR
WKHDWPRVSKHUH
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[11] +DQ * ; =KRX * 6  ;X = =  
5HVHDUFK DQG SURVSHFWV IRU VRLO UHVSLUDWLRQ RI
IDUPODQGHFRV\VWHPVLQ&KLQD-RXUQDORI3ODQW
(FRORJ\  
[12] +DQ*;=KRX*6;X==<DQJ</LX
-/ 6KL.4  6SDWLDOKHWHURJHQHLW\
RIVRLOUHVSLUDWLRQDQGFRQWULEXWLRQRIURRWUHVSL
UDWLRQLQDPDL]H =HDPD\V/ DJULFXOWXUDOILHOG
$FWD (FRORJLFD 6LQLFD     ,Q
&KLQHVH
[13] -DPHV : 5DLFK &KULVWRSKHU 6 3RWWHU  
*OREDO SDWWHUQV RI FDUERQ GLR[LGH HPLVVLRQV
IURPVRLOV*OREDO%LRJHRFKHPLFDO&\FOHV  

[14] (OEHUOLQJ% %UDQGW..  8QFRX
SOLQJRIPLFURELDO&2SURGXFWLRQDQGUHOHDVH
LQIUR]HQVRLODQGLWVLPSOLFDWLRQVIRUILHOGVWXG
LHV RI DUFWLF & F\FOLQJ 6RLO %LRORJ\ DQG %LR
FKHPLVWU\   
[15] :LGpQ% 0DMGL+  6RLO&2HIIOX[
DQGURRWUHVSLUDWLRQDWWKUHHVLWHVLQDPL[HGSLQH
DQGVSUXFHIRUHVWVHDVRQDODQGGLXUQDOYDULDWLRQ
&DQDGLDQ -RXUQDO RI )RUHVW 5HVHDUFK   

[16] *XR-<DQJ<&KHQ*;LH-*DR5 
4LDQ :   (IIHFWV RI FOHDUFXWWLQJ DQG
VODVKEXUQLQJRQVRLOUHVSLUDWLRQLQ&KLQHVHILU
DQG HYHUJUHHQ EURDGOHDYHG IRUHVWV LQ PLGVXE
WURSLFDO&KLQD3ODQWDQGVRLO  
[17] ;X04L<  6SDWLDODQGVHDVRQDOYDUL
DWLRQV RI 4 GHWHUPLQHG E\ VRLO UHVSLUDWLRQ
PHDVXUHPHQWV DW D 6LHUUD 1HYDGDQ IRUHVW
*OREDO%LRJHRFKHPLFDO&\FOHV  
[18] -LD%=KRX*:DQJ):DQJ<<XDQ:
=KRX/  3DUWLWLRQLQJURRWDQGPLFUR
ELDOFRQWULEXWLRQVWRVRLOUHVSLUDWLRQLQ/H\PXV
FKLQHQVLV SRSXODWLRQV 6RLO %LRORJ\ DQG %LR
FKHPLVWU\  
[19] /L&)URONLQJ6%XWWHUEDFK%DKO.  
&DUERQVHTXHVWUDWLRQLQDUDEOHVRLOVLVOLNHO\WR
LQFUHDVH QLWURXVR[LGH HPLVVLRQVRIIVHWWLQJUH
GXFWLRQV LQ FOLPDWH UDGLDWLYH IRUFLQJ &OLPDWLF
&KDQJH  
[20] ;LDQJ+<DQLQJ&:HLKRQJ/-LDQ[LQ0
<DSHQJ&  'DLO\YDULDWLRQRIFDUERQ
IOX[LQVRLOVRI3RSXOXVHXSKUDWLFDIRUHVWVLQWKH
PLGGOH DQG ORZHU UHDFKHV RI WKH 7DULP 5LYHU
3URJUHVVLQ1DWXUDO6FLHQFH  
[21] &KHQ<1 &KHQ<3 /L :+ =KDQJ +)
  7KH ORZHU UHDFKHV RI 7DULP 5LYHU (X
SKUDWHVSRSODUSUROLQH DFFXPXODWLRQRQ WKHUH
VSRQVHRIWKH XQGHUJURXQGZDWHUOHYHOFKDQJH
&KLQHVH6FLHQFH%XOOHWLQ
[22] <DQ0)=KDQJ;6=KRX*6 -LDQJ
<  6HDVRQDOG\QDPLFVRIURRWUHVSLUDWLRQ
LQSRSODUSODQWDWLRQVDWGLIIHUHQWGHYHORSPHQWDO
VWDJHV $FWD (FRORJLFD 6LQLFD    


ACKNOWLEDGEMENTS
7KHDXWKRUVH[SUHVVJUDWLWXGHIRUILQDQFLDOVXS
SRUWIURPWKH2XWVWDQGLQJ<RXWK3URMHFWRIWKH;LQ
MLDQJ 8\JXU $XWRQRPRXV 5HJLRQ 6FLHQWLILF DQG
7HFKQRORJ\%XUHDX *UDQW1R DQGWKH
1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD
*UDQW1RVDQG 

REFERENCES
[1] 0DUODQG*5RWW\50  &DUERQGLR[LGH
HPLVVLRQIURPIRVVLOIXHOV˖DSURFHGXUHIRUHV
WLPDWLRQ DQG UHVXOWV IRU ² 7HOOXV
%
[2] 5DLFK -: 6FKOHVLJQHU :+   7KH
JOREDOFDUERQGLR[LGHIOX[LQVRLOUHVSLUDWLRQDQG
UHODWLRQWRYHJHWDWLRQDQGFOLPDWH7HOOXV%

[3] &KHQJ6< =KDQJ;=  $UHYLHZ
RQGLIIHUHQWLDOPHWKRGVIRUURRWDQGVRLOPLFUR
ELDO FRQWULEXWLRQV WR WRWDO VRLO UHVSLUDWLRQ$G
YDQFHLQ(DUWK6FLHQFHV  
[4] &KHQ%:DQJ+<DQJ-/LX6 *H-
  6HSDUDWLRQ RI VRLO UHVSLUDWLRQ FRPSR
QHQWVDQGPHWKRGIRUPHDVXULQJVRLOUHVSLUDWLRQ
-RXUQDO RI QRUWKHDVW IRUHVWU\ XQLYHUVLW\   

[5] =KDR-,1<XQVKH'21* <XFKXQ
4,  5HYLHZRQWKH$SSURDFKHVRI6HSDU
DWLQJ $XWRWURSKLF DQG +HWHURWURSKLF &RPSR
QHQWVRI6RLO5HVSLUDWLRQ3URJUHVVLQ*HRJUD
SK\  
[6] -LQ='RQJ<6 4L&<  2QGLV
SXWDWLRQDERXWSDUWLWLRQLQJUHVSLUDWLRQRIDFWXDO
URRWDQGUKL]RPLHUREHV6RLOV  
[7] (SURQ'/H'DQWHF9'XIUHQH(*UDQLHU
$  6HDVRQDOG\QDPLFVRIVRLOFDUERQGL
R[LGHHIIOX[DQGVLPXODWHGUKL]RVSKHUHUHVSLUD
WLRQ LQ D EHHFK IRUHVW7UHH 3K\VLRORJ\   

[8] 4L<'RQJ<'RPURHV0*HQJ</LX/
/LX;  &RPSDULVRQRI&2HIIOX[HV
DQGWKHLUGULYLQJIDFWRUVEHWZHHQWZRWHPSHUDWH
VWHSSHVLQ,QQHU0RQJROLD&KLQD$GYDQFHVLQ
DWPRVSKHULFVFLHQFHV  
[9] )HQJ:7  &RPSDULVRQVEHWZHHQVHD
VRQDODQGGLXUQDOSDWWHUQVRIVRLOUHVSLUDWLRQLQD
PRQWDQHHYHUJUHHQEURDGOHDYHGIRUHVWRI$LODR
PRXQWDLQV &KLQD - 3ODQW (FRO &KLQHVH 9HU
VLRQ 
[10] ;LDR/:DQJ.=KDQJ<:X) /X<
 5HVSRQVHVRI PLFUREHVLQUKL]RVSKHULF
VRLORI$ELHVID[RQLDQDWRHOHYDWHGDWPRVSKHULF
&2FRQFHQWUDWLRQDQGWHPSHUDWXUH7KHMRXUQDO
RIDSSOLHGHFRORJ\  



© by PSP

Volume 26 ± No. 12/2017 pages 7209-7217

[23] 6PLWK.$%DOO7&RQHQ)'REELH.(
0DVVKHGHU -  5H\$   ([FKDQJH RI
JUHHQKRXVHJDVHVEHWZHHQVRLODQGDWPRVSKHUH
LQWHUDFWLRQVRIVRLOSK\VLFDOIDFWRUVDQGELRORJL
FDOSURFHVVHV(XURSHDQ-RXUQDORI6RLO6FLHQFH
  
[24] %RZGHQ5'1DGHOKRIIHU.-%RRQH5'
0HOLOOR-0 *DUULVRQ-%  &RQWUL
EXWLRQVRIDERYHJURXQGOLWWHUEHORZJURXQGOLW
WHUDQGURRWUHVSLUDWLRQWRWRWDOVRLOUHVSLUDWLRQ
LQDWHPSHUDWHPL[HGKDUGZRRGIRUHVW&DQDGLDQ
-RXUQDORI)RUHVW5HVHDUFK  
[25] +DQVRQ3-(GZDUGV17*DUWHQ&7 
$QGUHZV-$  6HSDUDWLQJURRWDQGVRLO
PLFURELDOFRQWULEXWLRQVWRVRLOUHVSLUDWLRQDUH
YLHZ RI PHWKRGV DQG REVHUYDWLRQV %LRJHR
FKHPLVWU\  
[26] &KHQ<1+DR;0/L:+&KHQ<3
<H=; =KDR5)  $QDQDO\VLVRI
WKHHFRORJLFDOVHFXULW\DQGHFRORJLFDOZDWHUUH
TXLUHPHQWV LQ WKH LQODQG ULYHU RI DULG UHJLRQ
$GY(DUWK6FL  
[27] &KHQ<1=KDQJ+)/L:+ &KHQ<
3   6WXG\ RQ VSHFLHV GLYHUVLW\ DQG WKH
FKDQJHRUJURXQGZDWHUZDWHUOHYHOLQWKHORZHU
UHDFKHV RI 7DULP 5LYHU ;LQMLDQJ &KLQD $G
YDQFHVLQ(DUWK6FLHQFH  
[28] /HH7+  7KHGHVLJQRI&026UDGLR
IUHTXHQF\ LQWHJUDWHG FLUFXLWV &DPEULGJH XQL
YHUVLW\SUHVV
[29] )HQJ&0HQJ4=KDQJ<  7KHRUHWL
FDODQGH[SHULPHQWDODQDO\VLVRIWKHHQHUJ\EDO
DQFH RI H[WHQVLYH JUHHQ URRIV (QHUJ\ DQG
%XLOGLQJV  

5HFHLYHG
$FFHSWHG




CORRESPONDING AUTHOR
;LDQJ+XDQJ
6WDWH.H\/DERUDWRU\RI'HVHUWDQG2DVLV(FRORJ\
;LQMLDQJ,QVWLWXWHRI(FRORJ\DQG*HRJUDSK\
&KLQHVH$FDGHP\RI6FLHQFHV
8UXPTL±&+,1$
(PDLOKXDQJ[LDQJKDSS\#FRP



Fresenius Environmental Bulletin

Volume 26 ± No. 12/2017 pages 7218-7226

© by PSP

Fresenius Environmental Bulletin

EVALUATION OF SALT TOLERANCE MUNGBEAN
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INTRODUCTION

ABSTRACT
Salinity is one of the most destructive factors
among the abiotic stresses, which limit the crop
production considerably and ability of salt tolerance
among the genotypes of a species may be varied.
Appropriate nutrients application on salinity condition may alleviate its harmful effects. To achieve
the aforementioned objectives, two pot experiments
were performed to find out salt tolerant mungbean
genotype (s) and to alleviate salinity stress through
nutrient management. Eleven mungbean genotypes
viz. BARI mung 2, BARI mung 3, BARI mung 4,
BARI mung 5, BARI mung 6, BINA moog 1,
BINA moog 2, BINA moog 5, BINA moog 6,
BINA moog 7 and BINA moog 8 were screened out
in three salinity levels (0, 75 and 125 mM) of NaCl.
The germination of all mungbean genotypes was
delayed and germination percentage was reduced
with increasing level of salinity. Among the varieties, BINA moog 8 showed the best performances
in terms germination and seedling growth (length,
fresh and dry weights of shoot and root) and BARI
mung 2 showed the least performances under saline
environment. The results revealed that BINA moog
8 was the most tolerant and BARI mung 2 was the
most sensitive genotype. BINA moog 8 was also
used for alleviation of salinity through potassium
nitrate (KNO3) application under five salinity levels (Control, 50mM salt, 50 mM salt + 10 mM
KNO3, 50 mM salt + 20 mM KNO3 and 50 mM
salt + 30 mM KNO3). Plants treated with 30 mM
KNO3 under 50 mM salt stress produced the best
growth and yield contributing characters viz. length
of stem and root, no of branches plant-1, fresh and
dry weight of leaf, stem and root, pods plant-1,
seeds pod-1, 1000 seed weight performed better
level while the least performance in respect of
above traits were observed without KNO3 without
stressful conditions (50 mM NaCl). Therefore,
BINA moog 8 can be grown successfully at mild
stress (50 mM NaCl) with application of 30 mM
KNO3.

Salinity is a major abiotic constraint on crop
production and adversely affects the socialeconomic fabric of many developing countries. In
Bangladesh, over 30% of the net cultivable areas lie
in the coastal area, which approximately 53% are
affected by varying degrees of salinity [1]. The arable land is continuously transforming into saline (13% per year) either due to primary/natural salinity
or secondary/irrigation-associated salinity, and is
expected to increase up to 50% land loss by 2050
[2]. Salt accumulation in root zone decreases grain
yield but K enhances the yield and quality of grain
as well [3]. Salt stress (NaCl) caused decrease in
water potential, osmotic potential, transpiration,
stomatal conductance and hydraulic conductance,
germination, shoot and root lengths and fresh mass
[4], dry matter and biomass and root, stem and leaf
weights, plant height [5], seed germination and
seedling vigor [6], total soluble sugars, proteins,
free amino acids [7], soluble protein [8] and caused
large accumulation of sodium and magnesium ions
and reduced calcium and potassium concentration
in the shoots and roots. Proline content increased
with increasing salinity and accumulated in different organs of mungbean plants under salt induced
stress [9, 10]. The productivity of mungbean crop is
drastically reduced (>70% yield loss) due to salinity
stress [11].
Mungbean (Vigna radiata L.) is an important
eco-friendly short term leguminous crop of dry land
agriculture [12]. As a pulse crop of Bangladesh it
ranks fifth place by both in acreage and total production. It contributed 6.5% of the total pulse production in our country and average yield was about
0.28 m ton per acre [13]. Being protein, mineral and
vitamin rich source, it is a crucial ingredient in
Bangladesh diets. The extreme increase in population in Bangladesh needs to increase the total yield
of legume crops in order to overcome the protein
deficiency through summer mungbean cultivation
in the newly reclaimed lands especially under saline
conditions of such soil. Several attempts have been
made for improving the salt tolerant capacity of
mungbean plants. It is reported that nutrients man-

KEYWORDS:
Alleviation, potassium nitrate, screening, salt tolerance,
Vigna radiate
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relative dry weight (RDW) was calculated according to [21].

agement successfully increased the salt tolerance of
many crop plants [14, 15]. [16] reported that KNO3
alleviated soil salinity of mungbean. The study was,
therefore, carried out to find out the suitable salt
tolerant mungbean variety/s and degree of tolerance
under different salinity levels, and to alleviate the
salt stress effect mungbean plant through nutrient
management.

Salinity and potassium application. Another
set of pot experiment was performed at Agronomy
Laboratory, HSTU, Dinajpur to study the effect of
potassium on the performance of BINA moog 8.
The treatments are 0 (control) + 50 mM salt solution, 50 mM salt + 10 mM KNO3, 50 mM salt + 20
mM KNO3 and 50 mM salt + 30 mM KNO3. Each
plastic pot (18 cm deep × 19 cm dimeter) was
filled-up with air-dried sandy loam soil. Pots were
moistened with tap water up to the emergence of
seedling. After seedling establishment, tap water in
control pots and 12.5 mM NaCl solution were applied in salt-treated pots up to four days and 25 mM
for next four days for hardening of seedlings before
applying actual treatments. Control plants were
irrigated with tap water up to maturity. The salt
solutions and nutrient with salt solutions were applied till maturity. Plant growth and yield contributing parameters were measured at the harvesting
stage. Root exudation rate (mg plant-1) was measured as previously described [16].

MATERIALS AND METHODS
Plant material and growth conditions.
Seeds of different mungbean genotypes were collected from Bangladesh Agricultural Research Institute (BARI) such as BARI mung 2, BARI mung
3, BARI mung 4, BARI mung 5, BARI mung 6,
and Bangladesh Institute of Nuclear Agriculture
(BINA) such as BINA moog 1, BINA moog 2,
BINA moog 5, BINA moog 6, BINA moog 7 and
BINA moog 8. Seeds were sown in plastic pots in
sand growth medium by twelve seeds from each
and placed in Agronomy laboratory, Hajee Mohammad Danesh Science and Technology University, Bangladesh.

Statistical analysis. All obtained data were
statistically analyzed according to the technique of
analysis of variance (ANOVA) for factorial experiment in completely randomized design (CRD) with
three replications as followed by [22] using means
of MSTAT-C package. Least Significant Difference
(LSD) method was used to test the differences between treatment means at 5 and 1% level of probability as described by [23].

Salinity applications. Sodium chloride
(NaCl) at different concentrations (0, 75 and 150
mM) was applied after sowing. To avoid osmotic
shock, the seedlings were adjusted to their final
NaCl level by imposing the salinity treatment in
two days intervals while the control was without
salt stress i.e. irrigated with only normal water.
Measurement of germination, emergence
and growth attributes. For the determination of
seed germination in response to salt stress seeds of
the eleven mungbean genotypes were sown in plastic pots (7.5 cm × 11.3 cm). The pots were placed at
Agronomy Laboratory, HSTU, Dinajpur under
room temperature. Germination was calculated after
seven days. The germination percentage [17], germination index [18] and vigour index [19] were
calculated by their prescribed methods. The lengths
of shoot and root, fresh & dry weights of shoot and
root were recorded up to 168 hr of germination
[20]. The seedlings were uprooted and washed with
distilled water to remove sand particles. Shoot and
root lengths of five randomly selected seedlings
from each replicate were measured. After the
measurement of root and shoot lengths, the shoots
were separated from the roots and wrapped with
filter paper to remove any drop of water present on
their leaves and shoots. Then these were placed on
the digital balance for the calculation of fresh
weights. The same procedure was used for the calculation of root fresh weights. After measuring the
fresh weights shoots and roots were placed in paper
bags and dried in an oven at 70°C until reach constant weights. The seedling height reduction and

RESULTS AND DISCUSSION
Screening of mungbean genotypes for salt
tolerance. (1) Effect of salt stress on seed germination and vigor. Mungbean genotypes responded
significantly when increasing salinity levels. The
best performances on highest germination percentage, germination and vigor index under saline conditions were reported BINA moog 8 while BARI
mung 2 gave the poorest result in this regard (Table
2). [24] observed genetically diverse arrangements
resistant to salt stresses within the mungbean varieties. [25] were also reported that seed germination,
length of plumule and radicle were decreased with
increasing level of salinity, reduction being maximum BARI mung 2 and least in BINA moog 8. It
was reported that, salinity stress conditions caused
negative effects during germination stages in soybean [26].
The results showed that increasing salinity
levels to 75, 125 mM NaCl significantly reduced
the germination percentage, germination and vigor
indices compared to the control (Table 1). Saline
condition reduces the ability of seed to absorb wa7219
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reduced seedling height. Salt decreased the water
potential due to creating the osmotic stress in the
root zone of seedlings. Reduction in seedling height
of mungbean under salt stress resulted from combination of ion toxicity and altered water relation that
caused large accumulation of sodium and reduced
potassium concentration, decreased transpiration,
stomatal conductance and hydraulic conductance
with increasing salinity as reported by [4]. BINA
moog 8 showed the longest shoot and root length
while the shortest shoot and root was recorded in
BARI mung 2 (Table 2). BINA moog 8 showed the
highest seedling height (61.62%) while the shortest
seedlings (125.4%) were recorded in BARI mung 6,
which was statistically similar to that of BARI
mung 5. The differences in seedling height reduction might be due to the varietal response of mungbean varieties to salinity [32].

ter, causing rapid reduction in germination rate and
inducing many metabolic changes. Germination
reduction under salinity stress might be due to this
fact that dormancy increases in crop seeds as well
under salinity stress [27]. Seed germination may be
affected by salinity through either creating external
osmotic potential or toxic effect of Na+ and Clions as reported by [28, 29].
(2) Effect of salt stress on seedling growth.
Shoot and root length decreased significantly with
increasing salinity levels from 0 to 75 and 125 mM
NaCl. (Table 1). These results are in agreement
with the findings of [30] who reported that salinity
reduces plant growth and development through
nutritional imbalance. The plant dry matter yield
declined with salinity stress [31]. However, increasing salinity levels to 75, 125 mM NaCl significantly

2270a
1403b
782.3c
19.55
3.11

20.32a
12.72b
6.86c
0.21
3.79

8.04a
4.81b
2.85c
0.12
5.57

0.00c
62.36b
203.6a
1.44
3.84

4.03a
2.77b
2.19c
0.09
7.39

0.88a
0.68b
0.48c
0.01
3.20

0.50a
0.37b
0.30c
0.01
5.74

0.12a
0.07b
0.05c
0.01
11.87

0.62a
0.44b
0.36c
0.01
7.22

Relative dry
weight (%)

Total dry
weight (g)

Root dry weight
(g)

Shoot dry
weight (g)

Root fresh
weight (g)

Shoot fresh
weight (g)

Seedling height
reduction (%)

Root length
(cm)

100.0a
71.73b
52.40c
0.70
2.22

Shoot length
(cm)

92.86a
66.43b
49.07c
0.73
2.49

Vigor index

Germination
index (%)

T1
T2
T3
LSD
CV %

Germination
percentage (%)

Treatment

TABLE 1
Effect of salinity on germination, emergence and growth attributes of mungbean

100.0a
69.62b
52.68c
2.98
9.51

The figures in a column having common letter(s) do not differ significantly at 5% level of significance as per
DMRT
Where, T1= Control, T2= 75 mM salt, T3= 125 mM salt

Shoot dry weight
(g)

Root dry weight
(g)

92.61d
98.66c
107.7b
122.7a
125.4a
79.69f
82.74e
79.98f
62.02g
62.10g
61.62g
2.75
3.84

2.02h
2.17gh
2.26fg
3.10e
3.91b
2.12gh
2.38f
3.50d
3.59cd
3.70c
4.23a
0.17
7.39

0.48g
0.49g
0.52f
0.62e
0.79cd
0.49g
0.54f
0.78d
0.81c
0.84b
1.18a
0.02
3.20

0.25f
0.27f
0.32e
0.36d
0.53b
0.27f
0.30e
0.43c
0.44c
0.53b
0.61 a
0.02
5.74

0.04e
0.04e
0.04e
0.06de
0.10c
0.04e
0.07cd
0.08cd
0.10c
0.12b
0.19a
0.02
11.87

0.27g
0.31f
0.36e
0.42d
0.63b
0.31f
0.38e
0.52c
0.54c
0.66b
0.80a
0.02
7.22

Relative dry
weight (%)

Root fresh weight
(g)

4.48h
4.60gh
4.78fg
4.87ef
5.24cd
4.61gh
4.69f-h
5.09de
5.42c
5.95b
7.82a
0.23
5.57

Total dry weight
(g)

Shoot fresh weight
(g)

10.21g
11.64f
12.20 e
13.09d
13.87c
11.44f
12.35e
13.99c
14.93b
15.33b
17.27a
0.40
3.79

Seedling height
reduction (%)

1176h
1299g
1379f
1437e
1529d
1284g
1364f
1527d
1628c
1703b
2008a
37.43
3.11

Root length (cm)

71.53h
74.64ef
73.06g
76.98cd
78.65b
69.94i
68.96i
73.44fg
75.81de
78.15bc
80.67a
1.34
2.22

Shoot length (cm)

57.50i
60.83h
65.00f
68.17e
78.25b
62.42g
67.58e
72.50d
73.92c
77.17b
80.67a
1.40
2.49

Vigor index

Germination index
(%)

BARI mung 2
BARI mung 3
BARI mung 4
BARI mung 5
BARI mung 6
BINA moog 1
BINA moog 2
BINA moog 5
BINA moog 6
BINA moog 7
BINA moog 8
LSD
CV %

Germination
Percentage (%)

Treatment

TABLE 2
Response of different mungbean genotypes to salt stress

66.5d
70.24cd
51.99e
69.9cd
74.79bc
73.72bc
78.83ab
84.26a
79.45ab
81.21a
84.99a
5.70
9.51

tolerance potential in terms of having the least percent reduction in plant fresh weight at all imposed
salinity levels. However, the genotype BARI mung
2 proved to be highly salt sensitive showing the

(3) Effect of salt stress on plant biomass.
Salt stress significantly reduced the plant fresh and
dry biomass in all tested genotypes (Table 3). Genotype BINA moog 8 showed the maximum salt
7220
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in salinity stress as reported earlier by [32, 33] in
mungbean, and [26, 34] in soybean plants.
Varying degree of genetic diversity among the
mungbean varieties resistant to salt stress might be
due to substantial practical value for studying the
mechanism of salt tolerance and for the delivery of
genetic resources for salinity in breeding programs
[24]. Thus, the differences observed among mungbean cultivars in final germination index might be a
result of the genetic basis and heredity variation
among the eleven cultivars under present study.

lowest plant fresh weight at 75 and 125 mM NaCl
with respect to control. Similarly, the plants subjected to salinity stress exhibited the significant
decrease in plant dry weights but maximum reduction was caused by 125 mM NaCl stress (Table 2
and 3). The genotypes, BINA moog 8 had the highest relative plant dry weight (%) over the control,
whereas BARI mung 2 found to be the most severely affected genotypes in this regard. The gradual
reduction in germination percentage, plant height,
shoot and root length, shoot and root weights, total
dry matter, total biomass with progressive increase

1846g
2035 e
2180d
2369c
2513b
1962f
2084e
2318c
2340c
2466b
2855a
1084m
1211l
1227kl
1238kl
1344j
1210l
1291jk
1452i
1624h
1683h
2063e
596.4r
651.4qr
728.8p
705.2pq
730.4p
680.6 pq
715.8pq
810.8o
921.0n
959.2n
1105m
64.83
3.11
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16.02j
18.33gh
19.81f
22.14c
23.44b
17.25i
18.72g
20.92e
21.01de
21.70cd
24.21a
9.46no
10.99m
11.01m
11.12m
12.00l
10.95m
11.88l
13.81k
15.31j
15.46j
17.89hi
5.13t
5.60st
5.77r-t
6.00rs
6.15rs
6.11rs
6.46r
7.23q
8.46p
8.81op
9.69n
0.70
3.79

7.05d
7.11d
7.44d
7.47d
7.97c
7.27d
7.32d
8.05c
8.24c
9.12b
11.47a
4.09g
4.15g
4.32g
4.35g
4.802f
4.177g
4.26g
4.34g
4.98f
5.57e
7.89c
2.31m
2.54j-m
2.60i-m
2.81h-l
2.97h-j
2.39lm
2.48k-m
2.89h-k
3.04hi
3.17h
4.12g
0.40
5.57

Seedling
height
reduction
(%)

Vigor index

Germination
Index (%)
100.0a
100.0a
100.0a
100.0a
100.0a
100.0a
100.0a
100.0a
100.0a
100.0a
100.0a
71.43ef
78.84b
76.06c
76.96bc
73.38de
66.39h
63.27i
65.60h
69.23fg
72.92de
75.00cd
43.17l
45.09l
43.11l
53.99k
62.57i
43.43l
43.63l
54.71k
58.21j
61.53i
67.00gh
2.32
2.22

Root length
(cm)

80.25c
81.50c
89.25b
88.75b
99.50a
89.25b
98.00a
98.75a
97.50a
98.75a
100.0a
57.50l
64.25hi
67.50f
68.00f
73.00de
59.25kl
62.00ij
64.75gh
67.50f
72.00e
75.00d
34.75q
36.75pq
38.25p
47.75n
62.25h-j
38.75p
42.75o
54.00m
56.75l
60.75jk
67.00fg
2.42
2.49

Shoot length
(cm)

BARI mung 2 × T1
BARI mung 3 × T1
BARI mung 4 × T1
BARI mung 5 × T1
BARI mung 6 × T1
BINA moog 1 × T1
BINA moog 2 × T1
BINA moog 5 × T1
BINA moog 6 × T1
BINA moog 7 × T1
BINA moog 8 × T1
BARI mung 2 × T2
BARI mung 3× T2
BARI mung 4× T2
BARI mung 5× T2
BARI mung 6× T2
BINA moog 1 × T2
BINA moog 2 × T2
BINA moog 5 × T2
BINA moog 6 × T2
BINA moog 7 × T2
BINA moog 8 × T2
BARI mung 2 × T3
BARI mung 3 × T3
BARI mung 4 × T3
BARI mung 5 × T3
BARI mung 6 × T3
BINA moog 1 × T3
BINA moog 2 × T3
BINA moog 5 × T3
BINA moog 6 × T3
BINA moog 7 × T3
BINA moog 8 × T3
LSD
CV %

Germination
Percentage
(%)

Interaction
(Varieties ×
Treatments)

TABLE 3
Effect of salinity on germination, emergence and growth attributes of mungbean genotypes

0.00o
0.00o
0.00o
0.00o
0.00o
0.00o
0.00o
0.00o
0.00o
0.00o
0.00o
65.60 k
66.71k
79.97j
99.26i
95.23i
57.18l
58.40l
50.73m
37.72n
40.06n
35.08n
212.2e
229.3d
243.2c
268.9b
281.0a
181.9g
189.8f
189.2f
148.3h
146.3h
149.8h
4.77
3.84
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2.51k-m
0.66j
BARI mung 2 × T1
2.87ij
0.68j
BARI mung 3 × T1
3.00h-j
0.74hi
BARI mung 4 × T1
4.10d
0.85f
BARI mung 5 × T1
5.40b
0.93de
BARI mung 6 × T1
2.69j-l
0.69j
BINA moog 1 × T1
3.17g-i
0.74hi
BINA moog 2 × T1
4.87c
0.93de
BINA moog 5 × T1
4.905c
0.97d
BINA moog 6 × T1
4.83c
1.02c
BINA moog 7 × T1
5.98a
1.50a
BINA moog 8 × T1
1.97o-q
0.49l
BARI mung 2 × T2
1.98o-q
0.49l
BARI mung 3× T2
2.01op
0.50l
BARI mung 4× T2
2.95h-j
0.61k
BARI mung 5× T2
3.53ef
0.78gh
BARI mung 6× T2
2.02op
0.49l
BINA moog 1 × T2
2.07n-p
0.57k
BINA moog 2 × T2
3.27f-h
0.81g
BINA moog 5 × T2
3.46e-g
0.86f
BINA moog 6 × T2
3.51e-g
0.80g
BINA moog 7 × T2
3.75e
1.13b
BINA moog 8 × T2
1.59r
0.29n
BARI mung 2 × T3
1.65qr
0.29n
BARI mung 3 × T3
1.79p-r
0.30n
BARI mung 4 × T3
2.25m-o
0.40m
BARI mung 5 × T3
2.79jk
0.67j
BARI mung 6 × T3
1.66qr
0.29n
BINA moog 1 × T3
1.91o-r
0.31n
BINA moog 2 × T3
2.36l-n
0.59k
BINA moog 5 × T3
2.41lm
0.60k
BINA moog 6 × T3
2.76jk
0.70ij
BINA moog 7 × T3
2.97h-j
0.90e
BINA moog 8 × T3
0.31
0.04
LSD
7.39
3.20
CV %
The figures in a column having common letter(s) do not
DMRT
Where, T1= Control, T2= 75 mM salt, T3= 125 mM salt

Relative
dry weight
(%)

Total dry
weight (g)

Root dry
weight (g)

Shoot dry
weight (g)

Root fresh
weight (g)

Shoot fresh
weight (g)

Interaction
(Varieties ×
Treatments)

TABLE 3
Continued

0.34j-l
0.07e-i
0.41ij
100.0a
0.37ij
0.07e-i
0.44hi
100.0a
0.47fg
0.08d-h
0.55f
100.0a
0.53e
0.08d-g
0.61e
100.0a
0.66ab
0.19b
0.85b
100.0a
0.35jk
0.07e-i
0.42ij
100.0a
0.40hi
0.08d-g
0.49gh
100.0a
0.52e
0.09d-f
0.61e
100.0a
0.55de
0.13cd
0.68d
100.0a
0.61bc
0.19b
0.81bc
100.0a
0.60a
0.26a
0.95a
100.0a
0.22q-s
0.05e-j
0.20o
50.38 j
0.23p-s
0.04f-j
0.27l-n
60.47g-j
0.26n-q
0.04f-j
0.30l
55.52ij
0.28m-o
0.07e-h
0.35k
57.78h-j
0.51ef
0.03g-j
0.54f
63.88f-i
0.25o-r
0.05e-j
0.30l
70.77d-g
0.30l-n
0.08d-h
0.38jk
78.76cd
0.47fg
0.08d-h
0.55f
90.07ab
0.45g
0.09d-f
0.54f
79.78b-d
0.51ef
0.10de
0.61e
75.88c-e
0.60cd
0.18b
0.78c
82.54bc
0.19s
0.01j
0.20o
49.27j
0.21rs
0.01j
0.22no
50.26j
0.22q-s
0.01ij
0.24m-o
44.25k
0.27m-p
0.02h-j
0.30l
49.48j
0.43gh
0.08d-g
0.51fg
60.49g-j
0.20rs
0.01j
0.21o
50.39j
0.21rs
0.07e-i
0.28lm
57.72h-j
0.31k-m
0.07d-h
0.39jk
62.72f-i
0.32k-m
0.08d-h
0.40i-k
58.58h-j
0.46g
0.09d-f
0.55f
67.76e-h
0.54e
0.14bc
0.68d
72.42c-f
0.04
0.04
0.04
9.88
5.74
11.87
7.22
9.51
differ significantly at 5% level of significance as per

plication of potassium nitrate to the salt treated
plants may reduce toxic ions uptake as well as improve K and N status of salt treated plants resulting
better plant growth [35].

Alleviation of salt stress through potassium
nitrate fertilization. (1) Potassium increased improve morphological characters. The morphological parameters of mungbean seriously affected by
salt stress (Table 4). The applications of potassium
overcome the adverse effects of salt stress and improve morphological parameters of salt stress. The
length of shoot and root progressively increased
with increasing potassium level under saline condition. With the application of K, the number of fruit
bearing branches plant-1 showed an increasing tendency under saline condition (Table 4). Foliar ap-

(2) Potassium increased biomass production in different plant parts. In this study leaf,
petiole, stem and root fresh and dry weight were
measured at maturity. Salinity negatively influenced all the fresh and dry weights remarkably (Table 4). Reduction in growth and total dry matter
production under saline condition was previously
7222
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[42] reported that the beneficial effects of K to diminish salinity effects in cotton might be due to
improved plant water status, as well as the status of
better mineral nutrient relationship. The present
study also proved that salinity decreased the exudation rate of mungbean substantially and application
of K increased exudation rate significantly under
saline condition.

reported in [4, 36, 37]. Reduction in turgor pressure
for plants exposed to salinity might be the major
cause of growth reduction in excessive accumulation of an internal ion concentration [38]. The fresh
and dry weights of plant parts viz. leaves, stems and
roots increased with the application of K under saline condition (Table 4). These findings are in conformity with that of [16] who reported that application of K improves water relations and growth of
plants as well. [39] reported that the supplementary
potassium reduced the effects of salt stress on the
growth of plants and better for high biomass production of mungbean genotype.

(4) Potassium fertilization increased mungbean yield attributes significantly under salinity
stress. Salt stress led to a significant reduction in
yield attributes of mungbean. Reduction in yield
components under saline condition reported previously in mungbean [4, 43, 44, 45, 46, 47, 48, 49,
50]. Potassium application increased the yield parameters significantly under saline condition (Table
5). The higher seed yield plant-1 due to application
of potassium might be due to higher number of
seeds pod-1 and greater seed size [16, 51]. [52] observed that potassium application not only enhanced the availability of other nutrient but also
increased the photosynthetic activity in chickpea.
Transportation of photosynthates from source to
sink might be the main reason for increase in number of seed per pod [52]. This study concluded that
the maximum seed yield plant-1 (1.82 g) was obtained when the mungbean genotype was fertilized
at the rate of 30 mM potassium under 50mM NaCl
salty soil.

(3) Potassium increased exudation rate significantly under saline condition. Salinity decreased exudation rate substantially. The minimum
root exudation rate (55.40 mgh-1) was observed at
50 mM saline condition. Application of potassium
from 0 to 30 mM levels increased root exudation
rate significantly under saline condition (Table 4).
Salinity induced reduction in exudation rate was
also observed in mungbean [40]. Elemental K has a
marked effect on exudation rate. [41] concluded
that K+ promotes the loading of the sieve tube companion cell complex with assimilates, thus decreasing the water potential in the phloem sap and inducing an increased water uptake to the sieve cell companion cell components. That may result in a
stronger push and increase the phloem exudation.

3.05a
1.50d
2.02c
2.45b
2.59b
0.33
9.48

0.74a
0.41d
0.51c
0.61b
0.70a
0.06
7.37

0.91a
0.61d
0.61d
0.73c
0.82b
0.05
4.91

0.48 a
0.19 c
0.22 c
0.36 b
0.39 b
0.05
6.15

2.05a
0.74d
0.98c
1.23b
1.24b
0.22
11.75

0.71a
0.37e
0.48d
0.57c
0.63b
0.05
3.73

0.62a
0.12d
0.23c
0.42b
0.48b
0.07
12.52

Root exudation
rate (mgh-1)

Petiole
Dry
Wt (g)

Petiole
fresh wt (g)

Leaf dry wt (g)

Leaf fresh wt
(g)

Root dry wt (g)

4.58a
1.81d
2.95c
3.25bc
3.68b
0.58
11.96

Root fresh wt
(g)

10.63a
7.32b
8.85ab
10.20a
10.40a
1.99
13.94

Shoot dry
Wt (g)

Branch
number

37.79a
25.65d
29.93c
34.66b
35.92ab
2.51
5.08

Shoot fresh wt
(g)

Root length
(cm)

0
0
10
20
30

Shoot length
(cm)

0
50
50
50
50
LSD
CV %

Potassium level
(mM)

Salinity level
(mM)

TABLE 4
Effect of salinity and potassium levels on morphological characters of mungbean

0.08a
0.036a
0.043a
0.046a
0.065a
0.05
13.34

116.3a
55.40e
69.78d
78.55c
87.70b
4.02
3.28

TABLE 5
Effect of salinity and potassium levels on yields and yield contributing character of mungbean
Salinity levels
(mM)
0
50
50
50
50

Potassium levels
(mM)
0
0
10
20
30
LSD
CV %

Pods
/plant
9.60a
4.97d
5.03d
6.02c
7.52b
0.44
4.38

Seeds
/plant
48.25a
17.51e
24.58d
35.85c
41.08b
2.85
5.65

Seed yield /plant (g)

1000-seed wt (g)

2.12 a
0.66e
0.98d
1.21c
1.82b
0.14
6.46

38.82a
32.76d
32.90d
34.02c
36.83b
0.793
1.50

The figures in a column having common letter(s) do not differ significantly at 5% level of significance as per
DMRT
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[9] Nandwal, A.S., Godara, M., Kambaj, D.V.,
Kundu, B.S., Kumar, B., Sharma, S.K. (2000)
Nodule functioning in trifoliate and pentafoliate mungbean genotypes as influenced by salinity. Biol. Plant. 43, 459-462.
[10] Abd-Alla, M.H., Vuong, T.D., Harper, J.E.
(1998) Genotypic differences in dinitrogen fixation response to NaCl stress in intact and
grafted soybean. Crop Sci. 38, 72-77.
[11] Keatinge, J.D.H., Easdown, W.J., Yang, R.Y.,
Chadha, M.L., Shanmugasundaram, S., (2011)
Overcoming chronic malnutrition in a future
warming world: The key importance of mungbean and vegetable soybean. Euphytica. 180,
129-141.
[12] BBS (Bangladesh Bureau of Statistics) (2012)
Statistical Yearbook of Bangladesh. Stat. Div.,
Minis. Plann., Govt. of the 3HRSOH¶V Rep.
Bangladesh, Dhaka. p. 472.
[13] El-Bastawisy, Z.M. (1999) Hormonal control
of growth and metabolism of water stressed C3
and C4 plants. A Ph.D. Thesis, Fac. Sci.,
Mansoura Univ., Egypt. 67-69.
[14] Hoque, M., Haque, S. (2002) Effects of GA3
and its mode of application on morphology and
yield parameters of mungbean (Vigna radiata
L.). Pakistan J. Biol. Sci. 5, 281-283.
[15] Kabir, M.E., Karim, M.A., Azad, M.A.K.
(2004) Effect of potassium on salinity tolerance of mungbean (Vigna radiata L.). J. Biol.
Sci. 4, 103-110.
[16] Shahid, M.A., Pervez, M.A., Balal, R.M.,
Mattson, N.S., Rashid, A., Ahmad, R., Ayyub,
C.M. and Abbas, T. (2011) Brassinosteroid
(24-epibrassinolide) enhances growth and alleviates the deleterious effects induced by salt
stress in pea (Pisum sativum L.). Aust. J. Crop
Sci. 5, 500-510.
[17] Karim, M.A., Utsunomiya, N., Shigenaga, S.
(1992) Effect of sodium chloride on germination and growth of hexaploid triticale at early
seedling stage. Japanese J. Crop Sci. 61, 279284.
[18] Abdul-Baki A.A., Anderson, J.D. (1973) Vigor
determination in soybean seed by multiple criteria. Crop Sci. 13, 630-633.
[19] ISTA (International seed testing Association)
(1985) International rules for seed testing. Seed
Sci. Technol. 13, 299-513.
[20] Islam, M.M., Karim, M.A. (2010) Evaluation
of rice (Oryza sativa L.) genotypes at germination and early seedling stage for their tolerance
to salinity. The Agriculturists. 8(2), 57-65.
[21] Gomez, K.A., Gomez, A.A. (1984) Statistical
Procedures for Agricultural Research. 2nd edition. John Wiley and Sons. New York. p. 680.
[22] Snedecor, G.W., Cochran, W.G. (1980) Statistical Methods. The Iowa State University
Press, Iowa, 7th edition, p. 507.

CONCLUSIONS
The present study demonstrated that impact of
salinity on seed germination and initial growth
stage of mungbean. Application of potassium
seemed promising to overcome the adverse effects
of salt stress and to improve the morphological parameters, yield and yield components of mungbean
grown under salt stress.
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EFFECTS OF FIRE INTENSITY AND SLOPE ON SURFACE
SOIL EROSION FOLLOWING A PRESCRIBED FIRE IN OLD
PINUS NIGRA STANDS
Mustafa Tufekcioglu*, Bulent Saglam, Aydin Tufekcioglu
Department of Forestry, Artvin Coruh University, Seyitler 08100, Artvin, Turkey

of the plant-soil, physical, and chemical properties
of soil. Without any ground cover, the soil surface is
directly impacted by the falling rain drops that disperse the soil aggregates and clogs the pores, leading
to decreased macropore spaces, aeration, and infiltration rates [1]. The permeability of the soil-water
may be reduced by the heat disruption of the soil aggregates and by a deposited ash layer at the soil surface, which, in turn, intensify the water repellence by
soil [2]. Both soil organic matter and clay content
(due to erosion processes) can significantly decrease
in a forest after a burning event; and the combustion
of organic matter is often related to an increased soil
bulk density [3]. As a result of all these modifications to the soil physical properties after fire, the volumetric increases in the surface runoff and sediment
on hill slopes are inevitable.
Many studies in the literature have reported a
varying degree of soil erosion occurring after wildfires. This wide range in responses is largely due to
the interaction among site-specific factors, namely
climate, topography, soil properties, and vegetative
characteristics, and their local responses to different
spatial scales (plots to hillslopes) and effects for a
given burn severity level [4, 5]. Studies of shrublands in northwest Spain [6] and in the Zaragoza
province of Spain [7] reported 8.5-fold and 10-fold
higher values for erosion, respectively, in the burnt
sites than in the unburned sites. In Colorado Front
Range, USA, a study found 10±26 times greater soil
erosion in the high-severity burn areas than in the
low-severity areas and the control plots [8]. In semiarid shrubland of the Great Basin Region, USA, erosion increased from 8-fold to more than 10-fold in
the rainfall plots following a prescribed burn [9]. In
the dry eucalypt forest of Victoria, Australia, [10]
found that the sediment loads on from hillslopes
from the burnt areas exceeded those from the control
areas by approximately three orders of magnitude. In
the Mediterranean forest ecosystem (composed
mainly of a pine mixture) of Mt. Carmel, Israel, studies by [11] and [12] reported a five-order magnitude
difference for the higher sediment yields in the burnt
areas relative to the unburned areas.
One key strategy to decrease the environmental
and socioeconomic impacts of forest wildfires is active wildfire prevention management, implemented

ABSTRACT
As a practical forest fuel-reduction technique,
prescribed fires have been implemented in many
countries regardless of their potential impact on surface soil erosion process. Greater runoff and surface
soil erosion (rill and inter-rill) after these forest fires
is facilitated by the lack of vegetative ground cover
on the soil surface and the degradation of soil physical characteristics. Here, the effects of different forest surface fire intensities and slope levels on surface
soil erosion were studied by using 5-m u 2-m runoff
plots. Specifically, three prescribed (controlled) burn
sites, one on a high (53%) and two on low (11% and
12%) slope areas in old stands of Pinus nigra trees,
were subjected to high (1596 kW/m) and low (567
kW/m and 797 kW/m) fire intensities. The experimental field study was conducted in 2013±2015 in
the Kunduz Province, Vezirkopru District in Samsun, Turkey. To achieve replication within each site,
three runoff plots were installed within each burn
site, and three other runoff plots in their adjacent
control (i.e., unburned) areas. A total of 18 surface
runoff plots were located on the ground to collect the
water samples, which were measured for their volume and picked up after each severe precipitation
event, or monthly when runoff had accumulated in
the collecting buckets. Results showed that surface
soil loss occurred even with the effects of low intensity of fire under high slope level; however, the effects were not marked with significant differences in
the low-slope areas regardless of fire intensity.
Therefore, our study suggests that surface prescribed
forest fires could be used as a management tool to
reduce the build-up of forest fuel loads, especially in
those low-sloping areas with a low potential of surface soil erosion.
KEYWORDS:
fire intensity, post-fire erosion, Pinus nigra stands, slope
effects

INTRODUCTION
Wildfire has profound effects on forest ecosystems. Depending on its intensity and duration, fire
can impose drastic changes on the biological aspects
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mainly through large-scale fuel-reduction techniques [13, 14]. However, research by Ferreira et al.,
2008 [15] suggests that prescribed fires are appropriate tools in fire prevention strategies because of their
transient and limited impacts on soil-water degradation. Hence, the rate and magnitude of erosion after
a prescribed forest fire represent crucial knowledge
that could inform the managers on how to use fire
safely as an appropriate fuel management tool. Nevertheless, the current state of published literature indicates that the temporal and spatial dimensions of
fire effects, as well as their interactions, under varying climatic settings are key information gaps that
should be filled. Additionally, it is important to point
out that ours is the first study in Turkey addressing
the impact of forest fire on surface soil erosion in
particular.
The objectives of this study were to compare
surface soil erosion between burnt and unburned
(control) sites, and to assess the effects of different
understory (surface) fire intensities and slope levels
on surface soil erosion in stands of old Corsican pine
(Pinus nigra Arn.).

Fresenius Environmental Bulletin

the city of Vezirkopru, c. 30 km away from the study
sites. Long-term (i.e., 50 years) mean annual temperature and precipitation in Vezirkopru were 12.5°C
and 527 mm, respectively. The average elevation of
the study sites was 1200 m above the sea level. The
interpolated annual precipitation values at the study
sites were 718 mm for the year 2013, 920 mm for
2014, and 918 mm for 2015. The sites have a continental climate type, with dry summers and cold winters. All the study sites had a south facing aspects.
The mean canopy height of the forest stands was c.
20 m, and the branch-free stem portion of the trees
was 7 to 8 m in height. The forest stands here had a
³medium crown closure´, which ranged from 41%
to 70% [16]. The soil texture at all the study sites is
Sandy-Loam [17].
Experimental design and data collection. We
used three prescribed (controlled) burn sites (20 m u
20 m) under old Pinus nigra stands. Each site corresponded to a combined treatment as follows: (1) low
slope±low fire intensity (LS-LFI: 12%, 567 kW/m),
(2) low slope±high fire intensity (LS±HFI: 11%,
1596 kW/m) and (3) high slope±low fire intensity
(HS±LFI: 53%, 797 kW/m) (Fig. 1; also see Table 1
for detailed site and runoff plot information). A high
slope±high fire intensity site had also been selected,
but it could not be used because of an unexpected
interference by the forest villagers. The intensities of
the controlled fires were calculated with equation in
Byram, G.M. (1959) [18].

MATERIALS AND METHODS
Study area. Study sites were located in the
Kunduz Province within the Vezirkopru District in
Samsun, Turkey (Fig. 1). The nearest weather station
(Id: 18134) was located 378 m above the sea level in

FIGURE 1
Locations of the three study sites where slope and fire intensity were investigated in old Pinus nigra stands
(80 to 100 years in age) in the Kunduz Province, Vezirkopru District in Samsun, Turkey.
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TABLE 1
Characteristics of the study treatments and their burnt/control plots, including surface fire intensity,
slopes, total surface soil erosion, and grass cover for the runoff plots in the old Pinus nigra stands in the
Kunduz Province, Vezirkopru District in Samsun (Turkey).
Plot
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Plot ID
LS-LFI (B)
LS-LFI (B)
LS-LFI (B)
Average
LS-LFI (C)
LS-LFI (C)
LS-LFI (C)
Average
LS-HFI (B)
LS-HFI (B)
LS-HFI (B)
Average
LS-HFI (C)
LS-HFI (C)
LS-HFI (C)
Average
HS-LFI (B)
HS-LFI (B)
HS-LFI (B)
Average
HS-LFI (C)
HS-LFI (C)
HS-LFI (C)
Average

Surface
(kW/m)
567
567
567
567
N/A
N/A
N/A
N/A
1596
1596
1596
1596
N/A
N/A
N/A
N/A
797
797
797
797
N/A
N/A
N/A
N/A

fire

intensity
Slope (%)
10
11
14
12
13
16
12
14
11
11
11
11
11
10
12
11
56
55
49
53
50
52
54
52

Total surface soil
erosion (kg/ha)
113.3
127.7
133.1
124.7
86.9
100.0
109.4
98.7
245.2
123.9
199.8
189.6
51.7
51.0
40.5
47.7
337.8
505.0
244.9
362.6
124.4
131.2
81.2
112.3

Grass cover* (%)
5
0
40
15
2
40
10
17
10
5
50
22
60
80
40
60
5
5
5
5
5
5
5
5

Note: LS±LFI; Low Slope±Low Fire Intensity, LS±HFI; Low Slope±High Fire Intensity, HS±LFI; High Slope±±/RZ)LUH,QWHQVLW\7KH³ % ´
DUHWKHEXUQWUXQRIISORWVZKHUHDV³ & ´DUHFRQWUROUXQRIISORWVODFNLQJDQ\ILUH
N/A: not applicable; there were no fires in these plots, therefore in the statistical analysis their fire intensity value was set to zero.
*Grass cover (%) inside the runoff plots measured at the end of the study period.

water volume in the sample allows for the suspended
sediment concentration to be determined. The
amount of surface soil loss per plot was calculated as
the product of the sediment concentration and the total volume of water in the collection bucket.

Three runoff plots were established within each
site subjected to the prescribed fires, while three control plots were established in adjacent areas with no
experimental burning (3 + 3 = 6 plots per site). Thus
for the three sites, a total of eighteen (3 u 6 = 18)
runoff plots, each 5 m u 2 m in size, were located on
the ground to collect the surface runoff water samples. These were measured for their volume and
picked up after each severe precipitation event, or
every month if runoff had accumulated in the 70-L
collection buckets (Fig. 2). After mixing the runoff
water in the collection bucket, three subsamples (0.5
L) from each plot were taken to the laboratory for
determining the total surface soil erosion. The total
number of water samples brought to the laboratory
after each field visit was 18 u 3 = 54, and the total
number of field visits was 15 (the months of field
visit in 2013: February, April, May, June, and September; in 2014: February, March April, May, June,
August, and October; in 2015: March, May, and September) throughout study period (32 months; from
December 2012 to September 2015). In the laboratory, the field samples were first filtered by using
0.45-μm membrane filters, then dried in the oven at
105°C for 24-h time period, and then weighed. The
difference in weight of the dry filter paper before and
after the filtering was calculated. Considering the

FIGURE 2
Surface soil erosion runoff plot (2 m u 5 m);
metal layer (20-cm high) pounded at least 10 cm
into the soil, with a runoff collection bucket (70
L) installed below the funnel at the lower part of
the plot.
Data analysis. The impacts of slope and fire
intensity upon surface soil erosion were examined by
comparing the means of the sample groups (treatments) with SPSS software (Statistical Package for
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did the control plots (7.5 kg/ha; P < 0.05; Fig. 3).
Similarly, the burnt plots at the LS-HFI site had significantly higher surface soil erosion (13.3 kg/ha; P
< 0.05) than did the control plots (3.5 kg/ha; Fig. 3).
This would suggest that when the degree of slope
and fire intensity is increased, the differences in the
amount of surface soil lost between the burnt and
control plots would increase, too (Fig. 3). The relatively low differences (2.6-fold) in surface soil
losses occurring between the burnt and control plots
in this study could be mainly attributed to the low
level of precipitation (718 mm/yr), particularly in the
first-year (2013) of the study period. Another explanation might be the effects of WKH³VDQG\ORDP´soil
texture unit leading to a high infiltration rate. Additionally, understory surface forest fires generally
produce low amounts of soil loss compared with
crown fires, since raindrop effects are minimized by
crown closure interception, which, herein, ranged
from 40% to 70% in the Pinus nigra stands.
Coupled with the impacts of surface fire disturbance, slope gradient had a significant effect on
surface soil loss. The surface soil losses in the low
fire intensity plots differed significantly between the
low slope (8.9 g/plot) and high slope (23.9 g/plot)
sites (P < 0.05, Fig. 4). This would suggest that, even
with the impacts of minimal fire intensity in the
burnt plots, the effects of slope increase on the surface soil loss had a major influence on the overall
increase in soil lost. However, in the control plots at
the low fire intensity sites, a significant difference
was not detected between the low (6.7 g/plot) and
high slope (7.5 g/plot) sites. This result suggests that
a change in the slope level has a limited effect on
surface soil losses under the current circumstances
of vegetative ground cover and soil conditions.

Social Science, [19]. Separate Student t-tests examined the difference in surface soil loss between the
control and burnt plots (Fig. 2), between low- and
high-sloped plots, and between the low and high fire
intensity plots (Fig. 3). Changes in soil erosion
throughout the study period in first, second, and the
third year were also shown as descriptive statistic
(Fig. 4). We used the REG procedure in SPSS (i.e.,
linear regression model), with fire intensity and
slope level as the independent variables, explain the
variation in the dependent variable, surface soil erosion. Data were analyzed by using the summed surface soil loss values for each of the runoff plots collected throughout the 32-month study period (Table
1).

RESULTS AND DISCUSSION
Surface soil erosion was significantly higher in
the burnt sites than in their controls. The average surface soil loss in the burnt plots from all the study
sites (15.4 kg/ha) was three-fold higher than that of
the control plots (5.9 kg/ha, Fig. 3). Similarly, another prescribed burn study reported approximately
three-fold more soil lost in the burnt vs. control plots
in north Australian hilly savannas [20]. Many studies
have reported substantially higher soil erosion and
runoff in the burnt than untreated areas, but these differences span a wide range: being 2- to 40-fold
higher in a small plots and more than 100-fold higher
in large plots relative to the hillslope spatial scale
[21].
When looked at the each site/treatment individually, the burnt plots in the HS±LFI site had significantly higher surface soil erosion (23.9 kg/ha) than
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FIGURE 3
Differences in mean surface soil erosion between control and burnt plots (each 10 m2) within the studied
treatments (LS±LFI, LS±HFI, and HS±LFI) and the average soil loss values. The letters indicate significant differences in surface soil erosion by slope levels and fire intensities (at P < 0.05).
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FIGURE 4
Differences in mean surface soil erosion between the low slope and high slope plots (each 10 m2) from the
low fire intensity-the burnt sites; between the low slope and high slope control plots at the low fire intensity sites; and between low fire and high fire intensity from the low slope-burnt plots, and between low fire
and high fire intensity from the control plots of the low slope sites. The letters indicate significant differences in surface soil erosion by fire intensities and slope levels (at P < 0.05).

FIGURE 5
Changes in the average surface soil losses from the control and burnt plots throughout the study period.

In the low slope area, fire intensity had no significant effect on surface soil erosion. There was no
significant difference in the soil losses between the
low fire intensity (8.9 g/plot) and high fire intensity
plots (13.3 g/plot) in the low-slope burnt sites (Fig.
4). Therefore, one could argue that, within the context of prescribed burning, the effects of fire intensities on surface soil erosion in low sloping areas are
an important factor driving increased surface soil
loss in this forest. Similarly, a prescribed burn study
by Cawson et al., 2013 [10] found relatively small
differences in erosion between high and low severity
fires set upon hillslopes. Another study concluded
that moderate and light forest fires had no meaningful effects on soil erosion, and that they may actually

enhance the fertility of the soil [22].
Surface soil losses from both the control and
burnt plots followed similar trends in the first-year
(2013) and the third-year (2015) of the study period
(Fig. 5). However, in the second-year (2014) of the
study period, there were notable differences in the
trend lines of the soil losses between the control and
burnt plots, especially for April and May. Apparently, the surface soil losses in the burnt plots were
considerably higher than those in the control plots in
2014 when compared to 2013 and 2015 (Fig. 5).
Similar results were reported by another study that
increased erosion in the second-year accounted for
the increase in rainfall and storm frequency [23].
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FIGURE 6
Daily precipitation recorded near the study sites. Only those rainfall amounts >20 mm per day
throughout the study period are illustrated.

accelerates surface soil loss during the early period
of the post-fire stage, recovery and enhancement of
most of the soil properties are adequately fulfilled
when vegetation recolonizes the burnt area through
secondary succession within in a certain time [4].
This improvement in the properties of soil and vegetative cover is usually accomplished during the first
2 years following the fire event, leads to a significant
reductions in soil losses [11, 27, 28]. However, in
cases where plant re-growth is restricted, as it is in
the Mediterranean dryland during its dry period,
complete vegetation recovery can take up to several
years, which emphasizes further consideration of the
implications of using controlled fire as a management tool [29].
In this study, a significantly positive relationship (R2 = 0.597; P < 0.05) was found among the variables including the surface soil erosion (SSE), slope
(S) and fire intensity (FI);
SSE = 0.1181u FI + 3.7396 u S
Equ. 1
Approximately 60% of the variability in soil
erosion could be explained by the degree of slope
and fire intensity. Additionally, multiple linear regression model showed that the effect of the slope
degree (standardized cRHIILFLHQWȕ= 0.621) on surface soil erosion was greater than that of the fire intensity (standardized coefficient, ȕ = 0.469). This
suggests that with the 60% of variation in SSE explained, the degree of slope accounted for 57% while
fire intensity accounted for the remainder. Put differently, it is thus reasonable to claim that the effects of
fire on surface soil erosion should dramatically increase when the degree of the slope increases, and
that the post-fire soil erosion process is highly slopedependent in response to rainfall characteristics and
vegetative recovery.

The most probable explanation for this result is
the total precipitation differing between the firstyear period (total of 718 mm/yr) and second-year period (total of 920 mm/yr) of the study. The detailed
precipitation data for 2013 indicates only a single
rainfall event that exceeded 20 mm/d (for a total of
20.3 mm; Fig. 6). By contrast, in 2014, there were
six such rainfall events, which together produced
169.1 mm of rain in total (Fig. 6). In 2015, from January to September, there were four rainfall events
that exceeded 20 mm/d for a total rainfall amount of
113.1 mm (Fig. 6).
High amounts of precipitation are known to
generate more surface runoff and associated soil
losses with respect to certain rainfall characteristics
(i.e., intensity and frequency etc.). A study by Gonzalez-Pelayo et al., 2010 [24] found significant linear
relationships among intensity of rainfall, surface
runoff, and soil loss in burnt plots. Similarly, due to
a lack of intense precipitation, very low amounts of
runoff and sediment concentrations were recorded in
an evaluation of pre-and-post fire measurements [7].
Considering the third-year period, both control
and burnt plots produced very low surface soil
losses, even with the high amount of rainfall (total of
918 mm/yr) compared to the second and the firstyear periods (Figs. 5 and 6). This result may be explained by the deposition of organic materials and
the re-growth of grass cover on the surface soil towards the end of the 2015 study period (Table 1).
This indicates that the effects of fire on surface soil
loss could dramatically decrease two years after
burning. Similarly, other studies [25, 26] concluded
that rainfall and its characteristics, when coupled
with vegetative recovery (soil cover) on the hillslope
sites, were two key factors most realistically explaining the variability in fire effects. Although wildfire
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the WEPP model. Catena. 31, 257±270.
[7] Perez-Cabello, F., Cerda, A., de la Riva, J., Echeverria, M.T., Garcia-Martin, A., Ibarra, P.
(2012) Micro-scale post-fire surface cover
changes monitored using high spatial resolution
photography in a semiarid environment: A useful tool in the study of post-fire soil erosion processes. Journal of Arid Environments. 76, 88±
96.
[8] BenavidesǦSolorio, J., MacDonald, L.H. (2001)
PostǦfire runoff and erosion from simulated
rainfall on small plots, Colorado Front Range.
Hydrological Processes. 15, 2931±2952.
[9] Williams, C.J., Pierson, F.B., Kormos, P.R., AlHamdan, O.Z., Hardegree, S.P., Clark, P.E.
(2016) Ecohydrologic response and recovery of
a semi-arid shrubland over a five-year period
following burning. Catena. 144, 163±176.
[10] Cawson, J.G., Sheridan, G.J., Smith, H.G.,
Lane, P.N.J. (2013) Effects of fire severity and
burn patchiness on hillslope-scale surface runoff, erosion and hydrology connectivity in a prescribed burn. Forest Ecology and Management.
310, 219±233.
[11] Wittenberg, L., Inbar, M. (2009) The role of fire
disturbance on runoff and erosion processes ± a
long-term approach, Mt. Carmel Case Study, Israel. Geographical Research. 47, 46±56.
[12] Inbar, M., Tamir, M., Wittenberg, L. (1998)
Runoff and erosion processes after a forest fire
in Mount Carmel, a Mediterranean area. Geomorphology. 24, 17±33.
[13] Fernandes, P.M. (2013) Fire-smart management
of forest landscapes in the Mediterranean basin
under global change. Landscape and Urban
Planning. 110, 175±182.
[14] Meddour-Sahar, O. (2014) Wildfires in Algeria:
problems and challenges. iForest. 8, 818±826.
[15] Ferreira, A.J.D., Coelho, C.O.A., Ritsema, C.J.,
Boulet, A.K., Keizer, J.J. (2008) Soil and water
degradation processes in burned areas: Lessons
learned from a nested approach. Catena. 74,
273±285.
[16] GDF, (2009) Functional forest management
plan (2009±2028). Amasya General Directorate
of Forestry (OGM). (in Turkish; Fonksiyonel
Orman Amenajman Plani (2009±2028).
Amasya Orman Bolge Mudurlugu, Vezirkopru
Isletme Mudurlugu, Kume ve Saricicek Seflikleri).
[17] Akbas, M., Saglam, B., Tufekcioglu, A., Dinc,
M. (2014) Short-term effects of prescribed fire
on soil microbial biomass of black pine forests,
Vezirkopru, Turkey, pp 122±127. International
Forest Fire Conference on Black Sea Region,
Kastamonu, Turkey.
[18] Byram, G.M. (1959) Conbustion of forest fuels,
in forest fire: Control and use, Edited by Davis,
K.P. McGraw-Hill, New York. pp. 61±89.

CONCLUSIONS
By the study period, burnt plots had experienced over 2.5-fold greater erosion than the control
plots did. This suggests that understory surface forest fires have the potential to affect surface soil erosion, but the reported magnitude of erosion was very
low to be almost negligible. However, these effects
became predominant with an increased degree of the
slope as high-risk areas coupled with the alternation
in the soil physical and chemical condition following
a forest fire. Regression analysis showed that c. 60%
of the variation in surface soil loss was jointly explained by fire severity and the slope degree. Results
from our study also suggest that the magnitude of the
surface soil loss after a prescribed fire mainly depends on the amount and intensity of rainfall, as erosive effects, namely within the first two years of
since the fire occurrence. Finally, it may be suggested that prescribed burning has a potential implication in the removal of the surface litter for regeneration purposes, particularly in the low-sloped areas.
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ABSTRACT
There are wetlands, wildlife protection areas
and natural sites that are important for the ecosystem
that hosts numerous living creatures in Turkey. Burdur Lake Watershed, located in the lakes region of
the south west of Anatolia, is also one of the watersheds of Turkey which has significance in terms of
agriculture, biodiversity and environmental impact
values. Furthermore, Burdur Lake is the largest lake
of this region and among deepest lakes of Turkey. In
recent years, the lake has shrunk due to adverse effects of urbanization, agricultural activities, industrial activities and forest industry activities while its
volume also has been observed to decrease. It is necessary to evaluate this change and develop solution
proposals for sustainable development thereof.
The main aim of this study is to analyze the
temporal variation of the Burdur Lake coastal
boundary using GIS and Remote Sensing (RS) applications. For determination of the temporal change
of land use of Lake Burdur; Landsat satellite images
of 1985, 2000 and 2015 belonging to Burdur Lake
were used and a SWOT analysis for Burdur watershed was conducted in order to determine the causes
of these changes. Strengths, weaknesses, threats and
opportunities of the region have been determined
thanks to this analysis and required suggestions have
been made as to the issues identified in this analysis.

KEYWORDS:
Burdur Lake, GIS, Land Use, Remote Sensing, SWOT
Analysis

INTRODUCTION
In terms of wetlands, Turkey has watersheds
that are of international importance. Various studies
have been carried out on this subject, in terms of watershed management and the preservation and development of watersheds by corporate entities and nongovernmental organizations. However, in the sustainable development of the watersheds, the process
needs to be more effective in terms of corporate actors, watershed management principles, agricultural

production, the development of forests and forest industry and the hazards of industrialization [18, 12,
35, 14].
7KLVVWXG\LVDQH[DPLQDWLRQRI7XUNH\¶V/DNH
Burdur, which is located in the Lake Burdur Watershed and is problematic in terms of the sustainable
development of the watershed. Located on the Africa-Eurasia bird migration route and host to many
endangered species of bird, Lake Burdur is of international importance and is a registered Ramsar site
[4, 5]. Furthermore, Lake Burdur and its surroundLQJV KDYH EHHQ GHFODUHG DV µ:LOGOLIH 3URWHFWHG
$UHD¶+RZHYHr, the recession of the water surface,
due to adverse impacts on water resources in Lake
Burdur, threatens both the lake and the ecosystem
surrounding it. An analysis of the changes that those
adverse impacts create on the lake coastline is necessary in order to take measures against those impacts.
There are some studies in the literature analyzing the changes happening in Lake Burdur. These include studies on the categorization and planning of
ecosystems in terms of forests and forest products
[14], habitat utilization [17, 29], habitat choices and
threats in terms of biodiversity [6, 22, 10] and building a water management model for the amelioration
of water quality and the protection of the watershed
[4, 1]. In addition, GIS (Geographic Information
System) and RS (Remote Sensing) methods were
used to analyze the changes that have occurred in
Lake Burdur. Among these, the categorization and
mapping of the hierarchical habitat of Lake Burdur
Watershed [14], and an analysis of ecological problems resulting from land use characteristics [36] analyze temporal change through the integration of
GIS and RS methods.
GIS for sustainable watershed management
provides a flexible environment for collecting and
storing data that represent watershed characteristics,
building and displaying ecologically based base
maps and analyzing land use changes [33, 20, 23, 34,
11]. GIS is also widely used in providing data for
modelling works or visualization of the results obtained from modelling works [13, 5]. In the literature, it is seen that the maps created with GIS are
used to provide sustainable resource management,
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protection of natural resources, and ecological evaluations [19, 21]
In recent years, the integration of GIS and RS
methods has been seen in studies examining water
resources protection, shoreline changes, water body
extraction, mapping of watersheds and changes in
land use, etc. [28, 24, 31, 26]. RS technology produces up-to-date, fast and precise results when examining changes to land use at different time intervals. The integrated use of GIS and RS has, however,
proved to be a powerful and cost-effective approach
to monitoring land use change [7, 31].
As can be seen, in order to maintain ecological
resources in a sustainable way and to realize the
FRXQWU\¶VHFRQRPic expectations without damaging
the process, the examination of these sites with GIS
and RS methods and preparing strategic plans to take
the necessary measures is extremely important [28,
27].
In this study, the temporal changes on the Lake
Burdur shoreline are examined using GIS and RS
methods in a way that will also contribute to other
studies. In order to determine the temporal change of
land use in Lake Burdur, Landsat satellite images of
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Lake Burdur from the years 1985, 2000 and 2015
were used, and a SWOT analysis of the Burdur Watershed was carried out to identify the causes of these
changes. With this analysis, the strengths, weaknesses, threats and opportunities for the region are
specified and the necessary proposals are made regarding the problems identified.
Study Area. Antalya, Afyon, Burdur, Denizli
and Isparta constitute the borders of Burdur Lake
Watershed (Fig. 1). Burdur Lake Watershed which
is under the influence of the climate of Central Anatolia and Mediterranean Region has the characteristic of transition climate. Protected areas within the
watershed comprise wetlands, national parks, private
hunting grounds, nature conservation areas, nature
parks and wildlife development areas [33]. Burdur
Lake watershed consists of agriculture, settlement
and industrial areas in terms of land use [36]. Industrial (Industrial zones, sugar factories, etc.), mining,
discharge and construction sites located within the
watershed lead to negative impacts on the lake's ecosystem and sustainable development [33].

FIGURE 1
The view of study area

FIGURE 2
The view of Burdur Lake [37]

7236

© by PSP

Volume 26 ± No. 12/2017 pages 7235-7242

Fresenius Environmental Bulletin

FIGURE 3
Landsat 5 TM image of 08.06.1985, Landsat 7 ETM + image of 08.05.2000, LANDSAT 8 OLI image of
26.05.2015.
TABLE 1
Satellite images used during work and some features
Detection
History
08.06.1985
08.05.2000
26.05.2015

Satellite /
sensor
LANDSAT 5 TM
Landsat 7 ETM+
Landsat 8 OLI

Path/Row
Spatial
179/034
179/034
179/034

Burdur Lake is the largest lake in the watershed, also it is the deepest lake in Turkey (Fig. 2).
The lake is salty because it has no outflow [36]. Burdur Lake hosts numerous endemic species (Oxyura
leucocephala, etc.) which are endangered and important for the watershed ecosystem [8]. It has been
understood that water level of Lake Burdur has fallen
every year and it has lost approximately one-third of
its area since 1975 [9].
Population of Burdur which is the largest settlement in Lake Watershed is 258,662 as of 2016.
The developments that have occurred in the service
sector in the province of Burdur in recent years have
lead to the urbanization rate of Burdur to increase.
The increase in urbanization rate has caused increase
in domestic waste and water consumption in the watershed [36].

MATERIALS AND METHODS
Using of satellite images for determining
changes in two and three different time intervals as
well as monitoring and evaluating of change of the
lake image provides faster and more accurate results
than other methods of observation [24]. Also RS
technology is one of the most efficient methods to
determine coastal line change [25]. Therefore in this
study, %XUGXU /DNH¶V /DQGVDW VDWHOOLWH LPDJHV RI
1985, 2000 and 2015 were utilized to determine the
temporal change of land use of Lake Burdur (Fig.

Resolution
Spatial (m)
30*30
30*30
30*30

Resolution Radiometric
Res. (bit)
8
8
8

Cloudiness
Rate (%)
0
1,4
0,31

3). The characteristics of the satellite images utilized
are provided in (Tab. 1).
Georeferencing of satellite images utilized in
this study could not be performed because satellite
images were in GeoTIFF (Geo-referenced Tagged
Image File Format). 5.4.3.2 band combinations were
utilized for Landsat data. ArcGIS 10.2.2 analysis
program used to analyze satellite images.
The complex raw data is transformed into information using various analysis and interpretation
techniques on satellite images containing raw data.
Image classification is the most common method utilized during performing this transformation. In
other words, image classification is the process of
creating digital thematic maps. It is performed by assigning each pixel to groups in line with their spectral properties and assigning to the class to which
they correspond in the field by taking into consideration their reflection values. Thematic maps are obtained as a result of these operations. Controlled and
uncontrolled classifications are commonly utilized
methods for classification.
Uncontrolled classification method was utilized in this study. Uncontrolled classification is the
classification method created by the relevant program for determining the number of classes by the
user. As a result of classification, these classes are
determined and visualized on map by users. The
classes are created outside the desire of the analysts.
Uncontrolled classification method is employed
when the analyst does not have sufficient information as to the satellite image to be used thereby.
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The classification is applied on only two classes inasmuch as the spatial resolution of the satellite
images used in the study is not high. Furthermore, a
controlled classification will be made for comparison of the results obtained for Lake Burdur. Figure 4
shows images of the year 1985, 2000 and 2015 obtained as result of uncontrolled classification. The
number of the class is determined as 15 for the first
stage in uncontrolled classification. The images of
1985, 2000 and 2015 were classified in an uncontrolled way with 15 classes by using ISODATA (Iterative-Self Organizing Data Analysis) method and
as a result of the examination made by utilizing the
topographic maps of 1:50000 scale produced by the
General Command of Mapping the classes formed
were combined and classification of the land and water area belonging to the study was made. As a result
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of the study, two class images showing land and water are were obtained.
Accuracy analysis was carried out to determine
the accuracy of images obtained by uncontrolled
classification results. The Spatial Analyst Tools
function of ArcGIS 10.2.2 software was utilized for
accuracy analysis. 52 points selected from the topographic maps previously were utilized in the accuracy analysis. The "error matrix", "general accuracy"
and "kappa" values, which will give an idea by comparing the selected pixels over the satellite image
data and their corresponding reference points, were
obtained for the 1985, 2000 and 2015 images (Fig.
4). The thematic maps created as a result of uncontrolled classification method were generated with
approximately 95% accuracy. If accuracy is estimated at 80% or more, classification is deemed to be
accurate and reliable [16].

FIGURE 4
Satellite images of the year 1985, 2000 and 2015 resulting in classification.

FIGURE 5
The temporal coastal line change of Burdur Lake between 1985-2015.
TABLE 2
The surface change of Burdur Lake between 1985-2015
LAKE
Burdur Lake

1985
207 km²

2000
155 km²

7238

2015
137 km²
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TABLE. 3
SWOT analysis for strategic planning of Burdur Lake Watershed
SWOT Analysis
Weaknesses
x
Excessive use of groundwater in wateshed
for agricultural irrigation [4],
x
Decrease in the lake level caused by the
interventions made to the natural water regime by
facilities for agricultural irrigation and drinking water [36],
x
The decrease in amount of water going to
the lake from rivers due to dams leading to increase
in the salinity ratio as well as the heavy metal ratio
[3],
x
Increase of evaporation rate on the lake
due to global warming,
x
Pollution on the lake surface due to household and industrial (sugar factory and organized industrial zone) wastes that are poured into the lake,
x
1DWXUDO HURVLRQ¶V FUHDWLQJ EOXUULQJ DQG
visual pollution in the lake,
x
Pollution caused by marble and mine pits
[10],
x
Reduction of the amount of groundwater
and streams related to the lake by irrigation and irrigation methods aimed for meeting the amount of
feed needed in the livestock sector and
x
Insufficient feeding of the lake by the water reserves around the lake due to their usage by
the marble quarries.
Threats

x
Threat of drought in the future due to
shrinkage on the surface of the lake increase in the
salt ratio around the lake,
x
Süleyman Demirel Airport in the north of
Lake Burdur which is located in migration routes of
birds threatening flight safety,
x
Agricultural pesticides and fertilizer transported by rivers which pose a threat to living things
on the eco-site [2],
x
Threat of population growth and spreading
of the urban area towards lake boundaries, to
coastal edge line of lake and Ramsar border and
x
Threat of eradication of endangered species such as the 'Vertical tail' along with their habitat due to drying of the lake housing numerous bird
species and having biodiversity [15],

Strengths

x
%XUGXU ODNH¶V KDYLQJ WKH IHDWXUH RI FKDQJLQJ
and softening the climate,
x
%XUGXUODNH¶VKDYLQJHQGHPLFIDXQDDQGELRGL
versity (bird species and flora) [30, 32],
x
%XUGXUODNH¶VKDYLQJHFRV\VWHPGLYHUVLW\ ZHW
lands, meadows, forests, mountains, settlements and agricultural ecosystems),
x
%XUGXU ODNH¶V KDYLQJ SRWHQWLDO IRU HFRQRPLF
and recreational fishing,
x
A potential vision for health tourism and
x
%XUGXU ODNH¶V KDYLQJ WKH SRWHQWLDO RI FUHDWLQJ
eco tourism, water sports (swimming, canoe, sailing,
etc.), nature tourism (bird watching, nature walk, cycling,
mud baths, camping and beach), health tourism and rural
tourism.

Opportunities
x
Its inclusion to the Ramsar Convention,
x
Its being examined in the literature within the
purview of many research topics (biology, agriculture,
forest industry, various documents etc.) and presence of
solution proposals,
x
The fact that many institutions and organizations (Municipality, Burdur Water Sports Association,
Tema Foundation, Chamber of Commerce and Industry,
Nature Sports Club etc.) have pointed out the problems
of 'Burdur Lake Watershed' and the desire to provide a
common coordination on this issue,
x
The arrangement of the lake surroundings
thereby using the landscape beauty,
x
Its being able to be used for recreation and entertainment with the arrangement of the lake periphery
[15],
x
Its opportunity for ecotourism due to the habitat
around of the lake [36] and
x
Works on providing social and institutional
awareness as to prevention of shrinkage and dryness in
the lake (Burdur Lake Social Awareness Project, Lake
Festival).
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ANALYSIS AND FINDINGS
The change in land use in particular was applied to two classes as soil and water due to the sensitivity problems caused by the uncontrolled classification method. The area of Burdur Lake was calculated as 207 km² in 1985, 155 km² in 2000 and 137
km² in 2015 based on the result of uncontrolled classification on the images of 1985, 2000 and 2015. 70
km² decrease was detected and the loss was 33.82%
over 30 years in the lake area (Fig. 5, Tab. 2).
Coastline changes are increasing rapidly due to
both natural and human effects [38]. Analyzing this
change in the coastal line detected at Burdur Lake
and taking precautions is very important for the sustainability of the Burdur Lake Watershed. For a strategic planning process to be formed in the Burdur
Lake Basin, a SWOT analysis was conducted to prevent existing problems, control threats, discover opportunities and uncover potentials (Tab. 3).

CONCLUSION
%XUGXU /DNH¶V /DQGVDW VDWHOOLWH LPDJHV RI
1985, 2000 and 2015 were utilized to examine temporal changes of coastal borders by using Landsat
satellite images taken from 1985, 2000 and 2015 of
Burdur Lake by utilizing Remote Sensing methods
in this study. It was determined that a 70 km² reduction took place in the lake area over a period of 30
years. The reasons for this as well as the positive and
negative factors affecting the sustainability of the
watershed ecosystem in which the lake is located
were examined through SWOT analysis. The following recommendations were developed related to
strategic planning for the sustainable development of
the watershed as a result of the analyzes:
$Q ,QWHJUDWHG:DWHUVKHG0DQDJHPHQW SUR
cess must be established to address all the problems
related to the Watershed with participation of all the
interest groups related to the Watershed.
'HFHQWUDOL]DWLRQRIWKHVXJDUIDFWRU\EHFDXVH
it causes air pollution. New land uses should be created providing public benefits in this area.
$GYDQFHGWUHDWPHQWSODQWVPXVWEHEXLOWDQG
operated regularly for the Organized Industrial
Zones.
$FRPSXOVRU\OHJLVODWLRQPXVWEHHVWDEOLVKHG
for users to prefer irrigation method which will prevent irrigation losses in agricultural production.
$Q,QWHJUDWHG:DWHU0DQDJHPHQWPXVWEH
established for sustainability of the wetland ecosystem and protected areas.
 ,W PXVW EH HQVXUHG WKDW WKH XUEDQ VSDFH LV
planned in a compatible manner as to sustainability
of the coastal waters, the Ramsar border, the Wildlife
protection border and other protected area boundaries.
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 ,QWHJUDWHG SODQQLQJ RI WRXULVP DJULFXOWXUH
and service sectors must be realized in urban area
planning of the lake.
 %XIIHU ]RQHV IRU PLQH FRQVWUXFWLRQ PDUEOH
and industrial production must be determined.
7KHZDWHUVXSSO\IURPWKHVWUHDPVDQGSRQGV
feeding the lake should not be prevented because to
prevent any further decrease in the water level of the
lake. A certain amount of the water kept in the dams
must be canalized to the lake.
7KHDGYHUVHHIIHFWVRIFDWWOHEUHHGLQJ QXP
ber of animals exceeding the lake capacity, unconscious and overgrazing, production of plants requiring excess water such as clover-corn etc.) should be
reduced.
*,6-based data, including lakesides, showing
land use and by which we can monitor the up-todateness at any time, must be generated and the digital inventory of the region must be created. In this
way information that can be obtained as a result of
very laborious, costly and long-term land studies
will be obtained in a faster, more accurate, up-to-date
and making it possible for questioning and cost-effective way
([SHUWVDQGDFDGHPLFLDQVDUHUHTXLUHGWRFRQ
duct more research and scientific work to protect the
lake.
Future work should include more extensive
studies of the watershed by Remote Sensing and GIS
methods of other land use data in relation with the
lake and ecosystem environment.
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deficiency causes loss of appetite, macrocytic anemia, progressive wasting and polychromatic. Cobalt
excreted through bile is used to synthesize vitamin
B-12. Its excess causes loss of body weight and anemia. Naturally occurring chelates are chlorophyll,
cytochrome, hemoglobin and vitamin B-12 etc. Primary chelated minerals used in animal feeds are
zinc, iron, copper, manganese, selenium, nickel and
cobalt etc. They prefer to form co-ordinate covalent
bond, which is a hybrid form of linkage to form stable mineral complexes such as amino acid mineral
complexes for better health and growth of ruminants
[1]. It performs significant role in liver, bones, kidney and muscles and also in metabolism of DNA as
well as RNA. It was proved that transition metalamino acid complexes play an important role as antibacterial agent and are also used as nutritive supplies for ruminants. Amino acids are also biochemical compounds, which contain amine functional
group (NH2) and carboxylic functional group
(COOH). These two functional groups are attached
with same carbon atom at its alpha position [2].
There are twenty natural amino acids, which are
building blocks of proteins and perform a lot of biological functions. Minerals make two chemical
bonds with amino acids, to form metal amino acid
complexes as animal nutrition. Chelating of metal
amino acid occurs when rings of atoms of amino acids are attached to metal. The chelating of metal
complex formation facilitates the mineral transport
through intestinal wall of animals. The zinc-amino
acid or proteinate complex is proved recently to act
as antibacterial agent. For potential cytotoxic
chemotherapeutic and antibacterial agents, it is necessary to study coordination complexes of transition
metals [3].
In biological system, metals and amino acids
contribute many functions. Calcium is an important
constituent in tissue fluid, teeth, skeleton and living
cells and also a part of enzymatic system. It is involved in muscle contraction and nerve impulse
transmission. Oxidative phosphorylation is reduced

ABSTRACT
The body metabolism and the mineral status of
the cattle and buffaloes can be improved by supplementing the organic mineral complexes as additive
feed. In the present work, the concentration of cobalt
and alkaline phosphatase (ALP) in blood-serum of
one hundred and eighty buffaloes (lactating, non-lactating and pregnant) was estimated at livestock farms
of three districts of Punjab. The milk yield of pregnant and lactating animals was also determined. The
cobalt level was found to be different in soil, forage
and water of three districts of Punjab. The animals
were placed into healthy group (HG), affected untreated group (UG) and treated group (TG) after
comparing the serum levels of Co and ALP with
their respective critical values. The TG group of animals was provided with normal diet along with the
synthesized cobalt methionine complex after FT-IR
characterization while other animals of all classes
were provided normal diet only. After supplementing cobalt methionine complex, the serum level of
cobalt increased from 60.02±1.7 to 72.2±4.5,
52.3±2.5 to 63.4±2.03 and 56.1±0.9 to 67.1±1.4
μg/dl in lactating, non-lactating and pregnant animals respectively and the serum level of ALP highly
decreased from 173.6±4.2 to 158.5±0.9 U/l in pregnant animals and the milk yield increased from
6.2±0.22 to 7.09±0.3 and 5.4± 0.1 to 6.5± 0.14
Lt/day in lactating and pregnant animals respectively
of TG groups at district Bhakkar.

KEYWORDS:
Trace metals, ALP enzyme, buffaloes

INTRODUCTION
Cobalt is an activator of some enzymes, such as
peptides, which are essential for vitamin B-12; its
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of fodders cause severe metabolic disorders in dairy
buffaloes. Milk fever, infertility, hemoglobinuria,
paralytic disorder and various reproductive problems
(prolapsed uterus, low conception rates, delayed oestrus and retained fetal membranes are few of the outlined disorders [6]. By using proper chelates or organic selenium complexes in animal nutrition, bioavailability of minerals can be increased and quality
of meat, milk, cheese and wool etc. might be improved and environment may also be protected by
reducing metal pollution [7]. Mineral excretion increases if farm animals are supplemented with inorganic trace minerals, but organic trace mineral chelates as supplements noticeably reduce mineral excretion. Inorganic trace minerals show low rate of bioavailability due to their antagonistic behavior with
other minerals but organic mineral complexes have
very high bioavailability. Actually the ring structure
of organic mineral complexes protects their trace
minerals from many chemical reactions in intestinal
wall of animals. The interaction between organic
mineral complexes and animal intestinal nutrients is
less so the rate of passive diffusion is very high. In
this way rate of mineral excretion decreases. There
are few reports about zinc-complex in large ruminants. If same dose of zinc sulphate and zinc methionine complex is given to the ruminants, the activity
of copper and zinc superoxide dismutase in buffaloes
significantly increases as compared to supplementation of inorganic zinc sulphate because the rate of
passage of zinc complex in intestinal rumen is very
high. As the incorporation rate of zinc methionine
complex in the metalloenzymes is very high, so it
may improve the reproductive tract of lactating animals. The rate of absorption of zinc methionine complex is significantly higher than that of inorganic
mineral complexes [8].

due to Mg deficiency. Magnesium receptors which
are present on kidney and bone cells regulate calcium metabolism, by means of parathyroid hormonal
interaction. Mg, Ca and Zn glycinate complexes are
used as nutrition in mineral deficient animals. Hemoglobin is metalloproteinase, which contains iron
and transports oxygen in whole animal body. Iron is
also present in ferritin and transferrin. Iron obtained
from Fe-amino acid complex has better rate of absorption and good body metabolism. This iron from
organic complex can easily transfer in placenta &
mammary glands of animals. Ferrous and zinc
glycinate complex fulfills all nutritional requirements of animals for their reproductive performance
[4]. The cuproenzymes and chaperone proteins are
regulated by copper, which show hepatic and neuronal functions. A mixture of Zn proteinate, Zn-methionine and Cu-lysine is used to treat retention of
fatal membrane in lactating buffaloes. Cobalt plays
significant role in synthesis of vitamin B-12. Cobalt
complexes with amino acids like arginine, histidine,
serine and lysine etc. are usually used to inhibit viral
infections and are not used for nutritional purpose for
animals [3].
The determination of the mineral concentration
in blood-serum and hair of animals is considered as
suitable indicator to estimate the nutritional status of
grazing animals. The identification of mineral exposure of deficiency symptoms requires the knowledge
of normal status of elements which are sufficiently
investigated for various livestock forms. Chemical
composition of body tissues generally reflects the dietary status of domestic animals. Chemical estimation on the tissues can therefore, be used to for detection of a range of mineral inadequacies in mammals, for example, copper has a significant role in
maintaining optimum fertility as it is involved in
FSH (follicle stimulating hormones), LH (luteinizing hormones) and estrogen activity. The trace elements may function as cofactors, activators of enzymes, or stabilizers of secondary molecular structures. The minerals, in addition to vitamins, are involved in tissue defense mechanisms against free
radical damage to biological systems. Several
metallo-enzymes which include glutathione peroxidase (Se), catalase (Fe), and superoxide dismutase
(Cu, Zn and Mn) are also critical in protecting the
internal constituents from oxidative damage [5]. The
pregnant animals need highly balanced diet to maintain homeostasis for lactation. The parturient complications are generally interrelated and adversely
affect fertility. The zinc and copper complexes play
an important role in bones, liver and protein and are
source of protein in blood plasma and iron in cattle
metabolism [2].
The supplementation of conventional feeds is
generally low in phosphorus and calcium, especially
when ruminants are treated with the leguminous fodders i.e. sorghum or maize, which have lower concentration of phosphorus and calcium so such type

MATERIALS AND METHODS
The study was conducted on one hundred and
eighty buffaloes (pregnant, lactating and non-lactating) kept at three selected farms of three districts of
Punjab, Pakistan. The study comprised of two parts.
In first part of the study, levels of alkaline phosphatase (ALP) and cobalt mineral in blood-serum of buffaloes were estimated and then compared to their
corresponding critical values. The milk yield of lactating and pregnant animals was also determined.
The animals which had cobalt imbalances were
grouped into affected animals (N=52) while the animals with normal cobalt levels were called as healthy
animals (N=128). In the second part of study, the affected animals were grouped in to two categories,
untreated group (UG) and treated group (TG). The
healthy group (HG) of animals and untreated group
of affected animals were served with normal diet,
only the treated group of affected animals was pro-

7244

© by PSP

Volume 26 ± No. 12/2017 pages 7243-7254

Fresenius Environmental Bulletin

vided with twenty grams of prepared cobalt methionine complex daily along with normal diet. After
thirty days of supplementation of the organic complex, the cobalt concentration as well as level of ALP
was determined in blood-serum of all groups of buffaloes. The cobalt level in soil, forage and water at
farms of three districts was also determined. The
milk yield of lactating and pregnant animals was also
found before and after experimental work. The serum concentration of cobalt of all collected samples
was determined by wet digestion and atomic absorption spectrometer and the concentration of ALP in
blood-serum of animals of all categories was also estimated by biochemical tests. The Co-methionine
complexes were synthesized and characterized by
Fourier Transform Infrared (FT-IR) Spectroscopy
before providing the mineral complexes to the affected treated group (TG) of animals. The Co-methionine complexes were provided to TG group of affected buffaloes with physiological variations showing cobalt imbalances. The data for different attributes was subjected to a statistical analysis by using
the Chi Square Test to check the relationship between qualitative variables [9]. In present work, the
serum ALP and cobalt mineral levels in different
buffaloes from three districts of Punjab were comparatively evaluated (before and after supplementing
mineral complexes). By knowing the effect of cobalt
on blood ALP level, the mineral requirements of the
animals may be fulfilled to improve their reproductive potential, health and milk yield.

All used chemicals, organic compounds and
solvents were of analytical grade. The anhydrous cobalt chloride, ethyl alcohol, sodium hydroxide, ethyl
acetate were used to prepare standard solutions and
concentrated sulphuric acid, concentrated nitric acid,
concentrated perchloric acid and double distilled water were used for wet digestion. The methionine
amino acid as organic ligand was used to synthesize
the Co-methionine complex for diseased animals.

Collection and Preparation of Samples. The
blood samples were collected from the jugular vein
of all classes of animals in 20 ml sterilized plastic
tubes, stored at -20°Cand allowed to stand for approximately 3 hours in a slanting position at room
temperature. These samples were centrifuged for ten
minutes at 3000 rpm by micro centrifuge, to get
blood serum. After labeling, the serum samples were
stored in refrigerator in sterilized tubes. The atomic
absorption spectrophotometer requires clear organic
matter free and transparent solution. For this purpose
wet digestion was carried out. 2 ml of each blood
sample was taken in a conical flask and 20 ml of acid
mixture in the ratio of 1:5:2 (H2SO4: HNO3: HClO4)
was added for wet digestion of blood-serum. The solution was heated first at low temperature and then
at high temperature on a hot plate until the whitish
fumes came out (i.e. all the organic matter was dissolved) and 2-3 ml of clear, transparent solution was
left behind in the flask. After cooling, de-ionized water was added to make 60 ml of solution and this solution was filtered through whatman filter paper # 42
to get transparent filtrate, which was preserved in labeled sample bottles. These digested and diluted
samples were used for the estimation of level of cobalt mineral [10].

Statistical Analysis. The obtained data was
subjected to a statistical analysis using the Chi
Square Test to check the relationship between qualitative variables [9].

Instrumentation. Labeled paper envelop, whatman
filter paper # 42, glassware (measuring flasks, conical flasks, test tubes, burette, pipette, measuring cylinders, hot plate, reagent bottles and funnels), oven,
20 ml sterilized plastic tubes, 20 ml syringe, 02 ml
voiles, needles, refrigerator, micro centrifuge,
grinder, flame photometer, atomic absorption spectrophotometer and FT-IR spectrometer were used to
complete this work [10].
Preparation of Standard Solution of Given
Minerals. The stock solution of 1000 ppm was prepared using well dried cobalt acetate after appropriate calculations for cobalt. Then 100 ppm solution of
this metal was prepared from each stock solution
carefully after taking 10 ml of the stock solution in
100 ml volumetric flask and making the volume up
to the mark. Then required concentrations from second stock solution of cobalt was prepared after taking the second stock solution in 100 ml volumetric
flask and then making the volume up to the mark.

Synthesis and FT-IR Characterization of
Cobalt Methionine Complex. The required methionine cobalt complexes were synthesized for affected buffaloes which showed cobalt imbalances.
The synthesized complex was characterized carefully by FT-IR spectroscopy (The FT-IR spectra
show coordination bonds between methionine ligand
and cobalt in the complex). Bending vibrations of
cobalt metal and methionine ligand was observed,
the results were visualized through the corresponding spectra [11].When the ligand (methionine amino
acid) makes coordinate covalent bond with cobalt
metal, then the difference between frequency asymmetric carboxylate (VasCOO-) and symmetric carboxylate Vas (COO-) mostly decreases which shows
coordination of carboxylate or amino groups of methionine with cobaltmetal. Complex of cobalt methionine may be used in a lot of biological mechanism
(oxidation reaction and electron transport etc.) in living organisms. The molecular formula of methionine
is C5H11NO2S. The molar mass of methionine is
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buffaloes at three districts of Punjab, Pakistan was
presented as mean ± SE values and augmented with
bar charts and tables.

149.21 g/mol. The methionine consists of one carboxyl group (COOH) and one amino group (NH2)
which are attached at its alpha carbon [11].
Procedure. 2.0 mmol of ligand (methionine)
was dissolved in 20.0 ml of double distilled water
and 0.30 ml of sodium hydroxide (30% NaOH) was
put in this amino acid solution for the purpose of
deprotonation of ligand. Then1.0 mmol of cobalt
chloride was dissolved in 2.0 ml of double distilled
water. These two solutions of deprotonated methionine amino acid and inorganic salt of cobalt were intermixed with each other carefully and were heated
under stirring for several minutes by using magnetic
hot plate along with reflux condenser. Finally the
precipitate of cobalt methionine complexes was allowed to filter off. The precipitate was washed repeatedly and dried in air and this synthesized methionine cobalt complex was saved in sterilized viols
for FT-IR spectroscopic analysis [12]. Supplementing the trace mineral or their organic complexes in
appropriate concentrations may improve the pregnancy rate and maintenance of pre and post pubertal
stages in livestock by reducing the incidence of repeat breeding etc. The cobalt methionine complex is
more bioavailable and efficiently used in animal
body metabolism. They provide a readily available
source of the cobalt ions necessary for dietary balance [11]. The levels of cobalt mineral and ALP biochemical in blood-serum of healthy and affected

RESULTS AND DISCUSSION
Cobalt methionine complex. Significant difference of FT-IR pattern of Co-methionine complex
with free ligand (methionine) was observed indicating the coordination between metal Co and ligand
methionine during ring formation of adduct (Table
1). In asymmetrical stretching, VasCOO- was found
to be 1408 cm-1 of methionine which was shifted to
that of lower level (VasCOO) 1200cm-1 for Co-methionine complex, while in case of symmetric vibration VsCOO-was 1570 cm-1 of methionine which was
shifted in higher vibration VsCOO- 1592 cm-1 in Comethionine complex, which identified the coordination bonding between Co and methionine.
The stretching vibration VStNH2 of methionine
was found to be 3450 cm-1 which was shifted to
higher level, 3580 cm-1 and the binding vibration
VbNH2 was 1538 cm-1 in methionine which was decreased to that of 1350 cm-1 which showed the coordination of the Co with the free ligand (methionine)
through nitrogen atom (Fig 1a, b). The results of present work were found to be similar as that of Mejnikov et al. [13].

TABLE 1
IR spectral bands (cm-1) of the methionine and Co-methionine complex
Vibrations
Vas (COO-)
Vs (COO-)
Vb (NH2)
VSt (NH2)

Methionine
1408
1570
1538
3450

FIGURE 1a
FT-IR spectrum of methionine (ligand)
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Co-methionine Complex
1200
1592
1350
3580

© by PSP

Volume 26 ± No. 12/2017 pages 7243-7254

Fresenius Environmental Bulletin

FIGURE 1b
FT-IR spectrum of Co-methionine complex
TABLE 2a
Mean (±SE) serum Co concentration (μg/dl) in affected and healthy animals at three districts of Punjab,
Pakistan
Animals

Bhakkar
Khushab
Kasur
60.3±1.4b
142.1±2.3a
Lactating
60.02±1.7b
Affected Animals
Non lactating
52.3±2.5b
53.8±1.5a
131.97±1.03a
b
b
Pregnant
56.1±0.9
55.3±1.5
135.0±1.2a
a
a
Lactating
90.2±1.4
69.1±1.4
178.6±2.3a
a
a
Healthy Animals
Non lactating
78.3±1.4
63.2±1.9
166.7±1.2a
a
a
65.4±2.4
171.1±1.3a
Pregnant
84.3±1.5
(Mean sharing same letter are statistically non-significant)
TABLE 2b
Mean (±SE) serum Co concentration (μg/dl) in affected and healthy animals after supplementation
at three districts of Punjab, Pakistan
Animals
Lactating
Healthy Animals
Non lactating
Pregnant
Lactating
Affected Animals (TG)
Non lactating
Pregnant
Lactating
Affected Animals (UG)
Non lactating
Pregnant
(Mean sharing same letter are statistically non-significant)

Bhakkar
90.3±0.8a
78.3±1.3a
84.2±1.5a
72.2±4.5a
63.4±2.03a
67.1±1.4a
60.2±1.3a
54.6±1.2a
56.5±0.7a

Khushab
69.5±1.4a
63.3±1.8a
65.4±2.5a
64.2±0.2a
59.0±0.9a
59.5±0.6a
60.6±1.9a
53.6±2.3a
55.8±1.6a

Kasur
179.0±2.3a
166.4±0.2a
171.3±1.2a
154.3±0.53a
158.0±0.6a
155.2±0.2a
142.4±0.2a
130.6±0.9a
136.0±0.04a

Khushab was found to be non-significant (P>0.05;
Table 2 a).
The serum cobalt level of affected lactating and
pregnant buffaloes of Bhakkar and that of affected
lactating and non-lactating animals of Khushab and
the pregnant animals of Kasur was lower than that of
respective healthy animals. The serum level of affected non-lactating animals of Kasur was higher
and that of affected non-lactating and pregnant animals of Bhakkar and Khushab respectively was
found to be merely higher than their respective ones.

Cobalt Level. The serum cobalt concentration
in affected lactating, non-lactating and pregnant buffaloes of Bhakkar showed significant result (P<0.05)
as compared to their respective healthy buffaloes.
The serum cobalt concentration of affected lactating
and pregnant buffaloes of district Khushab also
showed significant results but the serum cobalt level
in both affected and healthy animals of all the categories in Kasur was found to be non-significant
(P>0.05) while this metal level in remaining healthy
animals of all of the categories of Bhakkar, and
Kasur and affected non-lactating animals of
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FIGURE2a
Mean serum cobalt concentrations (μg/dl) in affected and healthy animals at three districts of Punjab,
Pakistan

FIGURE 2b
Mean serum cobalt concentrations (μg/dl) in affected and healthy animals after supplementation, at three
districts of Punjab, Pakistan
TABLE 3a
Mean (±SE) ALP level (U/l) in blood of affected and healthy animals before supplementation at three
districts of Punjab, Pakistan
Animals
Affected Animals

Healthy Animals

Lactating
Non lactating
Pregnant
Lactating
Non lactating
Pregnant

Bhakkar
142.6±2.009c
187.07±1.74a
173.6±4.2b
68.5±2.9a
76.7±3.7a
69.02±2.8b

(Mean sharing same letter are statistically non-significant)
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Khushab
133.6±1.8b
158.4±1.2a
155.4±1.2a
68.6±3.4a
68.9±3.001a
69.2±3.5a

Kasur
170.84±0.65a
172.5±2.6a
172.8±1.10a
52.2±3.11b
56.01±3.4a
55.06±4.2a
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TABLE 3b
Mean (±SE) ALP Level (U/l) in blood of affected and healthy animals after supplementation, at three
districts of Punjab, Pakistan
Animals
Healthy Animals

Affected Animals (TG)

Affected Animals (UG)

Lactating
Non lactating
Pregnant
Lactating
Non lactating
Pregnant
Lactating
Non lactating
Pregnant

Bhakkar
68.3±2.7b
76.6±3.6a
68.7±2.4b
132.9±1.9a
182.1±1.11a
158.5±0.9b
141.6±0.7c
187.1±0.8a
173.4±0.06b

Khushab
66.8±5.9a
68.8±2.9a
69.1±3.6a
124.4±1.6c
155±0.2a
142.6±1.2b
134.6±0.5b
157.2±0.3a
156.1±5.5a

Kasur
53.4±2.7b
56.2±3.4a
54.6±4.2ab
155.1±0.9b
168.1±0.2a
143.7±0.4b
170.9±0.03a
172.7±0.03a
167.3±7.1a

(Mean sharing same letter are statistically non-significant)

FIGURE 3a
Mean ALP level (U/l) in blood of affected and healthy animals at three districts of Punjab, Pakistan

FIGURE 3b
Mean ALP level (U/l) in blood of affected and healthy animals after supplementation, at three districts of
Punjab, Pakistan

7249

© by PSP

Volume 26 ± No. 12/2017 pages 7243-7254

Fresenius Environmental Bulletin

cobalt was found to be lower than that of its critical
values from day 0 to 20 of the estrous cycle in cattle.
The cobalt deficiency causes stress affecting the
ovarian function of animals. Kavazis et al. [17] also
studied that by feeding the pregnant buffaloes with
cobalt and iron organic complexes not only increases
Co and Fe levels in their blood but also in their offsprings. The milk yield of these treated animals also
increased. Thus animals having anemia, lower milk
yield and reproductive problems should be provided
organic supplements containing iron and cobalt in
liquid injection or oral form.

The serum level of this metal in affected and
healthy lactating buffaloes was found to be nearly
equal. The serum cobalt level of affected lactating
and non-lactating buffaloes of Kasur was higher
compared to that of Khushab which was higher than
that of Bhakkar. In case of healthy lactating and nonlactating buffaloes, the serum cobalt level was found
to be higher in district Khushab than that of Kasur
which was higher than that of Bhakkar. The serum
level of this metal in both affected and healthy animals of Kasur was higher than Bhakkar which was
found to be higher compared to that of Khushab (Fig.
2 a). The serum level of cobalt in TG groups of buffaloes was increased from 60.02±1.7 to 72.2±4.5,
52.3±2.5 to 63.4±2.03 and 56.1±0.9 to 67.1±1.4
μg/dl in lactating, non-lactating and pregnant animals of Bhakkar respectively, but in case of Khushab
and Kasur, no significant change was observed (Table 2b; Fig. 2b). Khasatiya et al. [14] reported similar
results of Co in blood-serum of cyclic and anestrous
animals.

Milk yield in animals. The affected lactating
and pregnant animals of all three districts had significant difference (P<0.05) in milk yield, as compared
to lactating and pregnant animals before mineral
supplementation (Table 4a; Fig 4a). The milk yield
of affected lactating animals of TG group had significant (P<0.05) increase (7.09±0.3), (6.8±0.8) and
(6.7±0.02) Lt/day as compared to that of affected animals of UG group (5.15±0.04), (5.26±0.04) and
(5.11±0.006) Lt/day in Bhakkar, khushab and Kasur
respectively (Table 4b). The milk yield of affected
animals of TG group of (lactating and pregnant) had
no significant difference in comparison with that of
respective healthy animals (Fig 4b). The lactating
and pregnant animals of UG group had significantly
different (P<0.05) result of milk yield as compared
to healthy animals in all three districts.

Serum ALP Level. The serum value of ALP in
affected buffaloes of all the classes in all three districts was found to be higher than that of healthy animals (Fig 3a). The affected lactating animals of
Bhakkar and Khushab and both affected and healthy
pregnant animals of Bhakkar had significantly different results of ALP levels (P<0.05) (Table 3a). The
lactating animals of TG group had significant values
of ALP as compared to that of HG and UG group of
animals. The serum levels of ALP highly decreased
(Table 3b) from 170.84±0.65 to155.1±0.9 U/l in lactating animals of Kasur and from 173.6±4.2 to
158.5±0.9, 155.4±1.2 to 142.6±1.2 and 172.8±1.10
to 143.7±0.4 U/l in pregnant animals of Bhakkar,
Khushab and Kasur respectively due to increasing
serum level of Co after supplementing cobalt methionine complex (Fig. 3b).
Wallach [15] reported that the serum level of
ALP in lactating and pregnant animals was lower
than non-lactating animals due to increasing placental isoenzyme, Ca, Zn and Co values in lactating and
pregnant animals. Francisco et al. [16] reported that
the mean concentration of ALP showed significant
higher level (p<0.05) between day 0 to day 20 in
both normal and sub-estrous cattle but the level of

Co level in soil, forage and water. The mean
level of Co in soil of Khushab and Kasur showed significant result (p<0.05) but that of Bhakkar and
Khushab had non-significant (p>0.05) result and this
metal level in forage and water at three districts
showed non-significant result (p>0.05; Table 5a).
The Co level was found to be highest in soil, forage
and water of Kasur and the lowest in soil and forage
of Bhakkar. The cobalt level marginally increased
from 14.8 ± 2.6 to 15.8 ± 2.5 in forage and 0.6 ± 0.04
to 1.23 ± 0.34 in water at Khushab after thirty days
the levels of Co was merely increased in duration of
thirty days (Table 5b; Fig. 5b). This result was attributed to the Co level in water, which is closely related to the report of Diab et al. [18].

TABLE 4a
Milk yield (Lt/day) in healthy and affected animals before supplementation at three districts of Punjab,
Pakistan
Animals

Bhakkar
Lactating
6.2±0.22a
Affected Animals
Pregnant
5.4±0.11b
Lactating
8.6±0.14a
Healthy Animals
Pregnant
7.2±0.24a
(Mean sharing same letter are statistically non-significant)
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Khushab
6.3±0.22a
5.3±0.5b
8.7±0.2a
7.2±0.07a

Kasur
5.8±0.09b
5.2±0.07b
9.2±0.05a
7.8±0.13a
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TABLE 4b
Milk yield (Lt/day) in healthy and affected animals after supplementation at three districts of Punjab, Pakistan
Animals

Bhakkar
Lactating
8.6±0.6a
Healthy Animals
Pregnant
7.4±0.2a
Lactating
7.09±0.3a
Affected Animals (TG)
Pregnant
6.5±0.14a
Lactating
5.15±0.04b
Affected Animals (UG)
Pregnant
5.16±0.08b
(Mean sharing same letter are statistically non-significant)

Khushab
8.9±0.3a
7.4±0.14a
6.8±0.8a
6.2±0.3a
5.26±0.04b
5.15±0.09b

Kasur
9.4±0.13a
7.9±0.2a
6.7±0.02a
6.1±0.05a
5.11±0.006b
5.13±0.0007b

FIGURE 4a
Milk yield (Lt/day) in healthy and affected animals at three districts of Punjab, Pakistan

FIGURE 4b
Milk yield (Lt/day) in healthy and affected animals after supplementation at three districts of Punjab,
Pakistan
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TABLE 5a
Mean (±SE) Co level in soil, forage and water at three districts of Punjab
Samples
Bhakkar
Khushab
Kasur
b
b
Soil (mg/kg)
5.6±1.8
5.4±2.2
8.7±2.4a
a
a
Forage (mg/kg)
12.8±2.5
14.8±2.6
16.4±2.8a
Water (mg/l)
0.6±0.04c
0.6±0.04c
0.7±0.02c
(Mean sharing same letter are statistically non-significant)
TABLE 5b
Mean (±SE) Co levels in soil, forage and water at three districts of Punjab after 30 days of feed supplementation
Samples
Bhakkar
Soil (mg/kg)
5.6±1.98b
Forage (mg/kg)
12.8±2.54a
Water (mg/l)
1.5±0.03c
(Mean sharing same letter are statistically non-significant)

Khushab
5.6±2.1b
15.8±2.5a
1.23±0.34c

Kasur
8.73±2.4a
16.43±2.58a
1.7±0.02c

FIGURE 5a
Mean cobalt levels in soil, forage and water at three districts of Punjab

FIGURE 5b
Mean cobalt levels in soil, forage and water at three districts of Punjab after 30 days of feed supplementation
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capacity and immune status of dairy cows fed
sodium selenite or selenium yeast. Archives of
Animal Nutrition. 67, 48-61.
[8] Sobhanirad, S., Valizadeh, R., Aghel, H. (2008)
Effect of organic and inorganic zinc supplements on degradability of wheat straw and alfalfa hay by using gas production techniques. In:
Proceedings of the 13th Animal Science Congress of the Asian-Australian Association of
Animal Production Societies, 24±26.
[9] Steel, R.G.D., Torrie, J.H. and Dickey, D.A.
(2006) Principles and procedures of statistics. A
biometrical approach. 3rd Edition of McGraw
Hill Company, New York, USA,187-189.
[10] Kamada, H., Nishimura, H.K., Krongyuti, P.,
Sukkasame, P., Phoengpong, N. and Intramanee, S. (2000) Selenium status of soil, herbage and beef cattle in southern Thailand. Journal
of Dairy Science.82, 429-437.
[11] Faliah, H., Ali, A., Thaera, A., Mithal, A., Ahmed, A. and Amer, Y. (2014) Synthesis and investigation of complex formation. Journal of
Chemical and Pharmaceutical Research. 6, 4453.
[12] Vemralinov, T., Arpadjan, L. and Beattie, J.
(2006) Synthesis and investigation of complex
formation.Journal of Acta Phamaceutica. 56,
105-112.
[13] Mejnikov, P., Corbi, C. and Aguila, J. (2000)
Alloys compounds. Journal of Chemical and
Pharmaceutical Research. 307(2), 179-183.
[14] Khasatiya, C.T., Dhami, A.J., Ramani, V.P.,
Savalia, F.P. and Kavani, F.S. (2005) Reproductive performance and mineral profile of postpartum fertile and infertile surti buffaloes.Indian
Journal of Animal Reproduction.26, 145-148.
[15] Wallach, J. (2000) Interpretation of diagnostic
tests. Lippincott Williams and Wilkins, Philadelphia. Journal of Intensive Care Medicine.
16(6), 295-296.
[16] Francisco, C.C., Spicer, L.J., and Payton, M.F.
(2003) Prediul Cholesterol, ALP and day of ovulation using postpartum metabolic and endocrine measure. Journal of dairy science. 86,
2852-2863.
[17] Kavazis, A.N., Kivipelto, J. and Ott, E.A.
(2002) upplementation of broodmares with
copper, zinc, iron, manganese, cobalt, iodine
and selenium. Journal of equine veterinary science. 22(10), 460-465.
[18] Diab, H.M., Ramadan, A.B. and Monged,
M.H.E. (2006) Assessment of natural radioactivity and heavy metals in Burullus Lake, Egypt.
International Journal of Low Radiation. 3, 273.
[19] Akhtar, M.S., Farooq, A.A. and Mushtaq, M.
(2009) Serum concentrations of copper, iron,
zinc and selenium in cyclic and anestrous NiliRavi buffaloes kept under farm conditions. Pakistan Veterinary Journal. 29, 47-48.

It was concluded that the value of ALP enzyme
was influenced by increasing level of cobalt in blood
serum of lactating and pregnant animals (TG group)
at Khushab and Kasur. The present findings concur
with the report of Akhtar et al. [19]. Shah et al. [20]
explained that supplementation of Co complex to animals increases rate of absorption of Cr and reduces
the insulin response to glucose tolerance and further
enhances glucose uptake by skeletal muscles and adipose tissue. Cobalt level in present study varied in
soil, forage and water of three districts of Punjab. It
was studied that the serum level of affected UG
group of all classes of animals showed very less variation in Co concentration. It is assumed that the bioavailability of the amino acid metal complexes for
farm animals with different physiological status is
better as compared to the mixture of inorganic salts.
The excess of feeding and under feeding rations
should be avoided to save the buffaloes, goat, sheep,
camel and cattle from various diseases due to mineral imbalances. It is thus concluded that the farmers
of Punjab should grow different varieties of fodders
for ruminants to fulfill the nutritional requirements
of animals to enhance their growth and development.
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THE PREDICTION OF RUNOFF DATA FOR KINIKLI BASIN
BY USING THE PRECIPITATION DATA WITH WMS
E Dilek Taylan*, Derya Damcayiri
Suleyman Demirel University, Engineering Faculty, Department of Civil Engineering, Isparta, Turkey

exist, the different methods are used to find the
portion passing from the rainfall to the runoff. The
presence of the precipitation values for the region
plays an important role in the calculation of the
water potential, the drought and the flood risks
studies. In the estimation of the hydrological data
such as rainfall and runoff, the probability functions
and the statistical methods are utilized.
To estimate the runoff from rainfall, the infiltration parameters of the catchment should be calculated. The Curve Number (CN) method is a widely used method for predicting infiltration based on
land use. Cowan (1957) stated that the CN method
is easily used for prediction of runoff in a catchment where soils, vegetation and other characteristics affecting runoff have not been evaluated experimentally [1].
King et al. (1999) [2] compared CN and the
Green-Ampt Mein-Larson (GAML) methods for
simulating extreme rainfall on a large basin with
multiple rain gages. They stated that CN under
simulated surface runoff while GAML had no pattern associated with events.
Lately, many hydrological models have been
developed to estimate the runoff. These models use
information about the topography provided by the
Digital Elevation Model (DEM) and require different input data. The Geographic Information Systems (GIS) is a powerful tool for this analysis;
because GIS not only visualizes the size of the
flood, but also to analyzes these maps in more detail and forecasts flood damage maps, flood risk
maps [3, 4]. There are many applications of GIS
models to estimate the amount of runoff in a given
period [5-8].
Kumar and Bhattacharjya (2011) [9] developed a distributed approach to simulate the rainfallrunoff process of catchment. They used two modeling techniques namely distributed and lumped. In
distributed approach, they considered spatial variation of rainfall in the catchment while they considered average rainfall of the catchment in lumped
approach. They calculated average rainfall using
Thessian polygon method. For distributed model
they formed the number of subcatchments and
calculated CN or infiltration parameters for all
subcatchments using inverse modeling technique.
Myronidis et al. (2009) [10] presented a methodology integrating hydrologic and hydraulic mod-

ABSTRACT
The rainfall-runoff models are one of the most
frequently searched topics in hydrology. The many
methods to simulate the flow leaving the basin by
using precipitation to fall in catchment were developed by different researchers. The average rainfall
amount and catchment characteristics are taken into
account when developing the model. In this study,
the rainfall data of Tekirdag and Corlu Gauging
stations were used to estimate the runoff of the
.ÕQÕNOÕ %DVLQ )LUVWO\ WKH SUREDELOLW\ GLVWULEXWLRQ
functions of the rainfall data for Tekirdag and Çorlu
*DXJLQJ6WDWLRQVLQ.ÕQÕNOÕ%DVLQKDYHEHHQH[DP
ined. The rainfall data for two stations were found
to fit to the gamma probability distribution. The
total annual rainfall levels for the different recurrence intervals were calculated by using Pearson
Type III table. The rainfall values which was calculated for the different recurrence intervals were
converted to runoff using Watershed Modeling
System (WMS) software by using hydrological data
RI.ÕQÕNOÕ%DVLQ7KH:06LVDSURJUDm that performs modeling based on the Curve Number (CN)
method. Thus, in the presence of the missing data, it
has been seen that the new data could be produced
and the new hydrological studies can be made.

KEYWORDS:
Gamma probability function, Pearson Type III; The
Watershed Modeling System (WMS), Curve Number
&1 .ÕQÕNOÕ%DVLQ

INTRODUCTION
The water is an important compound for the
continuity of the lives of all living things. The protection of the water resources is also very important
in this respect. The numerous studies in the scientific community are also made for the protection of
water and the water resources.
In the protection and evaluation studies of water resources, the runoff and the rainfall data of the
gauging stations are the most commonly used data.
In regions where the gauging stations exist,
the runoff records can be easily provided. But; in
the regions where the gauging station does not
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7KH .ÕQÕNOÕ 6WUHDP LV ORFDWHG LQ DSSUR[LPDWHO\
40°97´ latitude and 27°92´ longitudes.

els with the digital terrain model and produced
flood hazard maps according to probability scenarios. For this purpose WMS model was formed. They
evaluated the different return periods to predict of
flooding from rainfall and used GIS for maps. They
said that these maps would be used to establish
flood hazard management plans [10].
In this study; the maximum annual rainfall daWD REWDLQHG IURP WKH dRUOX DQG 7HNLUGD÷ *DXJLQJ
Stations between 1960 and 2014 years were used
IRUWKHSUHGLFWLRQRIUXQRIIYDOXHVRI.ÕQÕNOÕ%DVLQ
The maximum rainfall data for different recurrence
intervals were estimated using probability distribution functions. Then, the runoff values of the
.ÕQÕNOÕ6WUHDPIURPWKHUDLQIDOOVRIWKHUHJLRQZHUH
modeled and estimated by using the WMS program
for obtaining the infiltration parameters or curve
number from the rainfall and runoff data.

The Probability Distributions. The annual
maximum rainfall data between 1960 and 2014
from Çorlu and Tekirdag stations was tested for
suitability for normal and gamma distributions. The
information of the stations is given in the Table 1.
Normal Distribution. This distribution, also
known as the Gaussian distribution, has two parameters. The first of these, the mean of the random
variable Ɋ୶ ; the second is the standard deviation of
the random variable ɐ୶ .In this distribution, the
probability density function and the standard normal variance (z) are given for X variable as follow;
ଵ
݂ሺݔሻ ൌ
ሾെሺ ݔെ ߤ௫ ሻଶ Ȁʹߪ௫ ;
(1)
ݖൌ

MATERIALS AND METHODS

ఙೣ ξଶగ
௫ିఓೣ

(2)

ఙೣ

Gamma Distribution. The gamma distribution is a positive skewed distribution, defined only
for the positive values of the variable, such as the
lognormal distribution. However, since only one
SDUDPHWHU ȕIRUPSDUDPHWHU PDNHVLWGLIILFXOWWR
fit the gamma distribution to the observed frequency distributions, gamma distributions of 2 and 3
parameters are also defined. The probability density
IXQFWLRQ RI WKH GLVWULEXWLRQ DQG ȕ LV WKH IRUP SD
rameter is calculated as follows;

7KH .ÕQÕNOÕ 6WUHDP ZKLFK ZDV ORFDWHG LQ WKH
Sultanköy municipality in Tekirdag province was
selected as the study area (Fig.1). The total length
of the stream is approximately 22 km, and the depth
of stream is 2- PHWHUV 7KH .ÕQÕNOÕ 6WUHDP LV
located in the settlement areas and it spills into The
Sea of Marmara.
The population of 7HNLUGD÷ SURYLQFH LV
829,873 according to the 2011 population statics.
The Mediterranean climate and the terrestrial climate were seen in the region and the arid and hot
weather conditions are observed in summer months
while the spring and the winter months are rainy.

ೣషೣ

݂ൌ
ߚൌ

ೣషೣ

ሺ ഀ బ ሻഁషభ ௫ቄି ഀ బ ቅ
ఈ௰ሺఉሻ
ͶȀܥ௦ଶ

(3)
(4)

FIGURE 1
7KH6DWHOOLWH,PDJHRI.ÕQÕNOÕ%DVLQ *RRJOH(DUWK
TABLE 1
SRPHSURSHUWLHVRI7KH7HNLUGD÷DQGdRUOX*DXJLQJ6WDWLRQV
Station
Number
17054
17056

Station
Name
Çorlu
Tekirdag

Altitude
(meter)
145
4

Latitude

Longitude

41°17´
40°95´

27°.81´
27°49´

7256

Observation
time interval
1960-2014
1960-2014
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TABLE 2
The CN values according to land use and soil group

The Type of Land Use

The Hydrological Conditions

The abandoned flat, in line, naked land
Weak: The Dense vegetation which is less than 25%
Middle: The Dense vegetation which is between 25%
Pasture and meadow
and 50%
Good: The Dense vegetation which is more than 50%
Weak: The Dense vegetation which is less than 25%
Middle: The Dense vegetation which is between 25%
Bushes
and 50%
Good: The Dense vegetation which is more than 50%
Weak: The Dense vegetation which is less than 25%
Middle: The Dense vegetation which is between 25%
Wooded
and 50%
Good: The Dense vegetation which is more than 50%
The farm lands
Weak: The Dense vegetation which is less than 25%
Open areas, lawns,
Middle: The Dense vegetation which is between 25%
Parks, golf fields, cemeand 50%
teries
Good: The Dense vegetation which is more than 50%
The trade centers
85% impermeable on average
The industrial zones
72% impermeable on average
Aera
Impermeability
2
Less than 500 m
65%
1000 m2
38%
The settlement areas
1500 m2
30%
25%
2000 m2
4000 m2
20%
The covered parking areas, roofs, intermediate ways
Covered, grate and channeled
Gravel
The streets and ways
Soil
Covered and ditch

Gamma distribution with 2 parameters is obtained by taking  value as zero in gamma distribuWLRQZLWKSDUDPHWHUVDQGSXWWLQJ[ĮLQVWHDGRI[
LQ WKLV GLVWULEXWLRQ $FFRUGLQJO\ WKH VFDOH Į  SD
rameter of the distribution and  are defined according to mean (Ɋ୶ ) and standard deviation S as
follows;
ߙ ൌ ܵȀඥߚ
(5)
(6)
ݔ ൌ ߤ௫ െ ܵඥߚ
The Pearson Type III distribution table is used
to applicate the gamma distribution. This table
shows the frequency factor values KT for various
values of the skewness coefficient (ୗ ) corresponding to various probabilities of non-exceedance (F).
The frequency factor is defined as follows [11-14];
௫ିఓೣ
(7)
 ்ܭൌ

The Hydrological
Ground
A
B
C
D
77
86
91
94
68
79
86
89
49

69

79

84

39
48

61
67

74
77

80
83

35

56

70

77

30
45

48
66

65
77

73
83

36

60

73

79

25
59
39

55
74
61

70
82
74

77
86
80

49

69

79

84

68
89
81

79
92
88

86
94
91

89
95
93

77
61
57
54
51
98
98
76
72
83

85
75
72
70
68
98
98
85
82
89

90
83
81
80
79
98
98
89
87
92

92
87
86
85
84
98
98
91
89
93

Watershed Modeling System (WMS). The
Watershed Modeling System (WMS) developed by
the Brigham Young University and U.S. Army
Corps of Engineers is a comprehensive graphical
modeling interface for integrated hydrological and
hydraulic model of a watershed [15]. WMS makes
many operations such as automatic watershed drawing, geometric parameter calculations by using
terrain roughness coefficient and precipitation data
[16].
The Soil Conservation Service (SCS) Curve
Number (CN) Method. The hydrological data
were needed frequently on the planning, designing
and management of water resources in watershed
which is smaller than 30 km2 surface area. The
rainfall-runoff volume and maximum flow rates are
required on a regular basis for selected special
return periods in projects.

ఙೣ
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The SCS method is such a model accepted and
applied for use in small basins. It could be summarized the widespread reasons for the SCS Model,
which has been tested and used in some parts of the
US, Germany, France, Middle East Countries, Australia and Africa, recommended by the institutes.
The equations are simple, the inputs are related
with the physical characteristics of the basin, the
method provides results close to reality, the method
uses the rainfall data as input, the graphics solutions
provide easy for user. At the same time, the drainage area must have a constant CN value, the drainage area must have a homogeneous structure and
the CN should be provided very accurate. The CN
recommended for different the terrain conditions
are shown in Table 2 [17, 18].
The classification of ground in Table 2 was
made according to the following principles:
A. High infiltration grounds (sand, gravel)
B. Middle infiltration grounds
C. Small infiltration grounds,
D. Very small infiltration grounds (clay) [14].
The formulas used in CN are as follows, respectively [18, 19].
In the first, the time of concentration, in basin
according to Mockus unit hydrograph method, tc
(hour);

According to D and L, the time to peak of unit
hydrograph  ୮ (hour) was calculated;
ୈ

 ୮ ൌ ቀ ቁ  
(11)
ଶ
Then, CN was selected for basin. The Maximum Soil Water Retention Index (mm) was calculated by the following formula:
ଵǤ

ൌቀ
ቁ െ ͳͲ
(12)
େ
Depending on the above equations, the maximum flow height he (mm) was calculated according
to the highest flow ha from the measurements following formula:
ୣ ൌ

୲౦

RESULTS AND DISCUSSION
Within the scope of this study; the annual total
rainfall was determined for the different recurrence
intervals from annual maximum rainfall values of
Çorlu and Tekirdag Gauging Stations. By using of
the WMS program, the peak flows were determined
LQ GLIIHUHQW UHFXUUHQFH LQWHUYDOV IRU WKH .ÕQÕNOÕ
Basin.
The preparation of data. The annual maxiPXPUDLQIDOOYDOXHVRI.ÕQÕNOÕ%DVLQZHUHVKRZQLQ
Fig. 2 for Çorlu and Tekirdag Gauging Stations.
The statistics used to determine rainfall data for
specific recurrence intervals were given in Table 3.

150

Annual Average
Precipitation (mm) of
7HNLUGD÷6WDWLRQ

Annual Average
Precipitation (mm) of
Çorlu Station

(13)

୦ ିଵାୗ

Here; A shows the basin area (km2).

మ

100
50
1980
2000
Years

ሺ୦ ିଵሻమ

Finally, the 100-year flood flow Qp (m3/sn)
was calculated by Equation 14 [18, 19]

 ୮ ൌ ሺͲǤʹͲͺ͵ൈ ሻൈୣ
(14)

 ୡ ൌ ͲǤͲൈሺ  ሻǤଷ଼ହ
(8)
ୗ
Here; Lh is hydraulic length of the drainage area (km), S is the slope of the drainage area (%).
Then the total storm duration D (hour) and the lag
time L (hour) were calculated:
 ൌ ͲǤͳ͵͵ൈ ୡ
(9)
 ൌ ͲǤൈ ୡ
(10)
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FIGURE 2
7KH$QQXDO0D[LPXP5DLQIDOO5HFRUGVRIdRUOXDQG7HNLUGD÷*DXJLQJ6WDWLRQV
TABLE 3
The Basic Statistics for the Annual Maximum Rainfall

Standard Deviation
Mean
Skewness

The Çorlu Gauging Station
17.91
46.20
1.71

7258

The Tekirdag Gauging Station
22.70
52.82
1.52

2020
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Normal Q-Q Plot of Çorlu Station
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Normal Q-Q Plot of Tekirdag Station

FIGURE 3
7KH1RUPDO'LVWULEXWLRQ*UDSVKIRUdRUOXDQG7HNLUGD÷*DXJLQJ6WDWLRQV

Gamma Q-Q Plot of Çorlu Station

Gamma Q-43ORW7HNLUGD÷6WDWLRQ

FIGURE 4
The Gamma Distribution Graphs for Çorlu DQG7HNLUGD÷*DXJLQJ6WDWLRQV
TABLE 4
The Annual Total Rainfall Values (mm) for The Different Recurrence Times
The Recurrence Interval (Year)
Çorlu
Tekirdag

2
41.36
47.32

5
57.98
68.43

10
25
50
100
200
500
1000
69.9 85.27 96.7 108.02 119.27 128.98 145.17
83.06 101.59 115.22 128.62 141.87 153.21 172.13
tions are not parallel to the straight line. For the
gamma distribution, however, the Q-Q plots are
parallel to the straight line. It can be said that the
rainfall data for both stations fit to the Gamma
distribution.
After the determination of Gamma distribution
function as the distribution function, Pearson Type
III Distribution Frequency Factors (KT) was determined according to the recurrence intervals. Then,
annual maximum rainfall depths were calculated in
accordance with Pearson Type III distribution function (Eq.7) by means of the frequency factors and
they were shown in the Table 4.

The probability distribution functions had
been used to determine the values of rainfall for
specific recurrence intervals. Normal and gamma
distribution functions were examined when to determine which distribution is suitable for the data of
dRUOX DQG 7HNLUGD÷ *DXJLQJ VWDWLRQV 7KH 4-Q
plots show the quantiles of distribution of variables
against the quantiles of any of a number of test
distributions. Probability plots are generally used to
determine whether the distribution of a variable
matches a given distribution. If the selected variable
matches the test distribution, the points cluster
around a straight line. As shown in Fig. 3 and 4, the
Q-Q plots of the normal distribution for both sta-
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FIGURE 5
.ÕQÕNOÕ%DVLQ

FIGURE 6
The Sub-%DVLQVDQGWKH'LVFKDUJH3RLQWVRI.ÕQÕNOÕ6WUHDP
7KH.ÕQÕNOÕ Basin given in Fig. 5 was divided
into 16 sub-basins by using the WMS. The prepared
sub-basins were shown in Fig. 6.
For the different recurrence intervals for both
stations, the total annual rainfall values of stations
were entered separately with the help of WMS
software. The peak flow values were found in subbasins for each recurrence interval. Thus, the rainfall values were converted into flow with WMS
software. The flow directions at sub-basins were
shown in Fig. 7.

C ground groups were chosen by considering the
characteristics of the region. It was determined that
the area was slight woodland and shrubbery area
and its CN was entered as 75 in the Fig. 8.
In WMS; Lh, the hydraulic length of the drainage area; S, the slope of the drainage area and the
TLag, the lag time were determined according to the
characteristics of each sub-basin by program. After
the hydrological data were determined, the runoff
values were calculated. The runoff values were
turned into hydrographs for sub-basins as 15minutes periods (Fig. 9).
,Q WKH XSVWUHDP RI WKH .ÕQÕNOÕ 6WUHDP LW ZDV
read out as a single combined output of the two
sub-basin and the operations were performed for 14

The Producing Hydrographs. In the production of hydrographs, the flows were calculated by
CN method and the unit hydrographs were produced for each sub-basin. In the CN method, B and
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servation station around the basin, maximum annual rainfall values were obtained by using the rainfall
GDWD WDNHQIURP dRUOXDQG7HNLUGD÷UDLQIDOOREVHU
vation stations and by using the probability distribution function. As it can be seen in the statistical
data of the stations, the average rainfall is high in
7HNLUGD÷EDVLQ7KLVPD[LPXPDQQXDOUDLQIDOOGDWD
was turned into runoff on the stream basin by
means of WMS. Thus, as it can be stated in the
study, rainfalls were turned into flows and flow
data may be obtained by means of probability distribution functions and WMS in the regions where
there is no flow observation station.

sub-basin. The calculated flow values were the
different recurrence times (Table 5).

CONCLUSIONS
Hydrological data used in hydrological subjects such as climatic change, flood calculations,
drought etc. cannot be fully obtained for each time.
Various methods such as fuzzy logic models, probability distribution functions and application software are used for the completion of the missing
data. This study was made iQ WKH EDVLQ RI .ÕQÕNOÕ
Stream. Due to the fact that there was no flow ob-

FIGURE 7
The display of flow direction of basin

FIGURE 8
The Curve Number
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FIGURE 9
The peak runoff values of sub basins

The Flow Values of Discharge Points
(m³sec-1)

TABLE 5
The Flows Calculated Based on the Different Recurrence Times

18C
20C
5B
6B
7B
8B
9B
10B
11B
12B
13B
14B
15B
16B

2
5
39.14 93.74
44.40 132.46
11.01 26.66
4.78 35.19
27.51 66.60
14.35 34.92
2.09 11.08
0.93
5.88
15.52 37.38
2.06 11.63
22.92 55.11
15.07 36.43
4.92 11.99
6.13 14.79

THE RECURRENCE INTERVAL (YEAR)
10
25
50
100
200
143.87 221.43
279.68
346.65
410.59
204.66 313.93
395.62
489.39
578.80
41.12
62.95
79.26
97.96
115.78
54.31
83.23
104.83
129.60
153.18
102.82 157.60
198.54
245.57
290.43
53.95
82.75
104.27
128.98
152.53
17.54
27.46
34.95
43.57
51.79
8.95
13.54
16.99
21.46
25.75
57.52
87.89
110.56
136.51
161.18
17.88
27.32
34.36
42.41
50.07
84.73
129.40
162.82
201.64
238.71
56.29
86.36
108.84
134.67
159.31
18.55
28.47
35.88
44.40
52.51
22.77
34.80
43.78
54.07
63.85

500
464.40
653.97
130.76
172.99
328.19
172.34
58.70
29.38
181.88
56.49
269.91
180.04
59.32
72.06

1000
569.16
800.12
159.85
211.44
401.62
210.84
72.14
36.47
222.01
68.95
330.63
220.38
72.56
87.97

[3] Clark, M.J. (1998) Putting water in its place: a
perspective in GIS in hydrology and water
management. Hydrological Processes. 12, 823±
834.
[4] Hausmann, P. and Weber, M. (1988) Possible
Contributions of Hydroinformatics to Risk
Analysis in Insurance. In: Proceedings of the
Second International Conference on Hydroinformatics, Zürich, Switzerland, 57±62.
[5] McCowan, A. and Collins, N. (1999) The use
of Mike21 for full two-dimensional flood impact assessment. http://www.dhi.dk/softcon/
papers/ 030/ DHIflood.html [October 1th,
2003].
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THE EFFECTS OF PLANT DENSITY ON YIELD AND FATTY
ACID COMPOSITION OF CORN OIL
Yakup Onur Koca1, Asli Yorulmaz2, Ilkay Yavas3,*, Aydin Unay1
Adnan Menderes University, Faculty of Agriculture, Crop Science Department, $\GÕQ7XUNH\
2
Adnan Menderes University, Faculty of Engineer, Food Science Department, $\GÕQ7XUNH\
3
$GQDQ0HQGHUHV8QLYHUVLW\.RFDUOL9RFDWLRQDO+LJK6FKRRO'HSDUWPHQWRI3ODQWDQG$QLPDO3URGXFWLRQ$\GÕQ7XUNH\
1

concentration of widely used maize hybrids varies
between 3.5-5% [8]. Dunlap et al. [9] reported
ranges of 6.3-18.2% for palmitic acid, 18.5-46.1%
for oleic acid, 36.6-66.8% for linoleic acid and 0.02.0% for linolenic acid in maize.
Hybrid and plant density studies conducted for
maize in Turkey are related to the effects on yield
and yield components. In addition, many research
reports on maize quality were conducted for forage
maize. There is scarcity of information available on
grain maize quality parameters such as protein, oil
and fatty acid composition in hybrid and plant
density interaction Therefore a study was conducted
to characterize the differences in hybrids that were
sown at different plant densities with respect to
establishing a measure of yield and grain quality.

ABSTRACT
This study was performed in order to evaluate
the yield and grain quality of four maize hybrids:
Pioneer 31G98, Carella, Famoso and NK-Arma,
among different plant densities of 89286, 79365,
71429, 64935 and 59524 plants ha -1, at AydinTurkey in 2010 and 2011 growing seasons. The
significant hybrid x plant density interactions
estimated for protein and oil content and fatty acid
composition such as palmitic, oleic, linoleic and
linolenic. There was a quadratic response of grain
yield to plant density, and the most profitable yield
of all hybrids was at 71429 plant ha-1. The
significant effects of planting arrangements and
varieties on quality of maize revealed that different
plant density and variety should be suggested for
grain quality parameters.

MATERIALS AND METHODS
This study was carried out in 2010 and 2011
maize growing season at Research and
Experimental Farm of Agricultural Faculty of
Adnan Menderes University in Aydin. Aydin
province is located at 37¶1¶(DWP
above sea level in the west Aegean Region of
Turkey.
The soil texture is loamy-sand as well as
moderate alkaline (pH;8.4) which contents 1.2% of
organic matter, 2978 mg kg-1 P2O5, 101 mg kg-1
exchangeable K, 19 mg kg-1 Ca and 5,6 mg kg-1Na.
Fe and Mn were determined as 594 mg kg-1 and 21
mg kg-1 respectively.
Monthly temperature and precipitation values
for 2010, 2011 and long term are presented in
Figure 1.
Mean temperatures in the first year were
greater than the second year except July. In addition, the average temperatures of July, August and
September in both years were higher than that of
long term temperatures. The precipitation values of
first trial year were recorded greater than the second
year.
The experiment was designed in split plots
with 3 replications. The main plots were maize
hybrids including: P 31G98, Carella, Famoso and
NK-Arma, while the split plots were executed with

KEYWORDS:
Hybrid, maize, plant density, quality characteristics, yield

INTRODUCTION
Maize yield is affected by many biotic and
abiotic factors; however, the variations in plant
density have significantly effects than other factors
[1]. It is acknowledged however to be the most
sensitive to variations plant density in grass species
[2]. The differences of maize yield under varying
plant density depended on maize genetic potential
[3]. The improved grain yield per unit area of
modern maize hybrids is due to the increased
optimum plant population rather than the improved
grain yield per plant [4]. The early hybrids require
higher plant densities for maximum yield than late
hybrids [5; 6]. Similar to yield and yield
components, maize also responds differently in
quality characteristics such as crude starch, protein
and oil contents in grains [7]. The grain protein
content of modern hybrids differently responds to
environment and plant density than that of older
varieties. These differences may explain, in part, the
mechanism by which modern hybrids maintain
yield in different environments. The oil
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FIGURE 1
Temperature and total rainfall and long-term mean (1975±2011) during the growing
seasons of 2010 and 2011 at the study site in Aydin Province, Turkey.
(IUPAC) method and analyzed by gas
chromatography (Agilent 7890A, Santa Clara, CA).
DB-23 fused silica capillary column (60 m, 0.25
mm i.d. and 0.25 μm film thickness) (J&W
Scientific) was employed for separating individual
fatty acids. Carrier gas was helium with a flow rate
of 1 ml/min. Injector, column and detector
temperatures were 230, 195 and 240 °C,
respectively. The split ratio was 80:1 and injection
volume was 0.ȝO
All the data were analyzed with analysis of
variance (ANOVA) procedures using the Statistical
Software Package. The comparison of the treatment
means was made using the Least Significant
Difference (LSD) test.

plant densities; 89286 (D1), 79365 (D2), 71429
(D3), 64935 (D4) and 59524 (D5) plants/ha. Five
plant densities realized by maintaining plan to plant
distance of 16, 18, 20, 22 and 24 cm, respectively.
Before sowing, 500 kg ha-1 of 15-15-15 fertilizer
(75 kg ha-1 N, 75 kg ha-1 P2O5 and 75 kg ha-1 K2O)
and first irrigation, 125 kg ha-1of Urea fertilizer
(57.5 kg ha-1 N) were applied. The seeds were sown
on May, 04, 2010 and May, 20, 2011. Each plot
consisted of six rows of 8 m in length and row
distance was 0.7 m. Harvested area was 16.8 m2.
Harvests were accomplished by hand on September
12, 2010 and on September 22, 2011.
The traits studied in this research were
determined in the following ways:
Ear length: The husked ear length of 10
random ears /plot was measured in cm.
Seed number per ear: The number of kernels
in 10 ears was counted after they had been shelled,
and was divided by the number of ears.
Thousand kernel weight: Thousand kernel
weights was calculated by taking four different
samples of 100 grains from the grain yield per plot
and by weighing and averaging these samples.
Grain yield: Ears from each plot were dried for
about three months at room temperature, and then
the grain was shelled and weighed. Consequently,
the grain yield/ha was calculated by multiplying the
computed grain weight for each plot.
Protein and oil content: Corn grain was
analyzed using NIRS-FT (Bruker MPA) [10]. The
samples were first packed (90 g) as uniformly as
possible in mini sample cups with a depth of
approximately 2.8 cm and a diameter of 9 cm.
The fatty acids composition: Corn oil samples
were obtained by solvent extraction. Fatty acid
methyl esters were prepared according to
International Union of Pure and Applied Chemistry

RESULTS AND DISCUSSION
The examined plant hybrids showed
significant difference to yield, ear length, seed
number per ear and thousand kernel weights in both
years except seed number per ear in 2010 (Table 1).
The effects of plant densities on yield, ear
length and thousand kernel weights were found
significant in 2011, while the differences between
plant densities in 2010 were revealed a significant
for only seed number per ear.
Grain Yield (ton ha-1): Grain yield is major
concern for maize producer. P 31G98 hybrid
produced highest yield (13.49 ton ha-1) in 2010,
while P 31G98 and NK-Arma were in the highest
yielding group (13.89 and 13.88 ton ha-1,
respectively) in 2011. Our Results for variation in
grain yield among different maize hybrids are
supported by many previous findings [11; 12]. The
GLIIHUHQFHVEHWZHHQK\EULG¶VJUDLQ\LHOGVGHSHQGRQ
maturity groups, genetic makeup and geographical
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TABLE 1
Effects of maize hybrids and plant densities on yield and some yield components (separately for two years)
Grain Yield
Ear Length
Number of grain Thousand kernel
(ton ha-1)
(cm)
(ear-1)
weight (g)
2010
2011
2010
2011
2010
2011
2010
2011
Hybrids
P 31G98
13.49
13.89
20.46
19.70
708.3
610.6
328.0
313.3
Carella
13.06
13.15
20.70
19.12
753.0
670.5
326.1
312.5
Famoso
12.00
11.69
19.84
19.68
683.8
635.6
305.8
317.5
NK-Arma
13.40
13.88
19.22
18.34
735.2
627.5
331.4
347.5
LSD (0.05)
0.11
0.08
0.9
0.9
35.9
19.4
20.2
Plant Densities (ha-1)
89286 (D1)
12.49
13.00
18.9
18.30
694.2
610.9
316.5
303.5
79365 (D2)
13.49
13.08
20.4
18.80
700.6
617.4
325.1
309.9
71429 (D3)
13.68
13.99
19.6
19.40
706.3
642.8
317.8
332.8
64935 (D4)
13.13
13.11
20.4
19.80
736.4
671.9
325.2
336.4
59524 (D5)
12.15
12.57
20.9
19.80
762.9
637.3
329.7
331.1
LSD (0.05)
0.07
0.9
47.9
20.8
Interaction
NS

FIGURE 2
Relationship between plant density and maize yield for combined years (2010/11)
that the response of hybrids in different plant
density depends on arrangements of plant density,
environmental conditions and the specific hybrids
used.

origin of the hybrids [13].
Maximum yields were recorded where the
crop was sown at plant density of D3 in both year
(13.68 and 13.99 ton ha-1, respectively). D4 and D2
densities did not show significant difference in
2011 as statistically point of view. The minimum
yield was gained (13.00 and 12.57 ton ha-1) where
the crops were sown at plant densities of D1 and
D5, respectively. The interactive and corresponding
between hybrid and plant density was based
evaluation mean for the years in Figure 2
(R2=0.84).
Whereas, impact of plant density on Maize
yield exhibited a quadratic response, and all
cultivars were performed almost substantial
profitability through applied plant density of D3
(71429 plant ha-1). Our findings are in agreement
with observation made by many researches [14; 15;
16; 17]. Bruns and Abbas [18] stated that maize
grain yield enhanced with increasing plant density
between 43000 and 76500 plants ha-1. This suggests

Ear length (cm): Ear length is one the most
important yield components in maize. This
character significantly varied depending on hybrids
in our study. It was recorded that all hybrids except
NK-Arma had significantly highest ear length in
both years. The differences between maize hybrids
are in line with the finding of [17]. Plant density
also showed significant variation among them in
respect of ear length in 2011. Crops planted at the
lower plant densities of D4 and D5 gave
significantly higher ear length (19.80 cm). There
was a decreasing trend in ear length with the
increase in plant densities during both years. In
many studies, it was concluded that ear/cob length
decreased with increase plant population [13; 19].
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TABLE 2
Effects of plant densities on protein and oil rate of hybrids grain and palmitic acid rate of
corn oil (separately for two years)
Density (plant ha-1)
89286 (D1)

79365 (D2)

71429 (D3)

64935 (D4)

59524 (D5)
LSD0.05 (Density x Hybrid)

31G98
Carella
Famoso
NK-Arma
31G98
Carella
Famoso
NK-Arma
31G98
Carella
Famoso
NK-Arma
31G98
Carella
Famoso
NK-Arma
31G98
Carella
Famoso
NK-Arma

Protein (%)
2010
2011
9.2
9.0
8.0
9.5
9.1
9.8
9.4
9.3
8.9
8.7
10.0
9.3
10.2
9.4
9.4
9.5
9.3
8.4
9.0
8.7
7.8
8.3
9.4
8.8
9.2
8.2
8.5
8.3
9.8
8.8
8.8
8.4
9.3
8.1
8.5
8.4
10.4
9.7
8.7
8.6
0.9
0.6

Oil (%)
2010
4.1
3.6
4.2
3.9
3.8
3.8
3.9
4.1
3.9
4.0
3.8
3.8
4.0
3.9
3.8
3.7
3.6
3.8
4.3
3.7
0.3

2011
3.9
3.6
3.9
3.9
4.0
3.7
3.7
4.0
3.7
4.0
3.7
3.6
3.7
3.7
3.9
3.8
4.0
3.8
4.1
3.6
ns

Palmitic (%)
2010
2011
16.5
12,7
12.4
14,2
10.7
14,2
10.7
12,0
14.7
16,9
14.4
12,4
8.9
10,9
13.4
10,1
11.7
14,1
10.4
17,0
12.1
13,7
17.2
13,4
13.4
14,6
11.0
11,7
10.7
11,4
8.2
10,0
10.1
15,2
17.1
13,7
11.4
14,8
9.9
10,3
2.4
2.2

Protein Contents (%): The interactions between maize hybrids and plant density on protein
content were found significant in both years (Table
2).
Maximum protein contents were recorded
where the crops were sown at plant densities of D5
(10.4%), D2 (10.2%) and D4 (9.8%) in Famoso
hybrid; at plant density of D2 (10.0%) plant ha-1 in
Carella hybrid against the minimum values
recorded under plant density of D1 (Carella; 8.0%)
and D3 (Famoso; 7.8%) in 2010. Similarly, Famoso
had the highest protein contents at plant densities of
D1 (9.8%) and D5 (9.7%) plants ha-1 in 2011. The
minimum protein contents determined where P
31G98 hybrid was sown under plant densities of D3
(8.2%) and D4 (8.1%). Nevertheless, the ranges of
grain protein contents confirm the previous finding
of [13 ]and [22] however, our study correspond to
the interactive responses of hybrid x plant density
for protein content which are in line with the
findings of [13]. On the contrary, Bukhsh et al. [23]
reported non-significant interaction between hybrid
and plant density and ranges of 7.76-6.89% grain
protein content.

Seed number per ear: Seed number per ear
values of maize hybrids ranged from 683.8
(Famoso) to 753.0 (Carella) in 2010 and from 610.6
(P 31G98) to 670.5 (Carella) in 2011. The
differences between hybrids for seed number per
ear did not show a significant difference in 2010.
Carella and Famoso were significantly higher than
that of other two hybrids in respect of seed number
per ear in 2011. Similar results have been reported
by [17] and [13]. They reported that seed number
per ear was significantly affected by maize hybrids.
Maximum seed number per ear values were
significantly recorded where the crops were sown at
plant densities of D3 (671.9) and D4 (642.8) in
2010. However, it was shown that number of grain
per ear declined as plant density increased. Our
results concur partly with observations by [14] and
[20]. In their studies, it was concluded there was a
decrease in number of grain per ear with increasing
plant density similarly our result.
Thousand kernel weight (g): According to
2010 results, the highest thousand kernel weights
were indicated in NK-Arma, P 31G98 and Carella
while NK-Arma produced significantly highest
thousand kernel weight and the other three hybrids
for this character were at lowest par in 2011. In
terms of thousand kernel weight, the significantly
highest values were at plant densities of D4 (336.4
g), D3 (332.8 g) and D5 (331.1 g), respectively in
2011. Reduction in thousand kernel weights at
increasing plant populations was reported by [13]
and [18]. On the contrary, a non-significant effect
of plant density on thousand kernel weight was
reported by a previous similar study [21].

Oil contents (%): The oil content was
affected by hybrid x plant density interaction in
2010. Famoso hybrid planted at plant density of D5
produced significantly more crude oil contents
(4.3%) in grains that rest of crude oil contents at
plant density levels. The treatments of Famoso
(D1), P 31G98 (D1 and D3), Carella and NK-Arma
(D2) were in significantly second higher groups,
and crude oil contents varied between 4.2 and 4.0%
in these treatments. The minimum value was
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recorded in those plots where the NK-Arma and P
31G98 were sown at plant density of D3 and D4,
respectively. In our study, we observed the range of
grain oil content (3.6-4.3%) which could be parallel
values with findings of [22], whereas Bukhsh et al.
[23] and Ahmad [13] found approximately 5.0% oil
content and non-significant interaction between
hybrid and plant density. Moreover, previous
studies reveal that oil content in maize grain is
largely controlled by genetics, and less by
environmental factors and management practices
[24; 25]. It may be suggested that different genetic
background of hybrid used, ecological factors and
management practices affected grain oil content.

years in Table 3.
Oleic acid content varied between 25.7-21.2%
and 25.9-17.8% in both 2010 and 2011,
respectively. Maximum values were recorded by
NK-Arma hybrid where were sown at plant
densities of D1 and D3 in 2010, while minimum
and values determined in treatments of Carella
(D3), P31G98 (D1), NK-Arma (D4) and P31G98
(D3). In 2011, treatments of NK-Arma (D2, D3 and
D1), Famoso (D2 and D5) had significantly highest
values.
NK-Arma (D4), Carella (D2) and Famoso
(D2) for linoleic acid content were superior
treatments in 2010, and values ranged from 67.6%
to 66.0% for these hybrids and plant densities.
Significantly lower linoleic acid content determined
in Carella (55.2%) and NK-Arma (53.2%) hybrids
at plant densities of D4 and D3. In 2011, maximum
values were in Carella hybrid where crops were
sown at plant densities of D3 (65.1%), D4 (64.5%)
and D1 (63.7%) while minimum linoleic contents in
grains were found in treatment of Famoso (D3 and
D5) and P31G98 (D1).
In 2010, Famoso (D4) and P31G98 (D3 and
D4) produced significantly highest linolenic acid
contents (2.0, 1.9, 1.9 %, respectively).
Significantly lower values were recorded in Carella
and Famoso hybrids at plant density of D5 (0.6%).
In 2011, Famoso (D1) and NK-Arma (D5) were
superior treatments for linolenic acid content in
grains, and values at par varied between 3.2 and
2.7%. Significantly lower values (0.6 and 0.5%)
were recorded in treatments of Carella (D4) and
NK-Arma (D3).

Fatty acid content: Interaction effects of
maize hybrids and plant density levels on palmitic
acid content in grains were significant in both years.
Significantly higher palmitic acid content was
determined in NK-Arma at plant density of D3
(17.2%) in 2010. This treatment was followed by
Carella (17.1%) and P 31G98 (16.5%) at plant
densities of D3 and (D1), respectively. NK-Arma
hybrid at plant density of D4 (8.2%) had minimum
palmitic acid content. In 2011, significantly higher
palmitic acid contents (17.0% and 16.9%) were
determined where Carella and P 31G98 hybrids
were sown at plant densities of D2 and D1,
respectively. Similar to 2010, NK-Arma (at D2 and
D4 plant densities) given minimum values (10.0
and 10.1%).
Data regarding oleic, linoleic and linolenic
acid content in grains as influenced by maize hybrid
x plant density interactions are presented separately

TABLE 3
Effects of plant densities on oleic acid, linoleic acid and linolenic acid rate of corn oil
(separately for two years)
Density (plant ha-1)
89286

79365

71429

64935

59524
LSD0.05 (Density x Hybrid)

31G98
Carella
Famoso
NK-Arma
31G98
Carella
Famoso
NK-Arma
31G98
Carella
Famoso
NK-Arma
31G98
Carella
Famoso
NK-Arma
31G98
Carella
Famoso
NK-Arma

Oleic (%)
2010
21.4
22.0
24.7
25.7
22.9
22.4
22.3
23.2
24.5
21.4
22.1
25.3
21.2
23.2
23.4
21.3
23.2
24.9
22.3
24.1
2.3

2011
21.2
18.2
23.7
24.8
23.4
20.5
25.4
25.9
19.9
17.8
24.6
25.3
20.1
18.7
24.3
24.4
20.4
18.4
24.7
23.9
1.3
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Linoleic (%)
2010
2011
59.6
62.4
61.9
62.9
62.1
57.2
60.5
60.3
59.5
55.2
60.3
63.7
66.0
59.4
60.2
61.8
60.4
63.0
66.4
58.5
62.4
56.8
53.2
58.8
60.8
62.4
62.5
65.1
61.1
59.9
67.6
61.5
62.2
62.1
55.3
64.5
64.2
56.4
63.6
60.3
3.2
2.5

Linolenic (%)
2010
2011
0.9
2.2
1.3
2.0
0.7
3.2
1.4
1.2
0.9
2.0
1.2
1.4
1.4
1.5
1.3
0.7
1.3
1.0
0.8
2.3
1.3
1.9
1.4
0.6
1.9
0.9
1.1
1.3
2.0
2.2
0.8
1.6
1.9
0.7
0.6
0.5
0.6
1.1
0.8
2.7
0.8
0.8
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Our results showed that palmitic (saturated
fatty acid), oleic, linoleic and linolenic (unsaturated
fatty acids) make 98% total maize grain oil
composition. Hybrids x plant density interactions
were significant in all fatty acids. This brings to
mind that hybrids used in our study may have
different response to plant density. When the two
fatty acid components, oleic and linoleic, were
evaluated in term of hybrid x plant density
interactions, NK-Arma at higher plant densities
(D1-D3) for oleic acid and NK-Arma at plant
density of D4 and Carella at plant densities of D1,
D3, D4 were superior treatments.
In previous studies with regards to genetic and
environmental
effects
on
maize
quality
characteristics, genetic factors were found more
influential [22].
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7KHVHULYHUVLQFOXGHWKH0HNRQJ5LYHU>@*DQJHV
5LYHU>@<DQJW]H5LYHU>@<HOORZ5LYHU>@DQG
7DULP5LYHU>@,QDGGLWLRQ&OLPDWHFKDQJHKDV
DFHUWDLQHIIHFWRQQLWURJHQSURGXFWLRQLQK\GURORJL
FDOEDVLQV>@
:DWHUUHVRXUFHVRIWHQSOD\DYLWDOUROHLQHFR
QRPLFDODQGVRFLHWDOGHYHORSPHQWVDQGWKHVLWXDWLRQ
LV SDUWLFXODUO\ FRPSOLFDWHG ZKHQ WKH UHVRXUFHV DUH
VKDUHGE\QHLJKERULQJFRXQWULHV>@*OREDOZDUP
LQJKDVFDXVHGJOREDOZDWHUUHVRXUFHFULVLVDQGWKLV
FULVLV PDGH WKRVH EDVLQV RI LQWHUQDWLRQDO ULYHUV RU
ODNHVDIRFXVRIJHRSROLWLFV>@7KHEDVLQVRILQWHU
QDWLRQDO ULYHUV DQG ODNHV DFFRXQW IRU  RI WKH
ZRUOG¶VWHUUHVWULDODUHDLQFUHDVLQJWRDWOHDVWLQ
$VLD$IULFD DQG 6RXWK$PHULFD > @ ,Q$VLD
FXUUHQWO\WKHUHDUHULYHUVWKDWHLWKHUFURVVRUGH
PDUFDWHLQWHUQDWLRQDOSROLWLFDOERXQGDULHV>@DQG
DFFRXQWLQJ IRU  RI WRWDO QXPEHU RI LQWHUQD
WLRQDOULYHUVLQWKHZRUOG>@:KLOHZDWHUUHVRXUFHV
DOVRKDYHDJUHDWHULPSDFWRQODNHPRUSKRORJ\DQG
SODQNWRQSRSXODWLRQVLQODNHV>@
,Q&HQWUDO$VLDGXHWRWKHVHYHUHZDWHUVKRUW
DJHDQGQXPHURXVWUDQVERXQGDU\ULYHUVJHRSROLWLFV
RYHU WKH LQWHUQDWLRQDO ZDWHU UHVRXUFHV RI YDULRXV
W\SHVRIZDWHUERGLHV ULYHUVDQGODNHV LQWKLVUHJLRQ
LVJUHDWO\VLJQLILFDQW$PRQJWKHLQWHUQDWLRQDOEDVLQV
LQ&HQWUDO$VLDWKH/DNH%DONKDVK%DVLQ /%% LV
WKHPRVWSURPLQHQWRQH7KHODUJHVWZDWHUVRXUFHRI
WKH/DNH%DONKDVKLVWKH,OL5LYHURQHRIWKHODUJHVW
LQWHUQDWLRQDOULYHUVLQ&HQWUDO$VLDODUJHO\VKDUHGE\
.D]DNKVWDQ DQG &KLQD7KH ULYHU FRQYHUJHV RQ WKH
,OL5LYHU9DOOH\SODLQLQ&KLQDIORZLQJIURPHDVWWR
ZHVWFURVVLQJWKH&KLQD.D]DNKVWDQERUGHULQWRWKH
%DONKDVK /DNH LQ .D]DNKVWDQ 7KH FOLPDWH LQ WKH
/DNH%DONKDVKEDVLQKDVEHHQH[SHULHQFLQJFRQVLG
HUDEOHFKDQJHLQWKHSDVW\HDUVJUHDWO\LPSDFWLQJ
WKHORFDOZDWHUUHVRXUFHVDQGFDXVLQJGLIILFXOWLHVLQ
WKH FRRSHUDWLRQ EHWZHHQ .D]DNKVWDQ DQG &KLQD RQ
WKHXWLOL]DWLRQRIZDWHUUHVRXUFHV>@
7KH /%% LV ORFDWHG LQ WKH DULG DQG VHPLDULG
UHJLRQZKHUHULYHUUXQRIIVDUHSULPDULO\IHGE\VQRZ
DQG LFH PHOWZDWHU DQG WKXV H[WUHPHO\ VHQVLWLYH WR

ABSTRACT
8VLQJWKHGDWDIURPPHWHRURORJLFDOVWDWLRQV
LQ WKH /DNH %DONKDVK %DVLQ /%%  ZH IRXQG WKDW
WHPSHUDWXUHDQGSUHFLSLWDWLRQLQWKH/%%KDGDVLJ
QLILFDQWLQFUHDVLQJWUHQGRYHUWKHSDVW\HDUVDW
UDWHV RI & GHFDGH DQG PPGHFDGH UH
VSHFWLYHO\ :DUPLQJ WUHQG LQ ZLQWHU DQG ZHWWLQJ
WUHQG LQ VXPPHU DUH PRVW UHPDUNDEOH DW UDWHV RI
 & GHFDGH DQG PPGHFDGH UHVSHFWLYHO\
7KHZDUPLQJZHWWLQJFKDQJHLVPRVWUHPDUNDEOHLQ
WKH VRXWKHUQ PRXQWDLQ UHJLRQ RI WKH /%% 7KH
FKDQJHRISUHFLSLWDWLRQKDGDJUHDWLPSDFWRQUXQRII
7KHWHPSHUDWXUHYDULDWLRQFDQLQIOXHQFHHYDSRUDWLRQ
DQG JODFLDO PHOWLQJ ZKLFK LQ WXUQ OHDGV WR UXQRII
FKDQJH8VLQJWKH PHWKRGRIVORSHFKDQJHUDWLRRI
FXPXODWLYH TXDQWLW\ 6&5&4  ZH FDOFXODWHG WKH
FRQWULEXWLRQV IURP SUHFLSLWDWLRQ HYDSRUDWLRQ DQG
KXPDQ DFWLYLWLHV WR WKH HQWLUH UXQRII FKDQJH LQ DOO
ULYHUVHFWLRQVDQGWKHFRQWULEXWLRQVZHUH
ιDQGUHVSHFWLYHO\7KHZDWHUOHYHO
LQWKH%DONKDVK/DNHKDVEHHQDIIHFWHGE\FOLPDWLF
DQGK\GURORJLFYDULDEOHV LQFOXGLQJDLUWHPSHUDWXUH
SUHFLSLWDWLRQDQGUXQRII KXPDQDFWLYLW\DQGFRP
ELQDWLRQVRIWKHWZR
.(<:25'6
7HPSHUDWXUH3UHFLSLWDWLRQ5XQRII/DNH%DONKDVK%DVLQ

INTRODUCTION
$FFRUGLQJWRWKH)RXUWK$VVHVVPHQW5HSRUWRI
WKH,QWHUJRYHUQPHQWDO3DQHOIRU&OLPDWH&KDQJH>@
DLU WHPSHUDWXUH QHDU WKH (DUWK¶V VXUIDFH KDV LQ
FUHDVHGDERXW&LQWKHSDVW\HDUVDQGULVHQ
E\&DYHUDJHO\IURPWLOOQRZLQQRUWK
HUQKHPLVSKHUH,QWKHWKFHQWXU\WKHWHPSHUDWXUH
LQ&HQWUDO$VLDKDGULVHQE\&PDUNHGO\KLJKHU
WKDQWKHZRUOG¶VDYHUDJH>@LQGLFDWLQJWKDW&HQWUDO
$VLDLVDFOLPDWLFDOO\VHQVLWLYHDUHD,QPDQ\VLWXD
WLRQV FOLPDWH ZDUPLQJ LQYRNHV VSHHGXS LQ WKH K\
GURORJLFDO F\FOH OHDGLQJ WR D VHULHV RI ZDWHU UH
VRXUFHV SUREOHPV HVSHFLDOO\ LQ WKH DULG DQG VHPL
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ERWKFOLPDWHFKDQJHDQGKXPDQDFWLYLWLHV:KLOHWKH
/%%EHFDPHJHQHUDOO\ZDUPHUDQGPRUHKXPLGGXU
LQJWKHWKFHQWXU\>@WKHULYHUUXQRIIGUDLQ
LQJLQWRWKH/DNH%DONKDVKGHFUHDVHGLQWKHPLGGOH
RIVSULPDULO\GXHWRRYHUH[SORLWDWLRQRIZDWHU
UHVRXUFHV E\ KXPDQ DFWLYLWLHV DQG DV D UHVXOW WKH
QDWXUDOZHWODQGHFRV\VWHPVLQWKHORZHUUHDFKHVDUH
VHYHUHO\ GDPDJHG >@ +RZHYHU VR IDU PRVW UH
VHDUFKHV DERXW WKH /%% ZHUH OLPLWHG WR HLWKHU WKH
FOLPDWLF RU K\GURORJLFDO YDULDWLRQ /LWWOH KDV EHHQ
GRQHDERXWWKHK\GURORJLFDOUHVSRQVHVWRWKHMRLQWLQ
IOXHQFH RI FOLPDWH FKDQJH DQG KXPDQ DFWLYLWLHV LQ
WKLVUHJLRQ3DUWLFXODUO\LQWKHDVSHFWRIKXPDQDF
WLYLW\ZDWHUFRQVHUYDQF\SURMHFWZLOOKDYHPDMRULQ
IOXHQFHRQZDWHUUHVRXUFHV7KHQDWXUDOK\GURORJLFDO
UHJLPHRIWKH,OL5LYHUIRUH[DPSOHSURGXFHGGUDV
WLFDOO\FKDQJHLQGXHWRWKHFRQVWUXFWLRQRIWKH
.DSFKDJD\ 'DP >  @ ,Q DGGLWLRQ VHYHUDO
SUHYLRXVVWXGLHVKDYHEHHQSUHGLFWHGFKDQJHVLQWKH
K\GURORJLFDOEXGJHWIRUWKHPLGGOHDQGORZHUHOHYD
WLRQVRIWKHULYHUDQGGHYRWHGWRZDWHUOHYHOÀXFWXD
WLRQVWKH ZDWHUEDODQFHRI /DNH %DONKDVK>
@
+RZHYHU VWXGLHV WKDW GLUHFWO\ DGGUHVV WKH UH
VSRQVHV RI K\GURORJLFDO IDFWRUV WR WKH FOLPDWLF
FKDQJHVDQGKXPDQDFWLYLWLHVLQWKLVUHJLRQDUHYHU\
OLPLWHG7KHREMHFWLYHVRIWKLVVWXG\DUH L WRGHWHFW
WUHQGVLQWHPSHUDWXUHSUHFLSLWDWLRQDQGUXQRIIRIWKH
EDVLQIRUWKHSHULRG LL WRHYDOXDWHWKHLQIOXHQFHVRI
FOLPDWHIDFWRUV LQFOXGLQJSUHFLSLWDWLRQDQGHYDSR
UDWLRQ DQGKXPDQDFWLYLWLHVRQWKHUXQRII LLL DQG
WRH[SORUHWKH UHVSRQVHVRI ZDWHUOHYHODQGDUHDRI
/DNH%DONKDVKWRFOLPDWHFKDQJH
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.D]DNKVWDQDQG&KLQDZLWKDVPDOOSDUWLQ.\UJ\]
VWDQ )LJXUH  7KH WRSRJUDSK\ RI WKLV Whe LBB LV
FRPSOH[2QLWVQRUWKLWLVDGMDFHQWWRWKHVHPLDULG
.D]DNK 8SODQGV2QLWV VRXWKLWLVDGMDFHQWWRWKH
6DU\HVLN$WU\DQ 'HVHUW DQG 7LDQVKDQ 0RXQWDLQV
6RPH EDVLFLQIRUPDWLRQDERXWWKH /%%LVJLYHQLQ
7DEOH
7$%/(
%DVLFLQIRUPDWLRQRIWKH/DNH%DONKDVK>@
Drainage area (km2)
Surface area (km2)
Mean elevation (m)
Mean depth (m)
Frozen

413 000
16 400
340
6
November to March

7KH,OL5LYHUZKLFKSURYLGHVRIWKHZDWHU
IORZLQJLQWR/DNH%DONKDVKLVSULPDULO\VXSSOLHGE\
WKHSUHFLSLWDWLRQ ODUJHO\YHUQDOVQRZPHOW RYHUWKH
QRUWKHUQUDQJHVRIWKH7LDQVKDQ0RXQWDLQVORFDWHG
ZLWKLQ &KLQD V ;LQMLDQJ Uyghur Autonomous Region ()LJXUH)
The several wetlands in the ,OLULYHUdeltas are
very sensitive ecosystems. Their existence on the
one hand depends on the climatic conditions in the
catchment area, which are highly variable, and on the
other hand is also greatly impacted by the extensive
local human activities For example, the construction
of the Kapchagay dam in 1970, which was for power
generation and irrigation along the lower reaches of
the river, has resulted in the decrease of the river's
inflow, and in turn has repercussions for the Lake's
level. The lake level variation, which deeply affected
the Lake's environment and water system, is recorded by observation data and satellite images [29].
The population of the LBB is now over 3.2 million,
mostly residing in the Ili basin, including the Almaty
region. Table 2 gives WKHwater balance data.

STUDY AREA
The LBBLVORFDWHGLQVRXWKHDVWHUQ.D]DNKVWDQ
DQGEHORQJVWRDQHQGRUKHLFEDVLQODUJHO\VKDUHGE\

FIGURE 1
A map of the Lake Balkhash Basin
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7$%/(
:DWHUEDODQFHRIWKH/DNH%DONKDVK 9ROXPHNP 
Inflow
Surface water
Underground water
Sediments and ice

18.51
0.9
3.1

Total

22.51

Discharge
Evaporation
Ili dental
Ice formation
Housing and communal services
Industry
Agriculture
Fisheries
Total

16.13
4.22
0.75
0.24
0.22
3.24
0.03
24.58

7$%/(
7KHEDVLFLQIRUPDWLRQRIVWDWLRQVLQWKH,OL5LYHU%DVLF
6WDWLRQV&RGH

6WDWLRQV

/RQJLWXGH(

/DWLWXGH1

(OHYDWLRQP



.DUDJDQGD

73.13

49.80

555



%DONKDVK









0RLQW\

73..35

47.20

882



6HPLSDODWLQVN

80.25

50.35

195



$\DJX]

80.45

47.93

653



8FKDUDO

80

46

397



.X\JDQ

74.20

45.38

345



$OPDW\









3DQSKLORY









7DOG\NXUJDQ

78.38

45.02

601





8VKWREH
3RGJRUQR\H
,OLUDLOZD\VW

78.00
79.47
77.40

45.17
43.33
44.10

421
1273
455

'DWDOHQJWK \HDU
7HPS²
3UHF²
7HPS²
3UHF²
3UHF²
7HPS²
3UHF²
3UHF²
7HPS²
3UHF²
3UHF²
7HPS²
3UHF²
3UHF²
7HPS²
3UHF²
3UHF²
3UHF²
3UHF²

WKH,OL5LYHUWRWKH%DNKDVK/DNH7KLVLVFDOFXODWHG
E\VXEWUDFWLQJWKHDPRXQWRIZDWHUFRQVXPSWLRQLQ
WKH ,OL 5LYHU GHOWD IURP WKH UXQRII DW WKH 8VKMDWPD
6WDWLRQDQG.D\UJDQ6WDWLRQERWKRQWKHPDLQVWUHDP
RI,OL5LYHU

MATERIALS AND METHODS
'DWD 7KH /%% LQFOXGHV WKH PRXQWDLQ SODLQ
DQGGHVHUWUHJLRQVIHDWXUHGE\YDULRXVWRSRJUDSKLHV
DQG FOLPDWHV 7R HQVXUH WKH ORQJHVW FRQVLVWHQW DQG
FRQWLQXRXVREVHUYDWLRQGDWDZHVHOHFWHGPHWHRU
RORJLFDO VWDWLRQV LQ .D]DNKVWDQ WKH 5R\DO 1HWKHU
ODQGV0HWHRURORJLFDO ,QVWLWXWH 510, IRUGDWD DF
TXLVLWLRQ 7DEOH :LWKWKHGDWDIRUHDFK\HDUZH
FDOFXODWHGWKHDYHUDJHWHPSHUDWXUHDQGSUHFLSLWDWLRQ
DW HDFK VWDWLRQ IRU HDFK VHDVRQ VSULQJ 0DUFK
WKURXJK 0D\  VXPPHU -XQH WKURXJK$XJXVW  DX
WXPQ 6HSWHPEHU WKURXJK 1RYHPEHU  DQG ZLQWHU
'HFHPEHUWKURXJKWKH QH[W)HEUXDU\ 7KH UHVXOWV
IURPDOOWKHVWDWLRQVDUHWKHQDYHUDJHGWRUHSUH
VHQWWKHRYHUDOOVLWXDWLRQRIWKHUHJLRQ7KHVH\HDUO\
VHDVRQDODYHUDJHV ZHUH WKHQ XVHGWRFRQVWUXFWVHD
VRQDO WLPH VHULHV ZLWK ZKLFK ZH FDOFXODWHG GHYLD
WLRQVRIWHPSHUDWXUHDQGSUHFLSLWDWLRQRIHDFKVHDVRQ
WRWKHDYHUDJHVRIDOOVHDVRQV
7KHGDWDRIYDULDWLRQLQWKHDUHDDQGZDWHUOHYHO
RIWKH%DONKDVK/DNHDUHIURP3DYHO$>@$OVR
XVLQJWKHGDWDIURP/RQJDQG'HQJ>@ZHFDOFX
ODWHGWKHDPRXQWRILQIORZIURPWKHPDLQVWUHDPRI

0HWKRGV   5HJUHVVLRQWRHYDOXDWH K\GUR
PHWHRURORJLFDOUHODWLRQVKLSV:HFDOFXODWHGUHJUHV
VLRQVRIWKHDQQXDODQGVHDVRQWHPSHUDWXUHSUHFLSL
WDWLRQ DQG UXQRII DJDLQVW \HDUV WR GHWHFW WHPSRUDO
FKDQJHVRIWKHVHFOLPDWHFKDUDFWHULVWLFV
\ ȕWȕ
 (T
ZKHUH \ LV WHPSHUDWXUH Υ  SUHFLSLWDWLRQ PP  RU
UXQRIIGHSWK PP ȕDQGȕDUHUHJUHVVLRQVORSHDQG
LQWHUFHSWUHVSHFWLYHO\WLVWLPH \HDU 
)ROORZLQJ&KHQ HWDO>@ZH DOVRFDOFXODWHG
WKH FRUUHODWLRQ FRHIILFLHQW EHWZHHQ WKRVH FOLPDWH
FKDUDFWHULVWLFVDQG\HDUVDQGWHVWHGWKHLUVWDWLVWLFDO
VLJQLILFDQFH
  0DQQ.HQGDOO WHVW $Q DEUXSW FOLPDWH
FKDQJHUHIHUVWRDUHODWLYHO\UDSLGFOLPDWHWUDQVLWLRQ
IURPRQHWDEOHVWDWH RUFRQVWDQWFKDQJLQJWUHQG WR
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SURSRUWLRQRIWKHFKDQJHUDWLRRIWKHYDULDEOHVWRWKH
UXQRII FKDQJH UDWLR LQ D ULYHU FDWFKPHQW RU VHFWLRQ
GXULQJDSHULRG>@
%DVHG RQ ZDWHU EDODQFH WKH ULYHUV UXQRII 5
P FRXOGEHH[SUHVVHGDVSUHFLSLWDWLRQ 3PP 
PLQXVWKHHYDSRUDWLRQ (PP 7KXVWKHWHUUHVWULDO
ZDWHUEDODQFHIRUPXODWLRQFDQEHH[SUHVVHGDV
5 3ι( (T
,Q WKH SDSHU ZH DVVXPH WKDW WKH ULYHU UXQRII
PDLQO\GHSHQGVRQWKHSUHFLSLWDWLRQHYDSRUDWLRQDQG
KXPDQDFWLYLWLHV
2QWKHDVVXPSWLRQWKDWWKHVORSHRIWKHOLQHDU
UHODWLRQVKLSEHWZHHQ\HDUDQGFXPXODWLYHUXQRIIEH
IRUHDQGDIWHUDWXUQLQJ\HDULV65EDQG65D PD 
UHVSHFWLYHO\DQGWKHVORSHRIWKHOLQHDUUHODWLRQVKLS
EHWZHHQ \HDU DQG FXPXODWLYH SUHFLSLWDWLRQ EHIRUH
DQGDIWHUWKHWXUQLQJ\HDULV63EDQG63D PPD UH
VSHFWLYHO\WKHUXQRIIFKDQJHUDWLR 565XQLWLV FDQ
EHH[SUHVVHGDVEHORZ

DQRWKHUDQGLWLVHPERGLHGDVDQDEUXSWVSDWLRWHP
SRUDOFKDQJHRIFOLPDWHIURPRQHVWDWLVWLFFKDUDFWHU
LVWLFWRDQRWKHU>@7KH0DQQ.HQGDOOUDQNVWDWLV
WLFVLVDQHIIHFWLYHPHWKRGWRWHVWDEUXSWWLPHVHULHV
FKDQJH>@,QWKLVVWXG\ZHXVHGWKLV
PHWKRGWRLGHQWLI\DEUXSWFKDQJHVLQWKHWLPHVHULHV
RIDYHUDJHWHPSHUDWXUHSUHFLSLWDWLRQDQGUXQRII:H
FRPSDUHGWKHFKDQJLQJSRLQWVEHWZHHQGLIIHUHQWUH
JLRQVRIWKH/%%
  &XPXODWLYH DQRPDO\ 7KH FXPXODWLYH
DQRPDO\ PHWKRG LV IRU LGHQWLI\LQJ FKDQJHV LQ WKH
WHQGHQF\RIGLVFUHWHGDWDVXFKDVVHTXHQWLDOSUHFLS
LWDWLRQHYDSRUDWLRQDQGUXQRIIGDWD>@)RUDGLV
FUHWHVHULHV xi WKHFXPXODWLYHDQRPDO\ ;W IRUGDWD
SRLQWݔ௧ FDQEHH[SUHVVHGDV
t

Xt

¦(x

i

 x ), t

i 1

1, 2,
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Fresenius Environmental Bulletin

1 n
¦ xi (T
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565  S Ra  SRb / S Rb
(T


7KHSUHFLSLWDWLRQFKDQJHUDWLR 563XQLWLV 
FDQEHH[SUHVVHGDVEHORZ

:KHUHݔҧ LVWKHPHDQYDOXHRIWKHVHULHV xi DQGQLV
WKHQXPEHURIGLVFUHWHSRLQWV&XPXODWLYHDQRPDO\
FDQEHXVHGWRDQDO\]HWKHIOXFWXDWLRQPDJQLWXGHRI
D VHULHV RI GLVFUHWH GDWD 6SHFLILFDOO\ D SRVLWLYH RU
QHJDWLYHFXPXODWLYHDQRPDO\LQGLFDWHVWKDWWKHFRU
UHVSRQGLQJGDWDSRLQWLVKLJKHURUORZHUWKDQWKHDY
HUDJH UHVSHFWLYHO\ >@ ,Q WKLV VWXG\ [ UHSUHVHQWV
UXQRIILQFUHPHQWRUPHDQVDQQXDOSUHFLSLWDWLRQ

563  S Pa  SPb / S Pb

(T

)RU WKH UXQRII LQFUHPHQW LQ HDFK VHFWLRQ 65E
DQG65DFRXOGEHREWDLQHGIURPWKHOLQHDUUHODWLRQVKLS
EHWZHHQ\HDUDQGFXPXODWLYHUXQRIILQFUHPHQW>@
7KHUHIRUHWKHFRQWULEXWLRQRIWKHSUHFLSLWDWLRQ &3
XQLW WRWKHUXQRIIFKDQJHDIWHUWKHWXUQLQJ\HDU
FRPSDULQJWRWKDWEHIRUHWKHWXUQLQJ\HDUFDQEHH[
SUHVVHGDV
&3 î563565 (T
6LPLODUO\ WKH FRQWULEXWLRQ RI WKH HYDSRUDWLRQ
&( WRWKHUXQRIIFKDQJHFDQEHPHDVXUHGDVIROORZV
&( ιî56(565 (T
%DVHGRQZDWHUEDODQFHWKHFRQWULEXWLRQRIKX
PDQDFWLYLWLHV &+XQLW WRWKHUXQRIIFKDQJHFDQ
EHH[SUHVVHGDV
&+ ι&3ι&( (T

  &RQWUROOHG $XWR5HJUHVVLYH 0RGHO
&$5 :HDSSOLHGWKHPXOWLYDULDWHWLPHVHULHVDQDO
\VLVWRWKHSDVWDQGSUHVHQWGDWDWRSUHGLFWIXWXUHYDO
XHV7KHPHWKRGKDVEHHQZLGHO\XVHGLQPHWURORJL
FDODQGK\GURORJLFDODUHDVDQGEHHQSURYHGWREHHI
IHFWLYH>@:HLPSOHPHQWHGDVSHFLDOPXOWLYDU
LDWHWLPHVHULHVPRGHONQRZQDVFRQWUROOHGDXWRUH
JUHVVLYHPRGHO &$5 7KHEDVLFLGHDRIWKH&$5LV
WKDWWKHSUREDELOLWLHVRIYDOXHVHVWLPDWHGDWDQ\JLYHQ
ORFDWLRQ DUH FRQGLWLRQDO WR WKH QHLJKERULQJ YDOXHV
(VWLPDWHVRIWKHPRGHO¶VSDUDPHWHUVZHUHREWDLQHG
WKURXJKWKH5HFXUVLRQ/HDVW6TXDUHPHWKRG 5/6 
7KH VWDQGDUG &$5 PRGHO IRU WKH H[SHFWDWLRQ RI D
VSHFLILFREVHUYDWLRQ yt LVLQWKHIRUP

RESULTS

yt a1 yt 1  a2 yt 2    an yt n  b10 x1,t  b11 x1,t 1  b12 x1,t 2

7HPSHUDWXUHYDULDWLRQ  7HPSHUDWXUHYDU
LDWLRQZLWKLQD\HDU7KHDQQXDOPHDQWHPSHUDWXUH
$07 LQWKH/%%LVΥ7KHVSDWLRWHPSRUDOGLV
WULEXWLRQRIWHPSHUDWXUHLQWKH/%%LVXQHYHQZLWK
WKHVRXWKHUQSDUWRIWKH/%%EHLQJWKHKLJKHVW $07
Υ DQGWKHQRUWKHUQEHLQJWKHORZHVW $07 
Υ  )LJXUH   7KH WHPSHUDWXUH IOXFWXDWLRQ
ZLWKLQD\HDULQWKH/%%LVODUJHZLWKYHU\FROGZLQ
WHU Υ DQGYHU\KRWVXPPHU Υ 7KHWHP
SHUDWXUHVWDUWVWRULVH LQ0DUFKXQWLOLWUHDFKHVWKH
SHDNLQ-XO\$XJXVW DQGWKHQVWDUWVWRGHFUHDVH LQ
6HSWHPEHUDQGPDLQWDLQVDWWKHORZHVWOHYHOGXULQJ
'HFHPEHU)HEUXDU\ 7KHUH LV UHJLRQDO YDULDWLRQ LQ
DQQXDO WHPSHUDWXUH IOXFWXDWLRQ ,Q WKH VRXWKHUQ
PRXQWDLQUHJLRQRI/%%WKHPRQWKO\WHPSHUDWXUHLV
ORZHUWKDQWKHRWKHUUHJLRQVZKLOHLQWKHQRUWKHUQ

  b1n x1,t n  b20 x2,t  b21 x2,t 1  b22 x2,t 2    b2 n x2,t n
   bm 0 xm,t  bm1 xm,t 1  bm 2 xm,t 2    bmn xm,t n  H t
(T
ZKHUH yt LV WKH H[SHFWHG YDOXH DW WLPH SRLQW W

xm,t n LVDSDUDPHWHURIWKHWLPHVHULHVDQG m  n
DUHSRVLWLYHLQWHJHUV
 6&5&47RTXDQWLWDWLYHO\DQDO\]HWKHLQ
IOXHQFHV RI FOLPDWH DQG KXPDQ DFWLYLWLHV RQ UXQRII
FKDQJHZHHPSOR\HGWKHPHWKRGRIVORSHFKDQJHUD
WLR RI FXPXODWLYH TXDQWLW\ 6&5&4  SURSRVHG E\
:DQJHWDO>@7KHFRQWULEXWLRQ XQLW RIYDUL
DEOHVWRWKHUXQRIIFKDQJHFRXOGEHH[SUHVVHGDVWKH
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),*85(
0RQWKO\WHPSHUDWXUHLQWKHGLIIHUHQWFOLPDWLFUHJLRQVRIWKH/%%
FXODWLRQ7KXVWKHYDULDELOLW\RIWKHGLIIHUHQWPHWH
RURORJLFDOREVHUYDWLRQVWDWLRQVZDVVWXGLHGE\XVLQJ
ORQJ WHUP$70 GDWDVHW RYHU /%% IRU WKH SDVW 
\HDUV )LJXUH 
)RUH[DPSOHLQ$OPDW\ZKLFKLVORFDWHGLQWKH
VRXWKHUQ PRXQWDLQ RI WKH /%% WKH RYHUDOO UDWH RI
FKDQJHIRULVΥGHFDGH)RUVSHFLILF
SHULRGVWKH$70IRULVΥWKH$70
IRU LV Υ DQ LQFUHDVH RIΥ DQG
WKH$70IRULVΥDIXUWKHULQFUHDVH
RIΥ$W6HPLSDODWLQVNZKLFKLVLQWKHQRUWKHUQ
SODLQWKHUDWHRIFKDQJHIRULVΥGHF
DGHWKHLQFUHPHQWRIΥDQGΥEHWZHHQWKH
SHULRG   DQG  UH
VSHFWLYHO\,QODNHUHJLRQWKHDYHUDJHLQFUHDVLQJUDWH
RI $07 LQ %DONKDVK ZDV ΥGHFDGH 3 
WKH $07 GXULQJ LQFUHDVHG FRPSDUHG
ZLWKWKHSHULRGLQFUHDVHGE\Υ 7D
EOH ,QJHQHUDORYHUWKHSDVW\HDUVWKHVRXWK
HUQPRXQWDLQUHJLRQVKDGWKHODUJHVW$07LQFUHDVH
IROORZHGE\WKHODNHUHJLRQWKHVRXWKHUQSODLQKDG
WKHVPDOOHVW$07LQFUHDVH

SODLQV DQG GHVHUW DUHD WKH PRQWKO\ WHPSHUDWXUH LV
KLJKHUWKDQWKHRWKHUUHJLRQV )LJXUH 
 7HPSHUDWXUHYDULDWLRQVWUHQG7KH$07
RIWKH/%%EDVHGRQPRQWKO\PHDQGXULQJWKHSHULRG
KDVEHHQLQFUHDVLQJLQDÀXFWXDWLQJZD\
ZLWKDQDYHUDJHUDWH RIΥGHFDGH )LJXUH D 
7KLV LV KLJKHU WKDQ WKH JOREDO UDWH ZKLFK LV
ΥGHFDGH IRU >@ 2YHU WKH SDVW 
\HDUVWKH$07LQFUHDVHGZLWKDUDWHΥGHFDGH
DQG LQ WKH VRXWKHUQ /%% WKLV UDWH UHDFKHG
ΥGHFDGHHYHQLQWKHQRUWKHUQ/%%ZKLFKKDV
WKH VPDOOHVW LQFUHDVH LQ WKH UHJLRQ WKH UDWH LV
ΥGHFDGH ,Q DGGLWLRQ WKH 0DQQ.HQGDOO WHVW
VKRZHGWKDWWKHWHPSHUDWXUHLQFUHDVLQJWUHQGLQHDFK
DUHDZDVVWDWLVWLFDOO\VLJQL¿FDQWDW3OHYHO
6HDVRQDOO\ WKH PHDQ WHPSHUDWXUH LQ VSULQJ
0$0 VXPPHU --$ DXWXPQ 621 DQGZLQWHU
'-) DUHΥΥΥDQGΥUHVSHF
WLYHO\ 0$0 DQG --$ KDYH ZHDN LQFUHDVHV ZLWK
UDWHV RI ΥGHFDGH DQG ΥGHFDGH UHVSHF
WLYHO\621DQG'-)RQWKHRWKHUKDQGVKRZFRQ
VLGHUDEOHLQFUHDVHVZLWKUDWHVRIΥGHFDGHDQG
ΥGHFDGH UHVSHFWLYHO\ LQGLFDWLQJ WKDW ZLQWHU
ZDUPLQJKDVDJUHDWLPSDFWRQRYHUDOOWHPSHUDWXUH
LQFUHDVH )LJXUH 
8QIRUWXQDWHO\ WKH WLPH VHULHV DW GLIIHUHQW RE
VHUYDWLRQ VWDWLRQVRIWKH /%%GRQRWHQWLUHO\FRLQ
FLGHZKLFKOHDGVWRYDULDWLRQWUHQGHUURULQWKHFDO

  $EUXSW FKDQJH WHVW 7KH 0DQQ.HQGDOO
WHVWUHYHDOHGWKDWWKH$07LQWKH/%%KDGDQDEUXSW
FKDQJHDW 3 6HDVRQDOO\621KDGDQ
DEUXSWFKDQJHRIPHDQWHPSHUDWXUHLQDQG'-)
KDGRQHLQ 3 7KHWLPHVHULHVRI0$0
DQG--$GLGQRWKDYHLGHQWLILDEOHDEUXSWFKDQJHV
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),*85(
,QWUDDQQXDOFKDQJHRISUHFLSLWDWLRQLQWKHGLIIHUHQWFOLPDWLFUHJLRQVRIWKH/%%
UHODWLYHO\ORZEXWVWLOODFFRXQWVIRUDERXWRIWKH
DQQXDO SUHFLSLWDWLRQ 7KH YDULDWLRQ RI SUHFLSLWDWLRQ
ZLWKLQD\HDULVODUJHZLWKWZRSHDNVDQGWZRYDOOH\V
7KH SUHFLSLWDWLRQ VWDUWV WR LQFUHDVH LQ 0DUFK DQG
UHDFKHVDSHDNLQ$SULODQGVWD\VKLJKWKURXJK0D\
LWWKHQVWDUWVWRGHFUHDVHLQ-XQHDQGIDOOVWRERWWRP
LQ6HSWHPEHULWUHDFKHVDQRWKHUSHDNLQ2FWREHUWKH
/%% UHFHLYHV WKH OHDVW SUHFLSLWDWLRQ LQ WKH SHULRG
IURP'HFHPEHUDQGVWD\VORZXQWLOWKHQH[W)HEUX
DU\ )LJXUH 
,Q WHUPV RI SK\VLRJUDSKLF UHJLRQV WKH PRXQ
WDLQRXV DUHD KDV WKH KLJKHVW SUHFLSLWDWLRQ YDOXH
WKDQNLQJWRWKHZHVWHUO\ZLQGVZKLFKEULQJVDERXW
DEXQGDQWZDUPDQGZHWDLUWKDWLVOLNHO\WRIRUPSUH
FLSLWDWLRQZKHQQHJRWLDWHV7LDQVKDQPRXQWDLQV7KH
SODLQDQGGHVHUWDUHDVKDYHUHODWLYHO\ORZSUHFLSLWD
WLRQYDOXHVDQGWKHGLVWULEXWLRQZLWKLQD\HDULVUHOD
WLYHO\HYHQ

3UHFLSLWDWLRQ YDULDWLRQ   3UHFLSLWDWLRQ
YDULDWLRQZLWKLQD\HDU:LWKDQDQQXDOSUHFLSLWD
WLRQRIPPWKH /%%LVRQHRIWKH PRVWKXPLG
DUHDVLQWKH&HQWUDO$VLD+RZHYHUWKHSUHFLSLWDWLRQ
RI WKH /%% KDG JUHDW VSDWLDO YDULDWLRQ7KH PRXQ
WDLQRXV UHJLRQV KDYH PRUH SUHFLSLWDWLRQ WKDQ WKH
SODLQV DQG GHVHUW DQG WKH VRXWKHUQ /%% KDV PRUH
SUHFLSLWDWLRQWKDQWKHPLGGOHDQGQRUWKHUQSDUWV7KH
VRXWKHUQPRXQWDLQDUHDKDVWKHKLJKHVWDQQXDOWRWDO
SUHFLSLWDWLRQ YDOXH WKH SUHFLSLWDWLRQ DW $OPDW\ LV
PP 7KHPLGGOHGHVHUWDUHDKDVWKHORZHVWSUH
FLSLWDWLRQYDOXH WKHSUHFLSLWDWLRQDW%DONKDVKLVDOLW
WOHPRUHWKDQPP 6HDVRQDOO\WKHSUHFLSLWDWLRQ
LQWKH/%%RFFXUVPDLQO\LQVSULQJDQGVXPPHUDF
FRXQWLQJIRUDERXWDQGRIWKHDQQXDOSUH
FLSLWDWLRQUHVSHFWLYHO\7KHSUHFLSLWDWLRQLQWKHSH
ULRGIURP$SULOWR-XO\DFFRXQWVIRUDERXWRIWKH
DQQXDO SUHFLSLWDWLRQ 7KH SUHFLSLWDWLRQ LQ ZLQWHU LV
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),*85(
9DULDWLRQVRIWKHUXQRIIDW.D\UJDQDQG8VKMDWPD6WDWLRQRIWKHPDLQ,OL5LYHU 7KHVROLGOLQHLV
\HDUVPRYLQJDYHUDJH
 $EUXSWFKDQJHWHVW7KH0.WHVWIRXQGDQ
DEUXSW FKDQJH SRLQW IRU DQQXDO PHDQ SUHFLSLWDWLRQ
$03 LQ 3 7KHDEUXSWFKDQJHRISUH
FLSLWDWLRQDW%DONKDVKRFFXUUHGLQ 3 $W
$OPDW\DFKDQJHRFFXUUHGLQEXWZDVQRWVWD
WLVWLFDOO\ VLJQLILFDQW 6HDVRQDOO\ DEUXSW FKDQJHV RI
SUHFLSLWDWLRQ LQ --$ DQG '-) RFFXUUHG LQDQG
UHVSHFWLYHO\ 3 1RDEUXSWFKDQJHZDV
IRXQGIRU0$0DQG621
7DNLQJWKHSUHFLSLWDWLRQDEUXSWFKDQJHSRLQWDV
WLPHGLYLGLQJSRLQW ZHDQDO\VHGWKHGLIIHUHQFHEH
IRUH DQG DIWHU WKH DEUXSW FKDQJH &RPSDUHG ZLWK
WKHSUHFLSLWDWLRQGXULQJLQWKH
ZKROH /%% LQFUHDVHG IRU  &RPSDUHG ZLWK
 WKH SUHFLSLWDWLRQ DW %DONKDVK GXULQJ
ZLWQHVVHGWKHODUJHVWLQFUHDVH  
IROORZHGE\$OPDW\FRPSDUHGZLWKWKH
SUHFLSLWDWLRQ GXULQJ  LQFUHDVHG IRU


 7UHQGRI3UHFLSLWDWLRQ'XULQJWKHSDVW
\HDUV WKH DQQXDO WRWDO SUHFLSLWDWLRQ $73  LQ WKH
/%%KDGDQLQFUHDVLQJWUHQG )LJXUHD ZLWKDQDY
HUDJH UDWH RIPPGHFDGH 3    6LQFH
V WKH SUHFLSLWDWLRQ LQ WKH /%% KDV GHPRQ
VWUDWHG VLJQLILFDQW LQWHUGHFDGDO YDULDWLRQ 7KH LQ
FUHDVLQJUDWHVRISUHFLSLWDWLRQLQWKHPRXQWDLQV WKH
UDWH DW$OPDW\ LV PPGHFDGH  DQG SODLQ WKH
UDWHDW.DUDJDQGDLVPPGHFDGH DUHUHODWLYHO\
KLJK7KH GHVHUWKDVUHODWLYHO\ORZUDWH WKH UDWH DW
%DONKDVKLVPPGHFDGH +RZHYHUWKHUDWHVRI
GLIIHUHQWUHJLRQVDUHQRWVWDWLVWLFDOO\VLJQL¿FDQW
7KH PHDQ SUHFLSLWDWLRQ LQ WKH IRXU VHDVRQV LV
PP PP PP DQG PP UHVSHF
WLYHO\621KDVDVOLJKWLQFUHDVLQJWUHQGZLWKDUDWH
RI PPGHFDGH 7KH LQFUHDVLQJ UDWHV RI 0$0
PPGHFDGH  DQG '-) PPGHFDGH  DUH
VLPLODU--$KDGWKHPRVWUHPDUNDEOHLQFUHDVHZLWK
DUDWHRIPPGHFDGHLQGLFDWLQJWKDWWKHVXPPHU
ZHWWLQJKDGDJUHDWLPSDFWRQWKHRYHUDOOSUHFLSLWD
WLRQLQFUHDVH )LJXUHEFGH 

5XQRIIYDULDWLRQ7KH.D\UJDQ6WDWLRQRQWKH
XSSHU UHDFKHV RI WKH ,OL 5LYHU FRQWUROV WKH UXQRII
IURPWKH7LHQVKDQ0RXQWDLQV5XQRII YDULDWLRQVDW
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SODLQ
7KH &$5 PRGHO ZH EXLOW EDVHG RQ WKH GDWD
IURP.D\UJDQLQXSVWUHDPLVDVIROORZV
< W  < W  ; W  ; W ; W 

7KH &$5 PRGHO ZH EXLOW EDVHG RQ WKH GDWD
IURP8VKMDWPDLQGRZQVWUHDPLVDVIROORZV
< W  < W ; W  
ZKHUHWLV\HDU;LVWKHDQQXDOSUHFLSLWDWLRQ;LVWKH
DQQXDO WHPSHUDWXUH DQG < LV WKH SUHGLFWHG DQQXDO
UXQRII7KH)WHVWVKRZVWKDWWKHFRQILGHQFHLVRYHU
DQGWKHOLQHDUFRUUHODWLRQLVVLJQLILFDQW)LJXUH
 VKRZHG WKH SORWV RI WKH SUHGLFWHG DQG REVHUYHG
UXQRIIYDOXHV

WKH.D\UJDQ6WDWLRQODUJHO\UHIOHFWWKHQDWXUDOFRQGL
WLRQRIWKH,OL5LYHUDVWKHUXQRIIDERYHWKLVORFDWLRQ
LVDOPRVWXQDIIHFWHGE\KXPDQDFWLYLWLHV7KHGDWDDW
WKH.D\UJDQ6WDWLRQVKRZWKDWIRUWKHSHULRGRI
 JHQHUDOO\ WKH UXQRII LQFUHDVHG DW D UDWH RI
îPGHFDGH )LJXUH D  7KH UXQRII KDG D
GRZQWUHQGLQWKH SHULRGIURPVWRPLGV
EXWWKLVIOXFWXDWHGEHIRUHLQWKHVDQGWKHQLQ
FUHDVHGLQWKHVDQGGHFUHDVHGVLQFH
7KHUXQRIIDWWKH8VKMDWPDVWDWLRQZKLFKLVRQ
WKH ORZHUUHDFKHVRIWKH ,OL5LYHUKDGD JHQWOHGH
FUHDVLQJ WUHQG IRU WKH SHULRG RI  ZLWK D
UDWHRIîPGHFDGH7KLVSHULRGFDQEHIXU
WKHUGLYLGHGLQWRWKUHHVWDJHV
DQG  )RU  WKH UXQRII DW WKH
ORZHU UHDFKHV RI WKH ,OL 5LYHU VKRZHG D JHQWOH LQ
FUHDVLQJWUHQGZLWKDVORSHRIDQGWKH PHDQ
YDOXHZDVPP7KHUHZDVDQLPSRUWDQWDEUXSW
FKDQJH LQ  DW ZKLFK WKH UXQRII UHPDUNDEO\
GURSSHGIRUPPDQGUHDFKHGWKHORZHVWOHYHORYHU
WKHVWXG\SHULRG)URPWKHEHJLQQLQJRIVWRWKH
PLGVWKHUXQRIIKDGDJHQWOHUHGXFWLRQZLWKD
VORSHRIDQGWKHPHDQUXQRIIZDVPP
DQG ULYHU UXQRII VKRZHG DQ XSWUHQG DIWHU WKH PLG
V DW D VORSH RI  WKH PHDQ YDOXH
LVPP )LJXUHE 

&RQWULEXWLRQVRIFOLPDWHFKDQJHDQGKXPDQ
DFWLYLWLHVWRWKHUXQRIIFKDQJH)LJXUHVKRZVWKDW
UHODWLRQVKLS EHWZHHQ \HDU DQG FXPXODWLYH UXQRII
SUHFLSLWDWLRQ DQG HYDSRUDWLRQ LQFUHPHQWV IRU WKH
.D\UJDQDQG8VKMDWPDVWDWLRQV,QDOOUHODWLRQVKLSV
WKHFRUUHODWLRQFRHI¿FLHQW!
7KHFRQWULEXWLRQVRISUHFLSLWDWLRQHYDSRUDWLRQ
DQGKXPDQDFWLYLWLHVWRWKHUXQRIILQFUHPHQWFKDQJHV
LQHDFKVHFWLRQZHUHFDOFXODWHGEDVHGRQWKHSDUDP
HWHUVOLVWHGLQ7DEOHDQG7DEOH7KHFRQWULEXWLRQV
RIWKHSUHFLSLWDWLRQ &3 UDQJHIURPWR
LQPRXQWDLQVDQGSODLQVUHVSHFWLYHO\7KHFRQWULEX
WLRQVRIWKHHYDSRUDWLRQ &( UDQJHIURPιWR
ιLQPRXQWDLQVDQGSODLQVUHVSHFWLYHO\6R
WKHLPSDFWVRIKXPDQDFWLYLWLHVRQWKHUXQRIILQFUH
PHQW FKDQJHV RQ WKH PRXQWDLQV DQG SODLQV DUH
DQG  7KH WRWDO FRQWULEXWLRQV LQ DOO
VHFWLRQVWRWKHHQWLUHUXQRIIFKDQJHLQWKH/%%ZHUH
ι DQG PRUH WKDQ IURP SUH
FLSLWDWLRQHYDSRUDWLRQDQGKXPDQDFWLYLWLHVUHVSHF
WLYHO\

5HODWLRQVEHWZHHQUXQRIIWHPSHUDWXUHDQG
SUHFLSLWDWLRQ:HXVHGWKHSDUWLDOFRUUHODWLRQDQDO\
VLVWRHYDOXDWHWKHUHODWLRQVKLSVEHWZHHQUXQRIIDQG
WKH WZR FOLPDWH YDULDEOHV QDPHO\ WHPSHUDWXUH
$07  DQG SUHFLSLWDWLRQ $73  :KHQ FDOFXODWLQJ
WKHSDUWLDOFRUUHODWLRQEHWZHHQUXQRIIDQGDFOLPDWH
YDULDEOHZHWUHDWHGWKHRWKHURQHDVDFRQWUROYDULD
EOH
7KHFRUUHODWLRQEHWZHHQWKHDQQXDOUXQRIIDQG
WKH$73LVVLJQLILFDQW 3 IRUWKHSODLQDUHDDQG
KLJKO\ VLJQLILFDQW 3  IRU WKH PRXQWDLQ DUHD
7KH FRUUHODWLRQ EHWZHHQ WKH DQQXDO UXQRII DQG WKH
$07 LV QRW VLJQLILFDQW IRU WKH SODLQ UHJLRQ EXW LV
VLJQLILFDQWLQWKHPRXQWDLQUHJLRQ7KHODWWHUPLJKW
EHDUHVXOWRIWKHIDFWWKDWWHPSHUDWXUHULVHOHDGVWR
WKHLQFUHDVHRIVQRZDQGJODFLDOPHOWLQJ
3UHFLSLWDWLRQFKDQJHVKDGDJUHDWLPSDFWRQWKH
UXQRIILQWKHEDVLQHVSHFLDOO\WKHXSSHUUHDFKHV¶SUH
FLSLWDWLRQZKHUHDVWKHFKDQJHVLQWHPSHUDWXUHKDGD
YHU\ZHDNOLQHDUHIIHFWRQUXQRII7KHFKDQJLQJRI
WKHVXUIDFHUXQRIIRULJLQDWHGIURPUDLQIDOOLQPRXQ
WDLQDQGVQRZDQGJODFLHUPHOWLQJGXHWRVSHFLDOK\
GURORJLFDOFKDUDFWHULVWLFVRIWKHDULG]RQH7KHUHIRUH
LWFDQ ZHOOUHIOHFW WKH UHODWLRQVKLSEHWZHHQFOLPDWH
FKDQJHDQGWKHULYHUIORZWRGHYHORSWKH&$5PRGHO
E\XVLQJWKHDQQXDOUXQRIIDQGWKHDQQXDOWHPSHUD
WXUH RU SUHFLSLWDWLRQ REVHUYHG DW WKH PRXQWDLQ DQG

/DNHZDWHUOHYHOYDULDWLRQ7KHZDWHUOHYHORI
WKH%DONKDVK/DNHKDGDVOLJKWGHFUHDVLQJWUHQGZLWK
DVORSHRIIRU7KHPHDQYDOXHIRU
WKLVSHULRGLVP7KHWLPHVHULHVFDQEHIXUWKHU
GLYLGHGLQWRSHULRGVDQG
7KH VORSHV IRU WKHVH WKUHH SHULRGV DUH
DQGUHVSHFWLYHO\7KHUHZDV
DQDEUXSWFKDQJHLQ7KHDQQXDODYHUDJHZDWHU
OHYHOUDSLGO\GHFUHDVHGVLQFHDFRQVHTXHQFHRI
WKHFRQVWUXFWLRQRIWKH.DSFKDJD\'DPLQWKHXSSHU
SDUWRIWKH,OL5LYHU&RPSDUHGZLWKVWKHDYHU
DJH ODNH OHYHO LQ V GHFUHDVHG E\ P DQG
GURSSHGWRPLQWKHORZHVWRYHUWKHVWXG\
SHULRG$QRWKHUDEUXSWFKDQJHRFFXUUHGLQWKHODWH
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7$%/(
7KHFRUUHODWLRQDQDO\VLVEHWZHHQUXQRIIWHPSHUDWXUHDQGSUHFLSLWDWLRQRIWKH/%%
,WHP
0RXQWDLQVDUHD .D\UJDQ
7HPSHUDWXUHDQGUXQRII

3UHFLSLWDWLRQDQGUXQRII
D
7HPSHUDWXUHDQGUXQRII &RQWURO3UHFLSLWDWLRQ
E
3UHFLSLWDWLRQDQGUXQRII &RQWURO7HPSHUDWXUH
D
1RWHDDQGELQGLFDWHWKHVLJQLILFDQFHDWWKHOHYHOVRIDQGUHVSHFWLYHO\
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),*85(
5HODWLRQVKLSEHWZHHQREVHUYDWLRQVDQGFDOFXODWLRQVRIDQQXDOUXQRIILQWKH/%%
PRXQWDLQRXVDUHDVWRWKHODNH3UHFLSLWDWLRQLVDGL
UHFWLQSXWWRDODNHDQGDIIHFWVUXQRII
7KHFKDQJHRIODNHDUHDRIWKH/DNH%DONKDVK
KDGWKHVDPHSDWWHUQDVWKDWRILWVZDWHUOHYHO,WPD\
EHUHODWHGWRFOLPDWLFDQGK\GURORJLFYDULDEOHVKX
PDQDFWLYLW\DQGFRPELQDWLRQVRIWKHWZR

V ZKLFK LV IOXFWXDWLRQ RI DQQXDO DYHUDJH ODNH
OHYHOV LWV XSWUHQG ZDV PRUH GLVWLQFW LQ WKH HDUO\
VDQGWKHQWKHODNHOHYHOVWDUWHGWRGHFUHDVHDI
WHU )LJXUH 7KHYDULDWLRQLQWKHODNHZDWHU
OHYHOPD\EHUHODWHGWRDLUWHPSHUDWXUHSUHFLSLWDWLRQ
DQG UXQRII 7KH DYHUDJH DLU WHPSHUDWXUH GRHV QRW
RQO\ DIIHFW HYDSRUDWH EXW DOVR VQRZ DQG LFH PHOW
:DUPHUFOLPDWHPD\VHQGPRUHPHOWZDWHUIURPWKH
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RIΥGHFDGHDQGPPGHFDGHUHVSHFWLYHO\
5HJLRQDOO\WKHZDUPZHWWLQJWUHQGLVPRVWUHPDUN
DEOHLQWKHVRXWKHUQPRXQWDLQUHJLRQVIROORZHGE\
WKHSODLQVDQGWKHGHVHUW7KLVVWXG\FRQILUPVWKDWWKH
ZHVWHUQSDUWRI7LDQVKDQ0RXQWDLQDQGLWVQHLJKERU
LQJUHJLRQVLQFOXGLQJ/%%KDYHH[SHULHQFLQJDFOL
PDWLF VKLIWIURPWKH FROGGU\ FRQGLWLRQWRD ZDUP
ZHWFRQGLWLRQ>@

DISCUSSION AND CONCLUSION
,QWKHSDVW\HDUVWKHWHPSHUDWXUHDQGSUH
FLSLWDWLRQLQWKH/%%KDYHJHQHUDOO\LQFUHDVHG7KH
ZDUPLQJUDWHLVΥGHFDGHZKLFKLVKLJKHUWKDQ
WKH JOREDODQG&KLQD¶V ZDUPLQJUDWHV ΥGHF
DGHDQGΥGHFDGH >@7KHLQFUHDVLQJUDWH
RI SUHFLSLWDWLRQ ZKLFK LV PPGHFDGH LV IDU
JUHDWHUWKDQWKHDYHUDJHRI&HQWUDO$VLD PPGHF
DGH >@7KHZDUPLQJWUHQGLQZLQWHUDQGWKHZHW
WLQJWUHQGLQVXPPHUDUHPRVWUHPDUNDEOHZLWKUDWHV

),*85(
5HODWLRQVKLSVEHWZHHQ\HDUDQGFXPXODWLYHUXQRIISUHFLSLWDWLRQDQGHYDSRUDWLRQLQFUHPHQWIRUWKHWZR
VWDWLRQVRIWKH/%%
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([WUDFWHGVORSHVIURPWKHUHODWLRQVKLSVEHWZHHQ\HDUDQGFXPXODWLYHUXQRIILQFUHPHQWDVZHOODVEHWZHHQ
\HDUDQGFXPXODWLYHSUHFLSLWDWLRQDQGHYDSRUDWLRQLQGLIIHUHQWSHULRGVIRUWKHGLIIHUHQWVHFWLRQVRIWKH
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&RQWULEXWLRQVRIFOLPDWHFKDQJHDQGKXPDQDFWLYLWLHVWRWKHUXQRIILQFUHPHQWFKDQJHVLQWKH/%%
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),*85(
9DULDWLRQVRIZDWHUOHYHODQGDUHDLQ/DNH%DONKDVK
PHQWV RI ERWK &KLQD DQG .D]DNKVWDQ KDYH HVWDE
OLVKHG WKH &RPPLVVLRQ RI &KLQD.D]DNKVWDQ¶V
7UDQVERXQGDU\ :DWHU 8WLOL]DWLRQ DQG 3URWHFWLRQ
7KH&RPPLVVLRQKDVEHHQZRUNLQJRQWKHFRRSHUD
WLRQRIWKHWZRFRXQWULHVRQWKHZDWHUUHVRXUFHLVVXHV
LQWKHWUDQVERXQGDU\ULYHUEDVLQ,QUHFHQW\HDUVWKH
GHYHORSPHQWRILQGXVWULDOL]DWLRQDQGXUEDQL]DWLRQLQ
WKH XSSHU EDVLQ DQG WKH DVVRFLDWHG ZDWHU DQG ODQG
UHVRXUFHV H[SORLWDWLRQ KDYH EHFRPH WUXFXOHQW DQG
PDGHDJUHDWPHQDFHWRWKHZDWHUHQYLURQPHQWV\V
WHPDQGWKHQH[SDQGLWWRVRFLDODQGHFRORJLFDOV\V
WHPV 8QGHU WKH EDFNJURXQG RI JOREDO FOLPDWH
FKDQJH WKH WHPSHUDWXUH SUHFLSLWDWLRQ DQG H[WUHPH
ZHDWKHUDQGFOLPDWH HYHQWVFRQWLQXH WRLQFUHDVHLW

,QWKH/%%WKHPDMRUQDWXUDOIDFWRUVWKDWDIIHFW
UXQRIIFKDQJHDUHSUHFLSLWDWLRQDQGWHPSHUDWXUH7KH
SUHFLSLWDWLRQ GLUHFWO\ DIIHFWV WKH UXQRII ZKLOH WKH
WHPSHUDWXUHDIIHFWVHYDSRUDWLRQDQGLQWXUQVWKHUXQ
RII7KHUXQRIILVDOVRLQIOXHQFHGE\KXPDQDFWLYLWLHV
:LWK WKH 6&5&4 PHWKRG ZH IRXQG WKH FRQWULEX
WLRQVIURPSUHFLSLWDWLRQHYDSRUDWLRQDQGKXPDQDF
WLYLWLHVLQDOOVHFWLRQVWRWKHHQWLUHUXQRIIFKDQJHLQ
WKH /%% ZHUH ι DQG  UH
VSHFWLYHO\
7KH,OL5LYHULVDQLQWHUQDWLRQDOULYHUEHWZHHQ
&KLQDDQG.D]DNKVWDQ,QRUGHUWRGHDOZLWKWKHSRV
VLEOHFRQIOLFWVDQGSURPRWHFRRSHUDWLRQWKHJRYHUQ
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)UHVHQ(QYLURQ%XOO  
[17] 6DKLQ 6 .   =RREHQWKLF PDNURIDXQD LQ
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0HHWLQJ RI WKH 0LQGV RQ:DWHU 6FLHQFH 

[19] ;LDR77;LD=4*XR/'=-:DQJ-LQJ
.XL +8   7HPSHUDWXUH FKDUDFWHULVWLFV LQ
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 ,Q&KLQHVH
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KDV FKDQJHG UHJLRQDO ZDWHU UHVRXUFHV FRQWULEXWLQJ
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ULYHUDQGSURPRWLQJUHJLRQDOFRRSHUDWLRQIRUHIIHF
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BIOLOGICAL ACTIVITY AND FUNCTIONAL DIVERSITY
OF AGRICULTURAL SOIL AMENDED WITH SEWAGE
SLUDGE
Roberto Cardelli*, Daniel Seghieri, Fausto Marchini, Alessandro Saviozzi
Department of Agriculture, Food and Environment University of Pisa, Via del Borghetto, 80, 56124 Pisa, Italy

ABSTRACT
The biological effects of applying sewage
sludge (SS) to agricultural soil (at a low rate of 22.5,
LRS, and a high rate of 45 t ha-1 dry basis, HRS)
were monitored over a 120-d experimental period.
The biological activity was monitored by dehydrogenase, catalase, urease, protease, alkaline phosSKDWDVHDU\OVXOSKDWDVHDQGȕ-glucosydase activities.
Selected characteristics also included soil microbial
biomass carbon (MBC) and community level physiological profiling (CLPP), indicating the microbial
functional diversity of soil (catabolic potential) and
assessed using Richness (R) and Shannon±Weaver
(H) indexes. All the enzyme activities were strongly
affected by both rates of SS applications. After a
rapid increase in the early phases of the experiment,
enzyme activities decreased sharply and remained
almost stable during the last stages of the trial period.
Microbial biomass carbon was also influenced by SS
addition, however during the incubation period of
120 days, it remained at high levels only at HRS. The
H index increased significantly with the increasing
SS applications. Differences in the functional diversity of soil microbial communities were found. For
both doses, there was an increase in biodiversity over
time, reaching about 9% compared to the control.
KEYWORDS:
Soil Amendment, Sewage Sludge, Soil Enzyme Activities,
Soil Microbial Biomass, Functional Diversity of Soil.

INTRODUCTION
Knowledge of the factors influencing soil quality are fundamental for maintaining its fertility. Intensive agriculture adversely affects the soil quality,
mainly due to the loss of soil organic matter [6,7].
Organic matter influences the soil structure, stability,
water retention, biodiversity, and plant nutrients.
Soil organic matter is also considered essential in
protecting soil from erosion and desertification [39].
Thus, the recovery of depleted soil organic matter
and its maintenance at adequate levels is critical.
The increasing production of organic waste
from water treatment plants and industrial activities
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has put significant pressure on waste disposal. The
use of waste in agriculture and land reclamation is a
major issue for soil conservation and waste disposal.
Sewage sludge, which is a byproduct of treated
wastewater, is composed of organic materials rich in
C, N, P, and other nutrients, which, if properly managed, can be used to improve the organic fertility of
soils. Sustainable practices providing organic
amendments, such as sewage sludge, could be a useful tool to maintain or increase the organic matter
content in agricultural soils, thus improving their fertility [28,38]. These agricultural practices provide a
source of waste disposal that is gaining popularity
due to the reduction in available disposal sites.
Due to its nutrient content, sewage sludge could
be an important resource for sustainable agriculture.
Several short- and long-term experiments have reported that sewage sludge applications affect soil biological activity [16,30,49]. However, sewage
sludge may also contain substances that have a negative impact on soil microbial communities and the
maintenance of soil conditions and ecosystem functions. In the long-term, the accumulation of potentially toxic metals in sludge could have a negative
effect on soil microbial communities and their functions. Several authors have shown that the long-term
effects of sludge on soil microbial biomass vary
[10,14].
A number of biological and biochemical properties could provide early and sensitive indicators of
the transformation and dynamics of organic matter,
and can provide a reliable estimate of early changes
in soil microbial processes. Soil enzymes are also
good markers of soil biological fertility, because of
their rapid response to changes in soil management
such as the use of fertilizers [20].
Estimating the microbial functional diversity
using CLPP is a sensitive approach to detect modifications due to soil management [35]. The Biolog
EcoPlates system tests for a number of ecologically
significant substrates. The CLPP method overcomes
the drawbacks of alternative time-consuming culture-based analyses or biochemical tests. It is frequently employed to determine the effects of various
environmental factors on the biological status of particular soil sites by following catabolic traits. On the
other hand as Garland [17] reported, the metabolic
growth response, which involves cooperative as well
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as competitive effects in Biolog EcoPlates wells,
might be a major drawback of the CLPP method.
The aim of this study was to investigate and
compare the responses of soil enzymatic activities,
biochemical properties and functional diversity, during a 120-d experiment, to sewage sludge applied at
different rates to agricultural land.

MATERIALS AND METHODS
6RLO7KHVRLOW\SHZDVD+RUWLF$QWKURVROUH
VXOWLQJIURPGHHSFXOWLYDWLRQLQWHQVLYHIHUWLOL]DWLRQ
DQGRU FRQWLQXHG DSSOLFDWLRQ RI RUJDQLF UHVLGXHV
7KHPDLQVRLOFKDUDFWHULVWLFVZHUHVDQG 
PP VLOW PP FOD\
PP  VDQG\ORDPVRLO S+JNJ
WRWDORUJDQLFFDUERQ 72& JNJWRWDOQLWURJHQ
 PJ NJ DYDLODEOH 3  PJ NJ DYDLODEOH .
FPRO  NJFDWLRQH[FKDQJHFDSDFLW\ &(& 
6HZDJH VOXGJH 7KH VHZDJH VOXGJH ZDV FRO
OHFWHG DW WKH ZDVWHZDWHU SODQW 3LRPELQR )HUULHUH
/LYRUQR,WDO\ 
The main sewage sludge characteristics are reported in Table 1.

6.4
38.5
7.94
1.20
1.87
0.6
<1
<5.0
<2.0
16
<0.1
25
12.5
72.4
185.1

GU\PDWWHUDQGNJKDWRWDO1 
7KHUHVHDUFKZDVFDUULHGRXWLQDQRSHQDLUID
FLOLW\FRQVLVWLQJRISRWV IHUWLOLVHUWUHDWPHQWV[
 VDPSOLQJ WLPHV [  UHSOLFDWLRQV  RI / YROXPH
FPORQJE\FPGLDPHWHU VSDFHGFPDSDUW
DQG HPEHGGHG LQ H[SDQGHG FOD\ WR SUHYHQW GDLO\
IOXFWXDWLRQVLQVRLOWHPSHUDWXUH7KHSRWVZHUHPDGH
IURP SRO\YLQ\O FKORULGH 39&  WXEHV ILWWHG ZLWK D
39&EDVHVHUYLQJDVDERWWRPDQGILOOHGZLWKNJ
RIVRLO
6HZDJH VOXGJH ZDV PL[HG ZLWK WKH VRLO LQ D
FRQFUHWHPL[HUEHIRUHSRWILOOLQJ)RUWKHXUHDWUHDW
PHQWQLWURJHQZDVDSSOLHGDWWKHUDWHRINJKD
DQG LQ RUGHU WR VLPXODWH D IHUWLOL]DWLRQ VFKHPH IRU
FURSV WKH WRWDO DPRXQW ZDV VSOLW LQWR WZR DSSOLFD
WLRQVDQGNJ1KD
$OO SRWV ZHUH ZDWHUHG QHDU WR ILHOG FDSDFLW\
WKURXJKRXWWKHH[SHULPHQWDOSHULRG
Six sampling times were selected to monitor
soil parameters: at the beginning (T 1), and 21 (T2),
41 (T3), 55 (T4), 80 (T5) and 120 (T6) days after the
application. The soil samples from the top 5-15 cm
and consisting of 12 cores (Dia.: 2.5 cm, L: 10 cm)
per sampling time were air-dried and passed through
a 2 mm sieve.


Analytical methods. Soil analyses. The particle-size distribution of the soils was obtained by the
pipette method. The pH was determined according to
the SISS [40]; CaCO3 was determined with a
Scheibler calcimeter; TOC was determined by dry
combustion after removing carbonate-C [31] (induction furnace 900 CS, ELTRA); total Kjeldahl nitrogen was determined using Bremner and Mulvaney's
method [5]; available P was measured on the 0.5 N
NaHCO3 extract at pH 8.5±0.1 [32]; exchangeable K
was determined on the 1 N CH3COONH4 extract at
pH 7.0 [43]; cation exchange capacity (CEC) was determined by Ba2+ saturation and subsequent complete replacement of Ba2+ with Mg2+, according to
Bascomb [3].

TABLE 1
Selected characteristics of sewage sludge
pH
Total Organic C
Total N
Total P
Humification degree
Total phenolic compounds
CrVI
As
Cd
CrIII
Hg
Ni
Pb
Cu
Zn
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%
%
%
%
g kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1

Site description and experimental design.
7KHUHVHDUFKZDVFDUULHGRXWDWWKHUHVHDUFKFHQWUHRI
WKH 'HSDUWPHQW RI$JULFXOWXUH )RRG DQG (QYLURQ
PHQWRIWKH8QLYHUVLW\RI3LVD,WDO\ZKLFKLVORFDWHG
DSSUR[LPDWHO\NPIURPWKHVHD ƍ1ƍ( 
DQGPDERYHVHDOHYHO7KHFOLPDWHRIWKHDUHDLV
KRWVXPPHU0HGLWHUUDQHDQ &VD ZLWKPHDQDQQXDO
PD[LPXP DQG PLQLPXP GDLO\ DLU WHPSHUDWXUHV RI
&DQG&UHVSHFWLYHO\DQGDPHDQUDLQIDOO
RIPPSHU\HDU
)RXU IHUWLOLVHU WUHDWPHQWV ZHUH WHVWHG D  FRQ
WUROZLWKRXW1RURUJDQLFIHUWLOLVHUE PLQHUDO1DV
XUHDDSSOLHGDWNJ1KDF VHZDJHVOXGJH 66 
DWWKHKLJKHVWUDWHSHUPLWWHGLQ,WDO\IRUDJULFXOWXUDO
VRLOV /HJLVODWLYH'HFUHHQ /56 HTXLYD
OHQWWRWKDGU\PDWWHUDQGNJKDWRWDO
1 DQGG DWDGRXEOH+56UDWH HTXLYDOHQWWRWKD
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Sewage sludge (SS) analyses. The pH, TOC,
total N, total P, humification degree, phenolic compounds and total heavy metals were analyzed according to IRSA-CNR [23] methods.
Monitoring experiment. Dehydrogenase activity (DH) was assayed following Casida et al. [8],
based on a colorimetric assay of 2,3,5 triphenylformazan (TPF) produced by the microorganism reduction of 2,3,5 triphenyltetrazolium chloride (TTC).
The determination of catalase activity (CA) was
based on the gasvolumetric measurement of oxygen
evolving after the addition of hydrogen peroxide to a
buffered soil suspension, according to Beck [4].
Urease activity (UR) was determined according
to Zantua and Bremner [52], based on the spectrophotometric measurement of released ammonia after
a 2-hour incubation of soil samples with urea 2.5%
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substrate at 37°C.
Protease activity (PR) was determined with 1%
casein as substrate, incubated for 2 h in 0.05 M Tris±
hydroxymethylaminomethane±HCl (Tris±HCl) buffer (pH 9.0). The amino acids released were determined by the Folin±Ciocalteu colorimetric method
described by Ladd and Butler [25].
Alkaline phosphatase activity (AP) was based,
following Eivazi and Tabatabai [11], on the hydrolysis of p-nitrophenyl phosphate added to soil samples, which releases p-nitrophenol which can be detected colorimetrically.
Arylsulphatase activity (AS) was determined
by a colorimetric method, using p-nitrophenyl sulfate as a substrate: soil samples were incubated at
37°C for 1 hour and the reaction product (p-nitrophenol) was extracted by dilute alkali (CaCl2 0.5M and
NaOH 0.5M) and determined at 400 nm [42].
ȕ-JOXFRV\GDVHDFWLYLW\ ȕ*/ ZDVDVVD\HGE\D
colorimetric method, using 4-nitrophenyl-ȕ-D-glucopiranosyde as a substrate: soil samples were incubated at 37°C for 60 minutes; the reaction product pnitrophenol was determined at 410 nm [12].
The microbial biomass-C (MBC) was measured through the extraction of organic C from fumigated and unfumigated soils by 1N K2SO4. An extraction efficiency coefficient of 0.38 was used to
convert soluble C in biomass C [44].
Community-level substrate utilization analysis. The substrate utilization patterns of soil microbial communities were measured by using Biolog
EcoPlates (Biolog Inc., Hayward, CA, USA), as described by Girvan et al. [21]. Briefly, 10 g of fresh
soil was added to 100 ml of distilled water in a 250ml flask and shaken at 200 rpm for 10 min to
achieve a 10±1 dilution. Tenfold serial dilutions were
prepared and the 10 ±3 dilution was used to inoculate
the Biolog EcoPlates. The plates were incubated at
25 °C for 10 days, and color development was read
as optical density (OD) with a Biolog microplate
reader at a wavelength of 590 nm. Biolog EcoPlates
use the following five groups of carbon substrates:
(1) carbohydrates; (2) carboxylic and acetic acids;
(3) amino acids; (4) polymers; and (5) amines and
amides, according to Weber and Legge [48].
Richness (R) values were calculated as the
number of oxidized C substrates, and the Shannon±
Weaver index values (H) (i.e., the richness and evenness of response) were calculated using an OD of
0.10 as the threshold for a positive response.
Statistical methods. Data were expressed on
the basis of the oven-dry weight of the soil.
Results were subjected to two-way analysis of
variance. The effects of fertilisation treatment, sampling time, and their interaction were analysed using
a split-plot design with fertilisation treatment designed as whole plots and sampling time as subplots. Significantly different means were separated at
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the 0.05 probability level by the LSD multiple test
[41]. Statistica 7.0 (StatSoft Inc., Tulsa, Oklahoma,
USA) was used for the statistical analysis.
The functional diversity of the microbial community was assessed by the Shannon-Weaver index
[51], calculated using the following formula: H =
íSi lnpi, where H is the value of the ShannonWeaver index, and pi is the proportional color development of the ith well relative to the total color
development of all the wells.
TABLE 2
Oxidoreductase activities of control soil, ureatreated soil (Urea) and sewage sludge treated soil
(low rate, LRS and high rate, HRS): dehydrogenase activity (DH) and catalase activity (CA).
Control
Urea
LRS
HRS
DH (μg TTF.g-1.h-1)
0.54 hi
0.50 i
2.62 de 4.56 c
0.63 ghi
0.59 ghi
2.94 d
5.32 b
0.58 ghi
0.57 hi
2.43 e
5.98 a
0.54 hi
0.48 i
1.05 fg
2.45 e
0.58 ghi
0.57 hi
1.18 f
2.16 e
0.48 i
0.57 hi
0.98fgh 2.33 e
CA (O2%.g-1.3min-1)
T1
0.06 m
0.42 ij
1.00 ef
2.04 b
T2
0.35 jk
0.33 jkl
1.26 d
2.57 a
T3
0.24 klm
0.23 lm
0.52 i
1.03 e
T4
0.34 jk
0.36 j
1.02 e
1.91 c
T5
0.33 jkl
0.28 jkl
0.64 h
0.83 g
T6
0.53 i
0.32 jkl
0.80 g
0.94 f
For the same activity, means followed by the same letter were not
significantly different (p<0.05) according to LSD multiple test.
Time
T1
T2
T3
T4
T5
T6

RESULTS AND DISCUSSION
The contribution of the organic matter in the SS
that stimulates the activity of all the enzymes is clear
(Table 2 and Table 3), in agreement with Liang et al.
[27]. Regarding the DH activity, there were no significant differences between the control and the ureatreated soil throughout the experimental period (Table 2). In the monitored period, the DH of the control
was lower than the SS-treated soil, as reported by
Pascual et al. [33] in soil amended with high amounts
of SS (140 t haí) over 64 days. The initial high DH
activity recorded in both LRS and HRS may be ascribed to the organic short acting C substrates added
to the SS plots, which can increase the activity of DH
and/or the possible presence in the SS of enzymes
that promote the enzyme activity in amended soil
[16]. The rapid increase in the early phases of the experimentation could be due to the light fraction of
organic matter which provides the substrate for the
activity enzyme [45]. At T1, the soil amended with
the high dose of sludge (HRS) showed the highest
DH activity (Table 2), followed by the soil with the
low dose of sludge (LRS). The DH of HRS increased
to a maximum of 5.98 μg TTF.g-1.h-1 observed at T3.
This was probably due to the stimulation of metabolic activity because of the degradation of easily
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available organic substrates by microorganisms, after which the enzyme activity decreased sharply and
remained almost stable during the last stages of the
experimental period. No significant differences between the control and urea-treated soil were found.
The higher activity of DH indicates that the soil
amendment with sewage sludge led to a consequent
increase in enzyme activity. The subsequent decrease in DH activity was probably due to a reduction in microbial activity induced by the disappearance of easily decomposable organic compounds.
Regarding the catalase (CA), the addition of the
two doses of SS led to an immediate increase in activity (Table 2), probably as a result of an increase in
the biologically active microflora [16]. In the final
phases, however, a decreasing trend was evident together with a subsequent stabilization of CA activity
in all the treatments. Table 2 shows that the control
and the soil treated with urea maintained similar values, which were lower than the two doses of SS.
TABLE 3
Hydrolases activities of control soil, urea-treated
soil (Urea) and sewage sludge treated soil (low
rate, LRS and high rate, HRS): urease activity
(UR), protease activity (PR), alkaline phosphatase activity (AP), arylsulphatase activity (AS)
and ȕ-JOXFRV\GDVHDFWLYLW\ ȕ*/ 
Control
Urea
LRS
HRS
UR (μg NH4+-N.g-1.2h-1)
5.23 n
12.65 mn
20.47klmn 17.39lmn
23.23 klm
30.10 jk
81.08 c
103.97 b
15.19 mn
9.73 n
87.34 c
117.27 a
45.91 hi
24.25 kl
35.32 j
59.92 f
51.44 g
44.45 i
71.56 d
63.10 ef
47.49 ghi
50.16 gh
64.83 e
82.95 c
-1
-1
PR (mg tyrosine.g .2h )
T1
4.78 ghi
4.53 hi
8.79 de
13.67 b
T2
5.49 gh
4.83 gh
9.41 de
14.71 ab
T3
8.38 e
6.11 g
11.23 c
14.86 a
T4
8.63 e
7.27 f
10.78 c
14.04 b
T5
9.02 de
9.73 d
11.17 c
14.11 b
T6
2.77 i
8.43 e
6.64 fg
8.98 de
AP (μg p-nitrophenol.g-1.h-1)
T1
53.06 klm
33.57 lm
80.70 jk
102.71 ij
T2
29.25 m
32.32 m
54.89 kl
102.66 ij
T3
127.71 h
142.60efg 159.97 d
215.48 b
T4
127.30 h
131.07gh
192.22 c
233.94 a
T5
115.15 i
133.07gh
143.55 ef
186.71 c
T6
135.53fgh 105.76 i
133.94 gh
148.60 e
AS (μg p-nitrophenol.g-1.h-1)
T1
8.06 j
7.22 jkl
22.84 d
42.61 a
T2
5.46 lmno 6.34 jklm
24.95 c
27.00 b
T3
4.05 no
4.84 mno
15.57 g
24.95 c
T4
6.12 klmn
3.51 o
12.89 hi
19.05 f
T5
6.97 jkl
4.57 mno
14.13 h
21.03 e
5.93 klmn
7.64 jk
11.54 i
16.35 g
T6
ȕ*/ (μg p-nitrophenol.g-1.h-1)
T1
309.09 k
288.94 l
360.55 f
560.34 a
T2
365.79 e
331.64 h
437.93 d
542.35 b
T3
219.80 s
129.16 u
319.04 i
474.46 c
T4
232.31 r
207.37 t
342.50 g
472.04 c
272.19 n
203.21 t
238.06 q
282.75 m
T5
T6
267.62 o
367.55 e
262.44 p
313.45 j
For the same activity, means followed by the same letter were not
significantly different (p<0.05) according to LSD multiple test.
Time
T1
T2
T3
T4
T5
T6
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The contribution of light organic material exploitable by UR could explain the increase in enzyme
activity in thesis treated with SS, in the initial phases
of the experiment (Table 3). From T3 to the last sampling time (T6), there was a decrease in UR, probably
due to the influence of the high concentration of the
product of the reaction (NH4+), which inhibits the enzyme activity [24]. The control and the treatment
with urea presented a consistently lower activity than
both the SS treatments, as reported by Roig et al. [36]
in similar conditions.
Together with UR, PR activity provides much
of the N available in the soil, catalyzing the hydrolysis of proteins, peptides and amino acids present in
the organic matter. Table 3 shows how the contribution of organic material increased the PR-ase activity
relative to the soil as much as the soil fertilized with
urea. In addition, the distribution of HRS stimulated
the synthesis of the PR with respect to LRS. At T 6
there was a reduction in the proteolytic degradation
in all treatments. This was presumably due to the
greater decrease, over time, of the carbonaceous than
the nitrogenous component, resulting in a reduction
in the C/N ratio and a corresponding reduction in the
microbial biomass and, thus, of the enzymatic synthesis [19].
The AP, in the control and in the treatment with
urea, had an initial stationary phase with a subsequent increase, after which there was a stabilization
of activity up to the end of the trial. In treatments
with both SS doses, a similar trend was observed,
with a peak in AP activity and a subsequent decrease
(Table 3). There was a significant difference in the
enzyme action in favor of the higher dose. The peak
activity can be attributed to the stimulation of the enzyme due to the presence of organic acids from the
degradation of the organic substance of the SS. As
reported by Martens et al. [29], the amount of AP activity is, in fact, related to the content of organic material which, being higher in amended samples, explains the higher activity of the enzyme in these
treatments than in the control and treatment with
urea.
The AS activity in soil is related to the microbial biomass and the rate of sulfur immobilized in the
organic component [47]. The results obtained from
this study highlight that the control and the treatment
with urea maintained significantly lower values than
the soil treated with SS, and had a comparable performance (Table 3). In HRS and LRS the soil showed
a considerable increase in AS-ase activity immediately after the treatment, in agreement with Martens
et al. [29]. A decrease in activity was then observed,
probably caused by inhibition due to the presence of
heavy metals in the SS albeit in a limited quantity
[1], and/or the decrease in the specific sulphured substrates.
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The ȕ*/-ase enzyme is responsible for the degradation of cellulose to glucose, which is an important energy resource for the development of the
soil microbial biomass [34]. ȕ*/-ase is very sensitive to the level of organic matter and the presence of
heavy metals [9], thus representing a biological indicator of soil health. In this study, ȕ*/-ase activity
showed higher values in the SS-treated soil up to T4,
(Table 3), after which there was a tendency to uniformity, which is in line with reports by several authors [33,37]. The trend in the HRS treatment differed from the other treatments, presenting a more
marked decline from the first phase of experimentation until reaching values close to the other tests only
at T6. This behavior may be due to the heavy metal
content, which may have resulted in an inhibition of
ȕ*/-ase activity.

FIGURE 1
Microbial biomass-C (MBC) in control soil,
urea-treated soil (Urea) and sewage sludge
treated soil (low rate, LRS and high rate, HRS).
Bars with the same letter were not significantly
different (P<0.05) according to LSD multiple
test.
Figure 1 shows that at T1 there was a substantial
increase in MBC in the treatment with SS, compared
to the control and soil fertilized with urea. A notable
difference was also evident between the SS doses.
The variations between the treatments are attributable to the composition of the organic material and the
microbial biomass contained in SS. Other authors
have also highlighted an enrichment in the microbial
biomass of soils treated with SS, with values proportional to the application rate [13]. At T6, however,
there was a slight increase in the microbial biomass
in the control and treatment with urea, while a decrease was observed for the amended soils (Figure
1).
The increase in non-amended treatments may
be attributable to the development phase of the mi-
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crobial population supported by the native soil organic matter. In the SS, on the other hand, the microrganisms declined in performance probably due
to an imbalance in the C/N ratio, and thus to a decrease in microbial growth. According to Geisseler
et al. [19], this behavior appears to be correlated to
enzymatic urease, protease and ȕ-glucosidase activities, which are enzymes linked to the nitrogen and
the carbon cycles. This trend can be explained by
Villar et al. [46], who reported that, during the SS
treatment process, organic substance are biologically
degraded with the production of compounds that are
easily exhaustible in the soil, thereby resulting in nutritional deficiencies and thus reductions in MBC.
The Biolog Ecoplate technique detected
changes in the functional diversity of the microbial
population, by inoculation on plates containing 31
different carbon sources [18]. Table 4 shows that
only some substrates (32%) were degraded by the
soil microbial population. In the control soil and the
urea treatment only 19% of the substrates were attacked, while in the soil amended with SS, to 23%
were attacked (Table 4). Unlike Banerjee et al. [2],
who observed a decrease in biodiversity following
the application of SS to the soil, in our study the materials seemed to exert no selective pressure on the
microbial flora; in fact they led to an increase in biodiversity, albeit slight.
Although at the beginning of the experimentation, both doses were homogeneous in terms of biodiversity compared to the control, the values reported in Table 4, show that after the addition of SS
there was an increase in biodiversity over time (approximately 9%). In addition, the degradation of the
tested substrates increased between the samplings at
T1 and T6. This confirms the increase in oxidative capacity of the microorganisms detected by dehydrogenase and catalase activities.
The analysis of optical density (Table 4) of the
most influential carbon sources indicated that the
utilization rate of polysorbate surfactants with the
same functional groups but with varying molecular
masses (Tween-80 and Tween-40) increased at T6
especially in the control and urea-treated soils, while
the SS application did not stimulate soil biomass in
the same way. On the other hand, the utilization rate
RIĮ-cyclodextrin, another polymer as Tween 40 and
Tween 80, was clearly stimulated by the ureatreated soil, LRS and HRS compared to the control.
Similarly, glycyl-L-glutamic acid, which is an amino
acid, was also used more as a carbon source by the
urea-treated soil, LRS and HRS compared to the
control.
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TABLE 4
Functional diversity of soil microbial communities (optical density), richness (R) and Shannon index (H) in
control, urea-treated soil (Urea) and sewage sludge-treated soil (low rate, LRS and high rate, HRS)
at T1 and T6.

Carbon Sources
Polymers group:
Tween 40
Tween 80
Į-Cyclodextrin

Control
T1

T6

0.28

0.95
0.80
0.37

Urea
T1

T6

0.48

0.69
0.60
0.76

Carbohydrates group:
Pyruvic Acid Methyl Ester
D-Cellobiose
ȕ-Methyl-D-Glucoside
D-Mannitol
N-Acetyl-D-Glucosamine

0.54

0.67

0.51
0.24

0.23

0.49

0.27

Amino acids group:
L-Arginine
Glycyl-L-Glutamic Acid

0.27
0.42

0.33

Richness R
Shannon index H

5
1.56

6
1.54

LRS
T1
0.12
0.54

T6

HRS
T1

0.14
0.56
0.74

0.10
0.26

T6
0.57
0.69

0.64

0.35

0.14
0.65

0.81
0.41

0.49
0.23
0.16
0.25

0.32

0.30

0.35

0.39

0.57

0.27

0.52

0.35

0.52

5
1.69

7
1.62

7
1.56

6
1.69

5
1.54

6
1.70

0.67

functionality, as reported by Gryta et al. [22] regarding sludge originating from a dairy, did not produce
the same effects in our study. In agreeemnt with Yao
et al. [50], our results showed that microbial functionality was not affected by the concentration of
heavy metals.
Figure 2 shows the functional diversity of microbial communities measured using the ShannonWeaver index (H). The LRS application resulted in
significant changes from 1.56 to 1.69 in the Shannon-Weaver index of microbial communities. H increased significantly also in the HRS application
from 1.54 to 1.70, while in the control and ureatreated soil, H was stable or decreased. These results
are in agreement with Frac et al. [15] who found that
the addition of dairy sewage sludge to soil promotes
the functional diversity (catabolic potential) of the
soil microbial population.
FIGURE 2
Shannon-Weaver index of microbial communities based on carbon source utilization pattern
in Biolog EcoPlates for control soil, urea-treated
soil (Urea) and sewage sludge treated soil (low
rate, LRS and high rate, HRS). Bars with the
same letter were not significantly different
(P<0.05) according to LSD multiple test.
In terms of the increase in biological functionality observed in the control at T 6, this was probably
attributable to reactivation phenomena of the microbial flora induced by the remoistening of the dry soil.
The heavy metals present in SS, which can theoretically lead to a decrease in biodiversity and biological
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CONCLUSIONS
The main results obtained indicate that the addition of sewage sludge led to a general increase in
soil enzymatic activities, for both doses, compared to
the soil control and urea fertilized soil. This behaviour is attributable to the organic matter contained in
the sewage sludge, which stimulated the microbial
activity as a consequence of the supply of specific
substrates and microorganisms. The catalase, arylVXOSKDWDVHSURWHDVHDQGȕJOXFRVLGDVHDFWLYLWLHVSUH
sented an initial increase proportional to the amount
of the doses. The observed decrease in enzymatic activities involved in carbon and nitrogen cycles could
be due to a lack of balance in the C/N ratio and/or to
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the depletion of the specific organic substrates.
These results are also confirmed by the trend in
the microbial biomass content which follows the
contribution of organic material through the sewage
sludge. We noted a decrease in the values of all the
biological parameters tested, probably due to the stabilization of organic matter added with the sewage
sludge.
For the soil treated with sewage sludge, the
analysis of the Biolog Ecoplate confirmed the lack of
negative biological functionality. The amendments
also led to an increase in the microbial biodiversity
of the soil, albeit slight.
The results of the biological activities and functional diversity confirm that the amendment of agricultural soil with SS can be a useful approach to recycling.
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BIOMONITORING OF AIR QUALITY IN ISTANBUL
METROPOLITAN TERRITORY WITH EPIPHYTIC LICHEN
PHYSCIA ADSCENDENS (FR.) H. OLIVIER
Kubilay Kurnaz, Gulsah Cobanoglu*
Department of Biology, Faculty of Arts and Science, Marmara University, Goztepe Campus, TR-34722, Istanbul, Turkey

Lichens are long-living and slow-growing organisms. They are successful samples of symbiotic
life, morphological and physiological associations
of a fungus and a green alga or a cyanobacterium
VSHFLHV UHVXOWLQJ ZLWK D QHZ RUJDQLVP ³OLFKHQ´
Lichen morphology does not vary with the seasons,
and accumulation lasts all the year [3]. Lichens
which occur in almost all regions of the earth are
very sensitive to air pollution due to their physiological and morphological characteristics. Since
they do not have roots unlike the higher plants, in
terms of nutrients needed for photosynthesis only
depend on the atmosphere. The outer surfaces of
lichens lack a protective cuticle layer that may
obstacle contaminants in the air as well as in rain
water. So, pollutants enter directly through surface
of thalli [4]. Therefore, they accumulate and deposit
atmospheric pollutants at high concentrations far
above their physiological requirements [1]. In addition, lichens are accepted as good bio-indicator and
bio-monitoring organisms may be alternative to the
expensive chemical air pollution viewing tools [5].
They have several advantages over conventional air
sampling techniques such as easy sampling, low
cost and the possibility of monitoring extensive
areas, in any season [6, 7]. They can also be used
for developing forecasts in connection with human
health [8]. A biological functional modelling approach with an example of lichen has been introduced by [9].
The special sensitivity of lichens to air pollution, particularly to sulphur dioxide (SO2), was
realized about 150 years ago in the European countries. In recent years, with more effective strategies
to control emissions, SO2 level has declined. As a
result, lichens re-emerged in areas disappeared
before but could not be completed to be colonized
again due to other factors [10]. Depending on the
species, lichens respond to improved conditions for
extended periods however a sudden increase in air
pollution takes place much more quickly effect on
lichens [11, 12].
Studies today have been increased gradually
on biomonitoring air pollution with lichens using
different techniques such as multi-element assays
[13, 14, 2, 15], lichen-bags [16, transplanted lichens
[17, 18, 19], or other atmospheric pollutants such as

ABSTRACT
Trace elements in the air are toxic to humans
and the ecosystem. This study was designed to
monitor atmospheric element deposition in the
European side of the Istanbul metropolis was monitored using epiphytic foliose lichen species,
Physcia adscendens (Fr.) H. Olivier, sampled from
12 sites. The lichen samples were categorized according to thallus-size, and analysed for Aluminium
(Al), Arsenic (As), Cadmium (Cd), Chromium (Cr),
Iron (Fe), Manganese (Mn), Nickel (Ni), Lead (Pb),
Vanadium (V) and Zinc (Zn) contents. The spatial
distributions of elements in the city of Istanbul were
shown in digital pollution maps. Results indicated
that average values of all element accumulations of
the collected lichens were more from that of the
reference values. The lichen samples representing
air elemental concentrations in declining order of
mean values are as follows: Cd > Cr > Fe > Ni > V
> Pb > Al > As > Zn > Mn. The highest heavy
metal concentration values were measured in urbanized sites close to the heavy traffic activity. Cd, Ni
and Pb elements showed a statistically significant
correlation with distance to the main road and inGXVWULDO VDPSOLQJ VLWHV UDWKHU WKDQ OLFKHQ¶V DJH RU
size. This study strengthens the use of lichens as a
biomonitor of airborne pollutants.

KEYWORDS:
Biomonitoring, heavy metal, air pollution, lichen,
Physcia adscendens, Istanbul

INTRODUCTION
Air pollution is one of the most important environmental problems which have negative effects
on all the living organisms. Lichens have been
widely used as bio-monitors for air quality because
they are widespread and capable of accumulating
pollutants from the atmosphere by their thalli [1, 2].
Analysis of lichen thalli is a common method which
is used to detect levels of pollutants in the air such
as heavy metals, trace elements, particulates or
radioactive matters.
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(humid and rainy) at the border of the western
winds. An important issue is the assessment of air
by evaluating the distribution of pollutants emitted
from a local wind system to investigate this. Dominated by the north wind is blowing. Natural flora of
Istanbul metropolitan located on Kocaeli and Catalca Peninsulas is composed of forest, shrubs, pseudomaki (Black Sea climate complied with altered,
arboreal characters of humid scrub plant communities) and coastal vegetation. The annual average
temperature is 13.5 ° C. The annual rainfall is 720788 mm. Monthly average values of a long period
(1970-2011) for temperature and precipitation are
indicated in the Table 1 [33].
Istanbul is among the largest cities in the
world by population within city limits. Turkey
Statistical Institute prepared by the year 2010 Address Based Population Registration System (ABPRS) of Istanbul, according to the census results
total population is 13,255,685 people. In the total
population, 98.98 % is the urban population and
only 1.02 % is the rural population. Currently,
almost twice people live on the European side more
than on the Asian side of Istanbul. The number of
motor vehicle traffic is increasing every day; 2.8
million vehicles, 600 new vehicles/ day [33].
For the biomonitoring of spatial distribution
of elements, 12 lichen-sampling areas were specified within the European side of Istanbul province (Fig. 1), included in the districts of Esenler
(1, 11), Avcilar (2), Sisli (3, 4), Arnavutkoy (5),
Bakirkoy (6, 10), Besiktas (7), Eyup (8), Beyoglu
(9) and Bagcilar (12) (Table 2). These sampling
sites that lichens have been collected are categorized to three sections as Residential, Industrial and
Military.

polycyclic aromatic hydrocarbons (PAHs) [20].
Behaviours of different lichen species to trap PAHs
were investigated by [21]. In the study of [22], the
spatial distribution of air elements in the city of
Lisbon was mapped using lichens as bio-monitors.
[23] reported that lichen species have different
resistance mechanisms against metal contamination. 7KH IHDWXUH RI ³ZLGHVSUHDG DQG FRQWLQXHG
JURZWK´RIWKHOLFKHQVSHFLHVZDVVWDWHGDVWKHPDLQ
reason for selecting the indicator taxa in environmental monitoring studies [24].
Foliose species of lichens with large surface
such as X. parietina (L.) Th.Fr., Flavoparmelia
caperata L. (Hale), Parmelia sulcata Taylor have
been often preferred for the biomonitoring studies.
X. parietina was mentioned among bioindicator
VSHFLHV ZLWKLQ WKH JURXS RI³IUHTXHQF\ LQFUHDVHV
ZLWKJURZLQJYHKLFXODUDFWLYLW\´E\>25]. X. parietina was used for the measurements of metal deposition in the earlier studies in Turkey, for instance
in the Aegean Region by [26] in Istanbul by [27]
and in Kocaeli by [28]. The other lichen species
frequently used in monitoring studies in Turkey are
Physcia adscendens (Fr.) H. Olivier [29]; [30],
Hypogymnia physodes (L.) Nyl. [31] and Cladonia
rangiformis Hoffm. [32].
Air pollution in Istanbul megacity have been
monitored periodically in terms of particulate matter (PM10), nitrogen oxides (NOx) and SO2 emission
distributions in the air [33]. However, only one
study is related to biological monitoring with lichens and mosses [27]. In the present study, airborne metal deposition in the European side of the
Istanbul metropolitan territory was biologically
monitored with lichens. The main purposes are to
examine the degree of atmospheric element contamination and to specify the potential pollution
sources by using one of the most widespread lichens in urban and/or in industrial regions, foliose
lichen specimen, Physcia adscendens (Fr.) H. Olivier as biomonitoring organism. This study also aims
to create an alternative viewpoint to future air qualiW\ VWXGLHV LQ ,VWDQEXO ZKLFK LV RQH RI WKH ZRUOG¶V
biggest metropolitans.

Lichen sampling. The samples of Pyscia adscendens (Fr.) H. Olivier, a small foliose lichen
common in the urban areas, were collected on trees
at a height of at least 1 m above ground in 12 sites
in the European side of Istanbul in the period August-October 2010 (Table 2). The geographic
location of each site was determined using a hand
type GPS. To ensure a healthier measurement of air
pollution, urban parts of the city at least 21 m
away from main roads were preferred for sampling. A composite lichen sample about 200±300 g
with different thallus-sizes (diameter) was collected
from each site (if present). Then the lichen samSOHV KDYH EHHQ VHSDUDWHO\ FDWHJRUL]HG DV ³ROG´
DERYH  PP LQ GLDPHWHU  DQG ³\RXQJ´ OHVV
than 10 mm in diameter) by their size of the thalli qualitatively by means of a digital compass.

MATERIALS AND METHODS
Study area and sampling sites. Istanbul is
ORFDWHG LQ WKH FRRUGLQDWHV RI  ¶ DQG  ¶
(DVW ORQJLWXGHV DQG  ¶ DQG  ¶ 1RUWK
latitudes, at the intersection region of the continents
Europe and Asia, therefore, under the effects of the
variable geographic conditions. For the whole city
of Istanbul, it is not possible to evaluate climate
type as significant. The climate shows a transition
character between the Black Sea and the Mediterranean climate. Istanbul is at the subtropical highpressure belt and the cold-warm low-pressure region, or terrestrial (dry) with the maritime trades

Sample preparation for element analysis.
All samples were cleaned of residual and other
waste matter in the laboratory. Thalli of lichen
samples were selected and then dried in an oven at
60 °C. All the cleaned and dried samples were
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Data analysis. The data analysed by ICP-MS
are transferred to ArcGIS 10.0 © software to determine the spatial distributions of elements in the
study area, and pollution maps were drawn (Figs.
2.A-J). Using Geostatistical Analyst module in
software, its interpolation is made. In this evaluation, dataset has been examined by ESDA (Explanatory Spatial Data Analysis).
For the creation of corresponding tables and
the correlation analysis of the results, Excel subprogram that in Microsoft Office 2013 software
was used. In order to determine and monitor relationship between the stations in terms of heavy
metal pollution, IBM SPSS Statistics® 22 software
was used. Manova method in SPSS software was
applied to generate correlation analysis according to
the lichen-element data. These include Multivariate
Tests and Plot Graphics (Figs. 3.A-J).

ground and homogenized using plastic mill. Mineralization of lichen samples was carried out using a
Microwave digestion system (CEM Mars X-press).
In the laboratory, lichen samples were air-dried and
stored in polyethylene bags until chemical analysis.
As potential air pollution factors in Istanbul,
ten elements (Al, As, Cd, Cr, Fe, Ni, Mn, Pb, V
and Zn) have been specified and analysed in ICPMS (Inductively Coupled Plasma±Mass Spectrometer) at the laboratory of the Department of
Environmental Engineering, Marmara University.
Efficiency of the digestion procedure and the quality of analytical results were evaluated by analysing
a certified reference material, IAEA-336 Lichen
(International Atomic Energy Agency, Vienna),
with the same procedures adopted for the samples
(Table 3).

February

March

April

May

June

July

August

September

October

November

December

Temperature (°C)
Total Precipitation (kg/m2)

January

Monthly
Average
Values
(1970-2011)

TABLE 1
Long period monthly average values for temperature and precipitation in Istanbul

6.6
78.3

6.6
64.3

8.4
60.1

12.7
50.0

17.4
29.3

22.1
26.7

24.5
22.3

24.2
24.0

20.8
36.9

16.4
71.8

11.9
74.3

8.5
94.8

FIGURE 1
Sampling sites in the European side of Istanbul numbered 1 to 12
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1 Res.
2 Res.-Ind.
3 Res.-Ind.
4 Res.
5 Res.-Ind.
6 Res.
7 Res.
8 Res.
9 Res.
10 Res.
11 Mil.
12 Res.-Ind.

Yildiz Technical University
Davutpasa Campus, Esenler
Istanbul University Avcilar
Campus, Avcilar
Istanbul Technical University
Ayazaga Campus, Sisli
Sisli Armenian Cemetery, Sisli
Ataturk Park, Arnavutkoy
Ataturk Forest, Bakirkoy
Bogazici University South
Campus, Besiktas
Tekke Park, Eyup
Findikli Park, Beyoglu
Bakirkoy Psychiatric Hospital,
Bakirkoy
47th Motorized Infantry Regiment, Esenler
Bagcilar State Hospital,
Bagcilar

Distance to
Main Road (m)

Altitude (m)

Longitude

Latitude

Substrate

Location

Sampling Site
No. Section

TABLE 2
Information about the 12 sampling sites in the European side of Istanbul

Platanus orientalis L.

41°01'19.70"N

28°53'29.10"E

67

375

Populus tremula L.

40°59'24.90"N

28°43'25.90"E

90

467

Platanus sp.

41°06'28.50"N

29°01'34.60"E

127

55

Fraxinus sp.
Salix babylonica L.
Pistachia terebinthus L.

41°03'57.90"N
41°09'25.90"N
40°58'49.20"N

28°59'30.50"E
28°37'00.04"E
28°47'18.80"E

119
141
55

63
35
650

Fraxinus excelsior L.

41°05'05.00"N

29°02'50.60"E

115

81

Robinia pseudoacacia L.
Cercis siliquastrum L.

41°03'19.40"N
41°01'53.20"N

28°56'20.40"E
28°59'23.90"E

1
1

91
21

Morus sp.

40°59'26.80"N

28°51'59.60"E

20

520

Fraxinus sp.

41°03'39.96"N

28°52'41.74"E

140

370

Fraxinus angustifolia
Vahl.

41°02'02.10"N

28°52'15.50"E

104

46

Res. Residential area, Ind. Industrial area, Mil. Military area
TABLE 3
Comparison of measured SSPȝJ DQGcertified element concentrations of standard reference material
(IAEA-336) analysed by ICP-MS
Analyte
Value
95% C.I.
N
R/I/C
R.V.
680
570 - 790
15
I
700.3
Al
1.47
1.25 ± 1.69
8
I
1.26
V
1.06
0.89 - 1.23
22
I
0.91
Cr
63
56 ± 70
29
R
60.63
Mn
430
380 - 480
35
R
404.00
Fe
*
*
*
*
2.12
Ni
30.4
27.0 - 33.8
38
R
31.5
Zn
0.63
0.55 - 0.71
17
R
0.64
As
0.117
0.100 - 0.134
14
I
0.13
Cd
4.9
4.3 - 5.5
23
I
5.35
Pb
Value Concentration calculated as a mean of accepted laboratory means N Number of accepted laboratory
means which are used to calculate the recommended or information values and their respective confidence intervals.
R/I/C Classification assigned to the property value for analyte (Recommended/ Information/Certified)
R.V. IAEA-336 laboratory result (Reference Value)
* No certified

trations of the elements analysed were obtained
within the limits of their certified values.

RESULTS AND DISCUSSION
Multi-element analysis. The lichen biomonitoring technique was applied to study multi-element
atmospheric deposition in the European side of
Istanbul at 12 specified sites. The data of element
analysis in ICP-MS, concentrations measured in
the lichen samples (P. adscendens), were given in
μg gí1 dry weight in Table 4. The results of the
reference material analysis showed that the concen-

Spatial distribution of elements. The spatial
distribution maps of each element in the study area
based on analysis processed in ArcGIS 10.0 were
indicated in the Figs. 2.A-J, according to mean
values of deposition in P. adscendens.
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REF.

12
Res.-Ind.

11
Mil.

10
Res.

9
Res.

8
Res.

7
Res.

6
Res.

5
Res.-Ind.

4
Res.

3
Res.-Ind.

2
Res.-Ind.

1
Res.

AGE

Elements

TABLE 4
Element concentrations of Physcia adscendens samples (μggí1 dry weight) from 12 sites within
the European side of Istanbul

Young 1802.5 3108.7 3049.9 5038.6 2088.8
1587.6
1596.7 3437 2028.6 3151.4
2891
3963.4
Old 3808.7 3332.7 514.22 1317.4 500.08
482.93
1393 2507.4 3052 4443.6 688.66 5540.5 700.3
Mean 2805.6 3220.7 1782.06 3178 1294.44 1035.265 1494.85 2972.2 2540.3 3797.5 1789.83 4751.95
Young 1.42
1.56
1.37
2.78
1.37
1.01
1.13
3.27
1.25
1.9
1.65
2.17
0.64
Old
2.36
1.96
0.8
2.18
1.29
0.71
0.83
2.32
1.54
2.25
1.82
3.06
As
Mean
1.89
1.76
1.085
2.48
1.33
0.86
0.98
2.075
1.735
2.615
2.795 1.395
Young
2.4
0.23
0.83
4.02
2.34
3.43
4.54
5.59
2.1
3.27
0.18
0.98
0.13
Old
4.65
0.32
1.92
1.29
2.66
1.39
1.85
1.99
3.23
1.26
1.17
1.5
Cd
Mean 3.525
0.275
1.375
2.655
2.5
2.41
3.195
2.665
2.265
0.675
1.24
3.79
Young 5.08
6.47
6.28
11.61
6.5
3.38
3.41
6.99
4.53
7.3
6.99
9.89
0.91
Old
10
7.09
1.88
4.57
2.43
1.51
3.7
6
7.53
12.26
2.62
13.69
Cr
Mean
7.54
6.78
4.08
8.09
4.465
2.445
3.555
6.495
6.03
9.78
4.805
11.79
Young 1590.4 2680.3 2962.4 4979.1 1656.9
1328.6
1220.8 2547.3 2071.3 2809.1 2867.2 4014.5
Old
3332
2814
755.3 2228.1 616.56
520.87
1233.4 2435.3 2669.1 3388
924
5264.7 404
Fe
Mean 2461.2 2747.15 1858.85 3603.6 1136.73 924.735 1227.1 2491.3 2370.2 3098.55 1895.6 4639.6
Young 6.22
58.96
22.97
56.5
28.85
35.43
20.76
10.77 10.79
40.19
38.56
49.13
91.63
45.9
30.42
44.58
12.78
38.03
19.59
0.74
12.15
47.1
51.09
87.64 60.63
Mn Old
Mean 48.925 52.43
26.695 50.54 20.815
36.73
20.175 5.755 11.47 43.645 44.825 68.385
Young 12.47
14.1
8.72
21.72
7.63
14.05
10.31
16.44 14.04
10.88
8.05
10.36
2.12
Old
15.97
14.74
5.59
9.06
12.81
7.58
7.95
8.5
22.96
13.43
6.48
13.74
Ni
Mean 14.22
14.42
7.155
15.39
10.22
10.815
9.13
12.47
12.155
7.265
12.05
18.5
Young 32.25
13.27
19.4
47.25
28.39
7.47
22.82
43.64
7.64
18.59
16.48
26.93
5.35
Old
40.03
12.94
29
20.29
0.16
26.02
30.63
31.3
21.15
30
22.32
2.42
Pb
Mean 36.14 13.105
24.2
33.77 14.275
16.745
26.725 37.47 14.395 24.295
19.4
14.675
Young 3.89
16.85
8.15
10.79
3.67
4.25
3.45
6.61
5.97
6.37
7.06
8.24
1.26
Old
7.84
17.77
2.36
4.2
1.29
2.37
3.22
5.66
8.55
8.76
2.57
11.89
V
Mean 5.865
5.255
7.495
2.48
3.31
3.335
6.135
7.26
7.565
4.815
10.065
17.31
Young 47.36
10.51
36.6
26.5
30.51
43.54
51.53
33.98 39.12
25.02
4.94
64.78
Old
43.97
12.03
36.97
19.71 228.62
55.69
38.49
49.35 76.79
88.48
108.36
17.99
31.5
Zn
Mean 45.665 11.27
36.785 23.105 129.565 49.615
45.01 41.665 57.955 56.75
56.65
41.385
REF. Reference value, bold ZULWWHQYDOXHV³PRVW´SROOXWHG
Al

Al: The highest aluminium levels were observed in Bagcilar (12, Res.-Ind.), Bakirkoy (10,
Res.) and Avcilar (2, Res.-Ind.) districts (Table 4).
Copper, zinc and manganese components of aluminium are known to be used in aircrafts, rockets
and vehicles and in manufacture of doors and windows [34], and it is observed that both vehicle traffic and air traffic are intense in these residential and
industrial regions. Distribution of Al in the study
area is indicated in Fig. 2.A.

Cd: The highest cadmium levels were recorded in Eyup (8, Res.), Esenler (1, Res.) and Besiktas
(7, Res.) districts (Table 4). Cadmium is present as
an impurity in non-ferrous metals (zinc, lead, and
copper), iron and steel, fossil fuels (coal, oil, gas,
peat, and wood), cement, and phosphate fertilizers
[36]. The settlements of these districts are generally
heated by natural gas, but there are also houses
using fossil fuel. Distribution of Cd in the study
area is indicated in Fig. 2.C.

As: The highest values of arsenic were measured in Eyup (8, Res.), Bagcilar (12, Res.-Ind.) and
Sisli (4, Res.) districts (Table 4). Arsenic is added
to insecticides to increase its effectiveness [35].
Based on this information, since the lichen samples
are collected from trees in parks, gardens and cemeteries in these districts, it is thought that the high
level of arsenic is due to insecticides used in the
maintenance of the trees in these regions. Distribution of As in the study area is indicated in Fig. 2.B.

Cr: The chromium accumulations of the lichen samples has been found highest in Bagcilar
(12, Res.-Ind.), Bakirkoy (10, Res.) and Sisli (4,
Res.) districts (Table 4). Cr has been used in automobile industry [34]. By means of erosion and
corrosion, it arrives at lichens by the driving force
of dominant winds in the air mixing with exhaust
gases and accumulates through the lichen thalli.
That is why the amount of chromium is higher in
lichen samples which are picked up from the locations having the traffic jam in dense. Distribution of
Cr in the study area is indicated in Fig. 2.D.
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FIGURE 2
Distribution of elements in study area
Fe: Lichen samples with the highest values of
iron were detected in Bagcilar (12, Res.-Ind.), Sisli
(4, Res.) and Bakirkoy (10, Res.) districts (Table 4).
Iron being used as row materials in construction
emits to the atmosphere during the processing and
so it can accumulate in lichen thalli. For instance,
trees in Bagcilar from which the lichens were collected are very close to Metro construction. Distribution of Fe in the study area is indicated in Fig.
2.E.

Ni: High nickel accumulation was highest in
the lichen samples collected from Besiktas (9,
Res.), Sisli (4, Res.) and Avcilar (2, Res.-Ind.)
districts (Table 4). Nickel concentrations in ambient
air vary considerably and the highest values have
been reported from highly industrialized areas [37].
In this study, high nickel deposition was observed
in the lichen samples close to the main road. Distribution of Ni in the study area is indicated in Fig.
2.G.

Mn: In Bagcilar (12, Res.-Ind.), Avcilar (2,
Res.-Ind.) and Sisli (4, Res.) districts had the highest manganese levels. The lichen samples were
collected closer to the main roads and side streets
(Table 4). The region has intense exhaust fumes.
Distribution of Mn in the study area is indicated in
Fig. 2.F.

Pb: Lichen samples showed the highest concentrations of lead in Eyup (8, Res.), Esenler (1,
Res.) and Sisli (4, Res.) districts (Table 4). Vehicles
that use leaded gasoline cause the level of Pb to rise
in the vicinity of highways [34]. That locations
where the level of Pb is high are near the highways
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Element concentrations for all the lichen
samples regardless of age in declining order of
mean values compared with the reference value
are as follows: Cd > Cr > Fe > Ni > V > Pb > Al >
As > Zn > Mn (Table 4). High emission of the
elements including Cd, Cr, Ni and Pb is probably
due to coal burning and long-distance transport of
particulate matter. In generally, the highest heavy
metal concentration values were measured close to
the heavy-traffic areas of the city. Because of urbanization and traffic-sourced metal pollution rising
up currently in the metropolitan, it is a big necessity
to take serious steps to stop or prevent increase in
the levels of air pollution.

confirm this information. Distribution of Pb in the
study area is indicated in Fig. 2.H.
V: Samples of lichens with the highest values
of Vanadium were collected from Avcilar (2, Res.Ind.), Bagcilar (12, Res.-Ind.) and Bakirkoy (10,
Res.) districts (Table 4). Vanadium is used in manufacture of stainless steel [34], and there is a steel
piston factory very close to the area where the lichen samples are collected. Distribution of V in the
study area is indicated in Fig. 2.I.
Zn: Lichen samples collected from Arnavutkoy (5, Res.-Ind.), Besiktas (9, Res.) and
Bakirkoy (10, Res.) districts showed the highest
values of zinc (Table 4). They were collected over
the trees in the parks, and Zn has been occasionally
sprayed the trunks of trees to support the mineral in
these parks. This is one of the reasons for excessive
zinc accumulation (about 4 times the reference
value) in the lichen samples collected from the
parks in Arnavutkoy. In addition, the warming of
the houses in this region is provided by coal. Distribution of Zn in the study area is indicated in Fig.
2.J.
As the result of analyses in the study, the
most polluted site on account of Al, Cr, Fe and
Mn elements is the garden of Bagcilar State Hospital (Bagcilar, 12), on account of As, Cd and Pb
elements is Tekke Park (Eyup, 8), on account of
Zn element is Ataturk Park, (Arnavutkoy, 5), on
account of Ni element is Findikli Park (Beyoglu,
9) and on account of V element is the Istanbul
University Avcilar Campus (Avcilar, 2).

Statistical analysis. Multivariate statistical
analysis method was performed to reveal the
FRUUHODWLRQ IRU WKRVH SDUDPHWHUV RI OLFKHQ¶V DJH
distance to main road and sampling area of lichen
with the element concentrations by Two-Way
MANOVA method in SPSS software.
7KHFRUUHODWLRQEHWZHHQWKHHIIHFWVRI³$*(´
DQG³'705 GLVWDQFHWRPDLQURDG ´IRUWKHOLFKHQ
VDPSOHV¶ HOHPHQW YDOXHV ZHUH DQDO\VHG E\ Multivariate Tests. The distance was separated to two
JURXSVQDPHG³FORVH´ XSWRPHWHUV DQG³IDU´
(at least 100 meters). In this Factor analysis, the
IL[HG IDFWRUV DUH ³DJH´ DQG ³GLVWDQFH´ DQG WKH
dependent variables are elements. The age scale of
lichen refers to the diameter of lichen sample.
In the Table 5, the significance (Sig.) values
LQGLFDWHWKDW$*(¶VYDOXHLVKLJKHU'705¶VYDOXH
LV ORZHU WKDQ  ZKLFK PHDQV $*(¶V HIIHFW RQ
the element values of lichens is meaningless but
'LVWDQFHWR0DLQ5RDG¶VHIIHFWKDVPHDQLQJ

TABLE 5
Correlation between lichen element content and the tZRYDULDEOHVOLFKHQV¶DJHDQGGLVWDQFHWRPDLQURDG

Effect
Intercept

AGE

DTMR

AGE * DTMR

Value
.968
.032
30.541
30.541
.469
.531
.882
.882
.709
.291
2.442
2.442
.340
.660
.515
.515

F
64.136a
64.136a
64.136a
64.136a
.673
.781a
.882
1.941b
5.128a
5.128a
5.128a
5.128a
.450
.485a
.515
1.133b

Multivariate Testsc
Hypothesis df
10.000
10.000
10.000
10.000
20.000
20.000
20.000
10.000
10.000
10.000
10.000
10.000
20.000
20.000
20.000
10.000

Error df
21.000
21.000
21.000
21.000
44.000
42.000
40.000
22.000
21.000
21.000
21.000
21.000
44.000
42.000
40.000
22.000

Sig.
.000
.000
.000
.000
.830
.720
.609
.094
.001
.001
.001
.001
.972
.958
.943
.383

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level
c. Design: Intercept + AGE + DTMR + AGE * DTMR
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Partial Eta Squared
.968
.968
.968
.968
.234
.271
.306
.469
.709
.709
.709
.709
.170
.188
.205
.340
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FIGURE 3
Plots of HOHPHQWYDOXHVDFFRUGLQJWROLFKHQ¶V³DJH´DQG³GLVWDQFHWRPDLQURDG´
TABLE 6
Correlation with element values according to sections of the sampling area

Effect

Value

F

Multivariate Testsd
Hypothesis Error
Sig.
df
df
10.000
24.000
.000
10.000
24.000
.000
10.000
24.000
.000
10.000
24.000
.000
20.000
50.000
.001
20.000
48.000
.001
20.000
46.000
.001
10.000
25.000
.001

Partial Eta
Squared
.931
.931
.931
.931
.554
.564
.573
.647

Noncent.
Parameter
325.573
325.573
325.573
325.573
62.161
62.068
61.827
45.757

.931
32.557a
.069
32.557a
Intercept
13.566
32.557a
13.566
32.557a
1.108
3.108
.190
3.103a
Stat
2.688
3.091
1.830
4.576c
a. Exact statistic
b. Computed using alpha = .05
c. The statistic is an upper bound on F that yields a lower bound on the significance level.
d. Design: Intercept + Stat

Observed
Powerb
1.000
1.000
1.000
1.000
.997
.997
.996
.990

TABLE 7
Comparison of elemental compositions within the other biomonitoring studies in Turkey and
other countries
Scientist
and
Publish
Date

Scerbo
et al. [7]

Demirbas
[38]

Study
Area

LivornoITALY

TrabzonTURKEY

Lichen
Samples
Al
As
Cd
Cr
Fe
Mn
Ni
Pb
V
Zn

Xanthoria
parietina
***
1,3
0,16
7,52
***
***
6,26
11,85
3,74
46

Physcia
adscendens
***
***
2,69
8,22
***
47,18
0,78
6,31
***
71,06

Rosamilia
et al. [39]
BOSNIAHERZEGOVINA
Physcia
adscendens
***
2,22
***
15,5
2971
***
***
***
***
117

Uluozlu
et al. [30]
OrduTURKEY
Physcia
adscendens
***
***
0,32
2,39
402
94,1
3,76
32,8
***
36,9

Kinalioglu
et al. [29]

DogrulDemiray
et al. [28]

Kurnaz &
Cobanoglu
(Present study)

SamsunTURKEY

KocaeliTURKEY

Physcia
adscendens
***
***
97,233
***
***
***
***
101,395
***
67,6

Xanthoria
parietina
1500
1,9
0,48
***
3075
90
6,1
40
9,5
166

European Side
of IstanbulTURKEY
Physcia
adscendens
2555,22
1,75
2,21
6,32
2371,22
35,87
11,89
22,93
6,74
49,62

*** Unmeasured, all are mean values in μggí1 dry weight, EROGZULWWHQYDOXHV³PRVW´SROOXWHG
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probably because of intense air and land traffic. On
the other hand, Pb contamination in Istanbul which
has very heavy traffic, is surprisingly lower than in
Kocaeli, Ordu and Samsun cities, however higher
than in Trabzon, and again higher than Livorno in
Italy. Here, the effect of the use of unleaded gasoline and public transport is great. The other elements are in average values comparing to the other
studies (Table 7).

The obtained data according to the age and the
distance variables are also shown by plot analysis
(Fig. 3.A-J). In the graphs, the element values of
lichens of all ages near and far from the main road
are visualized. Distance to main road (DTMR)
effects the element level change in lichens, depending to age. For example, lichens far away from the
main road has high levels of vanadium (V) element
at both young and old age (between 7500-8000),
while the lichens close to the main road are examined, averagely they have lower vanadium values,
and it can be seen that younger ones have higher
vanadium values than older ones (between 50005500 and 6500-7000) (Fig. 3.I). It is seen that all
elements, except vanadium (V) and manganese
(Mn), accumulated more in the young lichens near
the main road than young lichens which are far
from the main road. If the average values of the
lichens are examined, the same result is concluded.
When old lichens are analysed, those lichens near
the main road accumulate more elements except
from cadmium (Cd) and zinc (Zn), than lichens that
are far from the main road.
The correlation analysis was also performed
IRU WKH HIIHFW RI ³VDPSOLQJ DUHD´ RQ HOHPHQW FRQ
tents of the lichens, and shown in the Table 6. The
sampling sites were separated to three sections as
Residential, Industrial and Military areas in the city.
The values in the Partial Eta Squared column
are higher than 0.05; that means the effect of sampling areas to element values is high (Table 6). The
sig. column of Stat row indicates if the element
YDOXHV JHW DIIHFWHG E\ SHRSOH¶V OLYLQJ DUHDV 5HV
Res-Ind and Mil.). The value higher than 0.05
PHDQV WKDW HOHPHQW YDOXHV DUHQ¶W DIIHFWHG E\ VDP
pling areas, if the value is lower than 0.05 it means
the sampling area affects element values.
Through the statistical data, it can be seen that
Al, As, Ce, Fr, Mn, V and Zn elements are not
affected by the area, but Cd, Ni and Pb elements
showed a statistically significant correlation with
the area of industrial sampling sites. In addition,
these elements also indicated correlation with the
distance to the main road.

CONCLUSION
Even though having industrial activities is not
the main reason of air pollution, a heavy traffic on
land and on the sea, is one of the most serious pollution causes in Istanbul city. Natural gas has been
used since 1992 in urban for commercially and in
domestic heating in Istanbul. However, the air quality levels are still low according to the measurements in 2000s which is reported by the Istanbul
Metropolitan Municipality that emissions for PM 10,
SO2, NOx and CO. So, it is a necessity to follow
alterations in the levels of pollutants periodically. In
a recent study evaluating the air quality estimate in
Istanbul based on data from literature [40], it was
stated that SO2 emissions were primarily due to the
use of fossil fuels in industrial and residential areas,
while PM10 emissions were caused by residential
heating and traffic and NOx emissions from traffic
again.
In the present study, it is attempted to evaluate
the airborne metal deposition in the European side
of Istanbul (specified with 12 sites) for the first
time in terms of biomonitoring with lichens, using
P. adscendens. In generally, the highest heavy
metal concentration values were measured close to
the main roads in the areas with heavy traffic. The
highest spatial distribution was detected in Cd, Cr,
Fe and Ni elements. The air quality of the study
area in the past and at present was aimed to determine by analysing lichen samples with different size groups (ages). A significant effect of the
age could not be determined but the distance
from the main road and the sampling area factors
had more pronounced effects on the accumulation of all the elements in lichens. Particularly
Cd, Ni and Pb elements showed a statistically significant correlation with the area of industrial sampling sites.
This work will contribute to air quality assessments of Istanbul in a biological perspective,
specifically with lichens as significant tools for
estimating air quality. The overall results of this
study indicate obviously, an alarming air pollution
problem in the European side of Istanbul. The findings of this study not only provided valuable data
about the present air pollution level of the city but
also will maintain a baseline for the future biomonitoring studies in the region and its surroundings.

Comparison of results with other studies.
Some of the studies based on the measurement of
air quality through lichens in Turkey and other
countries using two lichen species (P. adscendens and X. parietina) due to the biomonitor
characteristics, were compared with the results of
the present study. Mean values of the elements in
similar lichen species collected from several places
in Turkey and in Italy and Bosnia-Herzegovina
were displayed in the Table 7. Regardless of the
lichen species and the collecting dates, distribution
of elements in different cities was interpreted.
The means for Al and Ni in the present study,
attract attention with much higher values than those
in the others, even in the industrial city Kocaeli,
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MAIZE CULTIVARS DIFFERING IN GENETIC PROFILES
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plies a new fertilisation system (a new approach to
this cultivation procedure), which enhances the
volume and yielding stability of crops at the simultaneous negligible negative environmental impact
on the surrounding areas [2].
Among all plant nutrients nitrogen is the one
which determines the volume of produced yields
[3], while at the same time it has a tremendous
impact on the natural environment causing its eutrophication [4]. For this reason studies are conducted on the potential to increase efficiency of
applied mineral fertilisation in maize growing and
rationalisation of nitrogen management by that
crop. One of the methods enhancing nitrogen utilization is to balance its applied rates with magnesium [5]. On the other hand, breeding works are conducted aiming at the production of new maize cultivars more efficiently utilizing nitrogen (N), with
higher uptake rates or more efficient management
of plant nitrogen. This constitutes an alternative
management strategy for this nutrient. Knowledge
on the physiology, genetics, nitrogen uptake and
use is necessary to generate of new cultivars characterized by a more efficient nitrogen management.
More efficient genotypes may be found thanks to
the high variability exhibited by maize, thus it may
be possible to find genotypes producing good yields
under nitrogen stress conditions [6]. Introduction of
stay-green cultivars, in which grain ripening occurs
while whole plants remain fully green [7], results in
a situation when in contrast to conventional cultivars the hierarchy of importance of individual nutrients modifying its volume is different during the
formation of grain yield [8]. The classic model of
nitrogen collecting is that the plants accumulate
from 85 to 100% of the required component in the
vegetative growth phase, while during the phase of
grain maturation the remobilization process of organic nitrogen compounds accumulated in the resource vegetative growth phase occurs and a small
collecting of the soil resources. A classic example
(model) of the accumulation of nitrogen, phosphorus, potassium and magnesium an ES Palazzo hybrid was characterized. Index of remobilization

ABSTRACT
The field experiments were conducted in the
years 2009±2011. The paper presents an analysis of
variation and interdependencies of components of
grain yield structure with grain yield for two maize
hybrids differing in their genetic profiles in view of
varied soil resources of N and Mg. The simple
correlation analysis and the path coefficient analysis
were used to evaluate dependencies between grain
yield and components of yield structure. Values of
grain yield structure components were more advantageous in the stay-green hybrid than in the conventional cultivar. In cv. ES Palazzo the greatest direct
effect, corresponding to the standardized partial
regression coefficients, on the volume of grain yield
was found for 1000 kernel weight (0.85), while for
the hybrid ES Paroli stay-green it was the number
of productive ears per unit area (0.67). The analysis
of variance results indicated that effects of years,
cultivars and year × nitrogen application rates interaction were significant for all the observed traits.
Under conditions of the field trials the application
of Mg as a macroelement determining grain yield
structure components was inefficient.
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INTRODUCTION
The main objective of crop fertilisation is to
supply nutrients in adequate amounts, optimal application dates and in appropriate fertiliser forms
and to maintain or improve soil fertility [1]. For this
purpose a new model of balanced fertilisation of
crops is being introduced. It determines management of nutrients in soil thanks to the ability to
diagnose plant nutrient requirements, maintenance
of mineral nutrient balances and introduction of
modern fertiliser application techniques. This im-
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the granular triple superphosphate 46% P2O5, and
potassium at dose of 120 kg K2O.ha-1 as potassium
salt 60% K2O. Nitrogen was used as the experimental design. Nitrogen fertilizers, phosphorus,
potassium and kieserite were sown before maize
sowing. Seeding of maize was made by the 4-row
seed drill by Monosem company. The content in the
soil of phosphorus, potassium and magnesium in
individual years of research developed at the following levels: year 2009 (82.0 mg P kg-1 of soil;
146 mg K kg-1 of soil; 44.0 mg Mg kg-1 of soil),
year 2010 (86.0 mg P kg-1 of soil; 117.0 mg K kg-1
of soil; 40.0 mg Mg kg-1 of soil), year 2011 (139.0
mg P kg-1 of soil; 66.0 mg K kg-1 of soil; 81.0 mg
Mg kg-1 of soil). The effect of temperature and
humidity factors is best described in a comprehensive manner by the hydrothermal water supply
index [K] according to Szulc and Bocianowski [11]:
10 · monthly precipitation total [mm]
Number of days · mean daily air tem=
perature in a given month [°C]
Values of this index for individual months in
the vegetation seasons of maize are given in Figure
1. Interpretation of the hydrothermal index according to Sielianinow: K > 1.5 ± excessive moisture for
most plants, 1 < K < 1.5 ± sufficient moisture for
most plants, 0.5 < K < 1.0 ± insufficient moisture
for most plants, K < 0.5 ± drought.
A maize, despite the low rate of transpiration
(368 dm3 kg-1 dry matter) and a rich and deep root
system requires good moisture conditions. The
reason is the high production of dry weight per unit
area requiring use of significant amounts of water.
To produce 5-6 tons of grain and 10-13 tons of
fresh mass of 1 ha it takes 2.6-3.4 million liters of
water, i.e. much more than other cereals. A maize
demand for water is different in different stages of
its development. In general we can determine three
major periods of sensitivity of plants for humidity:
1) the increasing demand for water ± the period is
disclosed in stage of the 6th leaf. From that moment
dominates a model of exponential growth in demand canopy to the stage throwing panicles, where
demand for water reaches its maximum value. 2)
stabilization period of about 10 mm rainfall/day ±
on the stage of discarding panicles to maturity watery kernel. 3) the slow reduction of water needs
until the appearance in grain stage of "black spots".
An aqueous stress from phase stage BBCH 18 to
the ejection of panicles continuing for 20 days
causes a loss of yield of 50% of maximum yield.
Annual rainfall of about 450-550 mm, with a preferred distribution of them in the growing season
fully meet the needs of moisture maize.
Random samples for moisture content analyses were collected from the threshed mass in each
plot. Measurements were taken using a Super Matic
electronic hygrometer. Samples collected for moisture analyses were 250 g in weight. Results are
given in percent accurate to two decimal places.

(movement) of organic compounds was positive, ie.
in the phase of generative growth (grain pouring)
the variety uses the resources accumulated in the
phase of vegetative growth. On the other hand, the
behavior of thH SODQW YDULHW\ LQ WKH W\SH RI ³staygreen´ is diametrically different. Remobilization
index, movement of nitrogen, phosphorus and magnesium to the variety was negative, while positive
for potassium. It presents that the main source of
accumulation of macronutrients in the generative
growth phase were soil resources. Such behavior of
plants of a type "stay-green" should imply a system
of nitrogen and other nutrients fertilization. There
should be only applied the slow-release fertilizers,
eg. urea. A lack of nitrogen, phosphorus and magnesium in the soil in adolescence of maize of type
"stay-green" is a classic example of the minimum
right of J. von Liebig. The utilitarian value (innovation) of the presented paper are: The condition for
the use of biological progress, which is represented
by a new generation of maize is to identify aspects
of the physiology of yield and on this basis to develop their nutrition. Hence, it is very important to
know the relationship between the size of the grain
yield and the structure of its yield.
It was assumed in the experimental hypothesis
that the effect of individual yield structure components in the yield of grain may be different depending on the genetic profile of the cultivar, the application of nitrogen and magnesium. Thus the aim of
the field trials was to assess the effect of individual
yield structure components on its volume for two
different types of maize cultivars at varying soil
resources of N and Mg. The path analysis was used
for this purpose.

MATERIALS AND METHODS
The field experiments were performed at the
Department of Agronom\WKH3R]QDĔ University of
Life Sciences, in the fields of the Teaching and
Experimental Station in Swadzim in the years
2009±2011. They were conducted in the random
block (split-split-plot) design with three experimental factors in four field replications. The experiment was carried out to investigate the effect of
four application rates of urea (0, 50, 100, 150 kg N
ha-1), two rates of magnesium (0, 25 kg MgO ha-1
applied as kieserite) on grain yield structure in two
maize cultivars of different genetic profiles, i.e. ES
Palazzo [FAO 230-240] and the stay-green (SG) ES
Paroli [FAO 250]. The effect of analysed experimental factors on the formation of maize grain yield
in this experiment was presented in an earlier study
[9]. Nutrient contents in soil prior to the establishment of the experiment, applied cultivation
measures, i.e. tillage method, P and K fertilisation,
were presented in the study by Szulc et al. [10].
Phosphorus at dose of 80 kg P2O5 ha-1 was used as
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(Y×N×MgO), years u nitrogen rates u cultivars
(Y×N×C), years u magnesium rates u cultivars
(Y×MgO×C), nitrogen rates u magnesium rates u
cultivars (N×MgO×C), years u nitrogen rates u
magnesium rates u cultivars (Y×N×MgO×C) on
1000 kernel weight (TKW), number of kernels per
ear (NKE), number of productive ears (NPE), grain
moisture content (GMC), grain yield (GY). Mean
values and standard deviations of individual characteristics were calculated. Least significant differences (LSDs) were calculated for individual characteristics and on this basis homogeneous groups
were determined. Significance of differences was
estimated at Į = 0.05 using the t-Student test. Polynomial curvilinear regression was established for
means from years. The relationships between the
yield of grain and components of yield structure
was determined using the simple correlation analysis and the path analysis [12, 13]. Relationships of
the five observed traits of two cultivars of maize
were presented in the form of the scatterplot matrix
[14].

Yield components were measured as follows:
x Number of ears [ears m-2], all fully formed
ears were counted in the two middle rows of each
plot. Their number was divided by the area of plot
to be harvested.
x Number of kernels per ear [kernels], the
number of kernels in a row and the number of rows
were calculated on each of 10 randomly selected
ears. The number of kernels in an ear was obtained
from the product of these two values.
x 1000 kernel weight [g], this value was calculated by adding the results for two randomly
collected samples, containing 500 kernels each.
A four-way analysis of variance (ANOVA)
was performed to verify the hypothesis of a lack of
effects of years (Y), nitrogen application rates (N),
magnesium rates (MgO) and cultivars (C) and hypotheses about a lack of interaction between: years
u nitrogen rates (Y×N), years u magnesium rates
(Y×MgO), years u cultivars (Y×C), nitrogen rates u
magnesium rates (N×MgO), nitrogen rates u cultivars (N×C), magnesium rates u cultivars (MgO×C),
years u nitrogen rates u magnesium rates

TABLE 1
Mean squares from analysis of variance for studied traits of maize
1000
kernel
weight
Replication
3
1731.3
N
3
1566.9
Residual 1
9
429.6
MgO
1
795.8
N×MgO
3
341.7
Residual 2
12
228.5
Cultivar
1
23783***
N×Cultivar
3
372.8
MgO×Cultivar
1
32.6
N×MgO×Cultivar
3
314.1
Residual 3
24
201
Year
2
15440***
Year×N
6
1247.4*
Year×MgO
2
299.3
Year×Cultivar
2
5483***
Year×N×MgO
6
517.4
Year×N×Cultivar
6
231.4
Year×MgO×Cultivar
2
31.5
Year×N×MgO×Cultivar 6
164.2
Residual 4
96
414.3
d.f. - number of degrees of freedom
*, **, *** - P<0.05, P<0.01, P<0.001, respectively
Source of variation

d.f.

Number of kernels
per ear
3511
18998***
1191
1601
102
1255
521100***
3762
41
721
1427
10655**
7768***
840
32462***
2581
2660
1465
1401
1772

Number
of
productive ears
0.80
0.32
0.13
0.01
0.31
0.26
13.46***
0.45
0.72
0.02
0.29
12.80***
1.44***
0.32
1.01**
0.05
0.27
0.10
0.15
0.18

Grain
moisture
content
2.21
3.63*
0.58
2.10*
0.30
0.40
34.43***
0.50
0.08
0.27
0.55
682.27***
2.25*
0.40
4.77**
0.28
0.36
0.19
0.47
0.76

Grain yield
669.2
1750.4***
21.7
209.0
7.3
44.2
2709.5***
6.2
10.6
32.4
50.4
5407.4***
311.3***
113.4
67.9
7.3
49.2
19.1
23.2
53.3

TABLE 2
Mean values ± standard deviations of grain moisture content %
Experimental factor
Factor levels
Rate of nitrogen fertilisation
kg N·ha-1

LSD0.05
Rate of magnesium fertilisation
kg MgO·ha-1
LSD0.05
Type of cultivar
LSD0.05
Mean

0
50
100
150
0
25
ES Palazzo
ES Paroli SG

Years
2009
25.88 ±1.38
24.69 ±1.16
24.65 ±0.92
24.91 ±1.34
0.803
25.05 ±1.27
25.02 ±1.32
0.21
24.39 ±0.92
25.68 ±1.28
0.419
25.03 ±1.29
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Mean
2010
29.76 ±0.82
29.46 ±0.64
30.18 ±0.46
30.12 ±1.05
2.073
30.04 ±0.75
29.72 ±0.85
0.73
29.76 ±0.79
30.00 ±0.83
2.03
29.88 ±0.81

2011
24.05 ±0.91
23.56 ±0.63
23.51 ±0.74
23.55 ±0.80
1.78
23.81 ±0.77
23.53 ±0.79
0.64
23.16 ±0.51
24.17 ±0.69
0.302
23.67 ±0.79

26.56 ±2.63
25.90 ±2.71
26.11 ±3.03
26.20 ±3.05
0.96
26.30 ±2.87
26.09 ±2.84
0.15
25.77 ±2.98
26.62 ±2.66
0.201
-
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2009 and 2011 (Table 1, Figure 2). A significantly
greater water content in grain was observed in the
stay-green hybrid in comparison to the conventional
cultivar (Table 2). The above dependence was also
observed in 2010, although the difference was not
confirmed statistically. On average for the three
years of field trials a significantly greater water
content in grain was found for grain of the hybrid
ES Paroli SG in relation to grain coming from the
conventional cv. ES Palazzo. This difference
amounted to 0.85% points. Literature reports concerning the effect of the type of maize hybrid on
water content in grain during harvest are contradictory. Szulc and Bocianowski [11] confirmed the
result found in this study. In contrast, in another
study by this author [16] the effect of hybrid type
on water content in grain was opposite. The water
content of the grain is varied during the course of
the threshing of thermal and humidity conditions
during the ripening maize plants. Sunny and warm
weather in the period conducive to passing water,
resulting in a lower water content in the grain. Also,
the size of mineral fertilization significantly shapes
the value of this feature. Excessive nitrogen fertilization increases the maize puberty which results in
higher water content in the grain. A very important
role plays also earliness class of the hybrid and type
of maize grain. Hybrids with fewer FAO are characterized by the lower grain yield and the water
content in the grain, while the variety bring crops
up later and have a higher water content in the
grain. Between the types of maize there are also
significant differences in terms of the maturation
process and the possibility of obtaining any increases in grain yield. Otherwise behave type variations
of flint and dent. Therefore, to achieve the highest
grain yields and low costs of drying the harvest date
is necessary to adjust to the type of hybrid. For
variants of flint type where successive stages of
grain maturation front side of the kernel becomes
hard, thus decreasing its permeability to water. The
result of this situation is that the plant is forced to
transport the grains of assimilates by which places
greater resistance to the outer wall. From a practical
point of view, this situation means that at the fall
maize varieties yield increase of such type of grain
is slowed down with the increasing maturity of the
seeds. In fact, once the water content in the grain of
about 35% reduces growth rate is starch and the dry
weight of such varieties. For this reason, varieties of
flint type are more suited to an earlier harvest date.
In the case of varieties of the dent grain type, water
loss occurs with successive phases of maturation. It
is related to the permeability of the walls of the
grain, because in these varieties of grain side edges
become harder and less permeable to water, while
the front side is fine and soft and well drained. The
process of putting a permanent water occurs at low
humidity and dry leaves at the open ground cover
flask. Among the plant juices and relatively dry air

FIGURE 1
Values of coefficient [K] in vegetation periods
of maize

RESULTS AND DISCUSSION
Weather conditions found during the grain ripening stage constitute a primary factor influencing
grain moisture content at harvest, next to the earliness of the cultivar and fertilisation [15]. The grain
water content during threshing was significantly
modified by changing weather conditions between
years of the study (Table 1, Figure 2). The highest
value of this trait was recorded in 2010 ± 29.88%,
while it was lowest in 2011 ± 23.67% (Table 2). In
2010 the water supply index according to Sielianinow [K] for August and September was over 1
(Figure 1), which to a considerable degree determined the highest the grain water content recorded
in that year. Nitrogen fertilisation rate significantly
modified water content in grain only in the first
year of the study. The type of maize hybrid significantly changed the value of this trait in the years
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FIGURE 2
Boxplots of the values of the observed traits: (A) 1000 kernel weight, (B) number of kernels per ear, (C)
number of productive ears and (D) grain moisture content
TABLE 3
Mean values ± standard deviations of grain yield structure (2009±2011)
Experimental factor
Factor levels
rate of nitrogen fertilisation
kg N·ha-1
LSD0.05
rate of magnesium fertilisation
kg MgO·ha-1
LSD0.05
Type of cultivar
LSD0.05

0

Number of productive ears
[ears·m-2]
7.15 ±0.35
7.29 ±062
7.25 ±0.61
7.35 ±0.99
0.78
7.25 ±0.65

25

7.27 ±0.71

331.14 ±28.33

510.80 ±72.67

ES Palazzo
ES Paroli SG

0.32
7.00 ±0.61
7.53 ±0.64
1.04

12.78
322.04 ±29.54
344.30 ±19.90
3.548

10.02
565.78 ±50.37
461.59 ±51.23
11.939

0
50
100
150

1000 kernel weight
[g]
325.32 ±27.71
332.61 ±26.23
336.85 ±26.50
337.91 ±28.48
34.45
335.21 ±26.60

Number of kernels per ear
[pcs.]
484.22 ±89.52
520.88 ±66.48
521.75 ±62.33
527.91 ±63.16
16.155
516.58 ±73.14

in the plant restrict supply of assimilates from the
leaves, which in the form of starch deposited at an
early stage of development of grain, leading to the
death of ovary and reject young grains. Water plays
an important role in the formation of starch knobs
during growth [17]. Water shortages also affect the
metabolism of nitrogen in the soil. Collecting the

there is created a difference in water content, which
forces the plant to the alignment by transpiration or
giving up the water. This is the signal for the grower, it continues the process of deposition of starch,
and thus can also count on the increase in grain
yield. Grain yield of maize is determined to a large
extent, by the availability of water. Water shortages
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of productive ears per unit area as well as 1000
kernel weight (Figures 3A and 3B). In both cases
curves describing this dependence were plotted for
cv. ES Paroli SG in comparison to the conventional
hybrid ES Palazzo. We need to stress the fact that
an increasing level of nitrogen for cv. ES Paroli SG
resulted in an increase in the number of productive
ears, while for the traditional cultivar this dependence was inversely proportional. The results recorded in this study confirm earlier literature reports
[25, 26], who showed that a stay-green cultivar
responds better to a higher concentration of ammonia nitrogen in the soil. In this study this resulted
from a better stocking of plants before harvest and
more advantageous morphological traits of plants at
a higher nitrogen fertilisation rate applied as urea.

nitrate ion is dependent on the available water content in the soil, which is mobile only in the water
environment. The number of kernels in the flask is
determined during the flowering of female flowers
[18], while a major role in shaping the yield component of the conditions of play just before the
flowering. Both water stress and shortage of nutrients in the plant lengthen the period between fullness and flowering pollination of female flowers.
During too much time distance pollen is emptied by
receipts male before the female flowers can take
them [19]. The number of kernels in a flask likely
to be reduced by an increased number of single not
fertilized flowers [20]. The development kernels
can be stopped after fertilization, when water stress
is so large that it takes a drastic reduction in supply
of assimilates to the developing grains. During
pouring the grain flow rate of assimilates to grains
after flowering female flowers according Borras et
al. [21] determines their final mass. Tollenaar [22]
drew the hypothesis, which assumes that if growth
conditions deteriorate shortly after the number of
kernels was determined, maize streamlines delivery
of assimilates to the earliest initiated, and the average weight of the grains decreases.The yield of
grain in maize is a result of formation of individual
components of its structure, i.e. the number of
plants per area, the number of productive ears per
plant, the number of kernels per ear and 1000 kernel
weight. Potential number of reproductive structures,
that codetermine the potential yield together with
grain filling rate, is determined in turn from the
stage of three leaves (BBCH 13) and lasts up to the
stage of the fifth leaf (BBCH 15). In this growth
period the number of leaves and ears as well as ears
with spikelet primordia are determined [23]. Availability of nitrogen also affects the yield of grain in
maize due to its effect on the number of initiated
kernels and the reduction of the number of kernels
dying prematurely after fertilisation [20]. Among
the factors analysed in this study, only the type of
maize hybrid affected significantly on average the
1000 kernel weight (Table 3, Figure 2). A significantly greater number of productive ears per unit
area and 1000 kernel weight were recorded for the
hybrid ES Paroli SG in comparison to the traditional cv. ES Palazzo. This difference amounted to 0.53
ears·m-2 and 22.26 g, respectively (Table 3). The
1000 kernel weight is determined by the capacity of
the developing ear to accumulate nitrogen and the
capacity of vegetative organs of maize plants to
supply nitrogen and assimilates to the growing ear
[24]. Generally speaking, stay-green cultivars in the
autumn period, thanks to their still active vegetative
organs, assimilate longer, frequently up to full ripeness of grain, as a result of which a greater 1000
kernel weight may be expected in comparison to
conventional cultivars [7]. In this study the interaction of nitrogen fertilisation rate with the type of
maize hybrid was also shown to modify the number

FIGURE 3
Interactions of nitrogen fertilisation rates with
the type of maize hybrids in modification of the
number of productive ears (A), 1000 kernel
weight (B) and the number of kernels per ear
(C) ± (2009±2011)
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of higher doses of slow-release fertilizer such as an
urea is the major achievement of the paper. On the
basis, the nitrogen fertilization of such varieties
should imply the use of such fertilizers I) they are
more suited to the dynamics of demand relative to
the component II) plants are characterized by a
smaller loss during the growing season. Correlation
coefficients are typically used in order to determine
the dependence between the yield of grain and
components of yield structure [29]. Numerous authors indicated that dependencies observed between
traits of plants manifested during ontogenesis are
better described by path analysis [13, 30]. The analysis of path coefficients applied in this study facilitated a detailed interpretation of interactions in the
analysed cause and effect system (Figure 4). Due to
a lack of a significant effect of nitrogen and magnesium fertilisation rates on 1000 kernel weight and
the number of productive ears per unit area the
cause and effect dependencies for components of
yield structure and the yield of grain were limited in
this study solely to the type of maize hybrid (Table
4). In the presented study yield components were
cause variables, while the yield of grain was the
effect variable.

The number of kernels in ear was significantly
modified by the applied nitrogen fertilisation rate
and the type of maize hybrid (Table 3, Figure 2).
When analysing the nitrogen application rate it was
found that the lowest number of kernels per ear was
observed for 0 kg N ha-1 (484.22 kernels) in comparison to nitrogen rates of 50, 100 and 150 kg N
ha-1, for which the value of this trait was statistically identical (Table 3). When investigating the effect
of the type of maize hybrid on the number of
formed kernels per ear it was found that in cv. ES
Palazzo the number of kernels was by 104.19 higher in comparison to the hybrid ES Paroli SG. The
number of kernels per ear is a product of the number of kernels and rows in an ear. The number of
rows in ear is a genetic character. However, under
abiotic stress conditions the number of rows may be
reduced, having an adverse effect on the yield of
grain [27, 28]. The number of kernels per ear in this
study also depended on the interaction of the applied nitrogen fertilisation rate with the type of
maize hybrid (Figure 3C). The curve describing this
dependence for the conventional cultivar was plotted in comparison to the curve describing this dependence for the stay-green hybrid. Statement that
variation in the type of "stay-green" is more tolerant

FIGURE 4
A diagram of path coefficients for three yield components determining the yield
of grain for maize cv. ES Palazzo (A) and ES Paroli SG (B) ± (2009±2011)
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FIGURE 5
Scatterplot matrix for relationships of five observed traits of two cultivars of maize
(TKW ± 1000 kernel weight, NKE ± number of kernels per ear, NPE ± number of productive
ears, GMC ± grain moisture content, GY ± grain yield)
TABLE 4
Direct and indirect effects of yield components on grain yield of maize (2009±2011)
Simple correlation coefficients
Cause variation ± investigated character- effect variation
istic
yields

±

Path coefficients
grain Cause variation ± investigated characteristic
x1
x2
x3

ES Palazzo
1000 kernel weight ± x1
0.83*
0.85**
Number of kernels per ear ± x2
0.46**
0.56*
Number of ears ± x3
0.61**
0.55*
ES Paroli SG
1000 kernel weight ± x1
0.50**
0.19
Number of kernels per ear ± x2
0.88*
0.12
0.91*
0.05
Number of ears ± x3
*, ** ± P<0.05, P<0.01, bolded numbers ± direct effects (path coefficients)

-0.14
-0.21
-0.13

0.12
0.11
0.19

0.14
0.24
0.19

0.17
0.52
0.67**

the yield of grain through cause variables 1000
kernel weight and number of ears was positive
(Figure 4).
In the case of the stay-green cultivar the primary traits determining the yield of grain determined using correlations included the number of
ears (r = 0.91), the number of kernels per ear (r =
0.88) and 1000 kernel weight (r = 0.50) (Table 4).
The greatest positive direct effect on the yield of
grain was observed for the number of productive
ears per unit area (0.67). Its indirect effect on the
effect variable through the other cause variables
was positive. A lesser, but positive, indirect effect,

Primary traits determining the yield of grain in
cv. ES Palazzo established with the use of correlations were 1000 kernel weight (r=0.83), followed
by the number of ears (r=0.61) and the number of
kernels per ear (r=0.46) (Table 4). When comparing
direct effects corresponding to standardized partial
regression coefficients, it was stated that the 1000
kernel weight had the greatest positive direct effect
on the volume of grain yield (0.85), while the effect
was lower for the number of productive ears (0.19).
In turn, the number of kernels per ear (-0.21) had a
lower and at the same time negative direct effect on
the effect variable. However, its indirect effect on
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Soil. 272, 111-123.
[7] Chen, J., Liang, Y., Hu, X., Wang, X., and Tan,
F. (2010) Physiological characterization of
³VWD\ JUHHQ´ ZKHDW FXOWLYDUV GXULQJ WKH JUDLQ
filling stage under field growing conditions.
Acta Physiologiae Plantarum. 32, 875-882.
[8] Szulc, P., and Bocianowski, J. (2011a) Hierarchy of mineral uptake in the creation of generative yield. Fresen. Environ. Bull. 20(8a), 21352140.
[9] Szulc, P. (2013) Effects of soil supplementation with urea and magnesium on nitrogen uptake, and utilisation by two different forms of
maize (Zea mays L.) differing in senescence
rates. Polish Journal of Environmental Studies.
22(1), 239-248.
[10] Szulc, P., Bocianowski, J., and Rybus-=DMąF
M. (2013) Influence of soil supplementation
with nitrogen and magnesium on the size of assimilation area of maize cultivars (Zea mays
L.) differing in genetic profile. Electronic Journal of Polish Agricultural Universities, EJPAU.
16(2), #01.
[11] Szulc, P., and Bocianowski, J. (2012) The
effect of soil supplementation with different
forms of nitrogen fertiliser on modification of
generative yield in two different types of maize
(Zea mays L.) hybrids. Polish Journal Agronomy. 11, 52-64.
[12] Kozak, M., Bocianowski, J., and 5\ELĔVNL, W.
(2008) Selection of promising genotypes based
on path and cluster analyses. Journal Agricultural Science. 146, 85-92.

on the effect variable was found for the number of
kernels per ear (0.24) and 1000 kernel weight
(0.19). Their indirect effect on the cause variable
through cause variables was also positive (Figure
4). In this study, using correlations and path analysis it was found that for cv. ES Palazzo the 1000
kernel weight was the most yield-producing trait,
while for ES Paroli SG it was the number of productive ears per unit area. Also Szulc and Bocianowski [15] stated that the number of productive
ears per unit area is the most yield-producing trait
in maize as a crop species. Relationships between
observed traits of two cultivars of maize were presented on the Figure 5. Similar results were obtained by Otegui and Bonhomme [31].

CONCLUSIONS
1. A greater water content in grain was recorded in cv. ES Paroli SG in comparison to the
conventional cv. ES Palazzo.
2. Values of grain yield structure components, i.e. the number of productive ears and 1000
kernel weight, were more advantageous in the staygreen cultivar in comparison to the conventional
cultivar. In the case of the number of kernels per ear
the effect of the cultivar factor on values of this trait
was the opposite.
3. Cultivar ES Paroli SG was more resistant
to ammonia nitrogen concentration in soil as a result of urea hydrolysis in relation to the conventional hybrid ES Palazzo. This resulted from the fact
that for this cultivar the number of productive ears
per unit area increased with an increase in nitrogen
fertilisation rate.
4. In the case of cv. ES Palazzo it was found
that the positive direct effect on the volume of the
produced grain yield was observed for 1000 kernel
weight and the number of productive ears per unit
area. A lesser, this time negative direct effect on the
cause variable (yield of grain) was found for the
number of kernels per ear.
5. For the stay-green hybrid ES Paroli the
greatest, positive direct effect on the yield of grain
was recorded for the number of productive ears per
unit area. A lesser direct, but positive effect on the
cause variable was observed for the number of
kernels per ear and 1000 kernel weight.
6. Under conditions of the field trials the application of magnesium as a macroelement did not
showed influence in determining grain yield structure components.
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ABSTRACT
Tanning is a very important process in the
leather industry as it brings out the required characteristics in the raw materials, which are essential for
the quality of the finished product. However, intense
pressure from local and international environmental
regulations for the reduction or elimination of
chrome- containing solid waste from tannery effluent, has forced the leather industry to search for alternative tanning agents. Although there is no satisfactory replacement for chromium salt as yet, the
tendency is still towards chromium-free production,
ideally from renewable plant sources, and the production of metal-free leathers.
In this study, tannins of Acacia nilotica L. were
extracted with distilled water from the fruit of Acacia
nilotica L., composed of pods and seeds, using a
Koch extractor at 75ºC for 8h. The molecular weight
of the spray-dried tannins was measured by gel permeation chromatography (GPC), and matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) characterized by fourier transform infrared spectroscopy techniques
(FTIR-ATR). Tannins isolated from the Acacia nilotica L. fruit were quantitatively analyzed and a
qualitative analysis of the acacia- tanned leathers
was carried out with regard to shrinkage temperature, tensile strength, elongation at break, tear
strength, and grain crack. A color measurement of
the tanned leather was also carried out. Tanning with
20% Acacia nilotica L. tannin, based on skin weight,
provided the optimum physical-mechanical and hydrothermal stability properties. Tanning with extract
of Acacia nilotica L. resulted in relatively light- colored leathers with acceptable properties, comparable
to commonly- used vegetable tannins. These results
demonstrate the potential feasibility of using renewable plants for tanning purposes and tannin extract of
Acacia nilotica L. fruit as a viable vegetable tanning
material for the production of chromium-free leathers from sustainable resources.

INTRODUCTION
The tanning process is a crucial part of leather
manufacturing operations. It stabilizes the proteins
in raw skin or hides through the use of mineral and
vegetable tanning agents and largely determines the
characteristics of the finished product. The chromium tanning system is the most widely used as it
offers a number of significant advantages including
high thermal stability and good mechanical resistance. These properties in combination lead to the
high performance of finished leather products, including softness and fine grain [1]. However, over
the last decade there has been considerable debate
about the environmental impact of chromium as a
tanning material, as only 54-57 % of the chromium
is consumed in the process, while the remainder is
discharged as liquid and solid waste [2]. Environmental concerns and legal restrictions have led tanners and researchers to seek natural alternatives to
the chromium tanning system. They acknowledge
the need to take account of limited natural resources
for the production of tanning agents and the serious
environmental consequences that could result from
uncontrolled emissions of chromium-contaminated
solid and liquid wastes. Although no replacement for
chromium salt has been found as yet, the tendency is
for the industry to move towards chromium-free production and metal-free leathers, to overcome the
problems associated with chromium tanning. Taking
these issues into account, a number of alternative
tanning systems have been investigated [3, 4]. Use
of vegetable tannins is the most promising option, as
this is based on renewable sources and the vegetabletanned leathers have significant advantages such as
comfort, high dimensional stability and compatibility with skin.
Vegetable tannins are water-soluble natural
compounds that can be found in the bark, stem,
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seeds, fruits and fruit pods of plants. Chromatographic studies indicate that vegetable tannin extracts are heterogeneous polyphenolic species, and
are capable of cross-linking with collagen through
the formation of multiple hydrogen bonds [5]. Tannins are stripped out from tannin-rich plant materials
via extraction, and used in the tanning and re-tanning
processes in leather making. Mimosa, quebracho, sumac, tara, valonea and chestnut are the most commercially significant tannins used for this purpose
and are widely employed in chrome-free tanning
systems [6-8].
Novel vegetable tanning systems using tannins
from alternative plant sources such as eucalyptus
bark [9], jatropha curcas seed oil [10] and henna extract [11] have been investigated by various researchers in the past. More recently, the powder of
Acacia nilotica spp pods, supplied from Sudan, has
been used in combination tanning systems as an alternative tanning material. It has also been applied in
re-tanning processes with different tanning agents
such as aluminum sulphate [12], oxazolidine [13]
and neem bark [14], and promising results were obtained. In these studies garad powder, obtained by
crushing Acacia nilotica L. fruit pods, was utilized,
though experiments were limited to the application
of tannins mostly as co-tanning or re-tanning agents.
However no evaluation of the powder has been carried out so far as a single tanning agent, and moreover, no characterization of the tannin has been done
yet. To fill this gap, the intention of this work is to
characterize tannins from Acacia nilotica L. fruits by
GPC and MALDI-TOF analysis, for use in tanning
applications as a single tanning agent. To achieve
this, tannins were extracted from the fruits of Acacia
nilotica L. and pickled sheepskins were tanned with
tannin extract. The tanning properties of acacia tannins and the final chemical and physical characteristics of leathers tanned with Acacia nilotica L. tannins
were investigated.

Fresenius Environmental Bulletin

Characterization and quantitative analysis
of Acacia nilotica L. tannin. The Acacia nilotica L.
extracts were analyzed for total solids [16], total soluble solids [17], non-tannin [18] and tannin components by the official hide powder method [19]. Subsequently acacia tannin extracts were pulverized and
dried into powder form using a LAB PLANT SDBasic lab-scale spray dryer. Gel permeation chromatography (GPC), matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass
spectrometry, and Fourier transform infrared with attenuated total reflectance accessory (FTIR-ATR)
analyses were performed on spray-dried tannin extracts.
Molecular weight distribution of tannin extract by GPC analysis. In order to determine the
molecular weight distribution and particle size of
Acacia nilotica L. tannin, 2 mg of spray-dried tannin
powder was dissolved completely in 1 ml distilled
water, filtered through a 0.45 ȝPILOWHUDQGVXEMHFWHG
to GPC analysis. Molecular masses and polydispersity (PD) values of the tannins were measured using
a Malvern Aqueous GPC system equipped with two
ultra hydrogel columns (10000 Da and 1000000 Da)
and a refractive index detector. The eluent used as
mobile phase was an aqueous solution of 0.1M
NaNO3 0.5% NaN3 with a flow rate of 0.7 ml/min.
Calibration was done using poly (ethylene oxide)
standards with peak molecular masses ranging from
195 to 610000 Da.
Molecular weight distribution of tannin extract by MALDI-TOF. Mass spectrometry analysis
was carried out using an autoflex III MALDI
TOF/TOF MS system (Bruker Daltonics, Bremen,
Germany). The instrument was operated in positive
ion reflectron mode, with a reflectron acceleration
voltage of 21 keV. The ions were generated using a
337-nm nitrogen laser and the spectra were acquired
over a 400±5000 m/z mass range. For each spectrum,
at least 1000 laser shots were averaged at a frequency
of 100 Hz and the system was externally calibrated
using peptide calibration mixture (Bruker Daltonics,
Peptide Calibration mixture).
All-trans retinoic acid (RA) was used as a matrix throughout the analysis. The matrix was prepared at a concentration of 0.1 M in tetrahydrofuran.
Small amounts of the samples were dissolved in the
acetone solvent. Each sample was mixed separately
ZLWKDQ5$PDWUL[ZLWKDUDWLRRIȝ/RIILQDO
solution was deposited onto the stainless MALDI
target and allowed to dry under ambient conditions,
in line with the dried droplet method. After evaporation of the solvent, the MALDI target was introduced
into the spectrometer.

MATERIALS AND METHODS
Materials. The tanning experiments were carried out using English pickled sheepskins. The
chemicals employed in the leather production processes were those conventionally used in leather production. Acacia nilotica L. fruits were sourced from
Sudan, and prior to aqueous extraction they were
kept in airtight containers until further use.
Aqueous extraction of Acacia nilotica L. tannins. The fruits of Acacia nilotica L. were soaked
overnight in 400 ml distilled water. The extraction
process was carried out using a Koch extractor at
75ºC for 8 hours [15]. The % extraction yield was
calculated as the ratio between the Acacia nilotica L.
extract obtained and the total amount of Acacia nilotica L. fruit used in the extraction.

Determination of molecular structure by
ATR-FTIR. Vibrational techniques, such as infrared and FTIR, have been widely used to determine
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CIE Lab color coordinate system. All analyses were
performed in triplicate and given in mean values.

the molecular structure of organic substances. Spraydried Acacia nilotica L. samples were characterized
by a Perkin Elmer Spectrum 100 model FTIR spectrometer with an attenuated total reflectance (ATR)
accessory. FTIR data of the samples were collected
by co-adding 10 scans at a resolution of 4 cm-1 in the
interval frequency 4000±600 cm-1. All spectra were
rationed against a background air spectrum and
stored as absorbance values at each data point.

RESULTS AND DISCUSSION
Extraction yield and characterization of tannins. The extraction yield of Acacia nilotica L. was
found as 15.85%±0.28, which is lower than the two
previously published values for valonea extraction,
where the maximum extractable material obtained
was 49 and 51% respectively [7, 26]. In the course
of the vegetable tannins extraction process, tannins,
sugars, salts, gums, lignin and other components of
plant materials passed into the extract. Therefore the
extracts themselves contain tannin, non-tannin and
also soluble and insoluble compounds [6]. Non-tannins have no tanning power, but their presence in the
tanning liquor is important, and indeed essential in
controlling the tanning process. A vegetable extract
should have a tanning strength higher than 1.5,
which can be described as the required ratio of tannins to soluble non-tannins, in order for it to be considered suitable for tanning [27]. Tannin analysis revealed that the tanning strength of acacia tannins was
found to be higher than 2. The fruit of Acacia nilotica L., which is the part of the plant reported as having the highest tannin content, was found to contain
the remarkable tannin level of 67.04%. Moreover,
93.34% of the substances were water-soluble.
Although the extract of Acacia nilotica L. obtained in the current study has almost the same tannin content as vegetable tanning materials in powder
form such as mimosa, and valonea [7, 27], which are
widely used in the leather industry, it is higher than
the previously reported values for acacia pods of
22% and 30% [28, 29]. The differences may be due
to variations in environmental factors such as poor
soil quality, high temperature and annual rainfall.
Amongst other possible factors to consider are the
age of the trees, bark thickness, the part of the plant
used for tannin extraction [30] and tannin extraction
conditions.

Tanning trials with Acacia nilotica L. fruit
tannins. For the tanning trials, pickled sheepskins
were depickled, bated and degreased with the same
conventional formulation and tanned with an extract
solution containing 20% tannin over skin weight.
Extract solutions were introduced to skins in three
batches, according to the recipe (see Table 1). Following the tanning process, leather was converted
into crust leathers by neutralization and fatliquoring
processes, using synthetic sulphited and sulphonated
oils.
Hydrothermal stability of tanned leather
samples. The shrinkage temperature (Ts) of leather
samples tanned with Acacia nilotica L. extract was
measured according to ISO 3380 [20], in order to determine the tanning efficiency and hydrothermal stability of leathers.
Analysis of physical and mechanical characteristics of tanned leather. Samples of standard dimensions were cut and conditioned, following ISO
2418 and ISO 2419 standard procedures [21, 22].
The physical and mechanical properties of acaciatanned leathers were investigated by physical tests of
tensile strength, and elongation at break [23], tear
strength [24], and resistance to grain cracking [25].
In order to assess the effect of the tanning process using extracted tannin on the color of leathers,
a Minolta CM-2600d spherical spectrophotometer
was used with the parameters of D65 daylight and an
observation angle of 10 degrees. The colors of all
leather samples, and their color differences against
the white standard, were evaluated according to the

TABLE 1
Tanning recipe with extracted Acacia nilotica L. tannin
Product
Naphthalene phenol sulphone based syntan
Extract solution
Synthetic fatliquor
Sulphochlorinated synthetic paraffin and combination of emulsifier
Extract solution
Synthetic fatliquor
Sulphochlorinated synthetic paraffin and combination of emulsifier
Dispersing agent
Extract solution
Synthetic fatliquor
Sulphochlorinated synthetic paraffin and combination of emulsifier
HCOOH

X=1/3 of total extraction solution

7321

Amount (%)
2
X
1
0.5
X
1
0.5
2
X
1
0.5
X

Time
20 min.
30 min.
15 min.
30 min.
15 min.
30 min.
15 min.
1 h (pH 3.5)
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TABLE 2
Molecular weight (Mw), average molecular, and polydispersity (PD) of tannin extracted from
Acacia nilotica L. for each peak
Mn (Da)
Mw (Da)
Mp (Da)
PD or Mw/Mn (Da)
Wt/Fr
2525
2742
1901
1.086
0.087
1356
1371
1367
1.011
0.168
792
813
861
1.027
0.115
476
479
470
1.007
0.078
274
281
277
1.025
0.550
Mn: Number-average molecular weight, Mw: Weight-average molecular weight, Mp: Peak molecular weight

Acacia nilotica L., which is the indication of the
presence of hydrolysable tannin (Fig. 1). Most of
these low molecular-weighted structures can be considered as extraction-induced degradation products
of acacia tannin.

Molecular weight distribution and particle
size of Acacia nilotica L. tannin by GPC. The particle size of the tannin extract is a crucial characteristic for its utilization in tanning processes, to ensure
good tanning capability. The optimum molecular
weight for vegetable tannins lies in the range 500 to
3000 Da. A tannin with molecular weight higher
than 3000 Da cannot easily penetrate, whereas one
with weight lower than 500 Da has a fast penetration
rate but weak tanning capability [31]. Table 2 shows
the GPC spectrum of Acacia nilotica L. powder.
The extraction method for Acacia nilotica L.,
under the conditions prescribed (in 2.2.), gives rise
to five fractions whose peak molecular weights (Mp)
range from 277 Da to 1901 Da. This corresponds to
number-average molecular weight (Mn) 274~2525
Da and also to weight-average molecular weight
(Mw) 281~2742Da (as shown in Table 2). From the
GPC spectrum obtained for the acacia nilotica extract, mass peaks were found for ellagic acid 274 Da,
and at 476 Da for flavogallonic acid. Polyphenolic
compounds with molecular weights under 500 Da
correspond to 55% of acacia tannin extract and the
remaining 45% has a wider distribution ranging from
500 to 2525 Da. With regard to the molecular weight
distribution of hydrolysable tannins ranging from
500 to 3000 Da, the distribution of Acacia nilotica
L. tannin agrees with previous studies which reported that Acacia nilotica L. contains a substantial
amount of hydrolysable tannins [15]. The polydispersity of acacia extracts is lower than that of 70°C
water- extracted chestnut shell extracts, which was
reported as 2.48, and the weight-average molecular
weight was reported as 8880Da.

FTIR. The FTIR-ATR spectra of the Acacia
nilotica L. show the vibrational bands correspond to
the main group -OH, C=O, to the C-O-C groups, to
CH bonds and to aromatic structure as well as to vegetable extracts (Figure 2). In the present study, the
spectra of the wave number 3231 cm-1 reveals the
characteristic vibration belonging to -OH stretching
Ȟ2-H) for polyphenolic extracts. The C-H, CH2 and
CH3 stretching vibrations in 2960 cm-1, are due to the
carbohydrates and sugar derivatives [32-34]. The
band 1696 cm-1 is a conjugation of the C=O vibration
of ketone. The bands 1518 cm-1 and 1445 cm-1 are
assigned to aromatic skeletal vibration and CH deformation, respectively. The band 1315 cm-1 is a
characteristic peak for hydrolysable tannins, which
is assigned to the symmetric stretching of the C-O
bond of ester function. The aromatic bending vibration corresponds to the 1260 cm-1 wave number. Finally, the bands 1080 cm-1, 870cm-1, and 760 cm-1
are the characteristic peaks for gallotannins [35], and
the bands 1518 cm-1, 1445 cm-1, 1215 cm-1, and 1025
cm-1 are characteristic peaks for ellagitannins [15].
Qualitative analysis of acacia- tanned leathers. Shrinkage temperature. The hydrothermal stability of leather can be characterized by its shrinkage
temperature (Ts). The Ts value of leather samples
treated with Acacia nilotica L. extract was measured
as 80.5°C, which is comparable with the typical
shrinkage temperature of hydrolysable tannins of 7580°C [14]. This is comparatively higher than previously published data on alternative chromium- free
tannages, which ranges between 65 and 72°C [3],
and valonea extract which is reported as 75°C [6].
The Ts values are slightly lower when compared
with the value (84°C) reported for combination tanning with Acacia nilotica L. pod tannin [13, 29]. This
is probably due to the application of tannin with a
phenolic syntan, instead of using it as a single tanning agent.

MALDI-TOF-MS. The MALDI spectra of
Acacia nilotica L. show that the sample has the same
chemical specification as characteristic of the low
molecular weight fraction of other hydrolysable tannins, as indicated by the GPC results and cited in the
literature [15]. The spectrum shows a series of peaks
at 500, 600, 650, 750, 880 and 990 (m/z), whereas
the dominant peak of the tannin sample is lower than
1000 m/z. From the two series of spectra, an interval
of 215 mass differences was observed between the
repeating mass signals of the molecules. These repeating units are considered to be cleaved from the

7322

© by PSP

Volume 26 ± No. 12/2017 pages 7319-7326

FIGURE 1
MALDI-TOF-MS spectrum of acacia tannin

FIGURE 2
FTIR spectra of Acacia nilotica L. powder
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TABLE 3
Qualitative indexes of tanned leathers with Acacia nilotica L. extract

Tanning method
Tanning with 20% Acacia nilotica L. fruit tannina
Combination tanning with
20% Acacia nilotica L. pods
tanninb,c
Vegetable upper leatherd

Tensile
strength
(N/mm2)

Elongation
(%)

Tear
Strength
(N/mm)

Grain
crack
strength
(kgf)

Distension
at grain
crack
(mm)

Strength
at ball
burst (N)

Distension
of the grain
ball burst
(mm)

21.40±0.
29

80.21±1.74

61.93±5.
11

34±4.95

13.43±1.77

36.92±2

14.68±1.4

20

41-42%

39

21-25

10 mm

-

-

min. 25

-

-

-

7 mm

-

-

Data are mean ± standard error
a
Our study; b [29]; c [37], d [36]
TABLE 4
Color differences of leathers after acacia tannage and fatliquoring process

Target
Acacia nilotica L.

L
98.91
62.27±0.39

a
-0.12
7.61±0.19

b
-0.36
17.92±0.18

ǻ/
---36.65±0.4

ǻD
--7.71±0.19

ǻE
--18.28±0.18

ǻ(
--41.68±0.39

Data are mean ± standard error
was indicated by higher b values.

Physical and mechanical properties of acacia-tanned leathers. Physical and mechanical test
results are presented in Table 3. Acacia-tanned leathers fulfilled the requirements of quality standards in
terms of distension at grain crack (min 7 mm) and
elongation at break (min. 40%) for shoe upper leathers, as specified by the United Nations Industrial Development Organization [36].
Leathers must have sufficiently robust physical
and mechanical properties, commensurate with the
area of application. UNIDO requires a minimum of
25 N/mm2 (vegetable upper leather) and 15N/mm2
(vegetable lining leather) respectively [36]. The tensile strength values of the leather samples were
above the acceptable sub-limit value, except for the
elongation at break. The value obtained for the elongation percentage was higher than the limit of 60%
specified by UNIDO and higher than previously reported values (41-42%), where the leathers were
tanned with 20% acacia fruit pod powder [29]. However, the values are comparable to previously stated
values by other researchers [3]. This could be due to
the skin structure and fatliquoring, since it gives a
sliding effect to the fibers. Tear strength values obtained from tanned leather with extracted tannin
samples were above the 15 N/cm sub-limit. Both mechanical properties were comparable to quality requirements for chromium-tanned leather as stipulated by UNIDO.
Table 4 shows the CIE Lab color values, and
FRORUGLIIHUHQFHV ǻ( RIOHDWKHUVDPSOHVDIWHUDFDFLD
tannage, as measured against the white standard.
Higher values of lightness (L) indicate closeness to white. From the L values, the samples show
lower lightness. However Acacia nilotica L. produced visually lighter-colored leathers compared to
chestnut- and quebracho-tanned leathers. The second predominant color observed was yellow and it

CONCLUSION
The results obtained from this study show that
tanning with Acacia nilotica L. extract provides
comparable results to other vegetable tanning procedures, in terms of shrinkage temperature and physical-mechanical properties. The high tannin content
of Acacia nilotica L. fruits and the favorable molecular weight distribution of tannins provide good tanning properties, and produce comparatively lightcolored leathers. As supported by the GC, NMR and
FTIR analysis results, Acacia nilotica L., was found
to contain a substantial amount of hydrolysable tannins, and provided a good tanning efficiency despite
its degradation to low molecular weight fractions.
In view of these findings, this study firstly indicates the feasibility of using renewable plants for
tanning purposes and, secondly, the potential for a
tanning process using Acacia nilotica L. fruits in the
future as a viable vegetable tanning system. This
would help considerably in reducing the use of chromium by the leather industry and limit the levels of
associated environmental pollution.

ACKNOWLEDGEMENTS
The authors would like to acknowledge the assistance of Akaylar Leather for providing pickled
sheep skins and the fruits of Acacia nilotica L. from
Sudan. Thanks to the Biological Mass Spectrometry
and Proteomics Laboratory at IYTE Chemistry Department for their help with mass measurements. FiQDOO\WKDQNVDOVRWR2QXU<ÕOPD]IRU*3&DQDO\VLV

7324

© by PSP

Volume 26 ± No. 12/2017 pages 7319-7326

Fresenius Environmental Bulletin

neering Science and Technology. 4, 20±31.
[13] Musa, A.E. and Gasmelseed, G.A. (2013)
Development of Eco-friendly Combination
Tanning System for the Manufacture of Upper
Leathers. International Journal of Advance
Industrial Engineering. 1, 9±15.
[14] Ali, A.A.H., Gasmelseed, G.A. and Ahmed,
A.E.H. (2016) Utilization of Improved
Indigenous Tannins of Grain Powder (Acacia
Nilotica) in Eco Friendly Tannage. International
Journal of Multidisciplinary and Current
Research. 4, 14-20.
[15] Ozgunay, H., Sari, O. and Tozan, M. (2007)
Molecular investigation of valonea tannin
Journal of the American Leather Chemists
Association. 102, 154-157.
[16] SLC 114 (1996) Determination of Total Solids,
Society of Leather Technologists and Chemists
Official Methods of Analysis.
[17] SLC 115 (1996) Determination of Total
Solubles, Society of Leather Technologists and
Chemists Official Methods of Analysis.
[18] SLC 116 (1996) Determination of Non-tannin
Constituents, Society of Leather Technologists
and Chemists Official Methods of Analysis.
[19] SLC 117 (1996) Determination of Tannin
Matter Absorbable by Hide Powder, Society of
Leather Technologists and Chemists Official
Methods of Analysis.
[20] ISO 3380 (2002) Leather, Physical and
mechanical tests, Determination of shrinkage
temperature up to 100 degrees C.
[21] ISO 2418 (2002) Leather-Chemical, physical
and mechanical and fastness tests -- Sampling
location.
[22] ISO 2419 (2012) Leather-Physical and mechanical tests-Sample preparation and conditioning.
[23] ISO 3376 (2011) Leather-Physical and mechanical tests - Determination of tensile strength
and percentage extension.
[24] ISO 3377-2 (2016) Leather-Physical and mechanical tests - Determination of tear load - Part
2: Double edge tear.
[25] ISO 3378 (2002) Leather-Physical and mechanical tests - Determination of resistance to
grain cracking and grain crack index.
[26] Kilicarislan, C. and Ozgunay, H., (2013) Ultrasound extraction of valonea tannin. Part II.
Effects of tannin structure and tanning ability. J.
Journal of the American Leather Chemists
Association. 108, 63-71.
[27] Kuria, A., Ombui, J. and Onyuka, A. (2016)
Tannin Analysis of Selected Plants from
Laikipia County, Kenya. J Soc Leath Tech Ch.
100, 73-76.
[28] Elgailani, I.E.H. and Shak, C.Y.I. (2014)
Determination of Tannins of Three Common
Acacia Species of Sudan. Advances in Chemistry. 5, 45-53.
[29] Musa, A.E. and Gasmelseed, G.A. (2012)

REFERENCES
[1] Covington, A.D. (2009) Tanning Chemistry:
The Science of Leather, Mineral Tanning:
Chromium (III). Published Royal Society of
Chemistry.
[2] Ludvik, J. (2000) Chrome balance in leather
processing, Regional program for pollution
control in the tanning industry in south-east
Asia. United Nations Industrial Development
Organization Report. 1-18.
[3] $GÕJ]HO =HQJLQ $& &UXGX 0 0DLHU 6
Deselnicu, V., Albu, L., Gülümser, G., Bitlisli,
%2%DúDUDQ%DQG0XWOX00  Ecoleather: Chromium-free Leather Production
Using Titanium, Oligomeric Melamine
Formaldehyde Resin, and Resorcinol Tanning
Agents and the Properties of the Resulting
Leathers. Ekoloji. 21, 17-25.
[4] Sreeram, K.J., Aravindhan, R., Raghava Rao, J.
and Nair, B.U. (2010) Development of Natural
Garment Leathers: A Metal-Free Approach.
Journal of the American Leather Chemists
Association. 105, 401-409.
[5] Covington, A.D. (1997) Modern tanning
chemistry. Chemical Society Reviews 26, 111126.
[6] Kilicarislan, C. and Ozgunay, H. (2012)
Ultrasound Extraction of Valonea Tannin and
Its Effect of Extraction Yield. Journal of the
American Leather Chemists Association. 107,
394-403.
[7] Onem, E., Gulumser, G., Akay, S. and YesilCeliktas, O. (2014) Optimization of tannin
isolation from acorn and application in leather
processing. Ind Crop Prod. 53, 16-22.
[8] Castell, J., Sorolla, S., Jorba, M., Aribau, J.,
Bacardit, A. and Olle, L. (2013) Tara
(Caesalpinia spinosa): The Sustainable Source
of Tannins for Innovative Tanning Processes.
Journal of the American Leather Chemists
Association. 108, 221-230.
[9] Vázquez, G., González-Alvarez, J., Santos, J.,
Freire, M.S. and Antorrena, G. (2009)
Evaluation of potential applications for chestnut
(Castanea sativa) shell and eucalyptus
(Eucalyptus globulus) bark extracts. Ind Crop
Prod. 364±370.
[10] Sundar, V.J., Muralidharan, C. and Mandal,
A.B. (2013) Eco-benign stabilization of skin
protein-Role of Jatropha curcas oil as a cotanning agent. Ind Crop Prod. 47, 227±231.
[11] Musa, A., Madhan, B., Madhulatha, W.,
Sadulla, S. and Gasmelseed, G. (2008) Henna
Extract: Can it be an Alternative Retanning
Agent?. 103, 188-193.
[12] Mahdi, H., Palmina, K., Gurshi, A. and
Covington, D. (2009) Potential of vegetable
tanning materials and basic aluminum sulphate
in Sudanese leather industry. Journal of Engi-

7325

© by PSP

Volume 26 ± No. 12/2017 pages 7319-7326

Fresenius Environmental Bulletin

by complementary analytical techniques ATRFTIR, UV-Vis and chemical tests. Journal of
Cultural Heritage. 14, 499-508.
[36] UNIDO (1996) Acceptable quality standards in
the leather and footwear industry. Vienna,
Austria: United Nations Industrial Development
Organization.
[37] Musa, A.E. and Gasmelseed, G.A. (2012)
Upgrading of Rural Garad-Tanned Crust
Leathers. J Soc Leath Tech Ch. 96, 27-31.

Combination Tanning System for Manufacture
of Shoe Upper Leathers: Cleaner Tanning
Process. J Soc Leath Tech Ch. 96, 239-245.
[30] Dunlop, R.W. (2005) Acacia Mearnsii de Wild.
In: Plant Resources of Tropical Africa 3, Dyes
and tannins, Jansen, P.C.M. and Cardon, D.
(eds.) (Wagenigen, Netherland: Backhuys
Publishers).
[31] White, T. (1958) Chemistry and Technology of
Leather, Volume 1, New York: Reinhold
Publishing Corporation.
[32] Chupin, L., Motillon, C., Charier±El Bouhtoury,
F., Pizzi, A. and Charrier, B. (2013)
Characterisation of maritime pine (Pinus
pinaster) bark tannins extracted under different
conditions by spectroscopic methods, FTIR and
HPLC. Ind Crop Prod. 897±903.
[33] Grasel, F.S., Ferrao, M.F., Wolf, C.R. and
Ligabue, R.A. (2015) Characterization of
Natural Tanning Extracts by FTIR and
Multivariate Analysis, In XXXII. IULTCS
Congress, Novo Hamburgo, Brazil.
[34] Ping, L., Pizzi, A., Guo, Z.D. and Brosse, N.
(2012) Condensed tannins from grape pomace:
characterization by FTIR and MALDI TOF and
production of environment friendly wood
adhesive. Ind Crop Prod. 40, 13-20.
[35] Falcao, L., Eduarda, M. and Araujo, M. (2013)
Tannins characterization in historical leathers

Received:
Accepted:

18.05.2017
29.08.2017

CORRESPONDING AUTHOR
Eylem Kilic
Usak University, Engineering Faculty,
Material Science and Nanotechnology Engineering
Department, 1 Eylül Campus,
Usak, 64200 ± TURKEY
E-mail: eylem.kilic@usak.edu.tr

7326

© by PSP

Volume 26 ± No. 12/2017 pages 7327-7333

Fresenius Environmental Bulletin

EVALUATION ANALYSIS AND STRUCTURAL
OPTIMIZATION OF CROP PLANTING STRUCTURE IN
NORTHEAST CHINA
Cai Zheng, Qian Wenrong*
China Academy for Rural Development, Zhejiang University, Hangzhou, Zhejiang, China, 310058

And we should gradually achieve agricultural industrialization management to form a standardized agricultural production model [2]. Meng Xue, Xu Mingfan and other scholars (2013) are the first to divide
the crop planting into economic crop planting and
grain crop planting. According to the previous planting mode, China belongs to the grain crops planting.
With the development of urbanization in China, crop
acreage gradually decreased because urbanization
attracts a large number of farmers to work in and migrate to cities. This situation gradually changed consumption structure and preference, affected the
structure of crop planting in our country and made
agricultural transformation became an inevitable
trend [3]. MengLin uses the concept of entropy as an
indicator in agricultural industrial structure evaluation. To establish the non-linear model of agricultural industrial structure optimization, genetic algorithm is used to solve it, the data envelopment
method is used to evaluate the structure synthetically. The concept of "ideal decision-making unit" is
introduced, and the optimal scheme of comprehensive benefit is obtained by using decision-making
unit to solve the weight value. [4]
Foreign scholars have accumulated quite a lot
of experience of the research on crop planting structure. American economist Kuznets analyzed agricultural industrial structure and income change with
modern statistical method. It is concluded that the ratio of industrial structure to labor force is inverted U
curve, indicating that agriculture is converting to industry, and then the proportion of industrial labor
force will increase gradually [5]. Robin Nadioo and
V.L.Versace believed that in order to achieve the
maximization of farmers' economic benefits, we
should allocate resources efficiently and reasonably
during agricultural production processes, adjust the
planting structure according to the market law and
develop crop cultivation according to market demand [6]. Under the limitation of water footprint,
Kathleen (2011) set up the fuzzy input/output model
which is used to optimize the policy of ecological industry supply chain [7].
This article summarizes the previous research
results, considers the characteristics of crop planting
structure in northeast China and evaluates the planting structure by analytic hierarchy process. It also

ABSTRACT
As a large agricultural country, China has
widely distributed crop cultivation. In northeast
China, an important commodity grain production
base, the optimization of planting structure is helpful
to the full utilization of cultivated land resources and
the maximum realization of economic benefits. This
article selects water resources, ecological environment, social and economic benefits as indicators,
uses the Orientor stars method to construct a coordinated multi-objective evaluation index system and
the analytic hierarchy process to conduct a questionnaire survey. The thesis uses the weighted average
method to analyze the information synthetically and
calculatethe weight of each evaluation index to obtain the evaluation model of planting structure eventually. This thesis selects the Chahayang irrigation
area in northeast China, takes food, tuber, grass,
shelter forest as main bodies and sets evaluation targets. Then a model of planting structure based on
scale coordination and optimization is established. It
is concluded that the model is consistent with the actual trend and has the feasibility to provide theoretical basis for optimizing planting structure.

KEYWORDS:
northeast China, planting structure, evaluation model, optimize model

INTRODUCTION
According to the current social economic background and natural environment conditions, the optimization of planting structure aims at using limited
resources to obtain maximum income. Human concerns for agriculture have increased, and many studies have been done on modern agriculture [1]. Wang
Weinong and Sun Yongpeng (2008) concluded that
China's agricultural transformation strategy must adjust the agricultural structure. The ongoing adjustment of agricultural structure is gradually deepened,
which should take the production as the center to
form regional production, and use advanced production technology to increase the scale of production.
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take environment, water resources, society and economy as indicators, set up the situation judgment matrix of system development, calculate the evaluation
score of planting structure and constructed the evaluation model of planting structure coordination.The
%RVVHO¶s Orientor stars method is used in this thesis
to select rice, corn, wheat, vegetables, miscellaneous
grains,oilseeds and cash crops as evaluation index.
Thesis establishes a comprehensive evaluation system based on the evaluation and optimization of
planting structure, and then provide a theoretical basis for optimizing planting results in northeast China.

Fresenius Environmental Bulletin

The establishment of evaluation index system.
(1) The method of Orientor stars is used to evaluate the planting structure, factors like survival, energy efficiency, freedom, safety, adaptation and coexistence were selected as directional evaluation indexes, thus the coordinative evaluation model of
planting structure-scale is established [12].
(2) Data processing. The proportion of crop
planting constitutes the planting structure. In the index evaluation system, the corresponding data of
crops are found and scored, which will be calculated
according to the proportion of planting crops, and
bring the data and scores of each evaluation index.
(3) Calculating weight. The weight value is determined on the base of AHP method and the expert's
score [13].
(4) The RSWRS system is used to carry out
standard assessment of evaluation indicators, then
multiply the results of evaluation and planting scale
to get the final conclusion. The system development
trend metrics are as follows:

A SURVEY OF NORTHEAST CHINA
Northeast China, with a total area about 1.4733
million square kilometers, is located in the north of
Yanshan Mountains and east of Yinshan Mountains,
including Heilongjiang Province, Jilin Province,
Liaoning Province. The total population reaches 188
million, among which the proportion of agricultural
population is larger than that of other industries [8].
Affected by the continental monsoon climate, from
south to north, the climate of northeast China area
varied, respectively are warm temperate zone, middle temperate zone, and cold temperate zone. So as
the heat. Precipitation here also descends from
1000mm to 300mm below [9]. Surrounded by
Changbai Mountain, Da Hingan Mountains and the
Xiao Hingan Mountains , there are abundant resources of water, mineral, forest and various crops
like spring wheat, maize, potato, beet, soybean, sorghum in northeast China. It has relatively complex
crops planting structure and is called China's important commercial grain production base[10].

TABLE 1
System development situation judgment
matrix table
Situation
value
Level

0-1

1-2

Unaccept
able

Index

0-0.2

2-3

Dangerous
0.3-0.5

Acceptable
0.6-0.7

3-4

Good

0.8-0.9

4-5

Excellent
0.91.0

Calculating weight. According to the principle
of AHP, take the numbers of 1-9 and its reciprocal
as standard[14], we use the results of questionnaires
and in the light of the expert score to determine the
matrix and calculate the weight value. The calculation results are as follows:

CONSTRUCTION OF EVALUATION MODEL
FOR PLANTING STRUCTURE

TABLE 2
Weights of index system

Model design. The evaluation of planting
structure is the premise of realizing the optimization
of planting structure. To study seed structure optimization, one must understand the scale of planting and
maximize the benefits in the optimal structure. In order to analyze the evaluation model of planting structure, this paper takes the environment, water resources, society and economy as the index, and uses
the Orientor stars method to construct the coordinated multi-objective evaluation index system [11].
This paper adopts analytic hierarchy process on
questionnaire survey, uses the weighted average
method to analyze the information synthetically, calculates the weight of each evaluation index and finally obtains the evaluation model of planting structure.

Primary
Indicator

Water Resource

Environment
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Weig
ht

0.879
8

0.471
6

Society

0.254
0

Economy

0.471
6

Secondary Indicator

Weight

Water utilization index
Water dispersibility
Irrigation
guarantee rate
Salt washing water
Water Footprint
Ecological Forest Area
Wind resistance of crops
Consumption
of farm plastic film
Fertilizers and pesticides
Grain yield
Tuber yield
Labor force
Economic benefits
Input-output ratio
Scale dependence

0.8667
0.4832
0.4832
0.2955
0.1963
0.8706
0.2823
0.1585
0.4903
0.9281
0.3419
0.1260
0.8664
0.4958
0.1887
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Numerical calculation of planting structure
model.
(1) Data collection The collected data will be
quantified, and the experts will score it according to
the following standards while combine with the actual situation. The reference standard as follows:
1: absolutely small, 3: obviously small, 5:
slightly small, 7: ordinary, 9: slightly big, 11: absolutely big, 2, 4, 6, 8, 10 are in between.
(2) Normalization of the data [15].
Quantify selected species to determine the
range of the index, the maximum value is indicates
by

ˈ

x

ˈ

n

m

l 1

j

¦ ( ¦ (O Y
i

j ,1

1,2,3, k

4,5,...,10)

D

In this formula, i ,k means groundwater extraction of i irrigation area in k month.
ƻ,2Unbalance of water resources supply and
demand
As a part of the irrigation system, the whole
system¶s optimization aim is to minimize the amount
of water shortage.
Assume that the n subsystem sets its target
function as:
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In this formula, f n means the water supply de-

x ! x max

viation in n irrigation area, n=1,2,3: Gik means water supply to i area in k month; X ik means i reser-

Calculating the score of planting structure
evaluation. Calculating the score of planting structure:

W

j

D c d D d D s , D ic, k d D i , k d D icc, k (i

ƻ,3The smaller the better, then normalized the
rest of the data and give the score of the value.


1
°° x max  x
®
° x max  x min
°¯
0

l 1

(1) Model hypothesis. According to the characteristics of irrigation district in northeast China, Chahayang irrigation district belongs to Nuominhe river
system, constitutes the actual irrigation area of 34.7
hectares of planting template, establishes a planting
structure coordinative evaluation model.
(2) Constraint conditions.
ƻ,1Groundwater constraint Upper limit is set
up to maximum recoverable amount
Lower limit is set up to domestic water for each
irrigation area

processed are denoted by x and x , after which the
data is processed according to the degree of memberVKLSIXQFWLRQ¶VFKDUDFWHULVWLFV
ƻ,1The more contiguous to target the better,
then normalized the rest of the data and give the
score of the value.
0

x  xmin
° x  x min
°° x  x
x
min d x d x s
xˈ ® xs minx
x s  x  xmax
° max
x
x

° max
s
x ! xmax
°¯
0
ƻ,2The bigger the better, then normalized the
rest of the data and give the score of the value.

x

m

CONSTRUCTION OF
COORDINATIVE EVALUATION
MODEL FOR PLANTING STRUCTURE.

value by xs , the values to be processed and has been

ˈ

n

¦ (¦ (OiY j ,1 )Z1 ) t 0.6

W

xmin , the minimum value by xmax , the target


0
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YRLU¶VPLQLPXPZDWHUUHTXLUHPHQWDWWWLPHGLYLGHG
E\PRQWKWKHUH¶UHWLPHSHULRGVWKXVW «
10. Square is adopted in formula above to speed up
WKH UHGXFWLRQ RI GHYLDWLRQ YDOXHV RI WKH UHVHUYRLU¶V
supply and demand of.
ƻ,3 Constraint about system equilibrium of
reservoir group
Cross-point equilibrium

)Z1 )

In the formations above: inthe structure to be
evaluated, the ratio of j crop in i irrigation district is
indicated by O j , the weight of Y jl is indicated by

A. x4,k x5,k  x13,k B. x10,k x9,k  x7,k C. x11,k
Reservoir water balance:
Taiping lake reservoir:

Zl , the score of j crop on I factor is indicated by
Y j .l . If the calculating result t 0.6, the evaluation

x6,k  x8,k

V1, k  1 V1, k  x3, k  1  x9, k  1  r1.k  1  G 1

is good. The formula is as follows:

XX reservoir:
V 2, k  1
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V 2, k  x 5, k  1  x 7, k  1  x 6, k  1  r2, k  1  G 2
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Oic, j d Oi , j d Oicc, j

XX reservoir:

V3, k  1 V3, k  x1, k  1  x8, k  1  r3, k  1  G 3
In this formula,

In this formula, respectively represent the maximum planting scale of j crop, planting scale and
minimum planting scale in i area. Due to the limited
DUHDVRIJUDLQFURSSODQWLQJDQG ZRRGVLW¶VNH\WR
fulfilling FLWL]HQ¶V EDVLF IRRG UHTXLUHPHnt, at the
same time, the area of shelter forest must reach more
than 8% of the total area of cultivated land.
(4) Calculating weight
According to the corresponding weighting
principle, the primary indicator corresponds to the
primary weight, the secondary indicator corresponds
to the secondary weight, the multiply of primary and
secondary weight represents the final weight value.

Vi ,k 1, ri ,k ,G i ,k means the reser-

voir water quantity, evaporation and leakage loss in
i and k month.
ƻ,4River constraint

xl , k  x2ˈk  x3, k  x4, k
In this formula,

Lk ( k

1, 2,...,12 )

xi ,k PHDQV L FKDQQHO¶V ZDWHU

capacity in k month.
ƻ,5Constraint of channel security
The water capacity in k month is expressed by
xk ( xl , k , x2, k ,..., x13, k ) , the range of water is set as

0 d x i , k d c iˈ
(i 1ˈ
2ˈ
...ˈ
13ˈk

4ˈ
5ˈ
...ˈ
10) .

TABLE 3
Target weight

Reservoir water storage capacity is expressed
by Vic,k d Vi ,k d Vic,ck
In this formula, Vi ,kˈVic,kˈVic,ck represents reser-

Primary
indicator

Water resource

PLANTING STRUCTURE MODEL BASED ON
THE COMBINATION OF SCALE COORDINATION AND OPTIMIZATION

Environment

(1) Model establishment .
The optimal model of the maximum benefit is
built based on Bossel's Orientor stars method. In the
respect of water resources, environment and society,
this model selects rice, corn, wheat, vegetables, miscellaneous grains, oilseeds and cash cropsas main
bodiesto set up the evaluation index and establish the
comprehensive evaluation system in base of the
evaluation and optimization of planting structure.
n

3

m

¦ (¦ ( ¦ ( S O
i

i 1 i 1 j

1

i, j

Y ij ))Z j )

3

m

Secondary indicator

Society

Economy

0.8798

0.4716

0.2540

0.4716

Irrigation
guarantee rate
Salt washing
water
Water Footprint
Ecological
Forest Area
Wind resistance of
crops
Consumption
of farm plastic
film
Fertilizers and
pesticides

Weight
0.8667
0.4832

Final
weight
value
0.1582
0.0881
0.0881

0.4832
0.2955
0.1963
0.8706

0.0541
0.0385
0.1089
0.0356

0.2823
0.0201
0.1585
0.4903

0.0620

Grain yield

0.9281

0.0812

Tuber yield
Labor force
Economic benefits
Input-output
ratio
Scale dependence

0.3419
0.1260

0.0322
0.0111
0.1270

0.8664
0.4958
0.1887

0.0763
0.2754

n

¦ ¦ (S O ¦ (Z Y
i

i 1j

weight

Water utilization index
Water dispersibility

voir water quantity, upper and lower limit of water
quantity in k month.
Collect data, induct index values according to
raw data. In accordance with standard, the index data
is graded by expect according to the actual situation.
Results are as shown below.
ƻ,6 Nonnegative constraint
All values mentioned above are nonnegative
number.

max Z
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1

i, j

i

l

jj

))

In the same area, scores of different crops under
different indicators, are shown in Table 4.
We draw a conclusion from Table 4 that during
2010-2016, with the guarantee of irrigation, the grain
crops in Chahayang irrigation district scored 0.346
points, of which tuber planting scored 0.254 points.
Under the ecological environment, the planting area
of shelter forest scored 0.933 points. From the perspective of wind resistance, tuber is the weakest that
scored 0.199 points. As a whole, grain crops and tuber have a high demand for water resources and environment and are restrained by them. Meanwhile,
herbage and shelter forest are less restrained by

1

In this formula, Si means the total square of i
irrigation area; the planting scale of j crop in i area is
represented by Oi, j , a constant number. Z j means the
weight of I crop, which is calculated by evaluation
model 2.3; Y j ,l means the score of j crop.
(2) Constraint conditions.
Because of the study of the same area, the constraint condition of constraint condition and planting
structure compatibility evaluation model is the
same.
(3) Restriction of planting structure

7330

Volume 26 ± No. 12/2017 pages 7327-7333

© by PSP

Fresenius Environmental Bulletin

TABLE 4
Different crops scores under different indexes
Primary Indicator

Water resource

Environment

Society

Economy

Secondary Indicator
Water utilization index
Water dispersibility
Irrigation guarantee rate
Salt washing water
Water Footprint
Ecological Forest Area
Wind resistance of crops
Consumption of farm plastic
film
Fertilizers and pesticides
Grain yield
Tuber yield
Labor force
Economic benefits
Input-output ratio
Scale dependence

Scores of different crops under different indicators
Grain
Tuber
Herbage
0.932
0.958
0.922
0.145
0.265
0.522
0.364
0.254
0.925
0.145
0.156
0.711
0.780
0.689
0.685
0.154
0.154
0.155
0.298
0.199
0.599

Shelter forest
0.922
0.922
0.788
0.925
0.925
0.933
0.933

0.923

0.933

0.188

0.912

0.512
0.411
0.855
0.933
Decided by the scale of grain and satisfied policy constraint
Decided by the scale of tuber
0.854
0.455
0.799
0.932
0.356
0.555
0.145
0.385
0.394
0.925
0.621
0.598
0.387
0.925
0.588
0.911

FIGURE 1
Scores of planting structure evaluation with 50% water guarantee rate during 2010-2016

FIGURE 2
Scores of planting structure evaluation with 70% water guarantee rate during 2010-2016
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water resource and ecological environment. From a
social and economic perspective, the economic benefit of grain and tuber are high, but the proportion of
planting is restrained. Comparatively speaking, the
economic benefit of herbage and shelter forest is relatively smaller.
The two schemes above satisfy water resources,
ecological, economic and social benefits, the comprehensive benefit is higher. All evaluations scored
more than 0.50 means the scheme is acceptable. The
water resource in Figure 1 scored 0.2675, the economy scored 0.1412. Figure 2 shows that the water
resource score is 0.2663, the economic benefit score
is 0.1425, which indicates that the recommendation
scheme ensures the economic benefit on the premise
of ensuring water resources safety.

Fresenius Environmental Bulletin
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VXJJHVWVDQLQFUHDVHGSURGXFWLRQRIUHDFWLYHR[\JHQ
VSHFLHV 526 VXFKDVK\GURJHQSHUR[LGHVXSHUR[
LGHRUK\GUR[\OUDGLFDO>@2[LGDWLYHVWUHVVJHQ
HUDWHGLQWKHFHOOVE\&GLVEHOLHYHGWREHDVVRFLDWHG
ZLWK'1$SURWHLQOLSLGGDPDJHVDQGDOWHUHGPLQ
HUDO KRPHRVWDVLV ,W DOVR DOWHUV WKH DQWLR[LGDQW GH
IHQVHV\VWHP>@
2UJDQLVPV KDYH GLIIHUHQW PHFKDQLVPVDJDLQVW
&G WR[LFLW\ ,Q KLJKHU HXNDU\RWHV &G DFFXPXODWHG
E\PHWDOORWKLRQHLQVWKURXJKWKHLUKLJKF\VWHLQHFRQ
WHQW$OVR&GFDQDOVREHGHWR[LILHGE\FKHODWLRQWR
UHGXFHGJOXWDWKLRQH *6+ RUWRSK\WRFKHODWLQLQWKH
\HDVW>@0DQ\VWXGLHVKDYH GHPRQVWUDWHGWKDWWKH
WULSHSWLGH JOXWDWKLRQH LV DQ LPSRUWDQW DQWLR[LGDQW
PROHFXOH LQ \HDVW 7KH GHIHQVH DJDLQVW +2 DQG
RWKHU R[LGDQWV LQ WHUPV RI ZHDN JOXWDWKLRQH \HDVW
FHOOV KDV EHHQ VXJJHVWHG WR EH LQVXIILFLHQW 7KHVH
\HDVWVDUHDOVRK\SHUVHQVLWLYHWRWKHKHDY\PHWDO&G
DQG*6+JHQHLQYROYHGLQWKHELRV\QWKHVLVRIJOX
WDWKLRQH >@ &G DQG R[LGDQWV LV RQH RI WKH WUDQ
VFULSWLRQIDFWRUVWKDW*6+JHQHH[SUHVVLRQ>@,W
KDVEHHQVKRZQLQVRPHV\VWHPVWKDW&GFDQGHSOHWH
QRW RQO\ *6+ EXW DOVR SURWHLQERXQG VXOIK\GU\O
JURXSVWRLQFUHDVH526>@
%DNHU \HDVW FHOO PHPEUDQHV DUH FRQVLVWHG RI
WKUHH PDLQ FRPSRQHQWV DV SKRVSKROLSLGV VWHUROV
DQGLQWUDPHPEUDQHSURWHLQV>@/LSLGFRPSRQHQWV
DUH DQ LPSRUWDQW JURXS RI PDFURPROHFXOHV LQ WKH
PHPEUDQH\HDVWFHOOV7KH\PDFURPROHFXOHVDUHQRW
RQO\WREHWKHFRPSRQHQWVRIFHOOPHPEUDQHEXWDOVR
LQYROYHVLQWKHVLJQDOWUDQVGXFWLRQ7KHPRVWDEXQ
GDQW IDWW\ DFLGV VSHFLHV LQ EDNHU \HDVW FHOO PHP
EUDQHVDUHSDOPLWROHLFDFLG Q DQGROHLFDFLG
 Q  7KHQ SDOPLWLF   DQG VWHDULF DFLG
 OHYHOVDUHKLJK0\ULFWLFDFLG  OHYHOVDUH
IRXQGPLQRULQ\HDVW>@,QWKH\HDVWFHOOPHP
EUDQHVWKHVWHUROFRPSRQHQWKDVEHHQJHQHUDOO\GH
WHUPLQHGWRUDQJHEHWZHHQSHUFHQWRIGU\
ZHLJKW>@6FHUHYLVLDHLVSDUWLFXODUO\ULFKLQVWHU
ROVZLWKHUJRVWHURO(UJRVWHUROOHYHOFRQVWLWXWHVRYHU
RIWKHWRWDOVWHUROV>@/LSLGELRV\QWKHVLV
LQ 6 FHUHYLVLDH LV YHU\ FRPSOH[ SURFHVV7KLV ELR
V\QWKHVLVLQYROYHVPXOWLOHYHOUHJXODWLRQE\ERWKJH
QHWLFDQGELRFKHPLFDOPHFKDQLVPV>@6FHUH
YLVLDHKDVEHHQNQRZQE\KXPDQVIRUWKRXVDQGVRI
\HDUV DQG WKLV \HDVW FHOO LV URXWLQHO\ XVHG LQ PDQ\
WUDGLWLRQDO ELRWHFKQRORJLFDO SURFHVVHV LQFOXGLQJ
EUHDG PDNLQJ DQG SURGXFWLRQ RI VHYHUDO DOFRKROLF

$%675$&7
7R[LF KHDY\ PHWDOV LQ LQGXVWULDO ZDVWH DUH
FDXVHGHQYLURQPHQWDOSROOXWLRQ0LFURRUJDQLVPVDUH
DSRZHUIXOKHDY\PHWDOUHPRYHUDQGDOO\HDVWFHOOV
SRVVHVVWKHSRZHUWRDFFXPXODWHKHDY\PHWDOV
,Q WKLV VWXG\ KDYLQJ WR[LF SURSHUWLHV RI FDG
PLXPFKORULGH &G&O ZDVDGGHGWRWKHFXOWXUHPH
GLXPRIWKHEUHDG\HDVWFHOOV 6FHUHYLVLDH DWGLIIHU
HQWFRQFHQWUDWLRQVDQGLWVHIIHFWVZDVLQYHVWLJDWHGRQ
VRPH ELRFKHPLFDO SURSHUWLHV$FFRUGLQJ WR H[SHUL
PHQWDO UHVXOWV GHSHQGLQJ RQ FDGPLXP FKORULGH
&G&O  FRQFHQWUDWLRQ OLSLG SHUR[LGDWLRQ JOXWDWKL
RQH DQG SURWHLQ YDOXHV ZHUH LQFUHDVHG S 
+RZHYHU ĮWRFRSKHURO HUJRVWHUROV YLWDPLQ .
VWLJPDVWHURODQGȕVLWRVWHUROOHYHOVGHFUHDVHGLQWKH
JURXSVWUHDWHGZLWK&G&O SS 
$OWKRXJK WKH IDWW\ DFLGV VXFK DV SDOPLWLF
  SDOPLWROHLF  Q   VWHDULF   ROHLF
Q DQGOLQROHLF Q OHYHOVLQPRO
WUHDWHG &G&O JURXSV ZHUH VOLJKWO\ GHFUHDVHG
S WKHVDPHIDWW\DFLGOHYHOVZHUHLQFUHDVHG
LQPROWUHDWHG&G&OJURXS S $VDUHVXOW
LWZDVREVHUYHGWKDWGHSHQGLQJRQWKHFDGPLXPFKOR
ULGHFRQFHQWUDWLRQDJDLQVWLQFUHDVHGR[LGDWLYHVWUHVV
WKH EDNHU V \HDVW 6 FHUHYLVLDH DUH UHVSRQGHG LQ
FUHDVLQJ RI WKH V\QWKHVLV JOXWDWKLRQH SURWHLQ DQG
VRPHIDWW\DFLGVLQWKHFHOOV
.(<:25'6
6FHUHYLVLDH&DGPLXPWR[LFLW\*OXWDWKLRQH *6+ /LSLG
SHUR[LGDWLRQ 0'$ )DWW\DFLGV

,1752'8&7,21
/LYLQJRUJDQLVPVDUHH[SRVHGWRWR[LFOHYHOVRI
PHWDOLRQVWKURXJKDQXPEHURIVRXUFHVERWKQDWXUDO
DQG DV D UHVXOW RI HQYLURQPHQWDO SROOXWLRQ  +HDY\
PHWDOVVXFKDV&GDUHNQRZQWRKDYHWR[LFDFWLRQV
LQWKHFHOOIURPWKHPDPPDOVWRPLFURRUJDQLVP&G
LV YHU\ WR[LF DQG SUREDEO\ FDUFLQRJHQLF DW WKH ORZ
FRQFHQWUDWLRQ ,W KDV EHHQ UHSRUWHG WKDW &G LRQV
PLJKW GLVSODFH =Q DQG )H LQ SURWHLQV UHVXOWLQJ LQ
WKHLULQDFWLYDWLRQDQGWKHUHOHDVHRIIUHHLURQZKLFK
PLJKW JHQHUDWH KLJKO\ UHDFWLYH K\GUR[\O UDGLFDOV
2+x  >@ )ROORZLQJ &G DGPLQLVWUDWLRQ HYLGHQFH
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PHWK\OHVWHUVZHUHWUHDWHGZLWKPO.+&2VR
OXWLRQ$IWHUZDUGVRQFHWKHKH[DQHSKDVHZDVHYDS
RUDWHGE\WKHQLWURJHQIORZDQGWKHQE\GLVVROYLQJ
LQ  PO IUHVK KH[DQH >@ WKH\ ZHUH WDNHQ WR DX
WRVDPSOHUYLDOV

EHYHUDJHV$OVRWKH\HDVWLVDQH[FHOOHQWPRGHOV\V
WHPWRLQYHVWLJDWHWKHPHFKDQLVPVRIGUXJUHVLVWDQFH
DQGWR[LFLW\DWWKHFHOOXODUOHYHORIHXNDU\RWLFRUJDQ
LVPV ,Q WKLV VWXG\ LW ZDV DLPHG WR LQYHVWLJDWH WKH
FKDQJHV LQ VRPH ELRFKHPLFDO PRGLILFDWLRQV LQ 6
FHUHYLVLDHDJDLQVWWR&G WR[LFLW\GHSHQGLQJFRQFHQ
WUDWLRQ

*DV &KURPDWRJUDSKLF $QDO\VLV RI )DWW\
$FLG 0HWK\O (VWHUV 0HWK\O HVWHUV ZHUH DQDO\]HG
E\XVLQJWKH6+,0$'=8*&9HUJDVFKURPD
WRJUDSK\ .\RWR-DSDQ )RUWKLVDQDO\VLVPORQJ
0DFKHU\1DJHO *HUPDQ\ FDSLOODU\FROXPQZLWKDQ
LQQHUGLDPHWHURIȝPDQGDWKLFNQHVVRIPL
FURQILOPZDVXVHG'XULQJWKHDQDO\VLVWKHLQMHFWLRQ
WHPSHUDWXUHZDVNHSWDW&DQGWKHGHWHFWRUWHP
SHUDWXUHZDVNHSWDW&7KHFROXPQWHPSHUDWXUH
SURJUDPZDVDGMXVWHGIURP&WR&DQGWKH
WHPSHUDWXUHLQFUHDVHZDVGHWHUPLQHGWREH&PLQ
XQWLO&DQG&PLQIURP&WR&,WZDV
NHSWDW&IRUPLQDQGWKHWRWDOGXUDWLRQZDVVHW
DVPLQDQGQLWURJHQJDVZDVXVHGDVWKHFDUULHU
JDV%HIRUHWKHDQDO\VLVRIIDWW\DFLGPHWK\OHVWHUV
PL[WXUHVRIVWDQGDUGIDWW\DFLGPHWK\OHVWHUVZHUHLQ
MHFWHGDQGWKHUHVLGHQFHWLPHRIHDFKIDWW\DFLGZDV
GHWHUPLQHG $IWHU WKLV SURFHVV WKH QHFHVVDU\ SUR
JUDPPLQJZDVPDGHDQGWKHIDWW\DFLGPHWK\OHVWHU
PL[WXUHVRIWKHVDPSOHVZHUHDQDO\]HG>@

0$7(5,$/6$1'0(7+2'6
'HYHORSPHQW0HGLDRI6DFFKDURP\FHVFHUH
YLVLDH)RUWKHJURZWKDQGSUROLIHUDWLRQRIWKH\HDVW
FHOOV<3'FXOWXUHPHGLXPZDVSUHSDUHG IRUWKH
P/<'3FXOWXUHPHGLXPZDVXVHGJ\HDVWH[WUDFW
 J EDFWRSHSWRQ  J JOXFRVH  )RU WKH HDFK JURXS
PHGLXPZDVSUHSDUHGLQSDUDOOHOVWRPDNHPO
>@ 7KHQ FXOWXUH PHGLD ZHUH GLYLGHG WR IRXU
JURXSVDVFRQWURO0&G0&GDQG0&G
UHVSHFWLYHO\([FHSWIRUWKHFRQWUROJURXSWKHJURXSV
LQFOXGHGGLIIHUHQWFRQFHQWUDWLRQVRI&G&O DQG
0 $IWHUVWHULOL]DWLRQ\HDVWVZHUHFXOWLYDWHGLQWR
PHGLDDQGWKHVDPSOHVZHUHLQFXEDWHGIRUKRXUV
DW&$IWHULQFXEDWLRQWKHVDPSOHVZHUHFHQWUL
IXJHGIRUPLQXWHVDW&DQGUSP$IWHU
FHQWULIXJDWLRQWKHFHOOSHOOHWREWDLQHGZDVZHLJKHG
DQGZDVKHGE\WKHP0.+32VROXWLRQ7KHQ
YLWDPLQVVWHURODQGIDWW\DFLGJOXWDWKLRQHDQGWRWDO
SURWHLQDQDO\VLVZDVSHUIRUPHG

+3/& $QDO\VLV RI $'(. 9LWDPLQV DQG
6WHURO$PRXQWP/ VXSHUQDWDQWZDVWDNHQWR
P/ WXEHV ZLWK FDSV DQG  .2+ VROXWLRQ ZDV
DGGHG$IWHULWZDVYRUWH[HGLWZDVNHSWDW&IRU
 PLQ 7KH WXEHV ZHUH WKHQ WDNHQ DQG FRROHG WR
URRPWHPSHUDWXUHDQGP/RISXUHZDWHUZDVDGGHG
DQGPL[HG/LSRSKLOLFPROHFXOHVWKDWGLGQRWVDSRQ
LI\ZHUHH[WUDFWHGZLWK[P/KH[DQH7KHKH[DQH
SKDVHZDVHYDSRUDWHGZLWKQLWURJHQIORZ,WZDVGLV
VROYHGLQP/ YY DFHWRQLWULOHPHWKD
QROPL[WXUHDQGWKHQZDVWDNHQWRDXWRVDPSOHUYLDOV
WR DQDO\]H 7KH DQDO\VLV ZDV PDGH ZLWK WKH 6KL
PDG]X EUDQG +3/& GHYLFH /&$'93 DV WKH
SXPS 63'$93 DV 89YLVLEOH GHWHFWRU &72
$693DVFROXPQRYHQ6,/$'93DVDXWRVDP
SOHU'*8$DVGHJDVVHUXQLWDQG&ODVV93VRIW
ZDUH 6KLPDG]X.\RWR-DSDQ ZHUHXVHGLQWKHGH
YLFHDQGWKHDFHWRQLWULOHPHWKDQRO YY 
PL[WXUH DVWKH PRELOHSKDVH ZDVXVHG7KH PRELOH
SKDVHIORZUDWH ZDVGHWHUPLQHGWREHP/$89
GHWHFWRUZDVXVHGIRUWKHDQDO\VLVDQGWKH6XSHOFRVLO
/& [FPȝP6LJPD86$ FROXPQDV
WKHFROXPQZDVXVHG'HWHFWLRQZDYHOHQJWKZDV
QPIRUYLWDPLQ$QPIRUYLWDPLQ(DQGQP
IRUYLWDPLQV'DQG.>@

'HWHUPLQDWLRQ RI 0'$7%$ /HYHO /LSLG
SHUR[LGHV 7%$56  LQ FHOO VXSHUQDWDQWV ZHUH HVWL
PDWHG E\ XVLQJ WKLREDUELWXULF DFLG UHDFWLYH VXE
VWDQFHVE\WKHPHWKRGRI2KNDZDHWDO>@7R
POVXSHUQDWDQWPORI6'6PORI
DFHWLFDFLG1D2+S+PORI7&$ȝO
RI%+7DQGPORI7%$ZHUHDGGHG
7KHPL[WXUHZDVKHDWHGLQDZDWHUEDWKDWΥIRU
PLQ$IWHUFRROLQJPORIQEXWDQROS\ULGLQH
PL[WXUHZDVDGGHGDQGVKDNHQYLJRURXVO\$IWHUFHQ
WULIXJDWLRQDWUSPIRUPLQWKHRUJDQLFOD\HU
ZDVWDNHQDQGLWVDEVRUEDQFHDWQPZDVPHDV
XUHGWHWUDHWKR[\SURSDQHZDVXVHGDVVWDQG
DUG7KHUHVXOWDQWQPROJWLVVXHZDVFDOFXODWHG
([WUDFWLRQRI/LSLGV&HOOSHOOHWVZKRVHZHW
ZHLJKWVZHUHPHDVXUHGZHUHKRPRJHQL]HGZLWK
YY +H[DQHLVRSURSDQROPL[WXUH7KHKRPRJHQDWH
ZDV FHQWULIXJHG DW  USP IRU  PLQ DW & DQG
FHOOSHOOHWUHPQDQWZDVSUHFLSLWDWHG7KHVXSHUQDWDQW
SDUWZDVXVHGLQWKHIDWW\DFLGDQDO\VLV>@
3UHSDUDWLRQRI)DWW\$FLG0HWK\O(VWHUV$Q
DOLTXRW ZDV WDNHQ IURP WKH VXSHUQDWDQW SDUW RI WKH
FHOOSHOOHWDQGPORIPHWKDQROLFVXOSKXULFDFLG
ZDVDGGHG7KHPL[WXUHZDVYRUWH[HGDQGWKHQNHSW
DW & IRU  KRXUV 7KHQ DIWHU EHLQJ FRROHG WR
URRPWHPSHUDWXUHPORIVRGLXPFKORULGHZDV
DGGHG DQG WKHQ LW ZDV YRUWH[HG )DWW\ DFLG PHWK\O
HVWHUVZHUHH[WUDFWHGZLWK[POKH[DQH)DWW\DFLG

7RWDO3URWHLQ$VVD\7RWDOSURWHLQFRQWHQWVRI
\HDVW FHOOV ZHUH GHWHUPLQHG LQ DFFRUGDQFH ZLWK
/RZU\¶VPHWKRGGHVFULEHG7KHSURFHGXUHIRUPHDV
XULQJSURWHLQZDVIROORZHGDFFRUGLQJWR/RZU\HWDO
>@E\XVLQJ%6$DVVWDQGDUG7KHDEVRUEDQFHZDV
UHDG DW  QP E\ XVLQJ D VSHFWURSKRWRPHWHU$OO
VDPSOH PHDVXUHPHQWV ZHUH SHUIRUPHG DW OHDVW LQ
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LQFUHDVLQJFRQFHQWUDWLRQVRI&GDQGLQGXFHVR[LGD
WLYHVWUHVVLQWKH\HDVW6FHUHYLVLDH:KHQWKHOLSLG
SHUR[LGDWLRQRXUUHVXOWVDUHLQFRQIRUPLW\ZLWKWKH
REVHUYDWLRQV RI 0DOHFND HW DO >@ KDYH UHSRUWHG
WKDW 3ELQGXFHG R[LGDWLYH VWUHVV LQ SHD URRW FHOOV
6LPLODUWRRXUREVHUYDWLRQVHQKDQFHGOLSLGSHUR[L
GDWLRQVKDYHEHHQUHSRUWHGXQGHUVHYHUHZDWHUVWUHVV
>@DQG&G DQG=Q WR[LFLW\ >@LQGLIIHUHQWSODQW
VSHFLHV$OVRLWKDVEHHQUHSRUWHGWKDWLQ&G PHGL
DWHGFHOOFXOWXUHPRGHOVF\WRWR[LFSDUDPHWHUVRIOLSLG
SHUR[LGDWLRQZHUHLQFUHDVHG>@
'HWDLOHGVWXGLHVLQWKHSDVWWZRGHFDGHVKDYH
VKRZQ WKDW PHWDOVOLNH )H&X&G&U+JDQG1L
SRVVHVV WKH DELOLW\ WR SURGXFH UHDFWLYH UDGLFDOV UH
VXOWLQJ LQ '1$ GDPDJH OLSLG SHUR[LGDWLRQ GHSOH
WLRQRISURWHLQVXOIK\GU\O¶VDQGWKH\DOVRKDYHRWKHU
HIIHFWV>@,WKDVEHHQUHSRUWHGWKDWWKHKRPHRVWDVLV
RI&D)HDQG&XLRQVDUHGLVUXSWHGDQGLWKDVEHHQ
VXJJHVWHGWKDWLQWKH FHOOVH[SRVHGWR&G LQFUHDVHG
R[LGDWLYHVWUHVVLVWKHUHVXOWRIDQLPEDODQFHLRQ>@
7KHUH DUH GLIIHUHQW PHFKDQLVPV RI FRXQWHUDF
WLRQDJDLQVWWKHLQFUHDVHG526GXULQJR[LGDWLYHFHOO
%RWK JOXWDWKLRQH *6+  DQG PHWDOORWKLRQHLQ KDYH
DQLPSRUWDQWUROHLQWKHUHGR[UHDFWLRQVGXULQJR[L
GDWLYHVWUHVV>@,QDGGLWLRQDQWLR[LGDQWHQ]\PHV
VXFKDV62'FDWDODVHDQG*6+S[SRVVHVVQHXWUDOL]
LQJIUHHUDGLFDOVGXULQJR[LGDWLYHSURSHUWLHV>@
2XUILQGLQJVVKRZHGWKDWGHSHQGLQJRQWKHFRQFHQ
WUDWLRQ RI &G WKH DPRXQW RI *6+ LV LQFUHDVHG 3
 ,QDGGLWLRQGHSHQGLQJRQWKHFRQFHQWUDWLRQ
RI&GLQ0'$OHYHOVZHUHLQFUHDVHG S  7D
EOH 
*6+KDVUROHVWRSURWHFWWKHFHOOVDJDLQVWUHDF
WLYH R[\JHQ VSHFLHV >@ GHWR[LILFDWLRQ RI KHDY\
PHWDOV>@DQG[HQRELRWLFV>@,QDGGLWLRQLWKDV
EHHQVXJJHVWHGWKDWSK\WRFKHODWLQVDUHDVVXPHGWREH
LQYROYHG LQ WKH DFFXPXODWLRQ GHWR[LILFDWLRQ DQG
PHWDEROLVPRIKHDY\PHWDOLRQVVXFKDV&G=Q&X
3E DQG +J LQ ERWK SODQW DQG \HDVW FHOO$V *6+
SK\WRFKHODWLQVDUHVPDOOPROHFXOHV,QWKHVWUXFWXUH
RISK\WRFKHODWLQVLVULFKF\VWHLQHDPLQRDFLG7KHVH
SHSWLGHV DUH WKH PROHFXOHV ZKLFK DUH FDSDEOH RI
ELQGLQJWRKHDY\PHWDOVWKURXJKWKHWKLRODWHFRRUGL
QDWLRQ,WKDVEHHQVXJJHVWHGWKDWWKHSK\WRFKHODWLQ
V\QWKHVLVLVEHLQFUHDVHGLQWKHSUHVHQFHRI&G&X
$J+JDQG3ELRQV>@

WULSOLFDWH $SSURSULDWH GLOXWLRQ RI WKH VDPSOH ZDV
PDGHWRHQVXUHIRULWVDEVRUEDQFHWREHLQWKDWSDUW
RIWKHVWDQGDUGFXUYHZKHUHDEVRUEDQFHZDVSURSRU
WLRQDOWRWKH%6$ %RYLQH6HUXP$OEXPLQ VWDQGDUG
*OXWDWKLRQH 'HWHUPLQDWLRQ )RU GHWHUPLQD
WLRQRIJOXWDWKLRQHDNQRZQTXDQWLW\RIFHOOVZDVKR
PRJHQL]HG LQ  7&$ $IWHU FHQWULIXJDWLRQ DW
[JIRUPLQWKHVXSHUQDWDQWZDVXVHGWR
HVWLPDWHUHGXFHGJOXWDWKLRQH *6+ E\XVLQJ'71%
¶GLWKLRELVQLWUREHQ]RLF DFLG  DFFRUGLQJ WR
WKHPHWKRGRI(OOPDQ>@,QWKHSUHVHQFHRI*6+
'71% LV UHGXFHG WR QLWURWKLREHQFRLF DFLG D
\HOORZLVK FRPSRXQG WKDW FDQ EH TXDQWLILHG SKRWR
PHWULFDOO\DWQP
6WDWLVWLFDODQDO\VLV6366VRIWZDUH 9HU 
ZDVXVHGWRFDUU\RXWWKHVWDWLVWLFDODQDO\VLV7KHH[
SHULPHQWDO UHVXOWV ZHUH UHSRUWHG DV PHDQ  6(0
VWDQGDUG HUURU RI PHDQV  $QDO\VLV RI YDULDQFH
$129$ DQGDQ/6' OHDVWVLJQLILFDQWGLIIHUHQFH 
WHVWZHUHXVHGWRFRPSDUHWKHWUHDWPHQWJURXSVZLWK
WKHFRQWUROJURXS7KH YDOXH RI S ZDVVHWDV
VWDWLVWLFDOO\VLJQLILFDQW

RESULTS AND DISCUSSION
(IIHFWV RI +HDY\ 0HWDO *URXSV RQ 0'$
*6+DQG3URWHLQ/HYHOV7DEOHVKRZVWKH0'$
*6+DQGSURWHLQOHYHOVRIFRQWUROJURXSDQG6FHUH
YLVLDH ,Q JURXSV WUHDWHG ZLWK &G&O 0'$ OHYHOV
ZHUH REVHUYHG WR LQFUHDVH FRPSDUHG WR WKH FRQWURO
JURXS GHSHQGLQJ &G&O FRQFHQWUDWLRQ S
S S UHVSHFWLYHO\  &RPSDUHG WR WKH
FRQWUROJURXSDVLJQLILFDQWLQFUHDVHZDVREVHUYHGDW
*6+ OHYHO LQ WKH KHDY\ PHWDO JURXS S
S  +RZHYHU LQFUHDVHG LQ WKH OHYHO RI WRWDO
SURWHLQZHUHREVHUYHGWRLQ0DQG0&G&O 
WUHDWHGJURXSV S  7DEOH 
0DORQGLDOGHK\GH 0'$  LV D ELRFKHPLFDO
PDUNHUIRUWKHIUHHUDGLFDOPHGLDWHGLQMXU\DQGFDQ
EHUHIHUUHGWROLSLGSHUR[LGDWLRQ2XUILQGLQJVVKRZ
WKDWDQLQFUHDVHLQWKHOHYHORIOLSLGSHUR[LGDWLRQZLWK

7$%/(
7KH0'$*6+DQGWRWDOSURWHLQOHYHOVLQWKHRI6FHUHYLVLDH
*URXSV
0'$ /32  QPROJ
*6+ JJ
7RWDO3URWHLQ PJJ
&RQWURO
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VSHFWUXPRIF\WRWR[LFDJHQWVIURPLQWUDFHOOXODUFRP
SDUWPHQWV>@,WKDVEHHQVXJJHVWHGWKDW053LVLQ
GXFHGE\&GH[SRVXUHDQGLWVH[SUHVVLRQOHYHOVDUH
DVVRFLDWHGZLWK&GUHVLVWDQFH>@
,QWKHSUHVHQWVWXG\LQVSLWHRIQRWVWXG\DQ\RI
WKLV SURWHLQ PDGH EH H[SUHVVLRQ ZH REVHUYHG WKDW
SURWHLQOHYHOVDUHLQFUHDVHGGHSHQGLQJ&GFRQFHQWUD
WLRQ :H WKLQN WKDW WKLV LQFUHDVH PD\ EH UDLVHG E\
PHWDOORWKLRQHLQV

.DSODQHWDO>@KDYHVXJJHVWHGWKDW*6+KDV
LPSRUWDQW UROHV LQ UHJXODWLQJ &G F\WRWR[LFLW\ DQG
WKHLU UHVXOWV VKRZHG WKDW WUHDWPHQW ZLWK *6+ FDQ
VXSSUHVV&GWR[LFLW\$GOHHWDO>@KDYHVXJJHVWHG
WKDWDQLQFUHDVHGOHYHORI*6+HQKDQFHV&GHIIOX[
PHGLDWHG LQ \HDVW 0XWKXNXPDU DQG 1DFKLDSSDQ
>@KDYHGHWHUPLQHGWKDWH[SRVXUHRI\HDVWFHOOVWR
FDGPLXP VKRZHG DQ LQFUHDVH LQ OLSLG SHUR[LGDWLRQ
DQG*6+7KHUHVXOWVRISUHVHQWVWXG\VKRZWKDWHO
HYDWHG*6+OHYHOVFDQGRZQUHJXODWH&GXSWDNHVWKH
\HDVWFHOOV*6+KDVGXDOUROHVLQUHJXODWLQJWKHFHO
OXODU&GFRQWHQWVWKDWLVUHVSRQVLEOHIRUWKHDFTXLUHG
FDGPLXP UHVLVWDQFH 2XU UHVXOWV DUH LQ FRQIRUPLW\
ZLWKWKHREVHUYDWLRQVRI.DSODQHWDO>@$GOHHW
DO>@DQG0XWKXNXPDUDQG1DFKLDSSDQ>@DQG
.LUHFFLHWDO>@WKDWDUH UHSRUWHG .LUHFFLHWDO
>@ KDYH EHHQ IRXQG WKDW KHDY\ PHWDOV WUHDWHG 6
FHUHYLVLDH FXOWXUH VKRZHG DQ LQFUHDVH LQ WKH RWKHU
DQWLR[LGDQWVPROHFXOHV
,QDGGLWLRQRXUVKRZHGWKDWWRWDOSURWHLQOHYHOV
DUH LQFUHDVHG GHSHQGLQJ RQ WKH FRQFHQWUDWLRQ &G
S  7DEOH 0DUWHOOLHWDO>@KDYHGHWHU
PLQHG WKDW WKH &G WR[LFLW\ RFFXUV WKURXJK LQWHUDF
WLRQVZLWKSURWHLQVVXEVHTXHQWO\FDXVHG\VIXQFWLRQ
RISURWHLQFRPSOH[DQGRUJDQHOOHV(XNDU\RWLFFHOOV
KDYHGLIIHUHQWPHFKDQLVPVDJDLQVWWKHWR[LFLW\LQWKH
SUHVHQFHRI&G7KHPRVWLPSRUWDQWGHIHQVHPHFKD
QLVPVDJDLQVWWKHWR[LFLW\RI&GLVKLJKV\QWKHVLVRI
DPHWDOORWKLRQHLQ.ODDVVHQHWDO>@DQG.ODDVVHQ
HWDO>@KDYHUHSRUWHGWKDWPHWDOORWKLRQHLQSURWHLQ
PROHFXOHLVLPPRELOL]HGDQGORVHWKHWR[LFHIIHFWVRI
KHDY\PHWDOLRQVDOVRLQFOXGLQJ&G7KHPDLQIXQF
WLRQ RI PHWDOORWKLRQHLQV LQ WKH FHOOV LV D PHWDO LRQ
WUDQVSRUW PDLQWHQDQFH RI WKH R[LGDWLYHUHGXFLQJ
FRQGLWLRQVDQGUHJXODWLRQRIJHQHH[SUHVVLRQ
0HWDOORWKLRQHLQVUHJXODWHIUHHUDGLFDOOHYHODOVR
LQGLUHFWO\E\ELQGLQJWRPHWDOLRQVZKLFKDUHSRWHQ
WLDOUDGLFDOSURGXFHUVHJFRSSHU>@$QRWKHULP
SRUWDQWPHFKDQLVPLVWKHUHPRYDORI&GWR[LFLW\LQ
WKH &G V\VWHP 7KH V\VWHP RFFXU PXOWLGUXJ UH
VLVWDQFH SURWHLQ 053  IDPLO\ LQ \HDVW >@ DQG
SODQWV>@053VEHORQJWRWKHIDPLO\RIPHPEUDQH
SURWHLQV ZKLFK DUH LQYROYHG LQ HOLPLQDWLQJ D ZLGH

(IIHFWVRI+HDY\0HWDO$SSOLFDWLRQVRQ9LW
DPLQ DQG 3K\WRVWHURO &RPSRVLWLRQ RI 6 FHUH
YLVLDH,QWKHDQDO\VLVE\+3/&ZKLOHWKHĮWRFRSK
HUROOHYHOZHUHVOLJKWO\UHGXFHGLQWKHJURXSWUHDWHG
&G&O S YLWDPLQ'HUJRVWHUROYLWDPLQ.
VWLJPDVWHURO DQG ȕVLWRVWHURO OHYHOV ZHUH VLJQLIL
FDQWO\GHFUHDVHG S  7DEOH 
(UJRVWHUROLVWKHPRVWLPSRUWDQWFRPSRQHQWRI
\HDVW SODVPD PHPEUDQH VWUXFWXUHV DQG WKH PRVW
SURPLQHQWLVVWHUROWKH\HDVW>@'XULQJWKHR[LGD
WLYHVWUHVV\HDVWFHOOVDOVRQHHGWRDFTXLUHDYDULHW\
RI VWUHVVDGDSWDWLRQ PHFKDQLVPV )RU H[DPSOH LQ
GXFWLRQ RI VWUHVV SURWHLQV DFFXPXODWLRQ RI VWUHVV
SURWHFWDQWV DOWHUDWLRQV LQ PHPEUDQH FRPSRVLWLRQ
DQGUHSUHVVLRQRIWUDQVODWLRQ
,WLVVXJJHVWHGWKDWWKH\HDVWFHOOVVLJQLILFDQWO\
UHGXFHWKHLUWRWDOHUJRVWHUROFRQWHQWZKHQIDFHGZLWK
VDOWDQGKHDY\PHWDOLRQV7KHREVHUYHGFKDQJHVLQ
WKHVWHUROOHYHOVXSRQVWUHVVVXJJHVWHGWKDWVLJQDOLQJ
SDWKZD\VH[LVWLQ\HDVWWRGRZQUHJXODWHHUJRVWHURO
ELRV\QWKHVLVLQUHVSRQVHWRR[LGDWLYHVWUHVV(UJRVWH
URODOVRDSSHDUVWRKDYHDQLPSRUWDQWUROHLQR[LGD
WLYHVWUHVVUHVSRQVHV
<HDVWPXWDQWVWKDWDUHQRWDEOHWRSURGXFHHU
JRVWHURO DUH K\SHUVHQVLWLYH WR R[LGDWLYH VWUHVV >
@ 0RQWDxpV HW DO  >@ KDYH LQGLFDWHG WKDW
WUDQVFULSWLRQDO FRQWURO RI HUJRVWHURO ELRV\QWKHVLV LV
DQLPSRUWDQWSK\VLRORJLFDOWDUJHWRIVWUHVVVLJQDOLQJ
,QWKH6FHUHYLVLDHWKHWUDQVFULSWLRQDOFRQWURORIHU
JRVWHURO ELRV\QWKHVLV LV FRQWUROOHG E\ (5* JHQHV
0RQWDxpVHWDO>@KDYHVKRZQWKDWDGDSWDWLRQWR
K\SHURVPRWLF DQG R[LGDWLYH VWUHVV LQYROYHV WKH UH
SUHVVLRQRI(5*JHQHVDQGWKHGHFOLQHLQFHOOXODUHU
JRVWHUROOHYHOVLQDSURFHVV

7$%/(
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7$%/(
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FRQWDLQLQJ PHPEUDQHV ZLWK D KLJKHU OHYHO RI VDWX
UDWHGIDWW\DFLGVEHLQJPRUHUHVLVWDQWWKDQWKRVHZLWK
DKLJKHUOHYHORISRO\XQVDWXUDWHGIDWW\DFLGV>@
$VDUHVXOWRIOHYHOVLQWKH\HDVWFHOOVERWK&X
DQG&GLQGXFHGUDSLGOLSLGSHUR[LGDWLRQDQGGHFOLQH
LQPHPEUDQHLQWHJULW\>@$PPDUHWDO>@KDYH
H[DPLQHGWKHHIIHFWVRI&GRQWKHOLSLGDQGIDWW\DFLG
ELRV\QWKHVLV LQ WRPDWR OHDYHV DQG WKH\ KDYH IRXQG
WKDWWKHOHYHOVRIXQVDWXUDWHGIDWW\DFLGVDUHUHGXFHG
E\WKHKLJKGRVHRI&GDQGWKHOHYHORIVDWXUDWHGIDWW\
DFLGVDUHLQFUHDVHG

(IIHFWV RI +HDY\ 0HWDO $SSOLFDWLRQV RQ
)DWW\$FLGV$FFRUGLQJWRWKHIDWW\DFLGDQDO\VLVE\
*& P\ULVWLF   SDOPLWLF   SDOPLWROHLF
 VWHDULF  ROHLF  DQGOLQROHLF DFLG
 OHYHOVLQJURXSVWUHDWHGZLWK0DQG0
&G&O ZHUH UHGXFHG SS  ZKLOH  0
&G&O WUHDWHG JURXS ZHUH LQFUHDVHG S
S  7DEOH 
,QWKHIDWW\DFLGVSDUWLFXODUO\OHYHOZHUH
KLJK LQWKH0 &G WUHDWHGJURXSFRPSDUHGWR
FRQWURODQGRWKHUJURXSV7KHLVWKHODWHVWSURG
XFWRIIDWW\DFLGV\QWKDVH,QDVWXG\FDUULHGRXWRQ
ZLVWDUUDWVIDWW\DFLGV\QWKDVHHQ]\PHDFWLYLWLHVLQ
FUHDVHG LQ OLYHU WLVVXH RI UDWV H[SRVHG WR &G  DQG
WKHUHIRUHWKHDPRXQWRIVHHPWRLQFUHDVH>@
)XUWKHUPRUH WKH DPRXQW RI VWHDULF DFLG DQG
VDWXUDWHG IDWW\ DFLG FRQWHQW LQ WKH VDPH WLVVXH ZDV
IRXQGWREHKLJK,WKDVEHHQLQGLFDWHGWKDW&GKDV
HIIHFWRQWKHIDWW\DFLGPHWDEROLVPLQWKHSUHVHQFHRI
=Q,WZDVGHWHUPLQHGWKDW&GZDVLQIOXHQFHGRQWKH
IDWW\DFLG PHWDEROLVPLQWKH SUHVHQFHRI=Q,Q=Q
GHILFLHQW UDWV DV D UHVXOW RI H[SRVXUH WR &G OLYHU
GHOWDGHVDWXUDVHDFWLYLWLHVKDVEHHQVXJJHVWHGWR
EHGHFUHDVHG$VDUHVXOWDOVRIURPWRQ
DQGIURPWRQFRQYHUVLRQUDWHZHUHGH
FUHDVHG>@
7KH OLSLG FRPSRVLWLRQ RI FHOO PHPEUDQHV
VWURQJO\ LQIOXHQFHV LQ WKH GLIIHUHQW SK\VLRORJLFDO
FRQGLWLRQV>@%LRV\QWKHVLVRIVWHUROVDQGIDWW\
DFLGV LV LQYROYHG LQ WKH PDLQWHQDQFH RI PHPEUDQH
HIILFLHQF\ZKHQFHOOVDUHVXEMHFWWRVWUHVVIDFWRUV,Q
SDUWLFXODU\HDVWFHOOVFRXQWHUDFWR[LGDWLYHVWUHVVE\
IDWW\DFLGLQGH[>@DQGHUJRVWHUROFRQWHQW>@RI
WKHLUFHOOPHPEUDQH(UJRVWHURODOVRDSSHDUVWRKDYH
DQLPSRUWDQWUROHLQR[LGDWLYHVWUHVVUHVSRQVHV
<HDVWPXWDQWVWKDWDUHQRWDEOHWRSURGXFHHU
JRVWHURODUHK\SHUVHQVLWLYH WRR[LGDWLYHVWUHVV>@
$GGLWLRQDOO\ LQWUDFHOOXODU HUJRVWHURO FRQWHQW GRHV
QRWDSSHDUWREHVWULFWO\UHODWHGWR\HDVWYLDELOLW\DQG
IHUPHQWDWLYHSHUIRUPDQFHVXQGHUKLJKVWUHVVFRQGL
WLRQV>@,WKDVEHHQREVHUYHGWKDWWKHPHPEUDQH
OLSLG FRPSRVLWLRQ RI 6 FHUHYLVLDH LV LPSRUWDQW LQ
FRQIHUULQJ UHVLVWDQFH WR R[LGDWLYH VWUHVV ZLWK FHOOV

CONCLUSION
,Q FRQFOXVLRQ LQ WKH \HDVW FHOOV H[SRVHG WR
KHDY\ PHWDO WR[LFLW\ ZHUH GHWHUPLQHG WR KDYH LQ
FUHDVHGOHYHOVRI*6+DQGSURWHLQV\QWKHVLV$GGL
WLRQDOO\LWKDVEHHQVKRZHGWKDWPHPEUDQHHUJRVWH
UROOHYHOVDUHGHFUHDVHGDQGIDWW\DFLGOHYHOVDUHLQ
FUHDVHG
7KH SRWHQWLDOO\ PDMRU UROH RI PHPEUDQH OLSLG
SHUR[LGDWLRQLQKHDY\PHWDOWR[LFLW\WR\HDVWLPSOL
FDWHGIURPWKHSUHVHQWUHVXOWVVXJJHVWVWKDWFKDQJHV
LQDQXPEHURIKLJKO\YDULDEOHFHOOXODUSURSHUWLHVLQ
FOXGLQJDQWLR[LGDQWVWDWXVDQGPHPEUDQHIDWW\DFLG
FRPSRVLWLRQFRXOGVHULRXVO\DOWHUWKHFHOOV¶DELOLW\WR
FRSHZLWKKHDY\PHWDOVWUHVV$VZHOODVEHLQJRIUHO
HYDQFHWRWKHVWUHVVELRFKHPLVWU\RI\HDVWWKHVHUH
VXOWVPD\KDYHVLJQLILFDQWLPSOLFDWLRQVIRUPHWDODQ
LPDO PHWDOSODQW DQG PHWDOKXPDQ LQWHUDFWLRQV LQ
WKHQDWXUDOHQYLURQPHQW
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A STUDY ON HEALING EFFECTS OF HOSPITAL GARDENS
Tugba Duzenli*, Serap Yilmaz, Emine TarakcÕ(UHQ
Department of Landscape Planning and Design Karadeniz Technical University, 61080 Trabzon Turkey

INTRODUCTION

hospital atmosphere, and they cannot control their
environments in any way. When the individuals
lose their ability to control their environments, their
level of stress increases and they try to be away
from the treatment >6@. As hospital environments
exhibit a view which is generally complex and
extraordinary, they are defined as environments that
create stress. These kinds of environments cause
mental fatigue, mental disorder and physical, psychological and behavioral negative effects >7-8@.
Hospitals physically increase useUV¶ KHDUWEHDW UHspiration and blood pressure >9@; psychologically
create negative feelings such as fear, anxiety, depression and loneliness >10@; and they behaviorally
cause such effects as sleeplessness, nervousness,
resistlessness, passivity and not obeying the rules of
hospital administration >11@.
To make users to be away from these negative
effects, there should be healing gardens in touch
with nature on the grounds that natural spaces relieve people, create less anxiety and enhance sincerity >12-16@. A hospital can be effective with well
GHVLJQHG RXWGRRU HQYLURQPHQWV IRU WKH SDWLHQWV¶
well-being as well as the health care service it provides.
Natural landscape areas have such effects on
people as reducing depression because nature takes
SHRSOH¶VLQWHrests and attention in an effective way
and it takes negative thoughts away >17-19@. According to the studies, it is observed that the patients who use the spaces that have more natural
elements heal more quickly than the ones who use
artificial landscapes>11-13-19@. Pinson (2013) suggests that patients who watch natural landscapes
have less anxiety symptoms. In addition to this, he
explains that when these patients look at the pictures instead of natural landscapes, the number of
patients increases >20@.Therefore, designing healing
JDUGHQV LV VLJQLILFDQW IRU XVHU¶V SDWLHQWV YLVLWRUV
staff) health.

Hospitals, which have a key role in health sector, are the health institutes that serve medical,
rehabilitation and care services either ambulatory or
inpatient twenty-four hours a day and seven days a
week primarily for sick and wounded people and
for the ones to have their health checked and to get
information >1-5@. Hospitals are the stressful places
for patients, their families and visitors. Patients
leave their safe and comfortable home and arrive in

Healing Hospital Gardens. Healing gardens
are the places that are dependent on health care
provider, helpful to reduce stress, encouraging to do
exercise and soothing, and they provide spaces for
staff, patients and their families to enjoy nature >2123@. In other words; gardens are designed to encourage people to stay away from the stressful
environment they are in for patients >10,24,25@ feel
themselves good >26,27@. According to Elings

ABSTRACT
The features and the designs of the hospital
gardens have importance in the treatment process of
the patients spiritually, physically and socially.
Well-designed healing hospital gardens form a
social atmosphere through saving the patients from
the monotony that the clinic environment has and
positively affect the clinical results of the patients
through reducing stress, and thus they enable patients to feel themselves good psychologically and
physiologically. In this study, three hospital gardens
in the city of Trabzon in Turkey are examined in a
detailed way. Firstly, the gardens are examined
through scoring table in terms of location, comfort,
safety, furniture, plants, waterscapes and access,
and existing situation is revealed. Secondly, a questionnaire was conducted and the users are asked
whether they are satisfied with the garden, the reasons why they use the garden, the features that
make them use the garden and the kind of elements
that are effective to make them use the garden, and
how the garden make them feel is explored through
the pairs of adjectives and the gardens are evaluated
through their healing power. As a result, common
problems of the gardens are determined and suggesWLRQV WKDW DLP WR HQKDQFH SDWLHQWV¶ KHDOWK DUH Rffered. It has found out that the gardens do not have
the quality to be able to meet the needs of the users,
they do not have enough landscape value to contribute to the physical-spiritual development of the
users and they do not have adequate landscape
criteria.

KEYWORDS:
Hospital gardens, Healing garden, Scoring Table, Trabzon-Turkey
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(2006), healing gardens are the environments where
people feel well psychologically and physiologically>28@. In these environments, after feeling relaxed
physically, people have such activities as increasing
the feeling of betterness, refreshing their memories,
increasing their physical activities and motivations
(resting, walking, wandering, observing, sitting and
feeling) >29-33@. Eckerling (1996) states that the
purpose of healing gardens is to enable people to
feel safe, less stressed, relax and energetic >34@.
Healing gardens have positive healing effects
on patients such as feeling of self-confidence, selfrespect, self-reliance and personality and self development >35,36@. They enable body to be more
balanced through reducing stress, and help patients
to discover their own inner world >37@. Moreover,
healing gardens provide elderly patients with
healthy living environments through refreshing
their memories, increasing motivation and physical
activities. These physical activity spaces both provide sanitary living conditions and decreases the
effects of heart conditions and other risky diseases
>28,38,39@. A majority of health professionals deILQH KHDOLQJJDUGHQVDV³UHVSHFWDEOH ZLWKUHJDUGWR
SURWHFWLQJDQGLPSURYLQJKHDOWK´ >40@.
It is proved with the studies that in hospitals
that have healing gardens patients are healthier
psychologically and they are discharged from hospital in a shorter time through using less painkillers
etc. Therefore, it is very important to determine
appropriate landscape strategies for hospitals
>41,42@. Within this context, the desires and needs
of patients, staff and visitors should be taken into
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account and their relationship with the garden
should be formed carefully.

MATERIAL AND METHOD
Determining and Defining the Study Areas.
Three hospitals located in Trabzon city center and
including different qualities in terms of garden
features are selected as study areas. These selected
hospitals are KTU Medical Faculty Farabi Hospital,
Ahi Evran Cardiovascular Surgery and Chest Diseases Training and Research Hospital, Yavuz Selim
Bone Diseases and Rehabilitation Hospital (Table
1, Figure 1).
Procedure. 1.Stage: In the first stage, a landscape evaluation is conducted to explore existing
situation of gardens. Study Areas are illustrated
with the photographs through being observed and
examined. In this stage, the scoring is applied in
three hospital gardens in Trabzon city center including big open green areas (Figure 1). 30 criteria
are used to evaluate hospital outdoors (Table 1).
Hospital gardens are examined in terms of location,
comfort, safety, furniture, plant materials, waterscapes and access. The scores of quality of existing
landscape is determined according to a scoring
table that include 0 point for not available, 1 point
for available / negative, 2 points for available /
partly positive and 3 points for available / positive.
Moreover, the maximum positive score is assessed
as (30x3=90) for 30 landscape criteria.

TABLE 1
Study Areas
Study Areas
KTU Medical Faculty Farabi Hospital 

Ahi Evran Cardiovascular Surgery and
Chest Diseases Training and Research
Hospital 

Yavuz Selim Bone Diseases and Rehabilitation Hospital


The hospital which started service in
1986 and has about 65.000 m² area on
KTU campus is a training and research
hospital, and because it is a region hospital it serves people in East Black Sea
Region. There are 800 beds and also
intensive care unit in it, and it is a hospital that is frequently used. On the campus, there are 2 buildings, one of which
is old and the other is new. In each
building, there are ambulatory and other
care services.



/RFDWHG LQ WKH GLVWULFW RI 6R÷XNVX LQ
Trabzon, this hospital is the only training
and research hospital in Cardiovascular
Surgery and Chest Diseases. It is opened
as Chest Diseases Hospital in 1956 and
started service in 1974 as Medical Faculty. After the amendments in 2009, it is
united and served with the name "Health
Sciences University Ahi Evran Cardiovascular Surgery and Chest Diseases
Training and Research Hospital" It has
21.472 m² indoor area and 22.450 m²
outdoor area, and has 230 beds.
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Located in an area that sights city
scenery of Trabzon, Yavuz Selim Bone
Diseases and Rehabilitation Hospital
was founded in 1985. In a 7000 m²
area, it has 200 beds.
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FIGURE 1
The locations of hospital gardens in Trabzon city center

tranquility, peaceful-not peaceful, comfortablaenot comfortable, natural-artificial, good spirit-not,
colorful-colorless, legible-not legible) using a 5point Likert attitude scale. Through this method, it
LV SRVVLEOH WR HYDOXDWH WKH XVHUV¶ SHUFHptions on
hospital gardens. According to this scale, the answers to different adjectives are described through
1-5 scores, 1 representing positive and 5 representing negative.

2.Stage: Primary determinant of the standards
which will develop according to environment is the
cultural setting that demanded those standards. The
standards of public applications, however, can be
GHWHUPLQHGDFFRUGLQJWRXVHUV¶GHPDQGVDQGH[SHctations that were focused on. These demands are
related directly to living and usage customs produced by culture >43@.
Defining the needs of user groups is the most
important factor in designing hospital gardens.
Paine (1990) suggests in his studies that nurses and
the other hospital staff use the hospital gardens
individually or in groups the most, and then patients
use it together with their visitors or individually
>44@. It is very important in designing process to
identify the users and their potential needs >45@. To
define a garden as a healing garden, it definitely
needs to have healing or useful effects on its users.
When users do not get any benefits from a garden
or when it does not provide any benefits, that garden fails no matter how well it is designed, and it
cannot be defined as a healing garden. Therefore, in
WKH VHFRQG VWDJH XVHUV¶ SHUVSHctives on hospital
gardens are examined. A questionnaire consisting 6
questions was conducted on total 375 users, which
means 125 users in each hospital. In the first question, the participants are asked whether they are
satisfied with the hospital garden through 5 options
(5 = yes, 1 = no). In the other questions, the reasons
why they use the garden (taking a breath, walking,
sitting, waiting, smoking, having conversation,
eating-drinking and so on), the features because of
which they prefer the garden (landscape, comfort,
safety, access, none of them) and which elements
affect them to use the garden (plant material,
watescapes, furnitures, none of them) are asked. In
the last question, the perceptions of the users on
hospital gardens are evaluated. This evaluation is
done through pairs of adjectives (tranquility - not

FINDINGS AND DISCUSSION
1. Stage: Findings based on Scoring Method. )LQGLQJV EDVHG RQ KRVSLWDOV¶ JHQHUDO IHDWXUHV
are explained in Table 2, and then a scoring table is
filled based on these findings. The percentages that
are formed according to the scoring method that is
used to evaluate hospital gardens are illustrated in
Table 3. They are evaluated by the researchers as
follows: 0-30 % is unsuccessful, 30-45 % is inadequate, 45-60% is partly successful, 60-85% is successful and 85-100 % is very successful.
According to the scoring table, Ahi Evran
Cardiovascular Surgery and Chest Diseases Training and Research Hospital has the highest percentage (%61,1), KTU Medical Faculty Farabi Hospital
has the moderate percentage (%43,3) and Yavuz
Selim Bone Diseases and Rehabilitation Hospital
has the lowest percentage (16,6) with regard to all
criteria (location, comfort, safety, furnitures, plant
materials, waterscapes and access) (Figure 2). Taking this into consideration, it is seen that Ahi Evran
Cardiovascular Surgery and Chest Diseases Hospital Cardiovascular Surgery and Chest Diseases
Training and Research Hospital garden is successful, KTU Medical Faculty Farabi Hospital garden is
inadequate and Yavuz Selim Bone Diseases and
Rehabilitation Hospital garden is unsuccessful.
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FIGURE 2
+RVSLWDOJDUGHQV¶VFRULQJJUDSK
TABLE 2
+RVSLWDOJDUGHQV¶JHQHUDOIHDWXUHV
Location

Comfort

Safety-Access

KTÜ Farabi Hospital
xSea and city view that can be
seen from the hospital garden is
efficient.
x
x
xHospital garden is suitable for
land structure, it is surrounded
with walls and it has inlet units
and security. The biggest problem
the garden has is the chaos and
visual pollution that is caused by
excessive vehicle density in and
around the parking lot.
xThere is pedestrian-vehicle
separation in access. Vehicles can
arrive to the door; however, access is not comfortable because of
parking problems.
x

Ahi Evren Hospital
xCity view that can be seen
from the hospital garden is
efficient. There is a garden
view that is predominantly
green.
xHospital garden is suitable
for land structure, it is surrounded with walls and it has
inlet units and security. Parking lot problem has been
solved in the garden.

There is pedestrian-vehicle
separation in access. Vehicles
can arrive to the door.

Furnitures

xAlthough there are wide green
areas, sitting equipments and
furnitures like covers and statues
are not adequate.

xThere are sitting equipments
and covering elements in the
garden; however, they are not
adequate. There is a high
quantity of green areas.

Plant Materials

xPlant species such as Picea
orientalis, Pinus pinaster, Eucalyptus sp., Cedrus sp., Platanus
orientalis, Cotaneaster horizontalis are densely used.
xThere is no water.

xPinus pinaster trees are
densely used in the garden.

Water

xThere is water, but it is
inadequate.
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Yavuz Selim Hospital
xThere is no garden view.

xHospital garden is suitable
for land structure, it is
surrounded with walls and it
has inlet units and security.
Parking lot problem has
been solved in the garden.
xThere is pedestrian-vehicle
separation in access. Vehicles can arrive to the door.
However, the retaining wall
around the hospital poses
danger and it makes the
access hard for patients.
xThere are quite inadequate
and uncomfortable sitting
equipments in the garden.
There are no furnitures like
covering elements. The
quantity of green areas is
very inadequate.
xPinus pinaster trees are
densely used in the garden;
however, they are quite
unhealthy.
x
xThere is no water.
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TABLE 3
Scoring table to assess hospital gardens
KTÜ
Hospital

CRITERIA
Location
Does it have scenery?
Is the hospital close to the city center?
Is the garden seen from the rooms?
Is the garden seen from the entrance?
Comfort
Is the garden well-kept?
Are the furnitures well-kept?
Are the sizes of the furnitures appropriate?
Are the furnitures adequate?
Is the parking adequate?
Safety
Is there entrance and inlet unit?
Is there lighting?
Are there enclosed bounded areas in the garden?
Is there security for disturbing events?
Access
Are the roads appropriate for wheel chairs?
Does the roadway reach the garden?
Is there pedestrian-vehicle separation?
Is the width of pedestrian road appropriate?
Is there any guidance?
Furnitures
Are there any signboards?
Are there any statues?
Are there any bins?
Are there any sitting equipments?
Are there any covering elements?
Are there any flower beds?
Plant Material
Is there plant variety?
Are there appropriate plant species?
Are there any plants that have color and fragrance?
Are the plants that have harmful toxin substance avoided?
Water
Are there any elements of water like pool?
Is moving (fountain, running) water used?
Total (%100 success: 90p)
Success percentage

Ahi
Evren
Hospital

Yavuz
Selim
Hospital

Scores
1
2
2
1

2
3
3
3

0
1
1
1

1
1
1
1
1

2
2
2
2
2

0
0
0
0
1

2
2
3
2

2
2
2
2

1
1
1
2

1
1
2
1
2

2
2
2
2
2

1
1
0
0
1

2
0
2
1
0
1

2
0
2
2
1
1

1
0
1
0
0
0

2
2
1
1

2
2
1
1

1
1
0
0

0
0
39
43,3%

1
0
55
61,1%

0
0
15
16,6 %

TABLE 4
Demographic features of the participants
Demographic Structure
Gender
Age

User
Type

Man
Woman
18-29
30-39
40-49
50 and over
Personal
Patient
Visitor

Hospitals
KTÜ
Farabi
Hospital
63
62
23
31
46
25
61
43
21

Ahi Evren
Hospital
64
61
25
32
47
21
64
41
20

Yavuz
Hospital
61
64
21
33
43
28
59
44
22

Selim
Total

Ȥ

df

188
187
69
96
136
74
184
128
63

.411

4

10.495

6

.411

4

TABLE 5
Data based on One -Way Anova
Between Groups
Within Groups
Total

Sum of Squares
41,764
208,236
250,000

df
4
370
374

Mean Square
10,441
,563

7346

F
18,552

Sig.
,000
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Findings based on the reasons of using the
gardens. When the answers based on the question
³:K\ GR \RX XVH WKH KRVSLWDO JDUGHQ"´ DUH DQalyzed through crosstab analysis (Table 6), it is seen
that the users use the hospital gardens for smoking
activity (73 mean). When the differences in use
among hospitals are examined, it is determined that
Yavuz Selim Hospital garden and KTU Farabi
Hospital garden which have low level in terms of
landscape criteria are used for smoking the most;
however, Ahi Evren hospital whose landscape criteria is partly high is used for taking a breath and
KDYLQJ FRQYHUVDWLRQ Ȥ  a, 12df, p < 0.01).
Considering this, when the number of arrangements
that has suitable landscape criteria is increased,
users use the garden for beneficial activities such as
taking a breath, having conversation and etc. According to Cooper and Barnes, hospital gardens are
to have wide green areas that enable people to do
healthy activities such as walking and so on. Active
activities in a space provide healing effects psychologically through increasing the pleasure and joy
>46@; while passive activities do the same through
enhancing the sense of relaxation >47@. Therefore,
spaces that enable beneficial activities are needed in
hospital gardens.

2. Stage: Findings based on Questionnaire.
Demographic Structure. A questionnaire has been
conducted on 375 users in total, including 125 users
in each hospital. 188 of the users are male and 187
of them are female. 184 of them are staff, 128 are
patients and 63 are visitors. A majority of the parWLFLSDQWV¶DJHVDUHEHWZHHQ-49 (136 participants)
7DEOH 7KHȤWHVWVEDVHGRQWKHGLVWULEXWLRQVRI
demographic structure are scientifically significant.
The scores are illustrated in Table 4 (p < 0.01).
Findings based on the question about satisfaction. When the answers related to the question
³$UH \RX JHQHUDOO\ VDWLVILHG ZLWK WKH KRVSLWDO JDrGHQ´KDYHEHHQHYDOXDWHGLWKDVEHHQLGHQWLILHGWKDW
the users have the highest satisfaction level for Ahi
Evran Cardiovascular Surgery and Chest Diseases
Training and Research Hospital garden (3.336
mean). KTU Medical Faculty Farabi Hospital garden is the second in satisfaction means (2.536
mean), and Yavuz Selim Bone Diseases and Rehabilitation Hospital garden is the last (1.528 mean).
In the graph, the distributions of the answers (between 5 = yes, 1 = no) related to satisfaction is
illustrated. It is clear that the satisfaction on Ahi
Evran Hospital garden is high (Figure 3). This finding overlaps with the scoring values that are determined in the first stage of the study. Ahi Evren
Hospital garden which has the highest percentage
for all criteria (location, comfort, safety, furnitures,
plant materials, waterscapes and access) also has
WKH KLJKHVW PHDQ LQ WHUPV RI XVHUV¶ VDWisfaction;
Yavuz Selim Hospital garden which has the lowest
percentage also has the lowest mean in terms of
XVHUV¶ VDWLVIDFWLRQ 5HJDUGLQJ WKLV LW LV UHYHDOHG
WKDWXVHUV¶VDWLVIDFWLRQLVFRUUelated with the level of
landscape criteria existence in gardens.
The correlations between the variables based
on the satisfaction levels in hospitals were analyzed
through One-Way Anova. It is revealed in OneWay Anova that the values that each hospital has
show differences in itself and they also show differences in the total sum that these three hospital gardens form (p < 0.01, N= 375). The data gathered by
One-Way Anova is shown in Table 5.

TABLE 6
Data based on the use of hospitals
The use of
Gardens
Taking a
breath
Walking
Sitting
Waiting
Smoking
Having
conversation
Eatingdrinking
Total

KTÜ
Farabi
Hospital
21

Hospitals
Ahi
Yavuz
Evren
Selim
Hospital
Hospital
15
33

69

11
11
25
30
13

12
21
9
11
31

30
10
26
32
5

53
42
60
73
49

14

8

7

29

125

125

125

375

Total

Data based on the preferred features. When
WKH DQVZHUV WR WKH TXHVWLRQ ³:KLFK IHDWXUHV DIIHFW
your preference of the garden positively?" are analyzed through crosstab analysis (Table 7), it is seen
WKDW WKH PRVW LPSRUWDQW UHDVRQ RI WKH XVHUV LV ³DcFHVV´  PHDQ  +RZHYHU IRU <DYX] 6HOLP KRspital whose landscape criteria evaluation is negaWLYH WKH KLJKHVW YDOXH LQ WKLV VHQVH LV ³QRQH RI
WKHP´ Ȥ  a, 8df, p < 0.01). Users do not
prefer this garden, but they use it because of necessity. As a result, as the value of landscape criteria
decreases, the preference for the hospitals decreases
and users cannot find a feature that leads them to
preference. When the hospital gardens are not taken
into account in health sector, it means that the spiritual dimension of the illnesses as well as physical
dimension is also not considered. The design of the
garden and its healing effects is a psychosocial

FIGURE 3
+RVSLWDOJDUGHQV¶VDWLVIDFWLRQGLVWULEXWLRQJUDSK
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process that is related to the energy between mind
and body. Therefore, designers should increase the
preference of the gardens through using the healing
power of landscape, plants and nature in their designs >36@.
Consumer surveys of former hospital patients
differing by age, location and medical problem,
found their most widely shared preference
regarding the physical environment of healthcare
was for access to nature ² gardens, views,
balconies, indoor plants and nature pictures >48@.
Two studies which asked people where they chose
to go when they were feeling stressed or upset
found that the majority chose to go outdoors to a
natural or designed setting >49,50@. As a result of
this, natural landscape features should be used in
hospital gardens, and thus the preference should be
increased.

illustrated in Table 9. According to the scores that
the adjectives haYH XVHUV¶ SHUFHSWLRQV RQ KRVSLWDO
gardens show difference.
TABLE 8
Data based on the effective elements for use
Effective
elements
Plant
Water
Furnitures
None of
them
Total

Reasons
for
preferences
Scenery
Comfort
Safety
Access
None of
them
Total

KTÜ
Farabi
Hospital
15
23
29
58
0

36
51
86
137
65

125

125

375

125

KTÜ
Farabi
Hospital
12
0
45
68

Hospitals
Ahi
Yavuz
Evren
Selim
Hospital
Hospital
33
9
39
0
23
53
0
93

125

125

125

Total

54
39
121
161
375

TABLE 9
Data based on One way Anova

TABLE 7
Data based on the features that determine the
preference
Hospitals
Ahi
Yavuz
Evren
Selim
Hospital
Hospital
21
0
28
0
32
25
35
44
0
65

Fresenius Environmental Bulletin

Soothing Between
Groups
Within
Groups
Total
Peaceful Between
Groups
Within
Groups
Total
Uplifting Between
Groups
Within
Groups
Total
Natural Between
Groups
Within
Groups
Total
Fresh
Between
Groups
Within
Groups
Total
Colorful Between
Groups
Within
Groups
Total
Readable Between
Groups
Within
Groups
Total

Total

Data based on effective elements. When the
DQVZHUVWRWKHTXHVWLRQ³:KLFKHOHPHQWVDUHLQIOuHQFLQJ IRU \RX WR XVH WKH JDUGHQ"³ LV DQDO\]HG
through crosstab (Table 8), it is seen that none of
the elements is influencing for the users to use the
gardens (161 mean). However, in Ahi Evren hospital garden where level of landscape criteria is partly
high, it is identified that the use of furnitures affect
the use posiWLYHO\ Ȥ  a, 6df, p < 0.01).
Positive landscape elements that will affect the use
of hospital gardens are quite inadequate >51,52@.
However, the existence of natural elements such as
water, plant etc. affects the preference positively
and they have healing effects >53-55@. Therefore,
the quantity of landscape elements such as plant,
water etc. should be increased in hospital gardens.

Sum of
Squares

df

Mean
Square F

155,109

2

77,555 158,379 ,000

182,160

372

,490

337,269

374

166,117

2

83,059 161,249 ,000

191,616

372

,515

357,733

374

150,933

2

75,467 121,856 ,000

230,384

372

,619

381,317

374

339,557

2

169,779 369,776 ,000

170,800

372

,459

510,357

374

119,205

2

59,603 107,349 ,000

206,544

372

,555

325,749

374

133,696

2

66,848 85,774 ,000

289,920

372

,779

423,616

374

190,485

2

95,243 140,347 ,000

252,448

372

,679

442,933

374

Sig.

Ahi Evren hospital garden whose landscape
criteria score is high has the highest values in usHUV¶
perceptual definitions. The highest values that define the hospital are given to the adjectives natural
(3.408 and fresh (2.904). Scores related to all adjectives are illustrated in Figure 4. As a result, it is a
necessity for hospital gardens to provide benefits to
its users psychosocially and to become healing
places for them they should be tranquiling, good
spirit, peaceful, natural, comfortable, colorful and
legible. Nevertheless, because the hospital gardens

Data based on the perceptions on hospital
gardens. Arithmetic means based on the scores that
the pairs of adjectives have in each hospital garden
are identified and the correlations between the variables related to perceptual definitions of gardens
that have different landscape criteria are analyzed
through One-way Anova. In One-way Anova, it is
revealed that the values that each hospital has show
differences in itself and they also show differences
in the total sum that these three hospital gardens
form (p < 0.01, N= 375). Data in Anova analysis is
7348
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FIGURE 4
Distributions of answers based on pairs of adjectives

are not perceived as tranquil, peaceful, comfortable
and natural and they are not legible. This indicates
that hospital gardens were designed without regardLQJ WKH XVHUV¶ QHHGV DQG WKURXJK FHUWDLQ VRXUFHV
While designing the hospital gardens, it is imSRUWDQWWREHPXFKPRUHFDUHIXODQGXVHUV¶GHVLUHV
and needs should be considered. Hospitals that have
healing gardens mean healthier environments and
designs. Healthy environments mean healthier people and productive, safe and efficient hospitals >57@.
Health professional Don McKahan also points out
the necessity to found hospitals through innovative
environmental designs >58@.
Therefore, it is important to design hospital
gardens that have suitable elements of furnituresplant-water and that are natural, peaceful, readable,
and comfortable and whose access and use is easy.
Authorities in hospitals must adjust and extend the
hospital gardens through necessarily taking these
problems into account, and they must also consider
hospital gardens as a part of treatments. Consequently, patients will have more peaceful, stressfree and happy treatment process, and they will
UHFRYHU PRUH TXLFNO\ DQG WKXV VWDII DQG YLVLWRUV¶
satisfaction will increase. Hospital outdoor spaces
are also contribute to transforming these institutions
in which intense competitions take place into a
positive marketplace by enhancing the business
quality of employee such as directors, staffs and
nurses who feel intense constraints routinely and by
increasing the communication between employee
and patients.

in Trabzon are inadequate in terms of landscape
criteria, they are not perceived as legible, natural,
comfortable etc. and they do not have adequate
healing features. However, many researchers found
out that there is a positive correlation between environmental preferences and perceived naturalness
and peace. Natural environments enable people to
feel well >9,56@. The studies conducted by Kaplans
revealed that naturalness has significant healing and
soothing effects. Herzog (1989) also suggested in
his study that the percentage of healing and soothing effects of natural environments is high >51@.

RESULTS AND SUGGESTIONS
Hospitals and hospital gardens that enable patients to be healed and stay healthy are quite influencing RQ SDWLHQWV¶ SV\FKRORJ\ ,W LV H[WUHPHO\
important for hospital gardens that are used by
patients, staff and visitors to be designed appropriDWH IRU WKH XVHUV¶ QHHGV LQ WHUPV RI WKHLU SRVLWLYH
EHQHILWVWRWKHXVHUV¶SV\FKLFDODQGVSLULWXDOGHYHlopments. Within the scope of this study, three hospital gardens in Trabzon are examined and it is
explored that in some of these gardens, there are a
set of arrangements, but they are extremely inadequate. None of the hospital gardens, except Ahi
Evren Hospital garden, are qualified enough to
meet the needs of the users, none of them has the
adequate landscape to provide positive benefits to
WKH XVHUV¶ ERG\-mind developments and none of
them has adequate landscape criteria. Even Ahi
Evren Hospital has the limit values. The basic deficiencies in these hospitals can be mentioned as the
lack of open green area, comfort, furnitures, water,
plant materials,which means not giving importance
to landscape criteria.
As a result of the study, it is seen that the rate
of satisfaction is low in these hospitals, the gardens
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THE ASSESSMENT OF THE RISK FACTORS ON
LEGIONELLA spp. PRESENCE IN PUBLIC SUPPLY WATER
IN PERMANENTLY VS. SEASONALLY OPEN FACILITIES
Anita Rakic*, Anamarija Jurcev-Savicevic, Nives Stambuk-Giljanovic
Public Health Institute of Split and Dalmatian County, Vukovarska 46, 21000 Split, Croatia

SRROV IRXQWDLQV UHVSLUDWRU\ WKHUDS\ HTXLSPHQW
GHQWDOHTXLSPHQW>@DQGRWKHUZDWHUGHYLFHV>@
7KHUHLVQRSHUVRQ±WR±SHUVRQ±WUDQVPLVVLRQ
7KHTXDOLW\RIGULQNLQJZDWHUGLVWULEXWLRQV\V
WHPV ':'6V LVGLUHFWO\LQIOXHQFHGE\WKHTXDOLW\
RI WKH VRXUFH ZDWHU SK\VLFDO DQG FKHPLFDO FRQWHQW
DQGPLFURELRORJLFDOTXDOLW\RIWKHLQZDUGVXSSO\ZD
WHU >@ DQG LQGLUHFWO\ E\ HQYLURQPHQWDO FRQGLWLRQV
WHPSHUDWXUH  7KH FKHPLFDO DQG PLFURELDO FRQWHQW
RI WKH ':'6V GHSHQGV RQ WKH JHRJUDSKLF ORFDOLW\
DQGHIILFDF\RIZDWHUWUHDWPHQWE\SXEOLFDXWKRULWLHV
2QHRIWKHLPSRUWDQWIDFWRUVDIIHFWLQJGULQNLQJZDWHU
TXDOLW\LVELRILOPYHU\KHWHURJHQHRXVPLFURELDOHFR
V\VWHPV ZLWK YDULRXV EDFWHULD \HDVWV IXQJL DQG
DPRHEDH SDUDVLWHV DQG HQWHURYLUXVHV LQFOXGHG >
@ +XPDQ SDWKRJHQV GHWHFWHG LQ ELRILOP LQFOXGH
3VHXGRPRQDVVSS/HJLRQHOODVSSDQGQRQ±WXEHU
FXORVLV0\FREDFWHULXPDQGPDQ\RWKHU>@3UH
YLRXVVWXGLHVUHYHDOHGWKDWDUDQJHRIIDFWRUVLQIOX
HQFHELRILOPJURZWKLQFOXGLQJWKHOHYHORIGLVVROYHG
LQRUJDQLFQXWULHQWVSUHVHQWZDWHUWHPSHUDWXUH>@
W\SH RI SLSH PDWHULDO XVHG >@ FRUURVLRQ FRQWURO
K\GUDXOLFFRQGLWLRQV >@DQGOHYHOVRIRUJDQLF
PDWWHUSUHVHQW>@LQZDWHUGLVWULEXWLRQV\VWHP6XU
YLYDODQGFRORQL]DWLRQRI/HJLRQHOODVSSLQZDWHUDUH
LQIOXHQFHGE\YDULRXVIDFWRUVWKDWPD\LQWHUDFWLQHL
WKHU V\QHUJLVWLF RU DQWDJRQLVWLF HIIHFWV /HJLRQHOOD
VSSEDFWHULDFDQJURZVXFFHVVIXOO\ZLWKLQDYDULHW\
RI DPRHEDH DQG SURWR]RD FRPPRQO\ IRXQG LQ VRLO
DQGZDWHU%LRILOPIRUPDWLRQRUVXUIDFH±DVVRFLDWHG
PLFURELDODFWLYLW\DQGFRORQL]DWLRQLVHVSHFLDOO\LP
SRUWDQW IRU /HJLRQHOOD VSS VXUYLYDO DQG JURZWK LQ
ZDWHU V\VWHPV >@7KH SUHVHQFH RI VXVSHQGHG
PDWHULDODQGSDUWLFXODWHPDWWHURUJDQLFPDWHULDODQG
GLVVROYHGDQGVXVSHQGHGLQRUJDQLFFRPSRXQGVVXS
SRUWVELRILOPGHYHORSPHQWDQGSURPRWHVWKHFRORQL
]DWLRQRIPLFURRUJDQLVPVLQFOXGLQJ/HJLRQHOODVSS
7KHIRUPDWLRQRIWKHELRILOPFDQDOVROHDGWRUH±FRQ
WDPLQDWLRQRIZDWHUDIWHUGLVLQIHFWLRQDQGWRPLFUR
FRUURVLRQ RI PHWDO WXEH VXUIDFH XQGHU WKH ELRILOP
OD\HU>@
,PSOHPHQWDWLRQRISUHYHQWLYHPHDVXUHVLQGLI
IHUHQWDFFRPPRGDWLRQVLWHVLVWKHNH\WRFRQWURORI
WUDYHO DVVRFLDWHG /HJLRQQDLUHV  GLVHDVH 7$/' 
7KHUHIRUHLWLVLPSRUWDQWWRPRQLWRUWKHVHIDFLOLWLHV
DQGHGXFDWHWKHLUVWDIIDERXWSUHYHQWLYHPHDVXUHV

ABSTRACT
0LFURELRORJLFDOSK\VLFDODQGFKHPLFDODQDO\
VLV RI GRPHVWLF KRW ZDWHU LQ WZR DFFRPPRGDWLRQ
VLWHV ZLWK\HDUURXQGRSHUDWLRQDQGWZRDFFRPPR
GDWLRQVLWHVZLWKVHDVRQDOZRUNLQ6SOLWDQG'DOPD
WLDQ&RXQW\ZDVFRQGXFWHGGXULQJ±)URP
VHDVRQDOO\ RSHQ IDFLOLWLHV  KRW ZDWHU VDPSOHV
ZHUHDQDO\]HGIRUWKHSUHVHQFHRI/HJLRQHOODVSSDV
ZHOODVVDPSOHVIURPIDFLOLWLHVZLWK\HDUURXQG
RSHUDWLRQ$QDO\VLVDOVRLQFOXGHGZDWHUWHPSHUDWXUH
IUHH UHVLGXDO FKORULQH DQG FRQFHQWUDWLRQV RI LURQ
]LQFDQGFRSSHU
/HJLRQHOODVSSZDVIRXQGLQ  VDP
SOHV7KHUH ZDV QR VWDWLVWLFDO VLJQLILFDQFH EHWZHHQ
SRVLWLYHVDPSOHVIURPWKH\HDU±URXQGIDFLOLWLHV  
DQGVHDVRQDODFFRPPRGDWLRQVLWHV  'LIIHUHQFHV
LQ PHWDO FRQFHQWUDWLRQV ZHUH QHJOLJLEOHH[FHSWIRU
]LQFZKLFKZDVKLJKHULQ\HDU±URXQG PJ/ 
FRPSDUHGZLWKVHDVRQDOIDFLOLWLHV PJ/ 
7KLVVWXG\VKRZHGWKDWWKHUHZDVQRGLIIHUHQFH
EHWZHHQIXOOWLPHRUVHDVRQDOZRUNRIWKHIDFLOLWLHV
LQWHUPVRIWKHLVRODWLRQRI/HJLRQHOODVSSIURPKRW
ZDWHU

KEYWORDS:
Legionella spp., iron, zinc, copper, drinking water
distribution system, risk assessment, preventive measures.

INTRODUCTION
%DFWHULD RI WKH /HJLRQHOOD VSS IDPLO\ FDQ EH
IRXQGZRUOGZLGHLQPDQ\GLIIHUHQWQDWXUDODQGDUWL
ILFLDODTXDWLFHQYLURQPHQWVDVVRPHRWKHUPLFURRU
JDQLVPV >@ /HJLRQHOOD SQHXPRSKLOD LV D *UDP±
QHJDWLYH IDFXOWDWLYH LQWUDFHOOXODU SDWKRJHQ /H
JLRQHOORVLVLVDFROOHFWLRQRILQIHFWLRQVFDXVHGE\/H
JLRQHOODSQHXPRSKLODDQGUHODWHGEDFWHULD/HJLRQ
QDLUHCVGLVHDVHLVSRWHQWLDOO\IDWDOIRUPRISQHXPRQLD
ZKLFK FDQ EH JURXSHG DV FRPPXQLW\ DFTXLUHG
KHDOWK±FDUH DFTXLUHG DQG WUDYHO DVVRFLDWHG 3HRSOH
EHFRPH LQIHFWHG E\ LQKDOLQJ DHURVRO FRQWDPLQDWHG
ZLWK /HJLRQHOOD VSS ZKLFK FDQ EH SURGXFHG E\
PDQ\ DHURVRO±JHQHUDWLQJ V\VWHPV VXFK DV FRROLQJ
WRZHUV >@ GRPHVWLF KRW ZDWHU V\VWHPV > @ VSD
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7KHFRORQLHVJURZQRQ%&<(DJDUZHUHOXFHQWFRQ
YH[URXQGDQGKDGLQWHJUDOULP&RORQLHVJURZQRQ
%&<(DJDUZLWKF\VWHLQHZHUHIXUWKHUWHVWHGIRU/H
JLRQHOODSQHXPRSKLODVHURJURXSVHURJURXS±
DQG/HJLRQHOODQRQ±SQHXPRSKLODE\WKHXVHRIWKH
DJJOXWLQDWLRQWHVW /HJLRQHOOD/DWH[7HVW2[RLG 

,QKRWHOVZLWK\HDU±URXQGRSHUDWLRQWKHZDWHU
V\VWHP KDV EHHQ FRQWLQXRXVO\ ULQVHG WKXV UHGXFLQJ
WKHFRQFHQWUDWLRQRI/HJLRQHOODVSSEDFWHULD,QKR
WHOV ZLWK VHDVRQDO ZRUN ZDWHU KDV EHHQ VWDJQDWLQJ
ZKLOH WKH SURSHUW\ LV FORVHG DQG LI SUHYHQWLYH
PHDVXUHVEHIRUHWKHRSHQLQJ RIWKH IDFLOLW\DUH QRW
LPSOHPHQWHGWKHULVNRI/'LVLQFUHDVLQJ6DPSOLQJ
DQGDQDO\VLVRIZDWHULVRIWHQFDUULHGRXWLQRUGHUWR
JDLQRULHQWDWLRQRQWKHSRWHQWLDOULVNRIDFFRPPRGD
WLRQVLWH

3K\VLFDODQGFKHPLFDODQDO\VHV6RPHSK\VL
FDODQGFKHPLFDOYDOXHVZHUHPHDVXUHGLQVLWXZKLOH
WKH RWKHUV ZHUH GHWHUPLQHGLQWKH ODERUDWRU\7HP
SHUDWXUH DQG IUHH UHVLGXDO FKORULQH ZHUH PHDVXUHG
GXULQJ VDPSOLQJ 7KH FRQFHQWUDWLRQV RI LURQ ]LQF
DQG FRSSHU ZHUH GHWHUPLQHG XVLQJ WKH DWRPLF DE
VRUSWLRQVSHFWURSKRWRPHWHU +LWDFKL=±6HULHV
7RN\R-DSDQ DFFRUGLQJWR,62VWDQGDUGV>@7KH
DEVRUEHQF\ZDVPHDVXUHGDWDZDYHOHQJWKRI
QPIRULURQQPIRU]LQFDQGQPIRUFRS
SHU 7DEOH 
7KH OLPLWV RI DWRPLF DEVRUSWLRQ VSHFWURPHWU\
GHWHFWLRQZHUHPJ/IRULURQJ/IRU
]LQFDQGPJ/IRUFRSSHU

MATERIALS AND METHODS
6DPSOLQJ VLWHV $Q HSLGHPLRORJLFDO VXUYH\
DQG PLFURELRORJLFDO DQDO\VLV RI KRW ZDWHU IRU WKH
SUHVHQFHRI/HJLRQHOODVSSLQWZRDFFRPPRGDWLRQ
VLWHV ZLWK\HDUURXQGRSHUDWLRQDQGWZR DFFRPPR
GDWLRQ VLWHV ZLWK VHDVRQDO ZRUN DORQJ WKH$GULDWLF
FRDVW LQ 6SOLW DQG 'DOPDWLDQ &RXQW\ GXULQJ ±
 ZDV FRQGXFWHG$OO PRQLWRUHG IDFLOLWLHV ZHUH
VXSSOLHGZLWKWUHDWHGZDWHUIURPSXEOLFGLVWULEXWLRQ
V\VWHPV$ WRWDO RI  VDPSOHV RI KRW ZDWHU ZHUH
DQDO\]HG7KHZDWHUIURP\HDU±URXQGRSHQIDFLOLWLHV
ZDVVDPSOHGGXULQJWKH ZKROH \HDU VDPSOHV 
ZKLOHLQVHDVRQDODFFRPPRGDWLRQVLWHVWKHVDPSOLQJ
ZDVGRQHEHIRUHGXULQJDQGDIWHUWKHVXPPHUVHDVRQ
VDPSOHV 
6DPSOLQJZDVFDUULHGRXWXVLQJVWDQGDUGSURFH
GXUHVIRUVDPSOHFROOHFWLRQWUDQVSRUWDQGVWRUDJHDF
FRUGLQJWR,62VWDQGDUGV>@
+RW ZDWHU VDPSOHV ZHUH FROOHFWHG LQ SRO\HWK
\OHQHERWWOHVRIRQHOLWUHZKLFKKDGEHHQSUHYLRXVO\
FOHDQHGULQVHGZLWKGLVWLOOHGZDWHUDQGVWHULOL]HGLQ
WKHDXWRFODYHZLWKP/VRGLXPWKLRVXOSKDWH
1D62  1 0HUFN *HUPDQ\  DGGHG $IWHU
VDPSOLQJ WKH ZDWHU ZDV VWRUHG DQG WUDQVSRUWHG LQ
SRUWDEOHUHIULJHUDWRUVNHSWDWWHPSHUDWXUHRI&DQG
SURWHFWHG IURP KHDW DQG VXQOLJKW DQG GHOLYHUHG WR
WKH ODERUDWRU\ IRU PLFURELRORJLFDO DQG FKHPLFDO
DQDO\VLV

TABLE 1
Experimental conditions for metal
determinations by AAS
0HWDO
&RQGLWLRQV
:DYHOHQJWK QP
6OLWZLGWK PP
$$6GHWHFWLRQ
OLPLW ȝJ/

)H

&X
)ODPH
&+$LU








=Q





6WDWLVWLFDO DQDO\VLV 7KH DYHUDJH YDOXHV IRU
HDFKDFFRPPRGDWLRQIDFLOLW\DQGGLIIHUHQFHVLQSD
UDPHWHUVEHWZHHQ\HDU±URXQGDQGVHDVRQDOIDFLOLWLHV
ZHUHFDOFXODWHG
3ULRUWRVWDWLVWLFDODQDO\VLVWKHQRUPDOLW\WHVWV
ZHUH SHUIRUPHG WR FKHFN WKH GDWD GLVWULEXWLRQ$OO
GDWD GLVSOD\HG D QRQQRUPDO GLVWULEXWLRQ DQG WKXV
QRQ±SDUDPHWULFDQDO\VHVZHUHDSSOLHG >@'LIIHU
HQFH EHWZHHQ WZR W\SHV RI DFFRPPRGDWLRQ VLWH
JURXSVDFFRUGLQJWRWKHSUHVHQFHRI/HJLRQHOODVSS
DQG SK\VLFDO DQG FKHPLFDO SDUDPHWHUV ZHUH FRP
SDUHG XVLQJ 0DQQ±:KLWQH\ WHVW 8 WHVW DQG FKL±
VTXDUH Ȥ WHVW
$3YDOXHOHVVWKDQZDVDFFHSWHGDVLQGL
FDWLQJ VWDWLVWLFDO VLJQLILFDQFH 6WDWLVWLFDO DQDO\VHV
ZHUHSHUIRUPHGXVLQJ0HG&DOFYHUVLRQ:LQ
GRZV;39LVWD 6366,QF&KLFDJR86$ 

0LFURELRORJLFDO DQDO\VLV 0LFURELRORJLFDO
DQDO\VHV ZHUH SHUIRUPHG ZLWKLQ WKH  KRXUV DIWHU
WKH VDPSOHV KDG EHHQ WDNHQ $QDO\VHV ZHUH SHU
IRUPHGLQWKHVSHFLDOL]HGODERUDWRU\ZLWK%LRVDIHW\
/HYHO± &XOWLYDWLRQ DQG LGHQWLILFDWLRQ ZHUH SHU
IRUPHGE\WKHFXOWXUDOPHWKRGDFFRUGLQJWRWKH,62
VWDQGDUGV>@
7KH FRQFHQWUDWLRQ RI WKH EDFWHULD ZDV GHWHU
PLQHGZLWKPHPEUDQHILOWUDWLRQXVLQJSDSHUILOWHURI
 P SRUH VL]H D SRO\DPLGH ILOWHU 0LOOLSRUH
%HGIRUG86$ )LOWHUSDSHUZDVUHVXVSHQGHGYRU
WH[HGLQP/ZDWHUVDPSOHDQG LIWKHVDPSOHZDV
IURPKRWHO ZHUHSODWHGRQWREXIIHUHGFKDUFRDO\HDVW
H[WUDFW %&<(±D  DJDU ZLWK F\VWHLQH DQG FKDUFRDO
\HDVWH[WUDFWDJDU±F\VWHLQH±IUHH ELR0HULX[0DUF\
OC(WRLOH)UDQFH GXULQJKDW&/HJLRQHOODVSS
JUHZRQVXEVWUDWHVHQULFKHGZLWKLURQDQG/±FLVWHLQ

RESULTS AND DISCUSSION
7KHUHVXOWVRIWKLVVWXG\KDYHVKRZQFRQWDPL
QDWLRQRIZDWHUV\VWHPVE\/HJLRQHOODVSS+DYLQJ
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FRQVLGHUHG WRWDO RI  KRW ZDWHU VDPSOHV 
  VDPSOHV ZHUH SRVLWLYH WR /HJLRQHOOD VSS
7KH GLIIHUHQFHEHWZHHQ   SRVLWLYH VDP
SOHV IURP WKH \HDU±URXQG RSHQ IDFLOLWLHV DQG 
 SRVLWLYHVDPSOHVIURPVHDVRQDODFFRPPR
GDWLRQ VLWHV ZDV QRW VWDWLVWLFDOO\ VLJQLILFDQW Ȥ 
3   7DEOH 
+RZHYHUZHIRXQGGLIIHUHQFHVLQPLFURELRORJ
LFDO DQG FKHPLFDO FRPSRVLWLRQ EHWZHHQ WKHVH WZR
W\SHV RI DFFRPPRGDWLRQ IDFLOLWLHV 7KH UHVXOWV RI
SK\VLFDO DQG FKHPLFDO DQDO\VLV RI KRW ZDWHU ZHUH
SUHVHQWHGLQ7DEOH

As shown in Table 3, the median of all
measured physical and chemical parameters was
approximately the same, regardless of the type of
accommodation site.
Although the median of Fe concentration was
the same in water from permanently and seasonally
open facilities (0.030 mg/L), its maximum
concentration in the seasonal facilities was high,
which can be attributed to a greater degree of
corrosion during water stagnation, especially in
various blind endings of pipes and fittings which are
shown to favour biofilm formation [31].

7$%/(
'LVWULEXWLRQRI/HJLRQHOODVSSLQKRWZDWHUVDPSOHVE\W\SHRIDFFRPPRGDWLRQIDFLOLW\

)DFLOLW\
2SHQ
URXQG

1XPEHURI
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6DPSOLQJVLWH
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%DWKURRPWDS
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2WKHU MDFX]]LDQGZHOOQHVV
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7$%/(
3K\VLFDODQGFKHPLFDOFKDUDFWHULVWLFVRIKRWZDWHUVDPSOHVFROOHFWHGLQ\HDU±URXQG D DQGVHDVRQDOO\ E 
RSHQDFFRPPRGDWLRQVLWHV
a. No of samples= 219

The years

2009

2010

2011

2012

Median
Percentile 25
Percentile 75
Median
Percentile 25
Percentile 75
Median
Percentile 25
Percentile 75
Median
Percentile 25
Percentile 75

b. No of samples= 206

The years

2009

2010

2011

2012

Median
Percentile 25
Percentile 75
Median
Percentile 25
Percentile 75
Median
Percentile 25
Percentile 75
Median
Percentile 25
Percentile 75

Fe
(mg/L)
0.071
0.021
0.121
0.100
0.030
0.130
0.030
0.020
0.070
0.010
0.010
0.030
Fe
(mg/L)
0.049
0.021
0.099
0.020
0.010
0.080
0.050
0.030
0.120
0.010
0.000
0.090

=Q
PJ/
0.238
0.030
0.341
0.170
0.130
0.200
0.120
0.050
0.250
0.050
0.030
0.080
=Q
PJ/
0.082
0.044
0.150
0.140
0.120
0.170
0.140
0.040
0.180
0.040
0.030
0.100

&RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHO



&X
PJ/
0.012
0.006
0.029
0.055
0.020
0.090
0.010
0.010
0.020
0.010
0.000
0.010
&X
PJ/
0.008
0.005
0.013
0.010
0.010
0.040
0.000
0.000
0.010
0.000
0.000
0.010

Temp.
(°C)
52.4
50.1
58.1
55.8
48.4
58.4
52.9
45.1
57.2
58.2
52.1
60.3
Temp.
(°C)
47.5
45.0
52.1
45.4
42.4
52.9
51.8
50.3
56.1
54.9
49.2
59.9

)5&
PJ/
0.20
0.18
0.25
0.20
0.20
0.25
0.20
0.20
0.20
0.20
0.20
0.25
)5&
PJ/
0.20
0.15
0.20
0.30
0.20
0.30
0.30
0.20
0.30
0.20
0.20
0.25
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),*85(
7KHLQWHUTXDUWLOHGLVSOD\RIWHPSHUDWXUHDQGIUHHUHVLGXDOFKORULQHPHDVXUHGLQKRWZDWHUVDPSOHV
FROOHFWHGLQ\HDU±URXQGDQGVHDVRQDOO\RSHQDFFRPPRGDWLRQIDFLOLWLHVE\LVRODWLRQRI/HJLRQHOODVSS

),*85(
7KHLQWHUTXDUWLOHGLVSOD\IRUWKHFRQFHQWUDWLRQVRILURQ )H ]LQF =Q DQGFRSSHU &X PHDVXUHGLQKRW
ZDWHUVDPSOHVFROOHFWHGLQWKH\HDU±URXQGDQGVHDVRQDODFFRPPRGDWLRQIDFLOLWLHVDFFRUGLQJWR
WKHLVRODWLRQRI/HJLRQHOODVSS
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&RUUHODWLRQV EHWZHHQ WKH SUHVHQFH RI /H
JLRQHOOD VSS DQG FKDQJHV LQ VHOHFWHG SK\VLFDO DQG
FKHPLFDOSDUDPHWHUVDFFRUGLQJWRWKHW\SHRIDFFRP
PRGDWLRQVLWHVDUHVKRZQLQ)LJXUHDQG
$VSUHVHQWHGLQ)LJXUHPHGLDQRIWKHWHPSHU
DWXUHLQ\HDUURXQGRSHQIDFLOLWLHVZLWKQRGHWHFWHG
/HJLRQHOOD VSS ZDV & LQWHUTXDUWLOH UDQJH ±
&  ZKLOH LQ SRVLWLYH VDPSOHV WKH WHPSHUDWXUH
ZDV& LQWHUTXDUWLOHUDQJH±& 0HGLDQRI
WKHWHPSHUDWXUHLQVHDVRQDOO\RSHQDFFRPPRGDWLRQ
VLWHVZDV& LQWHUTXDUWLOHUDQJH±& ZKLOH
LQ SRVLWLYH VDPSOHV WKH WHPSHUDWXUH ZDV ORZHU
& LQWHUTXDUWLOH UDQJH ±&  ,W LV HYLGHQW
WKDWWKHPHGLDQVDQGLQWHUTXDUWLOHUDQJHVIRUWHPSHU
DWXUHZHUHKLJKHULQZDWHUVDPSOHVIURP\HDUURXQG
RSHQIDFLOLWLHVUHJDUGOHVVRILVRODWLRQRI /HJLRQHOOD
VSS$OVRLWLVFOHDUO\GHPRQVWUDWHGWKDWIRUERWKVHWV
RIVDPSOHVPHGLDQWHPSHUDWXUHGHFUHDVHGLQVDPSOHV
SRVLWLYH IRU /HJLRQHOOD VSS 7KH UHVXOWV VKRZHG D
QHJDWLYH FRUUHODWLRQ EHWZHHQ WKH SUHVHQFH RI /H
JLRQHOODVSSZLWKWKHWHPSHUDWXUH 3  ZKLFK
KDGEHHQFRQILUPHGLQSUHYLRXVVWXGLHV>@
7KHZDWHUWHPSHUDWXUHLVDQLPSRUWDQWIDFWRULQ
WKHFRORQL]DWLRQRI/HJLRQHOODVSSDQGLWVLPSDFWRQ
WKHVXUYLYDODQGJURZWKRI/HJLRQHOODVSSLQWKHZD
WHU VXSSO\ V\VWHP KDYH EHHQ LQYHVWLJDWHG DQG FRQ
ILUPHG E\ QXPHURXV UHVHDUFKHUV > ±@ $OO RI
WKHPKLJKOLJKWHGWKDWORZHUKRWZDWHUWHPSHUDWXUHV
IDYRXUWKH SUHVHQFHRI /HJLRQHOODVSS,QDGGLWLRQ
WKHVH VWXGLHV FRQFOXGHG WKDW WKH ZDWHU WHPSHUDWXUH
EHWZHHQDQG&LVWKH PRVW IDYRUDEOHWRWKH
FRORQL]DWLRQRI/HJLRQHOODVSS
The median of free residual chlorine and
corresponding interquartile ranges are similar
regardless of the detection of Legionella spp.
However, interquartile range of free residual
chlorine concentration was higher in the water
samples from a seasonally open facilities (0.20±0.30
mg/L) than in year-round open facilities (from 0.20
to 0.25 mg/L).
+RZHYHUGLIIHUHQFHVLQUHVLGXDOFKORULQHFRQ
FHQWUDWLRQVEHWZHHQWKHVHDVRQDODQG\HDUURXQGDF
FRPPRGDWLRQ IDFLOLWLHV 0DQQ±:KLWQH\ WHVW 3 
 ZHUHIRXQG7KHLUPHGLDQVZHUHVDPH 
PJ/  EXW ZKHQ ZH FDOFXODWHG WKH LQWHUTXDUWLOH
UDQJHVDQGPLQPD[YDOXHVLWLVHYLGHQWWKDWPRUH
UHVXOWV ZLWKKLJKHUYDOXHVSUHYDLOHGLQVHDVRQDOID
FLOLWLHV
7KXV WKH XSSHU OLPLW LQWHUTXDUWLOH UDQJH ZLWK
VHDVRQDOO\RSHQIDFLOLWLHVZDVDQGLQFRQVWDQWO\
RSHQPJ/)XUKHUPRUHWKHYDOXHVZHUHKLJKHU
LQVDPSOHVIURPVHDVRQDOO\RSHQIDFLOLWLHV
It can be concluded that detected chlorine
levels had poorly biocidal activity on Legionella spp.
which may be attributed to the protective action of
biofilms, although its formation and presence were
not investigated in this study. Other studies agreed
that biofilm provides nutrients enabling survival and
growth of different microorganisms including
Legionella spp. in conditions that otherwise are not
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optimal for their growth. The protective effect of the
biofilm will be even greater in rougher areas of
structural material encouraging additional bio±
corrosion in remote places (edges of pipes, T ±
profiles and different plumbing fixtures), in places
protected from water hammer and changes in
pressure, and in places with stagnation of water such
as various blind endings, water tanks, boilers [36±
41].
6LPLODUWRRWKHUVWXGLHV>@XVXDOFRQFHQ
WUDWLRQRIIUHHUHVLGXDOFKORULQHLQWKHWDSZDWHULVQRW
HIIHFWLYHDJDLQVWWKHEDFWHULD/HJLRQHOODVSS
)LJXUH  VKRZV WKDW KLJKHU PHGLDQ DQG LQWHU
TXDUWLOHUDQJHRI)HFRQFHQWUDWLRQZHUHPHDVXUHGLQ
ZDWHUVDPSOHVSRVLWLYHIRU/HJLRQHOODVSSUHJDUGOHVV
RI WKH W\SH RI DFFRPPRGDWLRQ VLWH LQ \HDU±URXQG
RSHQ IDFLOLWLHV PHGLDQ  PJ/ LQWHUTXDUWLOH
UDQJHIURPWRPJ/ DVZHOODVLQVHD
VRQDOIDFLOLWLHV PHGLDQPJ/WKHLQWHUTXDUWLOH
UDQJHRIWRPJ/ 7KHVHUHVXOWVDSSHDU
WRFRUUHODWHWKHSUHVHQFHRI/HJLRQHOODVSSZLWKWKH
LQFUHDVHG FRQFHQWUDWLRQ RI )H DV GHPRQVWUDWHG LQ
RWKHUVWXGLHV>@,WZDVFRQFOXGHGWKDWLURQLV
QHFHVVDU\IRUWKHJURZWKRIPLFURELDOFHOOVSURNDU\
RWHVDQGHXNDU\RWHVDQGWKDWLQFUHDVHG)HFRQFHQWUD
WLRQSURPRWHVWKHIRUPDWLRQDQGJURZWKRIPLFURRU
JDQLVPV > @ 5LVN SODFHV IRU /HJLRQHOOD VSS
JURZWKDUH EOLQGHQGVRIWKH SLSHDV ZHOODVDUHDV
ZLWKGHSRVLWVRIVHGLPHQWDQGUXVWZKLFKIDYRXUELR
ILOPIRUPDWLRQ>@&RUURVLRQRIPHWDOSDUWVRI
SLSHVLQFUHDVHVWKHFRQFHQWUDWLRQRIQXWULHQWVQHFHV
VDU\IRUELRILOPVIRUPDWLRQDVZHOODVURXJKQHVVRI
WKHLQQHUSLSHVXUIDFH7KHUHIRUHWKHFRQWDFWDUHDEH
FRPHVELJJHUZKLFKLVLPSRUWDQWIRUWKHFRORQL]DWLRQ
RI PLFURRUJDQLVPV ,W FRQVHTXHQWO\ SURPRWHV WKH
IRUPDWLRQRIHFRORJLFDOQLFKHVLQZKLFKPLFURRUJDQ
LVPVDUHSURWHFWHGDJDLQVWPHFKDQLFDODQGFKHPLFDO
DFWLRQ>@&RUURVLRQFDQFDXVHFUDFNVLQWKHOLQ
LQJRISLSHOLQHVZKLFKFDQDOVREHDVKHOWHUIRU/H
JLRQHOOD VSS DQG RWKHU SDWKRJHQV DQG FDXVH LQ
FUHDVHGWXUELGLW\RIZDWHULQWKHZDWHUVXSSO\V\VWHP
>@$SRVLWLYHFRUUHODWLRQEHWZHHQWKHSUHVHQFH
RI /HJLRQHOOD VSS DQG LURQ LRQV LQ FRQFHQWUDWLRQV
KLJKHUWKDQPJ/ZDVVKRZQE\%DUJHOOLQLHW
DO>@DQG+DELFKHWDO>@+RZHYHUWKHUHZDV
QRVWDWLVWLFDOO\VLJQLILFDQWFRUUHODWLRQ 3  RI
)HFRQFHQWUDWLRQVEHWZHHQVDPSOHVIURP\HDUURXQG
RSHQDQGVHDVRQDOIDFLOLWLHV
6LPLODU ILQGLQJV DSSOLHG WR =Q FRQFHQWUDWLRQV
ZKLFKDUHKLJKHULQVDPSOHVSRVLWLYHIRU/HJLRQHOOD
VSSLQ\HDU±URXQGRSHQDFFRPPRGDWLRQVLWHV PH
GLDQ  PJ/ LQWHUTXDUWLOH UDQJH RI  WR
 PJ/  DV ZHOO DV LQ VHDVRQDOO\ RSHQ SODFHV
PHGLDQ  PJ/ LQWHUTXDUWLOH UDQJH ±
PJ/ 7KHUHZDVQRVWDWLVWLFDOVLJQLILFDQFH 3
   RI =Q FRQFHQWUDWLRQV EHWZHHQ VDPSOHV
WDNHQIURPIDFLOLWLHVRSHQ\HDUURXQGDVZHOODVIRU
VHDVRQDO RQHV 7KLV VWXG\ GHPRQVWUDWHG D SRVLWLYH
FRUUHODWLRQ RI SUHVHQFH RI /HJLRQHOOD VSS ZLWK WKH
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FRQFHQWUDWLRQRI=Q$VDQLQWHJUDOSDUWRIWKHSOXPE
LQJ PDWHULDOV SLSLQJ SOXPELQJ ILWWLQJV  > @
]LQFLVZLGHVSUHDG=LQFLQWKHZDWHULVSUHVHQWLQWKH
IRUP RI GLVVROYHG VDOW DV D UHVXOW RI GLVVROXWLRQ RI
]LQF IURPWKH PHWDO SOXPELQJ JDOYDQL]HGSLSHVRU
EUDVV SOXPELQJ ILWWLQJV  2Q WKH VXUIDFHV RI JDOYD
QL]HGSLSHVWKDWDUHLQFRQWDFWZLWKWKHDTXHRXVPH
GLXPFRUURVLRQRISDUWLDOO\PROWHQPHWDOLRQVRFFXUV
DQGSDUWO\FUHDWHVWKHR[LGHOD\HUZKLFKSDUWLFLSDWHV
LQELRILOPIRUPDWLRQWKDWFROOHFWVGLIIHUHQWPLFUREL
RORJLFDOVSHFLHV>@7KHSURFHVVRIUHOHDVLQJ]LQF
GHSHQGVRQFRQWDFWZLWKRWKHUPHWDOVIORZDQGS+
RIZDWHU7KXVWKHLQWHUDFWLRQRISK\VLFDODQGFKHP
LFDO IDFWRUV LQ WKH ZDWHU ZLWK WKH JDOYDQL]HG FRQ
VWUXFWLRQ PDWHULDO FDXVHV GLIIHUHQW SK\VLFDO±FKHPL
FDOUHDFWLRQVDQGFKDQJHVLQZDWHUTXDOLW\SDUWLFX
ODUO\RILQFUHDVLQJFRQFHQWUDWLRQVRI=Q5HVXOWVRI
WKLVVWXG\DUHFRQVLVWHQWZLWKWKHUHVXOWVRI%DUJHOOLQL
HWDO>@DQG/HRQLHWDO>@ZKRDOVRGHWHFWHGWKDW
=QFRQFHQWUDWLRQVKLJKHUWKDQPJ/PD\KDYH
SRVLWLYHLPSDFWRQ/HJLRQHOODVSSGHWHFWLRQ
Significant difference in Cu concentrations (P
= 0.000) is found in this study between samples
taken from year±round open and seasonal facilities.
As a building material of galvanized and plastic
pipes, brass (an alloy of copper with zinc) is
commonly used [50, 51] due to higher resistance to
corrosion and wear. The results of this study show
larger interquartile range of Cu concentration in
samples positive for Legionella spp. in comparison
with the samples with no Legionella spp. detected.
Also, higher median of Cu concentrations (median
0.023 mg/L, and higher interquartile range 0.010 to
0.050 mg/L) was observed in Legionella spp.
positive water samples from year±round open
facilities. Temperature and chemical composition of
water leads to corrosion of these materials, thus
representing a major source of copper ions in water.
According to recent researches, [46, 54] the
concentration of copper greater than 0.05 mg/L may
influence the risk reduction of Legionella spp. In this
study, however, higher Cu concentrations were
found in Legionella spp. positive samples.
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URXQGRSHQIDFLOLWLHV  DQGVHDVRQDODFFRPPRGD
WLRQ VLWHV   /HJLRQHOOD VSS ZDV LVRODWHG LQ
RIKRWZDWHUVDPSOHVIURP\HDUURXQGRSHQ
IDFLOLWLHV DQG  RI WKH VDPSOHV IURP WKH VHD
VRQDOO\RSHQIDFLOLWLHV7KHUHVXOWVVKRZHGDQHJDWLYH
FRUUHODWLRQEHWZHHQWKHSUHVHQFHRI/HJLRQHOODVSS
DQGWKHWHPSHUDWXUH
/HJLRQHOOD VSS KDV EHHQ LGHQWLILHG LQ ZDWHU
VDPSOHVZLWKDQGZLWKRXWWKHIUHHUHVLGXDOFKORULQH
WKHUHIRUHURXWLQHZDWHUGLVLQIHFWLRQLVQRWHIIHFWLYH
WRSUHYHQW/HJLRQHOODVSSJURZWK
+LJKHU FRQFHQWUDWLRQ RI )H =Q DQG &X ZDV
IRXQGLQZDWHUVDPSOHVSRVLWLYHIRU/HJLRQHOODVSS
UHJDUGOHVVRIWKHW\SHRIDFFRPPRGDWLRQVLWH6LJQLI
LFDQWGLIIHUHQFHLQ&XFRQFHQWUDWLRQVZDVIRXQGEH
WZHHQVDPSOHVWDNHQIURP\HDU±URXQGRSHQDQGVHD
VRQDO IDFLOLWLHV ,QFUHDVHG FRQFHQWUDWLRQV RI PHWDO
LRQV LQ ZDWHU DUH XVXDOO\ WKH UHVXOW RI FRUURVLRQ RI
PHWDOSDUWVRIWKHZDWHUVXSSO\V\VWHP
%RWKW\SHVRIIDFLOLWLHVZHUHFRORQL]HGE\ /H
JLRQHOODVSSDQGPD\SUHVHQWDULVNRI/HJLRQQDLUHV
GLVHDVH,WLVLPSRUWDQWWRFDUU\RXWUHJXODUSUHYHQ
WLYHPHDVXUHVUHJDUGOHVVRIDFFRPPRGDWLRQW\SHWR
UHGXFH WKH ULVN RI /HJLRQQDLUHV  GLVHDVH IRU ERWK
JXHVWVDQGIDFLOLW\VWDII
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DETERMINATION OF WORK POSTURES WITH
DIFFERENT ERGONOMIC RISK ASSESSMENT METHODS
IN FOREST NURSERIES
Saliha Unver-Okan*, H Hulusi Acar, Asiye Kaya
Department of Forest Engineering, Karadeniz Technical University, Trabzon, Turkey

economy and life quality of workers and their families. Under the European Union (EU) Framework
Directive 89/391/EEC on Occupational Health and
Safety, employers are responsible for assessing the
risks which employees are exposed to in the working
place, protecting their health and safety and educating and informing them about relevant risks [1]. In
Turkey, the importance attached to this has been reiterated as all employers are made responsible for assessing the risk in their work places pursuant to the
Occupational Safety and Health Legislation No:
6331 [2]. It has thus been critical that labor-intensive
works such as forestry and agriculture are assessed
by means of appropriate ergonomic risk assessment
methods and measures are taken to mitigate the risk.
European Survey on New and Emerging Risks
has revealed that the main concern of approximately
80% of managers in charge of occupational safety
and health in work places is musculoskeletal disorders (MSD) [3]. The most-frequently reported disorders include MSDs such as pain in back, neck, wrist,
legs and arms, which constitutes 60% of all workrelated disorders [4].
One of the most important occupational risk
factors leading to MSD is poor and awkward postures. Working posture is defined as alignment of
head, body, arms and legs according to the work
done and its characteristics. The factors that make
working postures dangerous can be listed as fixed or
constrained body positions, continual repetition of
movements, a pace of work that does not allow sufficient recovery between movements, heavy lifting
and handling [5]. Poor and awkward postures may
lead to many MSDs from minor back pain to disabilities. Proper working postures bring about positive
impact on musculoskeletal system, allow a more effective control of working performance and may reduce occupational accidents [6].
One of the most important and costly investments in forestry operations is forestation. Conducting these works in a healthy fashion is only possible
through using saplings of origins and species that are
appropriate for the growing environment, with high
quality and affordable cost, timely and at desired
amounts [7].
Forest nursery works require bending, standing, carrying or lifting activities repeated frequently

ABSTRACT
Today, the increased sensitivity of society
about human life has led to an escalation in prominence of the human dimension of occupational
health and safety as well as its economic aspect.
From an economic perspective, losses of time and
money due to accidents can be compensated whereas
human health cannot be restored. The working environment in the work place is, therefore, of great importance for identification and minimization of the
risks that may originate from workers or the work
itself. This study (a) determined the demographic
characteristics of female forest nursery workers
working in the forest nurseries in Trabzon-Of, Central district of Ordu and Tirebolu in Turkey, (b) evaluated the working postures of these workers during
the main works in forest nurseries (diversion, seed
screening, sapling planting by hand, cutting graft,
seedlings removal by hand, sowing by machine,
plucking grass with hand, mowing with anchor, laying seeding and cover material and lifting) by means
of ergonomic risk assessment methods such as Rapid
Entire Body Assessment Method (REBA), Rapid
Upper Limb Assessment (RULA), Quick Exposure
Check Method (QEC) and Ovako Working Posture
Analysis System (OWAS), and (c) compared and interpreted the risk scores. Low risk was detected in
working with machines, manual weeding and liftingcarrying only in the OWAS method out of four methods implemented. As forest nursery work often requires crouching, sitting or bending positions, the
RULA method, which yielded more sensitive results
for upper extremities in the outcome of evaluation,
was considered to be more appropriate to use.

KEYWORDS:
Work Posture, Ergonomic risk assessment, Work analysis,
Women workers, Forest nursery

INTRODUCTION
Ensuring occupational health and safety in
working life has significant impacts on both national
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assessed the working postures in main works conducted in forest nurseries by means of the REBA,
RULA, QEC and OWAS ergonomic risk assessment
methods, and compared and interpreted the risk
scores.

- in which one should sustain the same position for a
long time, potentially leading to MSD. As forest
nursery works are relatively easier than other forest
works, and closer to the settlement areas, most of the
workers are seasonal female workers. Several studies have concluded that women are more likely to be
exposed to work-related MSD, as they are more exposed to physical and psychosocial risk conditions at
work [8, 9, 10, 11, 12]. The fact that all workers
working in forest nurseries work in almost all the
works to be done there require elaborated ergonomic
risk assessment for each of every one of these works.
Ergonomic risk assessment helps planning the
work accurately by defining the risks and reducing
the likelihood of an occupational accident/disease.
There are several risk assessment methods with different functions. They are divided into three main
categories according to their methods of assessing
the working posture and determining the main risk
factor: direct measurement, observational assessment and subjective assessment methods [13].
Direct measurements are conducted by means
of measurement tools and give the most accurate estimations whereas they are costly and not practical.
In subjective assessment methods, one can reach out
a large population with a reasonable cost but validity
concerning the level and variability of exposure is
rather low. On the other hand, observational methods
are divided into two as basic and advanced observational methods. Basic observational methods are the
most preferred ones owing to the fact that they are
practical and not costly and time-consuming [14].
These methods use the parameters of the posture of
a given part of the body, the force applied by worker
and loading time.
It was found out that different ergonomic risk
assessment methods gave different results for the
same work in many studies [15, 16, 17, 18], which is
due to the fact that the priority risk factors considered in each risk assessment method is different [19]
and that they are used for a certain mission type or
for a limited part of the body [20]. Few studies are
available which have examined the comparability of
risk output derived from multiple ergonomic risk assessments [21, 22].
In forestry industry, studies are mostly on ergonomic risk assessment of wood production activities
[23, 24, 25, 26, 27]. Ergonomic risk assessment has
been conducted for certain works in fruit, vegetable
and flower greenhouses [28, 29, 30, 31, 32] whereas
there are some limited studies with certain methods
only for specific works in forest nurseries [33].
There is not any comprehensive study addressing most of the works conducted in forest nurseries
altogether. Therefore, this study used several ergonomic risk assessment methods, rather than only
one, to assess the risks for main works done in forest
nurseries, and interpreted the results of methods
comparatively. This study determined demographic
characteristics of female workers in forest nurseries,

MATERIALS AND METHODS
This study took place in forest nurseries of the
Eastern Black Sea Region of Turkey, in Trabzon-Of
(40o58'39"-40o59'03" N, 40o19'34"-40o20'19" E),
Tirebolu (40o58'30"-40o58'56" N, 38o45'50"38o46'20" E) and Ordu-Central (40°56'45"40°57'20" N, 37°53'20"-37°53'50" E) where workers
do work actively throughout the year and highest
amount of production is made. Overall characteristics of work places are given in Table 1.
In order to determine demographic characteristics of seasonal workers in forest nurseries, we administered a questionnaire including questions with
multiple choices about age, marital status, education
level, work experience, additional source of income
and number of households and etc. in one-on-one interviews.
Workers in forest nurseries were recorded on
cameras as they were doing main works such as diversion, seed screening, sapling planting by hand,
cutting graft, seedlings removal by hand, sowing by
machine, plucking grass with hand, mowing with anchor, laying seeding and cover material and lifting.
These videos were examined in the video analysis
section in ErgoFellow (Version-2.0) software in order to determine the posture types and durations of
workers in working as well as some angular values
during the postures.
This study selected the REBA, RULA, QEC
and OWAS methods for ergonomic risk assessment
of forest nursery works. Main characteristics and
functions of the ergonomic risk assessment methods
used are given in Table 2 [16].
Exposure factors and body parts assessed by
the methods used in the study may vary from one to
another (Table 3) [17, 34, 35, 36].
Data obtained were put in the relevant sections
in the interfaces for the REBA, RULA, QEC and
OWAS methods in ErgoFellow (Version-2.0) in order to calculate risk scores for each method.
Rapid Entire Body Assessment Method
(REBA). This method assesses the body by dividing
it into two parts as Group A (trunk, neck and legs)
and Group B (upper arm, lower arm and wrist). In
the REBA interface of the ErgoFellow Software, the
postures of workers at their neck, trunk and legs in
working were selected and the additional option was
marked when needed (Figure 1).
The weight of the load lifted was deleted from
the options shown in the interface Relevant posture
types were selected for the working postures at
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Group B (upper arm, lower arm and wrist) and the
additional option was marked when needed. In the
activity section of the method, an appropriate choice
was made out of the following options: standing fix
of one or several parts of the body for longer than
one minute during the work, repeating a posture
more than 4 times a minute or any sudden change in
posture. Then, the software was run to calculate the
risk score for the REBA method (Figure 2).
Rapid Upper Limb Assessment (RULA).
Unlike the REBA method, the RULA method made
the assessment in Group A (upper arm, lower arm,

Fresenius Environmental Bulletin

wrist) and Group B (neck, trunk, legs). In the interface of the software, out of the posture types offered
for Group A, the appropriate option observed in
workers was marked (Figure 3).
Out of the posture types offered for Group B,
the appropriate option observed in workers during
the work was marked. Then, the software was run to
calculate the risk score for the RULA method.
Quick Exposure Check Method (QEC). In
this method, questionnaires available for the worker
and the observer were filled in by relevant people
and the software was run to calculate the risk score.

TABLE 1
General features of work areas
Parameters
Altitude (m)
View
Total area (thousand m2)
Average rainfall (mm)
Maximum temperature (°C)
The lowest temperature (°C)
The number of rainy days
The number of snowy days
Capacity (pcs/year)

Trabzon-Of
5
South
242,04
1151,00
37,80
- 6,10
180,00
2-17
2 468 420

Tirebolu
10
North
83,00
1759,80
38,2 0
- 4,00
182,00
11
2 500 000

Ordu
15
North
76,10
1041,10
37,30
-6,70
157,20
10
3 000 000

TABLE 2
Main Characteristics and Functions of the Methods
Method
REBA
RULA
QEC
OWAS

Main features
Categorization of body postures and force, with action
levels for assessment
Categorization of body postures and force, with action
levels for assessment
Exposure levels for main body regions with worker responses, and scores to guide intervention
Time sampling for body postures and force

Functions
Entire body assessment for dynamic tasks
Upper body and limb assessment
Assessment of exposure of upper body and
limb for static and dynamic tasks
Whole body posture recording and analysis

TABLE 3
Exposure factors assessed by different methods
Features
Posture
Load /Force
Movement Frequency
Duration
Analysis Time
Confusion
Vibration
Organs

REBA
X
X
X
Low
Middle
Neck/Shoulder
Hand/Wrist/Arm
Back/Body/Hip
Leg/Knee/Ankle

RULA
X
X
X
Low
Middle
Neck/Shoulder
Hand/Wrist/Arm
Back/Body/Hip
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QEC
X
X
X
X
Low
Middle
X
Neck/Shoulder
Hand/Wrist/Arm
Back/Body/Hip
Leg/Knee/Ankle

OWAS
X
X
High
Middle
Neck/Shoulder
Back/Body/Hip
Leg/Knee/Ankle
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FIGURE 1
Group A posture types in REBA method

FIGURE 2
Group B posture types in REBA method
information concerning the worker and the work was
put in (Figure 4-c) and risk scores were calculated
(Figure 4-d).
Risk categories are categorized in different
scales according to the risk scores calculated in the
REBA, RULA and QEC methods (Table 4). Categories of risk scores calculated in these methods were
determined according to the classifications as per
Table 4.

Ovako Working Posture Analysis System
(OWAS). In this system, based on the videos,
OWAS code step values were determined for each of
the posture types such as back, legs, arms and load
carried/power consumption. The mission numbers in
the works observed were put in the first screen of the
interface. Code step values determined according to
the posture of the limbs during the works and the
weight of the load were put in to relevant places (Figure 4-b). In the export section of the program, brief
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Wrist Twist
FIGURE 3
Group A posture types in RULA method

(a)

(b)

(c)
FIGURE 4
OWAS score calculation steps in ErgoFellow

7366

© by PSP

Volume 26 ± No. 12/2017 pages 7362-7371

Fresenius Environmental Bulletin

TABLE 4
Classification of risks according to scores of methods [37].
REBA
Action
Level
0 (Negligible)
1 (Low)

1-2
3-4

RULA
Action
Required
Acceptable
Change may necessary

Score
(%)

41-50

1
2-3

Corrective
Measure
None necessary
May be necessary

2 (Medium)

4-7

Necessary

5-6

Change necessary soon

51-70

3 (High)

8-10

Necessary soon

7

Change immediately

> 70

4(Very High)

11-15

Necessary NOW

-

-

-

Score

Score

QEC
Action
Required
Acceptable
Investigate further
Investigate further
and change soon
Investigate and
change immediately
-

45. Migration of young people from forest villages
to urban areas for education or work resulted in an
increased average age of workers in this industry. It
was found that 92% of the female forest nursery
workers interviewed were married and 72,6% of
them had more than 4 people in their families. More
than half of workers (54,3%) stated that they had
been working as a forest worker for 6-10 years while
11,4% for more than 20 years.
According to the risk scores of workers calculated in the ErgoFellow software, risk categories
were determined in line with the categorization in
Table 4. Furthermore, level of exposure of postures
in each work was calculated with (E) equation (1)
(Table 6). Distribution rates of risk levels of the
works obtained through all the methods were given
as a graph (Figure 5).

RESULTS AND DISCUSSION
Working posture analysis methods vary according to the body parts examined in compliance
with the main characteristics of the work, tools used
and the work conducted. In this study, the working
postures during the works conducted in forest nurseries by means of the REBA, RULA, QEC and
OWAS methods and risk scores were calculated.
Frequency values concerning demographic
characteristics of workers were determined in percentage terms through the questionnaires applied in
one-on-one interviews with workers who were all females working on seasonal basis (Table 5).
As seen in Table 5, all of the workers participating in the study were between the ages of 18 and
58 and approximately 51% of them were older than

TABLE 5
Frequency of participants' demographic values

Age

Marital status
The number of people
in the family

Educational level

Experience (years)

Category
18-25
26-35
36-45
45+
The married
Single
Widow
1-3
4-7
7<
Illiterate
Literate
Primary education
High school
University
<1
6-10
11-20
>20
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Worker (N)
6
41
39
89
161
12
2
48
118
9
3
24
99
47
2
49
95
11
20

Percent (%)
3,4
23,4
22,3
50,9
92,0
6,9
1,1
27,4
67,4
5,2
1,7
13,7
56,6
26,9
1,1
28,0
54,3
6,3
11,4
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TABLE 6
Risk levels for ergonomic risk assessment methods in nursery work
Nursery Works

 

Diversion
Seed screening
Sapling planting by hand
Cutting graft
Seedlings removal by hand
Sowing by machine
Plucking grass with hand
Mowing with anchor
Laying seeding and cover material
Lifting
*L: Low, M: Medium, H: High

REBA
M (47%)
M (47%)
H (53%)
M (40%)
M (47%)
M (27%)
M (47%)
M (33%)
M (27%)
H (53%)

Ergonomic Risk Assessment Methods
RULA
QEC
M (86%)
H (52%)
M (86%)
H (52%)
H (100%)
H (52%)
M (86%)
H (52%)
H (100%)
H (52%)
H (100%)
H (52%)
H (100%)
H (59%)
H (100%)
H (55%)
H (100%)
H (57%)
H (100%)
H (61%)

)((
.(
-(
,(
*(
(

OWAS
M (45%)
M (50%)
M (55%)
M (50%)
M (50%)
L (29%)
L (50%)
H (75%)
M (50%)
L (33%)






FIGURE 5
Risk levels of nursery works for four risk assessment methods

In the QEC method, all of the works done in
forest nurseries were found highly risky. Such a risk
level in nursery works was similar to that in a furniture factory [39] whereas higher than the risk level
of works in a brick factory [40]. Different scores may
be due to the subjectivity in the answers to the questions in the worker or observer questionnaires. In the
OWAS method, risk levels were low in sowing by
machine, plucking grass with hand and lifting-carrying works whereas it was high in mowing with anchor and moderate in other works examined. 74,5%
of these posture types were found to be C1 (normal
posture), 18,7% were C2 (slightly straining), 5,8%
were C3 (overload and strain) and 1,2% were C4 (excessive loading and strain) (Figure 6).

As seen in Table 6 and Figure 5, it was found
that the risk score of sapling planting by hand and
lifting works out of the forest nursery works analyzed by the REBA method were high while other
works had moderate risk scores. It can be attributed
to the fact that workers work for extended periods in
bending and stretching positions in sapling planting
and carrying-lifting works.
A moderate level of risk was found in diversion, seed screening and cutting graft among the
nursery works analyzed through the RULA method
while risk level was found high in all other works.
The high RULA risk scores may be particularly due
to unsuitable leg, wrist or back postures or standing
fixed for a long time, as suggested by Oates [38].
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FIGURE 6
Risk categories of nursery works for OWAS method
It was more suitable to use the RULA assessment method, which makes a more sensitive assessment for the upper part of the body, in the forest
nursery works that are conducted by sitting or bending such as seedlings removal by hand, plucking
grass with hand, mowing with anchor and laying
cover material.
It was found that improvement was not needed,
according to the OWAS method, in the works of
sowing by machine, plucking grass with hand and
lifting-carrying while ergonomic improvements
were needed in all other works. Suggestions for improvement are as follows:
x In the forest nurseries examined, as there
was not any mechanism to adjust the working height
in works done by sitting, workers were working in
bending position all the time. Adjustable chairs and
stools should be used in the works conducted by sitting.
x Because there was not any movable counter
in the forest nurseries examined, workers were
strained physically in doing the pull & push works.
Movable counters with adjustable height should be
used.
x Plucking grass on open areas in these forest
nurseries was conducted by bending over. Special
hoeing tools by which workers can do this work
standing, without any need to bend over, should be
used.
x Workers should be given awareness-raising
trainings to increase their sensitivities against the
risk factors related to their work and work place.

As seen in Figure 6, it was figured out that in
the OWAS method all works were in C1 (normal)
and C2 (slightly straining) categories while works of
cutting graft, seedlings removal by hand, plucking
grass with hand, mowing with anchor, laying seeding and cover material were in category C3 (overload
and strain), and only mowing with anchor and diversion works were category C4 (excessive loading and
strain).
As a conclusion of the study, in assessment by
the REBA and RULA methods, which have similar
assessment criteria, half of the works analyzed gave
the same risk scores. In other works, risk score was
found by Sa et al. (2006) [18], as is the study on assessment of dentistry works, higher in the RULA
method compared to the REBA method. It may be
due to the fact that in works upper extremities and
arms are mostly used particularly in works conducted as sitting and that the RULA method is more
sensitive in assessment of the upper body.

CONCLUSION AND RECOMMENDATIONS
Most of forest nursery workers who participated in this study which examined the working postures in some main works conducted in forest nurseries by means of four different ergonomic risk assessment methods are females older than 35 years
with more than 6 years of experience. Most of the
female workers interviewed had more than 4 people
in their families and they work in forest nurseries for
minimum wage as seasonal workers in order to support their families.
In the study, main forest nursery works such as
diversion, seed screening, sapling planting by hand,
cutting graft, seedlings removal by hand, sowing by
machine, plucking grass with hand, mowing with anchor, laying seeding and cover material and lifting
were assessed by means of the REBA, RULA, QEC
and OWAS methods. The followings have been concluded:
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Water deficit stress seriously affected the
growth traits and production of maize plant [4].
Drought stress of maize plants led to significant decrease in growth and yield characters such as grain
number row-1, 100-grain weight, grain yield plant-l
and biological yield plant-1 in maize plants [5].
Drought stress caused significant decreases in number of branches, leaves plant-1 and leaf area in faba
bean plants [6]. Chlorophyll content and the growth
duration as well as grain yield were decreased under
drought stress in many plants [7], [8], [9], [10], [11].
Similarly, drought stress lead to significant decreases in growth characters and chlorophyll contents, however, electrolyte leakage (EL) was increased in maize plants [12]. Yield and its attributes
were decreased under drought conditions [13], [14],
[15], [16], [17]. Under severe drought stress relative
water content and shoot biomass significantly decreased in maize plants [18]. Lipid peroxidation
(measured as malondialdehyde content) significantly increased in growth stages of maize plants,
while antioxidant enzyme activities especially superoxide dismutase significantly decreased in later
stages [19].
Application of osmo-protectans and growth
regulators alleviate the harmful effects of drought
and salinity on morphological and anatomical features of sunflower and barley as well as, soybean
plants [20], [21], [22], [23]. ABA application encourages stomatal closure through intracellular signaling in the guard cells [24]. Under water deficit
conditions ABA and electrolyte leakage (%) were increased, while relative water content was decreased.
ABA is an important hormone, which produced in
the guard cells and play critical role in signaling system under water deficit conditions [25]. Exogenously ABA led to increase in water deficit resistance on stressed faba bean plants [6]. Application
of ABA significantly increases the antioxidant enzymes activity in maize plants under water stress
[26], while electrolyte leakage was decreased under
freezing stress [27]. Application of ABA enhanced
GB accumulation, RWC and dry matter production
in maize plants [18]. ABA can be used to enhance
growth and regulate physiological and biochemical

ABSTRACT
A field experiments were conducted at the research farm of the Faculty of Agriculture,
Kafrelsheikh University, Egypt, during two successive seasons, to evaluate the influence of abscisic
acid (250 ppm) and yeast (4g l-1) application on
morho-physiological and yield traits of maize under
water deficit conditions. Water deficit led to significant decreases in number of leaves, chlorophyll concentrations and grain yield compared to control,
while electrolyte leakage (EL) rate and lipid peroxidation (MDA) significantly increased. Additionally,
significant reduction in antioxidant enzymes activity, protein and oil percentages were recorded in
maize plants under water deficit conditions. Application of ABA at 250 ppm and yeast at 4 g l-1 individually or companied led to significant increases in
number of leaves, leaf area, chlorophyll concentration, relative water content and antioxidant enzymes
activity in the stressed plants compared with control
plants. Moreover, 1000-grain weight, grain yield,
protein, oil and moisture percentages significantly
increased in stressed treated plants, whereas EL and
MDA were significantly decreased. Thus, it could be
recommended that application of ABA at 250 ppm
and yeast at 4 gl-l led to decrease the harmful effects
of drought and enhance growth characteristics, antioxidant enzymes activity and as well as grain yield
in maize crop.

KEYWORDS:
Zea mays L., water deficit, abscisic acid, yeast, antioxidant
enzymes, grain yield.

INTRODUCTION
Maize (Zea mays L.) is one of the most essential crops in the world [1], belong to family
poeaceae, ranked third among the world cereal crop
production [2]. In Egypt maize is the third most important staple food crop both in terms of area and
production [3].
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processes in plant furthermore adaptation to various
stresses [28].
Yeast is considering a source of several compounds such as phytohormones, enzymes and amino
acids [29]. Active yeast extracts significantly enhanced number of branches, leaves plant-1, leaf area
plant-1 and dry weight of shoot plant-1 comparing
with the control in bean plants [30]. Additionally,
yeast recover the injurious effected by water deficit
stress on pea plants [31]. Foliar application of active
dry yeast led to increase in growth characters and
yield of common bean plants [32], Relative water
content, enzymes activities, yield and its attributes
and grain quality of wheat plants were increased with
application of yeast6 g l-1 under drought conditions
[33]. Application of yeast combined with mineral
fertilizers (NPK) significantly increased leaves number plant-1, leaf area and chlorophyll concentrations
in sugar beet plants [34]. Therefore, the aim of our
study was proposed to explore the ameliorative effects of ABA and yeast on maize plants to reduce the
deleterious effects of water deficit and enhance the
growth and productivity.

at 250 ppm, both of yeast and abscisic acid was applied twice, the first application was done after 30
days followed by the second application at 45 days
from sowing. Soil samples were taken for some
physical and chemical analysis according to [35] and
the data were presented in Table 1. A complete randomized design with three replicates carried out in
both seasons included 9 treatments (Control (2
weeks) (plants irrigated every 2 weeks and untreated
with ABA or yeast), 4 weeks (plants irrigated every
4 weeks and untreated with ABA or yeast), 4 weeks
and ABA (plants irrigated every 4 weeks and treated
with ABA at 250 ppm), 4 weeks and yeast (plants
irrigated every 4 weeks and treated with yeast at 4g
l-1), 4 weeks and ABA + yeast (plants irrigated every
4 weeks and treated with ABA at 250 ppm + yeast at
4g l-1), 6 weeks (plants irrigated every 6 weeks and
untreated with ABA or yeast), 6 weeks and ABA
(plants irrigated every 6 weeks and treated with ABA
at 250 ppm), 6 weeks and yeast (plants irrigated
every 6 weeks and treated with yeast at 4g l-1), 6
weeks and ABA + yeast (plants irrigated every 6
weeks and treated with ABA at 250 ppm + yeast at
4g l-1).

MATERIALS AND METHODS

Data collection and measurements. Morphophysiological and biochemical. Five guarded plants
from each plot were randomly selected at anthesis
date to measure number of leaves, leaf area, concentration of chlorophyll a and b, relative water content,
electrolyte leakage, Lipid peroxidation (MDA) and
activities of antioxidant enzymes. Leaf area-1 plant
(dm2) measured according to [36] using the following formula: Leaf area (LA) = leaf length x maximum leaf width x 0.75. Leaf area in dm2 of three
plants was summed and the leaf area-1plant was calculated. Chlorophyll a and b concentrations were determined as mg-1g of fresh leaves. Maize leaves of
0.5g were homogenized with acetone (90%) filtered
and make up to a final volume of 50 mL. Concentration of Chlorophyll was measured spectrophotometerically of extract at 663 and 648 nm according to
[37]. The relative water content (RWC) was recorded according to [38] using the following equation: RWC = (fresh weight ± dry weight)/ (turgid
weight ± dry weight) × 100.
Electrolyte leakage was determined as follow:
Initial conductivity-1 final conductivity x 100 according to [39] and as described by [40], [41]. Lipid
peroxidation was measured according to [42] by
measuring the amount of malondialdehyde (MDA).
The MDA concentration was measured based on the
following formula: MDA (nmol g-1fw) = [6.45 x
(A532 - A600) - (0.56 x A450)] x V-1W, where V = volume (ml); W = weight (g). Antioxidant enzymes activities were determined as CAT and POX. Determination of CAT activity was done according to [43].
Activity of peroxidase (POX) was determined according to [44].

Experimental setup, Plant materials and
cultivation conditions. Two field experiments were
carried out in two summer seasons 2015 and 2016 at
the farm of Faculty of Agriculture, Kafrelsheikh
University, Egypt to study the effects of abscisic acid
(250 ppm) and yeast (4g l-1) on morho-physiological
characters and yield of maize hybrid (S.C.10) (Zea
mays L.) under water deficit conditions. The grains
of maize hybrid single cross (S.C.10) were obtained
from the Agricultural Research Centre, Ministry of
Agriculture and sown on 14 June in 2015 and 19
June in 2016 at the experimental farm, Faculty of
Agriculture, Kafrelsheikh University. The size of experimental unit was 25.2 m2 (6 rows each row 6 m
long and 70 cm rows spacing). Maize grains (24 kg
ha-1) were planted three grains in hills spaced 25 cm
apart within the row. After three weeks, the plants
were thinned out leaving one plant per hill. The recommended doses of NPK (270 kg N, 240 kg P 2O5
and 120 kg K2O ha-1) were added as follow: the
whole amount of calcium superphosphate (15.5%
P2O5) and potassium sulphate (48% K2O) mixed
with the soil before sowing, while the amount of ammonium sulphate (20.5% N) divided into two equal
quantities, the first was applied after thinning and the
second one was carried out before the second irrigation.
Experimental treatments and design. The
first irrigation was imposed directly, while the following irrigations were applied at two, four and six
ZHHN¶V LQWHUYDOV <HDVW ZDV SUHSDUHG DFFRUGLQJ to
[29] and used at rate of 4gl-1. Abscisic acid was used
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determine the following characters: Grain protein %
of grains was estimated by the modified Kjeldahl
method. Grains oil percentage was estimated by
Sockselt method [45] and grain moisture percentage
was determined using Moisture Tester Model 400M
(Dole).

Yield characters. At harvest stage the following characters were recorded. Grains number
per ear, 100-grain weight (g), and grains yield (tha-1)
as well as grain quality. To determine grain quality,
200 grams of random sample of grains was taken
from ten ears randomly. These grains were ground to

TABLE 1
Physical and chemical characteristics of soil during 2015 and 2016 growing seasons
Soil analysis
Sand %
Silt%
Clay %
Textural class
Organic matter (%)
N (ppm)
P (ppm)
K (ppm)
PH

2015
Physical analysis
16.44
35.90
47.00
Clay
Chemical analysis
1.5
32. 6
12.8
293.22
8.1

2016
15.30
34.20
49.70
Clay
1.5
29.85
11.55
291.8
8. 0

FIGURE 1
Effect of abscisic acid (ABA) and yeast on the number of leaves (A) and leaf area (B) of maize plants
under water deficit conditions during 2015 and 2016 seasons
Details: Control (2 weeks) (plants irrigated every 2 weeks and untreated with ABA or yeast), 4 weeks
(plants irrigated every 4 weeks and untreated with ABA or yeast), 4 weeks and ABA (plants irrigated
every 4 weeks and treated with ABA at 250 ppm), 4 weeks and yeast (plants irrigated every 4 weeks
and treated with yeast at 4g l-1), 4 weeks and ABA + yeast (plants irrigated every 4 weeks and treated
with ABA at 250 ppm + yeast at 4g l-1), 6 weeks (plants irrigated every 6 weeks and untreated with ABA
or yeast), 6 weeks and ABA (plants irrigated every 6 weeks and treated with ABA at 250 ppm), 6 weeks
and yeast (plants irrigated every 6 weeks and treated with yeast at 4g l -1), 6 weeks and ABA + yeast
(plants irrigated every 6 weeks and treated with ABA at 250 ppm + yeast at 4g l -1).
'DWDUHSUHVHQWWKHPHDQ6'6WXGHQW¶VW-test was used to determine whether significant difference
(P<0.05) existed between mean values.
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FIGURE 2
Effect of abscisic acid (ABA) and yeast on chlorophyll a concentration (A) and chlorophyll b
concentration (B) of maize plants under water deficit conditions during 2015 and 2016 seasons

6 weeks and untreated with ABA or yeast in both
seasons compared with control; i.e. well watered
plants (Fig. 2A-B). Concerning the effect of ABA,
data in Figure 2A and B showed significant enhancements in chlorophyll a and b concentrations in
stressed maize plants (plants irrigated every 4 or 6
weeks) compared with stressed untreated plants.
However, the differences between treatments and
control plants (well watered) were not significant.
The best results of chlorophyll a and b concentrations were recorded in the plants irrigated every 4
weeks and treated with ABA at 250 ppm + yeast at
4g l-1 in both seasons.

Statistical analysis. Data represent the mean ±
6'6WXGHQW¶VW-test was used to determine whether
significant difference (P<0.05) existed between
mean values according to [46].

RESULTS
Morpho-physiological characters of maize
plants. Leaves number and leaf area plant-1. The
effects of ABA and yeast on leaf number and leaf
area (dm2) plant-1 of maize under water deficit stress
are shown in Fig. 1. Water deficit caused significant
decreases in leaf number plant-1 and leaf area (Fig.
1A-B) in both seasons especially the plants irrigated
every 4 or 6 weeks and untreated with ABA or yeast.
The lowest values of leaf number and leaf area plant1
were recorded in the plants with the treatment of 6
week interval irrigation and untreated with ABA or
yeast. The presented data indicated that the maximum values of these characters were recorded in the
plants irrigated every 4 weeks and treated with ABA
at 250 ppm and yeast at 4 gl-1 as compared with the
plants irrigated every 6 weeks and treated with ABA
at 250 ppm and yeast at 4 g1-1(Fig. 1A-B).

Relative water content. As shown in Fig. 3A,
the percentage of relative water content (RWC) significantly decreased mainly in the plants irrigated
every 6 weeks. The exogenous application of ABA
at 250 ppm led to increase relative water content in
the stressed plants, which irrigated every 4 or 6
weeks as compared with the stressed untreated maize
plants, the increase was significant in plants irrigated
every 4 weeks in the two seasons. The obtained data
also showed that yeast application at 4 gl-1 and ABA
at 250 ppm + yeast at 4 gl-1 gave the best results of
relative water content in maize plants especially the
plants irrigated every 4 weeks compared with other
treatments in the two seasons.

Chlorophyll a and b concentrations. Chlorophyll a and b concentrations were significantly decreased in stressed plants which irrigated every 4 and
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FIGURE 3
Relative water content (A), electrolyte leakage (B) and lipid peroxidation (C) of maize plants affected
with abscisic acid (ABA) and yeast under water deficit conditions 2015 and 2016 seasons

to significant decrease in electrolyte leakage compared with untreated plants, whereas there is no significant difference when compared with control
plant (well watered). Consequently, application of
ABA at 250 ppm and yeast at 4 gl-1 as well as ABA
+ yeast led to significant decrease in electrolyte leakage in the stressed plants.

Electrolyte leakage. According to the effect of
water deficit, data in Fig. 3B showed that electrolyte
leakage (EL) was significantly increased in the
plants irrigated every 4 and 6 weeks as compared to
that of control plants (well watered) in both seasons.
This injurious effect of water deficit may be due to
its role in cellular dehydration of maize plants. The
obtained results also indicated that all treatments led
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yield (tha-1). The results clearly indicated that water
deficit led to significant decreases in grains number
ear-1 and 100 grain weight (g) as well as grain yield
(tha-1) in maize plants which irrigated every 4 or 6
weeks in the two seasons (Fig. 5A-C). On the other
hand, application of ABA and yeast individually or
companied resulted in significant increases in number of grain ear-1 and 100 grain weight (g) as well as
grain yield (tha-1) in stressed maize plants (irrigated
every 4 or 6 weeks in the two seasons) compared
with stressed untreated in the two seasons, however
the differences were not significant when compared
with control plants (well watered).

Lipid peroxidation (MDA). It is evident that
lipid peroxidation as MDA significantly increased in
the plants irrigated every 4 or 6 weeks as compared
with control plants (well watered) in both seasons
(Fig. 3C). However, MAD was significantly decreased in the plants irrigated every 4 or 6 weeks and
treated with ABA at 250 ppm, also application of
yeast at 4 gl-1 led to significant decrease in MDA in
maize plants under water deficit conditions.
Antioxidant enzymes activities. From (Fig.
4A-B) it could be noticed that the stressed plants
(plants irrigated every 4 or 6 weeks) showed significant decrease in catalyze and peroxidase activities
compared with control plants in the two seasons, enzyme activities were decreased in response to water
stress. Interestingly enough that catalyze and peroxidase activities were enhanced with application of
ABA at 250 ppm and yeast at 4 gl-1 in the plants irrigated every 4 or 6 weeks compared with the stressed
untreated plants which showed the lowest values of
catalyze and peroxidase activities in both seasons.

Protein, oil and moisture percentages. Data
presented in Fig. 6A-C indicated that protein, oil and
moisture percentages significantly decreased in both
seasons under water deficit conditions mainly in
maize plants which irrigated every 6 weeks compared with control plants, whereas the plants treated
with ABA and yeast individually or companied
showed significant increases in protein, oil and
moisture percentages in two growing seasons. Furthermore, the differences between treatments were
not significant in the stressed treated plants.

Grain yield and yield characters. Grains
number of ear-1, 100 grain weight (g) and grain

FIGURE 4
Effect of abscisic acid (ABA) and yeast on CAT (A) and POX (B) activates of maize plants under water
deficit conditions during the two seasons 2015 and 2016.
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FIGURE 5
Number of gains ear-1(A), 100 grain weight (B) and grain yield (C) as affected with abscisic acid (ABA)
and yeast of maize plants under water deficit conditions during 2015 and 2016 seasons

stressed untreated plants (Fig. 1). This valuable effect could be due to the important role of ABA in
improving plant growth by stomatal movement, control transpiration and CO2 uptake [47]. These results
are in line with those obtained by [31] on pea plants.
Application of yeast at 4 gl-1 led to enhance growth
characters such as leaves number and leaf area plant1
. The important role of yeast may be due to that it is
a source of most vital elements, amino acids and vitamins [48]. Similar results were obtained by [6] on
faba bean plants.

DISCUSSION
The decrease in number of leaves plant-1 and
leaf area may be due to the reduction of water movement from the xylem to the different cells, which
controls cell division and elongation. Under water
deficit the plants irrigated every 4 weeks and treated
with ABA at 250 ppm showed increases in the number of leaves plant-1 and leaf area compared with
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FIGURE 6
Effect of abscisic acid (ABA) and yeast on protein (A), oil (B) and moisture (C) percentages of maize
plants under water deficit conditions during 2015 and 2016 seasons

The decrease in chlorophyll concentrations
may be due to the adverse effect of water deficit on
oxidative damage to the chloroplasts and decline of
the chlorophyll as well as disorder of thylakoid
membrane [49]. Likewise under drought stress, the
decrease in chlorophyll concentrations (Fig. 2) may
be due to the poorer concentration of CO2 that results
in a limitation of photosynthetic rate [50] or by enzymes inhibition such as Rubisco [51]. These results

are in accordance with [52]. The positive result of
ABA may be due to its role in decreasing chlorophyll
degradation and also improves photosystem II as
well as photochemistry [53]. Similar results are connected with those reported by [32], [54] on bean
plants. The ameliorative effects of yeast may be due
to the enhancement of chlorophyll formation and delayed its degradation under stress.
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percentages were associated with the enhancement
of chlorophyll concentrations, relative water content
and antioxidant enzymes activity and reduce lipid
peroxidation. Similar results were obtained by [62]
in maize; [33] in wheat; [6] in sugar beet plants.

The injurious effect of water deficit on RWC
(Fig. 3) could be due to the increase in permeability
of plasma membrane and the decrease in water supply. These results are in a harmony with those obtained by [55], [18]. Under drought and salinity
stresses, the water content may be decreased according to increase the tension on the water column and
decrease water uptake [56], [57]. Nevertheless, [58]
stated that under water stress there were no changes
in relative water content in Matricaria chamomilla
L. The pivotal effect of ABA because of its essential
role in closing stomata and accumulation of glycine
betaine as well as enhancement relative water content. Similar results were recorded by [59]. These results are in line with those obtained by [33] on wheat
plants. This positive effect may be due to the role of
yeast in improvement water amount in addition to
plant growth. The damaging effect of water deficit
on electrolyte leakage may be due to its role in cellular dehydration of maize plants. The important impact of ABA in reduction of electrolyte leakage may
be due to its role in enhancing the function of cell
membrane and reducing the harmful effect of water
deficit stress. These results were supported by [12],
[41] under various stresses. Lipid peroxidation as
MDA significantly increased in the stressed plants.
However, application of ABA led to significant decrees in lipid peroxidation. Similar results were recorded by [60] on water stressed maize plants with
ascorbic acid application. These results might be attributed to the effect of ABA and yeast on reducing
oxidative stress damage and also MDA. The significant decrease in catalyze and peroxidase activities
(Fig. 4) are in accordance with those proved by [63],
[64] in wheat leaves, [65] in maize; [26], [66] in pepper under deficit water conditions. The pivotal impact of ABA and yeast may be due to their role in
enhancement of antioxidant enzymes activities and
protect the plant tissues against cellular damages and
dehydration plasma membrane (Fig. 4). The harmful
effect of water deficit was associated with the reduction of RWC, chlorophyll concentrations and ion uptake. These results are in consistency with those
achieved by [4] in maize; [7] in faba bean. The useful
effects of ABA and yeast on grain yield (Fig. 5)
might be attributed to enhance the water content, enzymes activity and photosynthetic rate as well as
amino acids. These results fairly agreed with those
found by [26], [33] in wheat plants; [34] in sugar
beet plants.
Protein, oil and moisture percentages significantly decreased in both season under water deficit
conditions (Fig. 6). The deleterious effects of water
deficit on these characters may be due to the reduction of chlorophyll concentrations, photosynthetic
rate and sucrose accumulation as well as increase relative water content, Ion leakage and lipid peroxidation, our results agree fairly well with those from
other investigations by [60], [61].The valuable effects of ABA and yeast on protein, oil and moisture

CONCLUSION
Based on these results, application of ABA at
250 ppm and yeast at 4 gl-1 individually or combined
led to significant increases in number of leaves, chlorophyll concentration and relative water content as
well as antioxidant enzymes activity in the stressed
plants compared with stressed untreated plants.
Moreover, grain yield and yield characters significantly increased in stressed plants compared with
stressed untreated plants, whereas EL and MDA
were significantly decreased. Thus, it could be concluded that application of ABA at 250 ppm and yeast
at 4 gl-1 led to decrease the harmful effects of water
deficit on maize and enhancing growth characters
and antioxidant enzyme activity which ultimately
enhances grain yield.
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USE OF WHEAT STRAW AS MULCHING MATERIAL TO
CONTROL SURFACE RUNOFF AND SOIL LOSS
Zeynal Tumsavas*
University of Uludag, Faculty of Agricultural, Department of Soil Science and Plant Nutrition, Görükle Campus 16059 Nilüfer Bursa,Turkey

humans obtain more than 99.7% of their food from
land and approximately 66% of people in the world
are malnourished, it is crucial for human welfare to
conserve agricultural land and to sustain soil fertility
[1].
In many regions of the world, one of the main
problems leading to a reduction in soil fertility, soil
degradation and the abandonment of soils is soil erosion caused by water. Soil erosion is a serious universal problem with significant economic, social, agricultural and environmental consequences.
Management of the soil surface is of great importance for prevention of soil erosion, as well as soil
and water conservation. One of the commonly used
cultural practices in the management of the soil surface is mulch application. Using crop residues as
mulch materials is an effective method to control accelerated erosion and to decrease risks of erosion-induced soil degradation [2].
A mulch layer on the soil surface reduces soil
erosion by diminishing the SR, velocity of runoff and
the impact of rain drops on the soil surface by increasing the roughness of the soil surface and the water infiltration rate into the soil [3-8]. Mulch reduces
the kinetic energy of raindrops, maintains the integrity of the soil aggregates, and reduces transport of
soil particles and splashing effects. It also protects
the top layer of soil by restricting crust formation and
the sealing of soil pores. Applying organic mulch
materials such as wheat straw increases the water retention capacity of soil and water use efficiency, preventing surface evaporation [9-12].
Mulch application has many other benefits as
well as preventing soil erosion. Mulch cover can
greatly reduce the growth of weed seeds or prevent
their spread by restricting the penetration of light to
the soil surface. Crop residue mulch has beneficial
effects on plant biomass production, root elongation,
plant growth and yield due to positive effects on the
soil temperature and moisture content [13-18]. In addition, the severity of specific diseases can also be
reduced by mulching. Jacometti et al. [19] reported
that mulch applied to vineyard soil prevented the
spread of Botrytis cinerea infestation by 97%.
Although the beneficial effects of using crop
residues as a mulching material on the reduction of
soil erosion and SR are well known, there are contrasting results in the literature. While Lentz and

ABSTRACT
Soil surface condition management is very important for controlling soil erosion and environmental degradation and for sustaining soil quality and
fertility. One of the management methods for improving soil surface conditions is the application of
mulch materials on the soil surface. This study aims
to determine the effect of different rates (0, 2.5, 5.0,
7.5 and 10.0 Mg ha-1) of wheat straw mulch application on reducing surface runoff (SR) and soil loss
(SL) by water erosion under simulated rainfall conditions. Soil samples were taken from the 0-20 cm
surface layer of eight cultivated fields in the Bursa
Province of Turkey. After spreading wheat straw
mulch on the soil surface within the experimental
trays, simulated rainfall with an intensity of 60 mm
h-1 was applied. Significant differences (p < 0.01) in
terms of SR and SL were obtained for soil types and
mulch rates. Compared with the control, the 5.0 Mg
ha-1 mulch application reduced SL by 98.0%, while
the 10.0 Mg ha-1 mulch application decreased the SR
by 89.6%. It is suggested that at least 5.0 Mg ha-1 of
straw mulch should be applied in order to control soil
and runoff losses in areas severely vulnerable to erosion.
KEYWORDS:
Mulching, Simulated rainfall, Soil loss, Surface runoff,
wheat straw mulch

INTRODUCTION
It is important to increase agricultural production and improve its sustainability to compensate for
the needs, such as food and other agricultural products, of an increasing world population. While cultivated lands have been decreasing constantly for various reasons, land that is unsuitable for agriculture
must be used for agricultural purposes to meet increasing food requirements. Misuse of these lands
has increased rapidly due to the pressure on unsuitable land for agriculture and efforts to extend agricultural land area. Currently, the soil fertility and quality of many agricultural lands have decreased and SL
due to erosion has increased because of the misuse
of agricultural lands, inadequate agricultural inputs
and improper agricultural practices. Considering that
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Red Brown Mediterranean (SC: 4 and 8), Non-Calcic Forest (SC: 6 and 7)] having four different textures (loam, clay, clay loam, and sandy clay loam) in
laboratory conditions. Eight soil samples were taken
from the soil layer in the 0-20 cm depth of cultivated
agricultural lands in different sites of Bursa province, Turkey. Soil samples were transported to the
laboratory within large bags, air-dried and crushed
gently. A small part of the soil samples was sieved
from a 2 mm sieve and used for determining physical
and chemical soil analyses and the rest was passed
through a 8 mm sieve for use in the wheat straw
mulch experiment.

Bjorneberg [20] reported that wheat straw application reduced soil erosion by increasing water infiltration into the soil, Blanco-Canqui and Lal [21] observed that plant residues applied to the soil surface
in a ten-year study did not change the water infiltration rate.
Organic or inorganic materials have been used
as mulch since ancient times. Mulch application was
used to control soil erosion, soil moisture, soil structure, soil temperature, soil salinity and the loss of
plant nutrients from soil. However, the use of mulch
in agriculture greatly declined with the beginning of
modern farming. On the other hand, currently, mulch
applications are gaining in importance again because
of a greater understanding of sustainable agricultural
production, as well as increased landslides, floods,
and temperatures due to climate change.
The aims of this study were to investigate the
effectiveness of wheat straw mulch applications on
controlling or preventing SR and SL by water erosion under simulated rainfall conditions and to discuss the importance of using crop residues as mulching materials.

Physical and chemical analyses of soil samples. The particle size distribution was determined
using the Bouyoucos hydrometer method [22]. The
soil reaction (pH) was measured in a soil:water suspension with a ratio of 1:2.5 [23]. CaCO3 content
was determined using a Scheibler calcimeter [24]
and organic matter by the Walkley-Black method
[25]. Aggregate stability was determined by the wet
sieving analysis using a modified Yoder type sieving
machine [26]. The moisture content of soil samples
at field capacity (-0.033 MPa soil water pressure)
was determined with a pressure plate apparatus [27].
Water percolation (PC) analysis of aggregates between 1 and 2 mm in diameter of soil samples was
determined by the percolating apparatus [28-29].
Some physical and chemical characteristics of soil
samples are given in Table 1.

MATERIALS AND METHODS
Soil sample collection and preparation for
analyses. The study was conducted on four soil types
[Brown Forest (SC: 1), Rendzina (SC: 2, 3 and 5),

TABLE 1
Some physicals and chemicals characteristics of soil samples
SC

Sand
Silt
Clay
TC
Total N pH
CaCO3
OMC
WAS
FC
PC
(%)
(%)
(%)
(%)
(1:2.5)
(%)
(%)
(%)
(%)
(g 10 min.)
41.3
37.1
21.6
L
0.10
8.19
16.48
2.62
31.56
31.37
324.29
1
36.5
43.0
20.5
L
0.10
8.25
7.23
1.37
28.35
25.23
26.19
2
29.3
21.3
49.4
C
0.09
7.98
1.39
1.86
57.71
31.89
317.90
3
23.1
26.8
50.1
C
0.16
8.10
1.54
3.16
46.46
31.24
141.68
4
30.0
32.7
37.3
CL
0.08
8.37
12.96
1.18
44.10
31.70
106.78
5
37.4
26.1
36.5
CL
0.10
7.60
0.57
3.28
49.60
35.06
84.19
6
60.2
17.0
22.8
SCL
0.08
7.37
0.08
2.15
21.26
15.14
212.49
7
53.9
21.0
25.1
SCL
0.08
8.29
3.95
0.86
17.61
18.77
56.25
8
Note: SC: Soil sample coding, L: loam, C: clay, CL: clay loam, SCL: sandy clay loam, N: nitrogen, TC: soil texture class, pH: soil reaction,
OMC: organic matter content, WAS: water-stable aggregate stability, FC: field capacity, PC: Percolation.

FIGURE 1
Diagrammatic representation of the rainfall simulator and its parts [ (1) water reservoir; (2) pump; (3)
regulator; (4) pressure gauge; (5) nozzle; (6) electric motor and variator; (7) experimental tray; (8) sloped
table; (9) excess water collectors; (10) main frame].
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TABLE 2
Correlation coefficients among of some soil characteristics with surface runoff and soil loss
FC
PC (g
SR
Soil
Sand
Silt
Clay
CaCO3 OMC WAS
pH
(%)
(%)
(%)
(%)
10 min.-1) (L tray-1)
types
(%)
(%)
(%)
0.550
Sand (%)
- 0.732 * - 0.395
Silt (%)
- 0.037
- 0.746 *
- 0.317
Clay (%)
- 0.375
- 0.424
0.584
0.014
pH
- 0.540
- 0.135
0.712 * - 0.377
0.643
CaCO3 (%)
- 0.198
- 0.282
- 0.076 0.346
- 0.519 - 0.249
OMC (%)
- 0.323
- 0.824 *
- 0.012 0.860 ** - 0.022 - 0.146 0.439
WAS, %
- 0.525
- 0.840 ** 0.383
0.589
0.238
0.260
0.482
0.851 **
FC (%)
- 0.427
- 0.036
- 0.211 0.190
- 0.209 0.171
0.297
0.277
0.179
PC (g 10 min.-1)
- 0.192
- 0.104
0.505
-0.259
0.510
0.088
- 0.537 - 0.358
- 0.314 - 0.577
SR (L tray-1)
-0.356
0.092
0.596
-0.528
0.586
0.504
-0.721* -0.497
-0.369 -0.220
0.820*
SL (g tray-1)
Note: OMC: organic matter content, WAS: water-stable aggregate stability, FC: field capacity, PC: Percolation, SR: Surface runoff, SL: Soil
loss, * : F-test significant at p > 0.01, ** : F-test significant at p > 0.01.

straw mulch on SR and SL occurring in examined
soils were determined at the 0.05 and 0.01 probability levels using appropriate F-values. The Least Significant Difference (LSD) test was used for multiple
comparisons [30]. In addition, to illustrate the relationship between mulch applications and SR and SL,
regression analysis was performed using Minitab
(Version 17) Software.

Preparation of mulch material and experiment tray. Wheat straws used as mulching materials
were collected from the wheat field after harvest and
cut to 10 cm in length to fit experimental trays and
applied at 5 different rates [0 (control), 2.5, 5.0, 7.5,
10.0 Mg ha-1].
A 5-cm thick layer of air-dried soils passed
through a 8-mm sieve were packed over a 7-cm thick
layer of sand placed on the bottom of the 30 × 45 ×
15 cm sized experimental trays with drainage holes.
The soil surface in the experimental trays was
smoothed. After that, cut wheat straw was spread
over the soil surface in experimental trays at planned
rates, preparing the trays for simulated rainfall application.

RESULTS AND DISCUSSION
Relationships among soil loss, surface runoff
and soil properties. Correlation coefficients among
SL, SR and some soil physical and chemical properties were given in Table 2.
As expected, there was a significant positive relationship between SL and SR, but there was a negative correlation between SL and organic matter content. No significant correlations between SR and soil
properties were obtained. Correlation between moisture content at FC and WAS was positive, while
there was a negative correlation between moisture
content at FC and the sand content of soil samples.
While there was a positive correlation between WAS
and clay content, a negative correlation was obtained
between WAS and sand content. It is known from the
literature that the correlation between SR or SL and
stable water aggregation in the top soil layer or soil
carbon content is negative [31-36]. It was also determined that increasing soil OMC reduced SL and soil
OMC was important to the sensitivity of soil to erosion [36-39]. Kadlec et al. [40] reported that the addition of organic matter to soil decreases the SR and
SL.

Measuring surface runoff and soil losses. A
rainfall simulator with a nozzle type of Veejet 80100
was used (Figure 1). The experimental tray with
mulching on the soil surface was sloped at a rate of
9% and placed under the rainfall simulator. A collector container was placed under the outlet of the experimental tray for measuring eroded soil particle
losses and SR water during rainfall applications.
The trays were exposed to simulated rainfall
with a 60 mm hour-1 intensity for a period of 1 hour
after mulch applications. Tap water with an electrical
conductivity of 0.35 dS m-1 was used in rainfall application. Thereafter, the collector container was
taken from the outlet, and soil particles were left to
settle for 24 hours. SR water in the collecting container was separated from soil particle sedimentation
by sucking the water through a hose at the end of that
time. SR data were obtained by measuring SR volume. SL data were obtained by weighing soil particles that dried at 105 °C in the oven.

Effect of mulch application on surface runoff
and soil loss. Significant differences (p<0.01) were
found for soil types, mulching rates and soil type ×
mulching rate interaction in terms of effect of wheat
straw mulch applications on SR and SL under simulated rainfall conditions (Table 3). Similar results

Statistical analyses. The experimental design
was a completely randomized design with two replications. All of the data were subjected to analysis of
variance for each variable using JMP (Version 9.0.2)
software. The statistical significance among various
soil types and different application rates of wheat

7386

© by PSP

Volume 26 ± No. 12/2017 pages 7384-7392

were also found in previous studies with mulch applications. Lentz and Bjorneberg [20] indicated that
application of wheat straw mulching at different
rates reduced the amount of water running from the
outlet of furrow irrigation, erosion and sediment
losses. In another study carried out in Kenya, wheat
straw mulching application decreased SR and SL
[18].
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(a)

TABLE 3
Results of variance analysis for SR and
amount of SL
Sources

DF

Replication
Soil type (A)
Mulch rate (B)
AxB interaction
Error
CV (%)

1
7
4
28
39

MS
SR
0.0003
1.4662 **
16.4906 **
0.3438 **
0.0008
3.63

SL
0.03
103.22 **
4333.97 **
93.18 **
0.61
9.47

(b)

Note: DF: degree of freedom, MS: mean of square, SR:
surface runoff, SL: soil loss, CV: coefficient of variation,
** : F-test significant at p > 0.01.

Mean effects of mulching applications in different rates under simulated rainfall conditions on SR
and SL of different soil types are given in Figure 2.
(a)

FIGURE 3
Mean effects on SR volume (a) and amounts of
SL (b) of different rates of wheat straw mulch
(Y=SR volume (a) or amount of SL (b), × =
mulch rates). Note: The treatments with the
same letter do not display a significant difference
between them using LSD test at 0.05 level.
The least SR volume was obtained from the soil
type number 6, while the highest SR was observed in
soil type number 2. The least and the greatest soil
losses were determined in soil types 6 and 2, respectively. This also indicates that similar results in terms
of SL and SR are due to the positive correlation between SL and SR (Table 2). When mulch rates increased, SR volume decreased, and therefore, SL
also decreased [41]. The reason why soil type number 6 had the least SL and SR volume could be explained by its high OMC, high moisture content retained at FC and high aggregate stability resistance
to water. On the other hand, soil type number 2 had
low OMC and low PC rates (Table 1). The negative
relationship between aggregate stability and SR and
sensitivity of soil to erosion has been reported previously [31, 33, 35, 42]. SR due to the limited water
infiltration rate of soil and limited rate of water PC
in soil profile and precipitation higher than the soil
water absorption capacity promotes the disintegration of soil aggregates and the sealing of soil surface

(b)

FIGURE 2
Mean effects on SR volume (a) and amount of
SL (b) in various soil types, Note: The treatments with the same letter do not display a significant difference between them using LSD test
at 0.05 level.
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They recommended 5 Mg ha-1 rice straw and 7.5 Mg
ha-1 vetiver grass clippings as the best applications
for soil and water conservation [41].
Jordán et al. [46] reported that different rates
of straw mulching application increased interception
of raindrops and surface roughness, delayed SR, and
reduced runoff and SL under 65 mm h-1 simulated
rainfall conditions. Authors also indicated that above
5 Mg ha-1 year-1 mulch application decreased the SL
to below a g L-1 value. Mulch applications of 5 Mg
ha-1 year-1 or 10-15 Mg ha-1 year-1 increased infiltration of rain to soil by over 90% or approximately
100%, respectively, and this indicates minimal or no
surface water runoff. In another study, 5 Mg ha-1
wheat straw mulch application decreased the annual
SL to 1.82 Mg ha-1 compared to the control (0 Mg
ha-1) with 14 Mg ha-1 annual SL [18]. Our results
were similar to the results of other studies in the literature [18, 41, 46].
Linear and quadratic regression analyses indicated that relationships between applied mulch rates
and SR and SL were not significant. This might be
explained with high rates of starting mulch application and a large gap between the application rates.
Interactions between soil types and mulch application rates in terms of SR and SL are given in Figure
4.

pores with soil particles. This also increases SR and
SL. A probable cause of erosion is limited moisture
storage capacity of soils [43, 44]. Erosion can easily
occur in soil with low OMC, low water infiltration
rate and weak soil structure [45].
The mean effects of mulching applications at
different rates on SR volume and amount of SL are
given in Figure 3.
The highest SR volume and SL were determined in the control trays (Figure 3a, 3b). Compared
with the control, increasing mulch rates reduced the
SR volume significantly (Figure 3a). The amount of
SL was reduced by wheat straw application with
rates up to 5.0 Mg ha-1, but wheat straw application
above 5.0 Mg ha-1 did not significantly change the
amount of SL (Figure 3b). Wheat straw application
of 10.0 Mg ha-1 reduced the SR by 89.6%, and 5.0
Mg ha-1 wheat straw application reduced the SL by
98%; these were the most effective applications in
this experiment. Donjadee and Tingsanchali [41]
used different rates (1.0, 1.5, 2.5, 5 and 7.5 Mg ha -1)
of rice straw and vetiver grass clippings as mulching
materials to test the effectiveness of mulching on SR
and SL. The authors found that rice straw reduced
SR and SL by 25.8-52.5% and 30.2-66.3%, respectively, and vetiver grass clippings decreased SR and
SL by 24.7-49.8% and 32.4-61.7%, respectively.

(a)

Soil sample 1

(b)

(a)

Soil sample 2

(b)

(a)

Soil sample 3

(b)
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(a)

Soil sample 4

(b)

(a)

Soil sample 5

(b)

(a)

Soil sample 6

(b)

(a)

Soil sample 7

(b)

(a)

Soil sample 8

(b)

FIGURE 4
Various soil types x wheat straw mulch rates interaction for SR volume and amount of SL. Note: The
treatments with the same letter do not display a significant difference between them using LSD test at 0.05
level.
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[5] Sauvage, D. (1995) The Erosion control struggle
thanks to mulches, interest and limits. Phytoma.
478, 43-46.
[6] Khera, K.L. and Singh, G. (1995) Effect of
paddy straw mulch and rainfall intensity on runoff and soil loss under stimulated rainfall. Indian
Journal Soil Conservation. 23, 20-23.
[7] Rao, K.P.C., Steenhuis, T.S., Cogle, A.L., Srinivasan, S.T., Yule, D.F. and Smith, G.D. (1998)
Rainfall infiltration and runoff from an alfisol in
semi-arid tropical India. I. No-till systems. Soil
and Tillage Research. 48(1-2), 51-59.
[8] Bhatt, R. and Khera, K.L. (2006) Effect of tillage and Mode of Straw Mulch Application on
Soil Erosion in the Submontaneous Tract of
Punjab, India. Soil and Tillage Research. 88(12), 107-115.
[9] Steiner, J.L. (1989) Tillage and surface residue
effects on evaporation from soils. Soil Science
Society of America Journal. 53(3), 911-916.
[10] Li, S. and Xiao, L. (1992) Distribution and management of drylands in the people's republic of
China. Advances in Soil Science. 18, 147-302.
[11] Baumhardt, R.L. and Jones, O.R. (2002) Residue management and tillage effects on soil water storage and grain yield of dryland Wheat and
Sorghum for a clay loam in Texas. Soil and Tillage Research. 68(2), 71-82.
[12] Kar, G. and Singh, R. (2004) Soil water retention-transmission studies and enhancing water
use efficiency of winter crops through soil surface modification. Indian Journal Soil Conservation. 32(1), 18-23.
[13] Geiger, S.C., Manu, A. and Bationo, A. (1992)
Changes in a sandy sahelian soil following crop
residue and fertilizer additions. Soil Science Society of America Journal. 56, 172-177.
[14] Chambers, J.C. (2000) Seed movements and
seedling fates in disturbed sagebrush steppe ecosystems: implications for restoration. Ecological
Applications. 10(5), 1400-1413.
[15] Rahman, M.A., Chikushi, J., Saifizzaman, M.
and Lauren, J.G. (2005) Rice straw mulching
and nitrogen response of no-till wheat following
rice in Bangladesh. Field Crops Research. 91(1),
71-81.
[16] 6FRSHO()ÕQGHOÕQJ$&KDYH]*XHUUD(DQG
Corbeels, M. (2005) Impact of direct sowing
mulch-based cropping systems on soil carbon,
soil erosion and maize yield. Agronomy for Sustainable Development. 25(4), 425-432.
[17] Ghosh, P.K., Dayal, D., Bandyopadhyay, K.K.
and Mohanty, K. (2006) Evaluation of straw and
polythene mulch for enhancing productivity of
irrigated summer groundnut. Field Crops Research. 99(2-3), 76-86.

As can be seen in Figure 4a, while SR volume
was the highest in all soil types with no mulch application (control), it was not changed significantly
with increasing mulch application rates in all soil
types except soil sample 2. On the other hand, increasing mulch application rates on soil sample 2 decreased SR significantly compared to the control.
Considering soil sample 2 with low OMC and the
lowest PC value compared to the other soil types in
our experiment (Table 1), the reduction of SR with
increasing mulch application rates is more effective
on soil types with low OMC and PC rates. In general,
as the highest SL determined in the control application in all soil types, increasing application rates of
mulch did not change the amount of SL significantly
(Figure 4b).

CONCLUSIONS
It was determined that the application of wheat
straw mulch at different rates on various soil types
under simulated rainfall conditions changed the SR
YROXPHDQGDPRXQWRI6/VLJQÕILFDQWO\ S LQ
term of soil types, mulch rates, and interaction of soil
types and mulch rates. However, both linear and
quadratic regressions between mulch application
rates and SR and between mulch application rates
and SL were not significant. Mulch application of
10.0 Mg ha-1 reduced the SR by 89.6%, and a 5.0 Mg
ha-1 mulch application decreased the SL by 98%
compared to the control application (0 Mg ha-1). It is
suggested that at least 5.0 Mg ha-1 straw mulch
should be applied in order to control soil and runoff
losses in areas severely vulnerable to erosion.
Smaller gaps between application rates of wheat
straw mulch in future studies are recommended to
find significant regressions.

REFERENCES
[1] Pimentel, D. and Burgess, M. (2013) Soil erosion threatens food production. Agriculture. 3,
443-463.
[2] Lal, R. (1994) Sustainable land use systems and
soil resilience. In: Greenland DJ, Szabolcs I
(Eds). Soil Resilience and Sustainable Land
Use. CAB International, Wallingford, UK. pp
41-67.
[3] Verma, H.N., Singh, R., Prihar, S.S. and
Chaudhary, T.N. (1979) Runoff as affected by
rainfall characteristics and management practices on gently sloping sandy loam. Journal of
the Indian Society of Soil Science. 27(1),18-22.
[4] Gilley, J.E., Finkner, S.C. and Varvel, G.E.
(1987) Slope length and surface residue influences on runoff and erosion. Transactions of the
American Society of Agricultural Engineers. 30,
148-152.

7390

© by PSP

Volume 26 ± No. 12/2017 pages 7384-7392

Fresenius Environmental Bulletin

and procedures of statistics a biometrical approach. McGraw-Hill (2nd ed), New York,
USA. pp 633.
[31] Bryan, R.B. (1968) The development, use and
efficiency of indices of soil erodibility. Geoderma. 2(1), 5-26.
[32] Luk, S. (1977) Rainfall erosion of some Alberta
soils; a laboratory simulation study. Catena. 3(34), 295-309.
[33] Reichert, J.M. and Norton, L.D. (1994) Aggregate stability and rain-impacted sheet erosion of
air-dried and prewetted clayey surface soils under intense rain. Soil Science. 158(3), 159-169.
[34] Amezketa, E., Singer, M.J. and Le Bissonnais,
Y. (1996) Testing a new procedure for measuring water-stable aggregation. Soil Science Society of America Journal. 60(3), 888-894.
[35] Le Bissonnais, Y. and Arrouays, D. (1997) Aggregate stability and assessment of soil crustability and erodibility: II. Application to humic
loamy soils with various organic carbon contents. European Journal of Soil Science. 48(1),
39-48.
[36] %DUWKHޘV%$OEUHFKW$$VVHOLQH-'H1RQL
G. and Roose, E. (1999) Relationships between
soil erodibility and topsoil aggregate stability or
carbon content in a cultivated Mediterranean
highland (Aveyron, France). Communications
in Soil Science and Plant Analysis. 30(13-14),
1929-1938.
[37] Auerswald, K., Kainz, M. and Fiener, P. (2003)
Soil erosion potential of organic versus conventional farming evaluated by USLE modelling of
cropping statistics for agricultural districts in
Bavaria. Soil Use Management. 19(4), 305-311.
[38] Tejada, M. and Gonzalez, J.L. (2007) Influence
of organic amendments on soil structure and soil
loss under simulated rain. Soil and Tillage Research. 93(1), 197-205.
[39] ejada, M. and Gonzalez, J.L. (2008) Influence of
two organic amendments on the soil physical
properties, soil losses, sediments and runoff water quality. Geoderma. 145(3-4), 325-334.
[40] Kadlec, V., Holubík, O., Procházková, E., UrEDQRYi-DQG7ÕSSO0  6RLORUJDQLFFDU
bon dynamics and its influence on the soil erodibility factor. Soil and Water Research. 7(3), 97108.
[41] Donjadee, S. and Tingsanchali, T. (2016) Soil
and water conservation on steep slopes by
mulching using rice straw and vetiver grass clippings. Agriculture and Natural Resources.
50(1), 75-79.
[42] %DUWKHޘV%DQG5RRVH(  ,QIOXHQFHRI
topsoil aggregate stability on runoff and erosion.
Proceedings of 12th International Soil Conservation Organization Conference. Beijing,
China. pp 352-358.

[18] Danga, B.O. and Wakindiki, I.I.C. (2009) Effect
of placement of straw mulch on soil conservation, nutrient accumulation, and wheat yield in a
humid Kenyan highland. Journal of Tropical
Agriculture. 47(1-2), 30-36.
[19] Jacometti, M.A., Wratten, S.D. and Walter, M.
(2007) Understorey management increases
grape quality, yield and resistance to Botrytis
Cinerea. Agriculture, Ecosystems and Environment. 122(3), 349-356.
[20] Lentz, R.D. and Bjorneberg, D.L. (2003) Polyacrylamide and straw residue effects on irrigation furrow erosion and infiltration. Journal of
Soil and Water Conservation. 58(5), 312-318.
[21] Blanco-Canqui, H. and Lal, R. (2007) Impacts
of long-term wheat straw management on soil
hydraulic properties under no-tillage. Soil Science Society of America Journal. 71(4), 11661173.
[22] Gee, G.W. and Bauder, J.W. (1986) Particlesize analysis. In: Methods of soil analysis, physical and mineralogical methods. Klute A (eds).
Part 1. America Society of Agronomy Inc., Soil
Science Society of America Inc. (2nd ed), Madison, WI, USA. pp 383-411.
[23] Nelson, R.E. (1982) Carbonate and gypsum. In:
Methods of soil analysis, Chemical and microbiological properties. Page A.L. (eds). Part 2.
America Society of Agronomy Inc., Soil Science Society of America Inc., (2nd ed), Madison, WI, USA. pp 181-197.
[24] McLean, E.O. (1982) Soil pH and lime requirement. In: Methods of soil analysis, Chemical
and microbiological properties. Page A.L. (eds).
Part 2. America Society of Agronomy Inc., Soil
Science Society of America Inc., (2nd ed), Madison, WI, USA. pp 199-224.
[25] Nelson, D.W. and Sommers, L.E., (1982) Total
carbon, organic carbon, and organic matter. In:
Methods of soil analysis, Chemical and microbiological properties. Page A.L. (eds). Part 2.
America Society of Agronomy Inc., Soil Science Society of America Inc., (2nd ed), Madison, WI, USA. pp 539-579.
[26] Yoder, R.E. (1936) A direct method of aggregate analysis of soils and study of the physical
nature of erosion losses. Agronomy Journal. 28,
337-351.
[27] Klute, A. (1990) Water retention: laboratory
methods. In: Methods of Soil Analysis. Klute A
(eds). Part 1. America Society of Agronomy Inc.
(2nd ed), Madison, WI, USA. pp 635-660.
[28] Wichtmann, H. (1955) Zur methodik und anwendurng von aggregat analysen für ackerbauliche fragen. Zap, 100, 163-178.
[29] Becher, H.H. and Kainz, M. (1983) Auswirkungen einer langjahrigen Stallmistdungung auf
das Bodengefuge im Lossgebiet bei Straubing.
Zap, 152(2), 152-158.
[30] Steel, R.G.D. and Torrie, J.H. (1980) Principles

7391

© by PSP

Volume 26 ± No. 12/2017 pages 7384-7392

[43] Roose, E. (1996) Land husbandry: components
and strategy. FAO Soils Bulletin, Issue. 70,
Food and Agriculture Organization, Roma, Italy. pp 370.
[44] Van Dijk, P.M. and Kwaad, F.J.P.M. (1996)
Runoff generation and soil erosion in small agricultural catchments with loess-derived soils.
Hydrological Processes. 10(8), 1049-1059.
[45] Bajracharya, R.M. and Lal, R. (1992) Seasonal
soil loss and erodibility variation on a Miamian
silt loam soil. Soil Science Society of America
Journal. 56(5), 1560-1565.
[46] Jordán, A., Zavala, L.M. and Gil, J. (2010) Effects of mulching on soil physical properties and
runoff under semi-arid conditions in Southern
Spain. Catena. 81(1), 77-85.

Received:
Accepted:

15.06.2017
23.09.2017

CORRESPONDING AUTHOR
Zeynal Tumsavas
University of Uludag, Faculty of Agricultural, Department of Soil Science and Plant Nutrition,
Görükle Campus 16059 Nilüfer Bursa,Turkey
e-mail: zeynal@uludag.edu.tr

7392

Fresenius Environmental Bulletin

Volume 26 ± No. 12/2017 pages 7393-7399

© by PSP

Fresenius Environmental Bulletin

CAN BIOCHAR REDUCE CADMIUM UPTAKE
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Anthropogenic activities particularly phosphorus
fertilizers are the leading sources of Cd in soil with
54-58% and fallowed by 39-41% from atmospheric
storage and 2-5% from waste sludge and manure
treatments [1]. Several soil and plant factors, such as
soil pH, soil redox potential, cation exchange capacity, organic matter, type of plant and fertilizer treatments influence Cd uptake of plants [2-3]. There is
limited number of studies conducted on effects of Cd
forms plant Cd uptake. Somolders and McLaughlin
[4] and Smolders et al. [5] indicated that Cd+2 ion in
soil solution creates an unknown complex form with
Cl- as CdCln2-n and asserted that this form could be
taken up by the plants. In another study, increasing
Cd concentrations were reported with increasing Clconcentrations in sunflower seeds, but it was indicated that SO4-2 did not have significant effects on
Cd concentrations [6]. On the other hand, McLaughlin et al. [7] carried out a study with equal NaNO3
and Na2SO4 salt treatments and reported that SO 4-2
form had greater effects on Cd uptake of sugar beet
green herbage than NO3 form. Since Cd in soils can
be transferred into food chain, higher Cd concentrations in agricultural fields may exert serious health
risks for humans [8]. Therefore, various soil amendments like limestone, alkaline materials and organic
matter have been employed to slow down Cd mobility in soils and thus to reduce plant Cd uptake [910]. Biochars with quite high binding capacities are
used in some cases to improve soil nutrient holding
capacity and to reduce leaching of chemical from the
soils [11-12]. Biochar was also reported to reduce
heavy metal mobility in contaminated soils and effectively decrease plant uptake based on type of
heavy metal and characteristics of biochar used [1314]. Tobacco leaves can accumulate relatively high
Cd concentrations compared to other plants. Therefore, tobacco leaves were considered as efficient Cdaccumulators [15]. This study was conducted to
evaluate the effects of biochar and different Cd treatments on Cd uptake of tobacco plants grown under
high Cd concentrations.

ABSTRACT
Biochar is used in Cd-contaminated soils to improve soil physico-chemical characteristics and thus
may provide reliable crop production under Cd toxicity. A greenhouse experiment was conducted to investigate the effects of two mahalep biochar doses,
Cd forms and doses on growth, Cd and micronutrient
uptake of tobacco plants (Katerini genotype) in Cdcontaminated soils. Three different cadmium forms
{3(CdSO4).8H2O, Cd(NO3)2.4H2O and CdCl2} and
4 different cadmium doses (0, 2.5, 5.0 and 10 mg Cd
kg-1 soil) were experimented together with two different mahalep biochar treatments (BC0-%0 and
BC1-%1 w/w). Soil DTPA-extractable Cd concentrations and shoot Cd concentrations (P<0.01) were
significantly increased with biochar doses, but shoot
dry matter yield (P<0.01) was significantly reduced.
Soil and plant Cd concentrations were reduced by biochar treatments in all Cd forms and doses. The
greatest reduction in Cd uptake was observed in
CdCl2 (175% reduction) and the least reduction was
in CdNO3 (25.4% reduction) forms. Biochar treatments resulted in higher shoot dry matter yields in
all Cd forms and doses. The average shoot dry matter
yield of 3(CdSO4).8H2O form was 4.91 g plant-1 at
BC0 treatment and the value increased to 5.85 g
plant-1 at BC1 treatment. Such a case was also valid
for the other Cd forms. Average dry matter yield of
Cd(NO3)2.4H2O form increased from 4.78 to 5.29 g
plant-1 and the value of CdCl2 form increased from
5.09 to 5.45 g plant-1. Regardless of Cd forms, it was
concluded that biochar reduced Cd uptake of tobacco
plants.

KEYWORDS:
Biochar, cadmium forms, tobacco, Cd concentration

INTRODUCTION
Cadmium (Cd) has detrimental effects on living organisms. Geologic material, industrial activities, phosphorus fertilizers and some other anthropogenic activities are the major sources of Cd in soil.
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(3) Biochar, Plant and Soil Analyses. The pH
and EC of mahalep biochar were measured with a
pH/EC meter in a suspension of 1(biochar):5(water)
[10]. The total C and N concentrations were measured by a CHN analyzer (Leco, USA). The total Cd
concentration in biochar samples was measured by
an inductively coupled plasma optical emission
spectrometer (ICP-OES) (Varian Vista).
Harvested plants were burned in a microwave
oven using 2 ml of 35% H2O2 and 5 ml of 65%
HNO3. Following the digestions, Cd, P, K, Fe, Zn,
Cu and Mn were analyzed using an ICP-OES (Varian Vista) [19]. Total nitrogen was measured by
Kjeldahl method [20].
Soil samples were collected from each of the
pot, and analyzed for DTPA-extractable Cd concentrations [21].

MATERIALS AND METHODS
Material. Katerini tobacco genotype was used
in a greenhouse pot experiment conducted in the
University of Gaziosmanpasa Tokat/Turkey. Katerini is a late flowered genotype, average plant height
is between 55 and 85 cm, and the number of leaves
for each plant ranges from 28 to 32. The genotype is
fine textured, very fragrant, and nicotine rate is approximately 2.30% with 12% sugar content [16].
The soil used in the experiment had the following
chemical and physical properties; texture was SiCl,
CaCO3 content was 15.8%, pH was 8.02, organic
matter content was 1.14%. DTPA-extractable concentrations of Zn, Fe, Mn, Cu and Cd were 0.52,
-1
2.11, 3.81, 1.37 and 0.005 mg kg , respectively [17].
The mahalep biochar was strongly alkaline pH (8.86)
and slightly saline (EC: 1.01 dS m-1) with a quite
high C/N ratio (172). The total Cd, Fe, Zn, P and K
concentrations of mahalep biochar were 0.09 mg kg1
, 26.39 mg kg-1, 650 mg kg-1, 904.36 mg kg-1 and
28440 mg kg-1, respectively. Cation exchange capacity of biochar was 33.66 cmol kg-1 and specific surface area was 289.6 m2 g-1 that would be expected to
be suitable for immobilizing the cationic heavy metals in soil.

(4) Statistical Analysis. Standard analyses of
variance techniques were used to assess the significance of treatment means. Resultant data were subjected to variance analysis in accordance with randomized plot design with MSTAT-C statistical softZDUHDQGPHDQVZHUHFRPSDUHGZLWK'XQFDQ¶VWHVW
[22].

RESULTS AND DISCUSSION

Methods. (1) Biochar Production. The biochar applied in this study was produced by pyrolysis
of mahaleb cherry (Prunus mahaleb L.) seed shells.
Biochar was produced by slow pyrolysis of seed
shells at 500 oC in an ingeniously developed reactor.
Slow pyrolysis process was characterized by slow
heating rates (a rate of approximately 10 oC min-1)
and long residence times of the biomass. The pyrolysis temperature was kept constant at 500 oC and biochar was held in the unit until pyrolysis gas disappeared. After heating for almost 4 to 6 hours, the biochar was allowed to cool to room temperature. Biochar was grinded to maximum size 2 mm before
mixing to soil [18].

Soil DTPA-extractable Cd Concentration,
Shoot Cd Concentration and Dry Matter Production. Soil Cd concentrations increased significantly
with increasing Cd treatments (P<0.01). Such increases were observed in all Cd forms and biochar
doses. In BC0 (without biochar application to soil)
and 10 mg kg-1 Cd treatment, the greatest soil DTPAextractable Cd concentration was observed in in the
form of CdCl2 (5.35 mg Cd kg-1) and the lowest
value was observed in the form of CdNO3 (4.43 mg
Cd kg-1). However, DTPA-extractable Cd concentrations were significantly decreased in all Cd forms
and doses (P<0.01) with 1% biochar treatment
(BC1). For instances, Cd concentration with CdSO4
form at BC0 treatment of Cd 5 decreased from 2.42
mg kg-1 to 1.58 mg kg-1 with BC1 treatment of the
same Cd dose; in CdNO3 form at BC0 treatment of
Cd5 dose; the Cd concentration decreased from 3.04
mg kg-1 to 1.47 mg kg-1 with BC1 of the same Cd
dose; the Cd concentration of 2.79 mg kg-1 of CdCl2
form decreased to 2.05 mg kg-1 (Table 1). Positive
impacts of biochar treatments in prevention of Cd
stress in soils were also reported in previous studies.
Biochar was reported to hold and efficiently bind Cd
ions [23] contaminated with Cd. Biochar was also
reported to increase soil physical stability [24] and
Cd holding capability [25], prevent Cd mobility [26]
and reduce biological effects of Cd through altering
morphological structure of Cd [27]. Similar to pre-

(2) Experiment. Tobacco seedlings were
transplanted in individual plastic pots with 2.75 kg
soil (220 mm upper diameter, 180 mm lower diameter and 3-litre volume). Before potting, the soil was
homogenously mixed with basal treatment of N 250
mg kg-1 soil as Ca(NO3)2.4H2O, P 100 mg kg-1 soil as
KH2PO4 and Fe 2.0 mg kg-1 soil as Fe-EDTA and Zn
2.0 mg kg-1 soil as ZnSO4.7H2O. Cadmium was applied at 0, 2.5, 5.0 and 10 mg kg-1 soil doses in the
forms of 3(CdSO4).8H2O, Cd(NO3)2.4H2O and
CdCl2 with three replicates. The soils were treated
with two doses of mahalep biochar (0% and 1%,
w/w). Plants were harvested when the Cd toxicity
symptoms were observed at 54 days of the growth.
Harvested plants were dried at 70 oC in an oven. Dry
weights (DW) were recorded and expressed as g DW
of plants.
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Removal of Cd by the plants varied with Cd
forms applied to soil. Without biochar treatments
and with 10 mg kg-1 Cd application to soils, the
greatest Cd concentrations were observed in CdCl
form (176.3 mg kg-1) and CdSO4 (170.47 mg kg-1)
forms and the lowest value was obtained in CdCl2
(129.42 mg kg-1) form (Table 1). Present findings revealed that SO4 and Cl forms were more effective on
plant Cd uptake high levels of Cl soils were previously reported to increase Cd uptake and transport in
soils [33-34]. In another study carried out in the
United States, increasing Cd concentrations were reported in sunflower seeds with increasing Cl- concentrations, but it was indicated that SO4-2 did not
have significant effects on seed Cd concentration [6].
McLaughlin et al. [7] applied equal amounts of
NaNO3 and Na2SO4 salts to soil and indicated that
effects of SO4-2 salt on Cd uptake of sugar beet plants
were lower than the effects of Cl- salt.
In 1% biochar treatments, shoot Cd concentrations decreased with all Cd forms applied to soil. The
decrease in Cd uptake with biochar treatments was
the greatest in CdCl2 and the lowest in CdNO3 form.
While shoot Cd concentration of CdCl form was
176.3 mg kg-1 at BC0 - Cd10 treatments, the value
decreased by 183% to 62.16 mg kg-1 with 1% biochar treatment. On the other hand, shoot Cd concentration of CdNO3 form was 129.42 mg kg-1 at BC0Cd10 treatment and the value decreased by 30% to
99.59 mg kg-1 with 1% biochar treatment. Present
findings revealed that biochar was highly effective
in reducing Cd uptake of tobacco plants in Cl form.

sent findings, Lu et al. [28] reported significant decreases in soil DTPA-extractable Cd concentrations
with 5% biochar treatments.
Shoot Cd concentrations significantly higher in
BC0 treatments with different Cd forms and doses
applied to soil (P<0.01). However, shoot Cd concentrations significantly decreased with higher biochar
doses (P<0.01) (Table 1). For instances; the average
Cd concentration of CdSO4 form was 79.7 mg kg-1
at BC0 treatment, the value decreased to 39.5 mg kg1
at BC1 treatment. The average Cd concentration of
CdNO3 form was 60.7 mg kg-1 at BC0 and the value
decreased to 48.8 mg kg-1 at BC1 treatments. While
average Cd concentration of CdCl2 form was 73.4
mg kg-1 at BC0 treatments, the value decreased to
26.7 mg kg-1 at BC1 treatment (Table 1). Cui et al.
[29] reported decreased Cd uptake of paddy plants
with biochar applications to soils polluted with Cd.
It was reported for wheat plants that 0, 10, 20 and 40
t ha-1 biochar treatments significantly reduced plant
Cd uptakes from the soils [30]. Houben et al. [31]
applied 4 different biochar doses (0, 1, 5 and 10%)
to the soils with Cd toxicity and grew rapeseed over
these soils. Researchers reported shoot Cd concentration as 3.68 mg/kg-1 in control treatment and decreased respectively as 3.15, 2.05 and 1.08 mg/kg-1
in biochar treatments. Namgay et al. [32] experimented three different biochar and Cd treatments for
maize culture over sandy soils. Researchers reported
decreasing Cd contents of maize plans with increasing biochar doses and related such decreases with
stronger binding of Cd ions to organic material and
formation of more stable metal-organic compounds.

TABLE 1
Effects of different Cd forms and doses on soil DTPA-extractable Cd concentrations,
shoot Cd concentrations and plant dry matter yields under with/without biochar conditions
DTPA Exc. Cd in soil
Shoot Cd Concentration
(mg kg-1)**
(mg kg-1)**
-1
Forms
mg kg
BC 0
BC 1
BC 0
BC 1
CdSO4
0
0.10k
0.08k
0.50j
0.29j
2,5
1.65h
0.68c
51.99ef
29.46JKÕ
1.58h
95.83c
29.36JKÕ
5
2.42f
4.51c
170.47a
98.73c
10
4.87b
Mean
2.27A
1.72B
79.7A
39.5B
CdNO3
0
0.10k
0.09k
0.73j
0.44j
ÕM
j
fgh
0.79
37.08
30.59JKÕ
2,5
0.90
e
h
d
5
3.04
1.47
75.55
62.92de
c
d
b
10
4.43
4.00
129.42
99.58c
Mean
2.12A
1.59B
60.7A
48.4B
CdCl2
0
0.10k
0.07k
0.43j
0.22j
2,5
1.14Õ
0.89ÕM
44.24fg
19.31Õ
2.05g
72.57d
24.97KÕ
5
2.79e
4.55c
176.30a
62.16de
10
5.35a
Mean
2.35A
1.89B
73.4A
26.7B
Significant at P<0.05 level; ** Significant at P<0.01 level; NS: non significant
Cd

Cd Dose
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Shoot Dry M.
(g plant-1)NS
BC 0
BC 1
5,92
6,54
4,91
5,65
4,59
5,78
4,19
5,41
4.91B
5.85A
5,68
6,22
5,12
5,72
4,32
4,93
3,98
4,26
4.78B
5.29A
5,75
5,95
5,43
5,55
5,2
5,39
3,95
4,89
5.09B
5.45A
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TABLE 2
Effects of different Cd forms and doses on shoot Fe, Zn, Mn and Cu concentrations under with/without
biochar conditions
Shoot Zn
Shoot Mn
Concentration
Concentration
(mg kg-1)NS
(mg kg-1)*
-1
Forms
mg kg
BC 0
BC 1
BC 0
BC 1
BC 0
BC 1
c-g
Õ-j
b-e
CdSO4
0
142,7
81,8
30,6
20,7
83,2
63,4efg
c-f
f-h
ab
119,4
27,5
22,7
92,9
67,6def
2,5
158,9
c-g
j
abc
69,4
25,3
11,6
88,6
31,6h
5
140,6
c-g
a
ab
10
151,7
224,5
21,8
20,0
92,9
76,7b-f
Mean
148.5A
123.8B
26.3A
18.8B
89.4A
59.8B
CdNO3
0
117,3JKÕ
170,3bcd
26,2
23,2
82,6b-e
63,8efg
163,8cd
24,5
22,1
83,2b-e
87,8bcd
2,5
120,5e-Õ
d-h
c-g
abc
142,1
23,3
22,5
89,2
86,5bcd
5
135,3
d-g
cdf
bcd
160,0
21,9
20,1
87,5
70,8c-f
10
137,3
Mean
127.6B
159.0A
24.0
22.0
85.6A
77.2B
CdCl2
0
130,3d-h
84,6ÕM
27,0
19,2
87,1bcd
59,9fg
c-g
ÕM
ab
2,5
150,7
83,6
25,9
15,8
96,1
44,8gh
bc
j
bcd
5
178,9
65,0
23,5
13,4
87,8
32,6h
ab
hij
a
96,7
22,9
15,7
108,6
57,8fg
10
204,5
Mean
166.1A
82.5B
24.9A
16.0B
94.9A
48.8
*Significant at P<0.05 level; ** Significant at P<0.01 level; NS: non significant
Cd

Cd
Dose

Shoot Fe Concentration
(mg kg-1)**

Shoot Cu
Concentration
(mg kg-1)NS
BC 0
BC 1
10,7
9,6
11,0
12,2
11,8
9,8
10,0
11,2
10.9
10.7
10,6
9,2
10,9
11,9
13,4
10,7
9,6
10,0
11.1
10.6
11,2
9,8
12,1
10,8
12,0
11,1
13,6
10,3
12.2
10.5

biochar treatments. Similarly, increasing biochar
treatments (1, 5 and 10%) were applied to Cd contaminated soil (24 mg kg-1 Cd) over which rapeseed
was grown, and dry matter yield was increased from
13 mg plant-1 in control to 15, 16 and 49 mg plant-1
with higher biochar doses, respectively [31].

Regardless of biochar treatments, shoot dry
matter yields of tobacco plants decreased in all Cd
forms with increasing Cd doses. It was reported in a
previous study carried out with maize plants that significant decreases were observed in shoot dry matter
yields with increasing Cd treatments. Researchers
reported such decreases as 11.9% with 10 mg kg-1
Cd treatment and 23.5% with 20 mg kg-1 Cd treatment [35]. The decrease in dry matter yields with Cd
treatments were mostly because of phytotoxic impacts of Cd ions [36-37].
As compared to BC0, significant increases
were observed in dry matter yields in all Cd forms
and doses with 1% biochar treatments. While average dry matter yield of CdSO4 form was 5.92 g plant1
at BC0 - Cd0 treatment, the value increased to 6.54
g plant-1 at BC1 treatments at the same Cd dose. Similarly, the average dry matter yield of CdSO4 form
was 4.19 g plant-1 at BC0 - Cd10 treatment and the
value increased to 5.41 g plant-1 at BC1 treatments at
the same Cd dose. Similar increases in dry matter
yields with biochar treatments were also observed in
all Cd doses of CdNO3 and CdCl2 forms (Table 1).
Such an increase in dry matter yields with biochar
treatments was probably resulted from the reduced
bioavailability of Cd in soil by biochar. Erdem et al.
[38] carried out a greenhouse experiment on tobacco
plants with increasing Cd doses (0, 10 and 20 mg kg1
Cd) and biochar (0%, 1%, 2% and 3%) treatments.
Researchers reported decreasing dry matter yields
with increasing Cd doses in all biochar treatments.
Despite decreasing dry matter yields with increased
Cd doses, dry matter yields increased with 1 and 2%

Shoot Micronutrients. Effects of different Cd
forms and doses on shoot Fe, Zn, Mn and Cu concentrations under with/without biochar conditions
are provided in Table 2. Significant increases and decreases were observed in shoot Fe concentrations in
all Cd forms and doses under with/without biochar
conditions (P<0.01). Average shoot Fe concentration
of CdCl2 form was 166.1 mg kg-1 without biochar,
and the value decreased to 82.5 mg kg-1 with 1% biochar treatment. On the other hand, average shoot Fe
concentration of CdNO3 form was 127.6 mg kg-1 at
BC0 and the value increased to 159.0 mg kg-1 at BC1
treatment. Al Wabel et al. [39] reported that shoot Fe
concentration of maize plants increased from 624 mg
kg-1 in control treatment, to 890 mg kg-1 for 1 g kg-1
biochar dose, 957 mg kg-1 for 3 and 757 mg/kg-1 for
5 g kg-1 biochar doses.
Shoot Zn concentrations of tobacco plants decreased with increasing Cd doses in all Cd forms at
both BC0 and BC1 treatments. The decrease in Zn
concentrations with increasing Cd treatments was related to antagonistic relationships between Cd and
Zn ions. Thusly, decreasing Zn uptakes were reported with Cd treatments in previous studies [4041-17-42]. Higher Cd uptakes under Zn-deficient
conditions were attributed to the similar chemical
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ments. Biochar treatments increased shoot dry matter yields in all Cd forms and doses. Treatments with
different Cd forms revealed that SO4 and Cl forms of
Cd were more effective in plant Cd uptake. Besides,
biochar was found to be more effective in Cd uptake
of plants from the soil in Cl form.

characteristics of Zn and Cd, competition between
them for absorption points over membranes [43-44],
and increased membrane permeability under Zn-deficiency [45]. The decrease in Zn concentrations was
also influenced by biochar treatments. While average shoot Zn concentration of CdSO4 form was 26.3
mg kg-1 at BC0 treatment, the value decreased to
18.8 mg kg-1 at BC1 treatment. A similar case was
also observed for CdNO3 and CdCl forms (Table 2).
Zheng et al. [18] was also reported significant decreases in Zn uptake with biochar treatments
(p<0.05) in a study with two different biochar (0 and
5%) treatments to a soil with Cd toxicity. Such a decrease in Zn concentrations with biochar treatments
was linked to the Zn absorption over biochar surfaces [46-38].
Increases and decreases were observed in shoot
Mn and Cu concentrations of tobacco plants in all Cd
forms and doses under with/without biochar treatments. Both Mn and Cu concentrations decreased
with biochar treatments. While the average Mn concentration of CdCl2 form was 94.9 mg kg-1 at BC0
treatment, the value decreased to 48.8 mg kg-1 with
BC1 treatment; average Cu concentration of 12.2 mg
kg-1 at BC0 decreased to 10.5 mg kg-1 with BC1
treatment (Table 2). Al Wabel et al. [39] in a study
on with 4 different biochar (0, 1, 3 and 5 g kg-1) treatments, reported shoot Mn concentration of maize
plants decreased from 62.5 mg kg-1 in control to 43.4
for 1 mg kg-1, to 34.9 in 3 mg kg-1 and to 30.5 mg kg1
in 5 g kg-1 biochar treatments. Researchers reported
that shoot Cu concentration also decreased from 48.3
mg kg-1 in control to 36.7 for 1 mg kg-1 to37.7 in 3
mg kg-1 and to 35.2 mg kg-1 in 5 g kg-1 biochar treatments.
In general, a decrease was observed in shoot
micro element concentrations of tobacco plants with
increased Cd treatments. Such decreases in plant uptake under Cd stress may be explained by Cd toxicity-induced damages on roots, inhibition of root
growth and development [47].
Shoot micro element concentrations were generally decreased with biochar treatments at all Cd
forms and doses. Such a case was explained by Liang
et al. [48] and Zhang et al. [27] with the improvement of soil chemical and biological characteristics
through biochar treatments. Higher absorption of
metals by biochars is associated to high active surface area, negative surface load and load intensity.
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A NEWLY DESIGNED RECTANGULAR WEIR FOR FLOW
REGULATION AT RIVER FORK THROUGH A PHYSICAL
MODEL (CASE STUDIES OF KARKHEH/HUFEL/NISSAN
STREAMS)
Abbas Saki, Amirabbas Kamanbedast*, Alireza Masjedi, Mohammad Heidarnejad, Amin Bordbar
Department of Water Science and Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz ± Iran

However, an increase in Froude number did not lead
to a decline in deviation flow rate (i.e. it remained
constant). This trend was inconsistent with the results of the physical model. Finally, the nearest structure for 60% flow rate deviation into Hufel had dimensions of (h/H=0.17 and b/B) =0.9.

ABSTRACT
Specific hydraulic conditions prevail river
forks, where streams need to be examined through
physical and analytical methods. Given the numerous parameters effective in triple streams, it is impossible to establish a mathematical equation in
which all parameters have been included. For this
reason, previous studies in this regard mostly led to
laboratory research with a newly developed physical-hydraulic model. After Hamidieh Diversion Dam
near the city of Hamidieh, Karkheh River is divided
into two streams known as Hufel and Nissan. At
lower flow rates, Nissan makes up a greater share
than Hufel due to steeper slope of the former. This
study attempted to construct a hydraulic structure to
appropriately divide water flow in Hufel. In the laboratory experiment, a flume with a 90-degree bend
was used at Islamic Azad University of Ahvaz. Various experiments were conducted at different widths
and heights. Furthermore, this model was simulated
through CCHE2D, the results of which were compared against those of HEC-RAS physical and mathematical models. The results indicated that the weir
height increases the deviation flow percentage to
Hufel stream due to rising water level. Moreover, the
deviation flow percentage to Hufel declined as the
weir width increased due to falling water level. At
Hufel, the installation of rectangular weir in different
dimensions yielded minimum 34.3% and maximum
61.5% increase in flow rate. Moreover, the deviation
flow percentage to Hufel increased by changing the
deviation angle from 60° to 30° in both control
modes as well as the weir. In normal mode without
any weirs installed, however, there will be an increase in flow rate compared to the mode where a
weir has been installed. This can be associated with
the flow controlled by the weir. On average, the deviation flow rate increased by 2.8% in weir mode and
7.7% in weir-less mode. An increase in the Froude
number from 0.21 to 0.38 led to lower average deviation flow rate by 19.3%. Moreover, the results of
simulation through CCHE2D demonstrated to be
largely similar to those of physical model experiments. The results of simulation through HEC-RAS
were also similar to those of the physical model.

KEYWORDS:
Weir, river fork, physical model, mathematical model,
CCHE2D, HEC-RAS

INTRODUCTION
Rivers have long been regarded by humans as
one of the major sources of water. In fact, great human civilizations developed alongside rivers to exploit water. Rivers have played a vital role in human
life. There are numerous forks in a river, the typical
example of which can be found around islands. Such
forks appear as deviation branch on the upstream and
confluence branch on the downstream. One of the
problems in rivers revolves around how to build a
shortcut on a spiral river to control floods. The solution can be analyzed based on the hydraulics of flow
at triple streams.
Limited number of studies have focused on the
pattern of erosion and sedimentation at the junction
of channels. Therefore, this section will mainly explore previous studies on flow patterns at the junction of channels. Generally, the literature relevant to
flow patterns at channel junction can be classified
into experimental and numerical studies.
Mohammad Ismailnejad (2002) [13] constructed a micromodel to examine the hydraulics of
flow to basins of Hamidieh Diversion Dam. In an effort to solve the problem of sedimentation in
Chamran and Azadegan basin, he proposed that the
best strategy involved a shift in the position of
Chamran basin, reduction in width together with increase in the bottom level of Azadegan basin. Hadi
Aligholizadeh Behbahani (2004) [4] adopted a physical model to explore the hydraulic conditions of
flow into basins with deviation angles of 90° and
75°. The results demonstrated that deviation angle
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that bed discordance significantly affected the transverse flow mixture. In fact, the standard deviation of
concentration measured in a 22x24-cell network at
transverse cross-sections of downstream channels in
an equal-bed confluence was constantly smaller than
their corresponding values in the unequal-bed confluence. This reflects that greater mixing occurred in
the confluence with unequal bed levels. In addition,
they showed that increase in junction angle, particularly at equal-bed confluence, from 60° to 90° leads
to faster flow mixing. Huang et al. (2002) [16,17]
employed the results of laboratory measurements to
validate a three-dimensional model. They revealed
good consistency between the results of modeling
and laboratory measurements. Then, they showed
that an increase in junction angle from 30° to 90°
leads to greater flow separation zone and secondary
flow power.
Studies by Shabayek, Steffler, Hicks (2002)
[32] proposed a dynamic model to analyze subcritical flows at the junction of channels. This model is
capable of calculating and estimating upstream
depths based on momentum equation of motion and
the law of conservation of mass in two control volumes with common boundaries as well as data such
as downstream flow rateand downstream depths.
H, Shing (2008) [24], presented one dimensional sediment model for downstream irrigation canals of Zardchin River which have capability to simulate sediment movement and flow, to compute volume and to distribute sediment settlement and etc.
Model results were contrasted with field data of Weisan from 1990 to 1999 which showed that computed
results were compatible with field data of flow rate,
sediment concentration, sediment transport and sediment deposition. Kamanbedast,A.A. [20] investigated the Scour Around Bridge Pile in Flood with
Hec-Ras Software. The result shows that increase
was that the rates were low to moderate (329 cubic
meters per second) of scouring around the base of the
middle most value, but the rates and conditions of
torrential amount of scour at the base right side highest value to allocated, as well as 1,630cubic meters
of flood conditions safely scour rate was lowest in
the left bearing because the riverbed morphological
and conditions of the secondary flow in bend is created.

greatly affected the deviation flow rate. In fact, deviation flow rate is higher at deviation angle of 90°
than 75° under identical conditions. Moreover, the
location of basins (in terms of deviation angle)
largely affects the level of deviation sediments. In
fact, there will be lower deviation sediments at angle
of 75° than 90° under identical condition.
The oldest research on modeling of river flow
was conducted by Weerakoon and Tamia
(1989)[35]. They focused on the junction of simple
rectangular and trapezoidal channels to simulate the
flow structure and water surface profile through Kepsilon (k-İ WXUEXOHQFHPRGHODQGULJLG-lid method.
Weerakoon et al. (1991) [36] considered a complete
elliptical method to explore a 60-degree asymmetrical junction. The results indicated that the separation zone was about 30% shorter than what had been
measured. Such reduction in length was associated
with numerical dispersion, adopting the standard
form of k-İ WXUEXOHQFH PRGHO DQG FRQVLGHULQJ WKH
water surface as a rigid surface without any appropriate modification of continuity equation. Bradbrook et al. (2000a and 2000b) [10, 11] evaluated the
effect of velocity, confluence angle, symmetry of
junction and river bed discordances on curvature of
flow lines. The results on the confluence of two parallel channels suggested that secondary rotational
flows are insignificant at flow depth of one, i.e. the
channel flows intersect slowly. A flow transverse
transfer occurs from the deeper channel into the rotational zone behind the cascade as the bed discordance of sub-channel increases followed by a decline
in the depth ratio from 1 to 0.5. This eventually leads
to secondary rotations. As long as the confluence angle widens, the secondary rotations at the confluence
will intensify. The results also indicated that asymmetry in a symmetrical confluence occurs in rotational cells of secondary flows due to effects of velocity ratio. Lane et al. (1999 and 2000) and Bradbrook et al. (2000a and 2000b) [10, 11] adopted
three-dimensional mathematical models for natural
river confluences. Using a model for confluence of
Kaskaskia and Cooper rivers, which have been already examined by Rhoads and Kenworthy (1995)
[29], Lane et al. [22, 23] proved that snail rotations
resembled two meanders connected from behind. In
order to investigate the role of topography in flow
structure, Bradbrook et al. [9] compared the results
of model predictions at confluence of Kaskaskia and
Cooper rivers against those of real and artificial morphology. Given the dynamic range, they demonstrated that there is a zone with negative dynamic
pressure on top of the scour hole, even if the scour
hole is too shallow to create a flow separation zone
at the bed. Biron et al. (2004) [6] adopted a threedimensional model to investigate the flow mixing at
downstream of the junction. The simulation concentrated on confluences of equal and unequal bed levels in laboratory as well as field confluence under
low and high flow conditions. The results indicated

MATERIALS AND METHODS
Since this research involved physical model experiments, a case study of Karkheh river streams
known as Hufel and Nissan, a laboratory flume was
constructed and the project region, laboratory facility and equipment were determined carefully. Previous studies were adopted to design the dimensions
and construct the equipment. This chapter fully describes the equipment, how to construct a flume and
plan the experiments.
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After the junction of two streams called Simreh
and Kashkan, Karkheh River flows toward southeast. Having received water flow from the two substreams known as Mulab and Abzolal, Karkheh continues southbound on its path. Across Khuzestan
plain, the decline in the terrain slope changes the
river bed into meanders. As the flow slows down, the
river cross-section and width increase. At the downstream of Karkheh storage dam, the river shifts direction toward west and northwest.
After about 100 kilometers, it flows into Karkhehkur, a stream branching from the left-channel water at Ab Pakhsh (Hamidieh). It then zigzags southbound and shifts near Arzagh and Kut 1 and 2 villages toward southwest. It eventually runs toward
Hoveizeh and pours into Hour-al-Azim Lagoon.
Karkheh mainstream flows into Hour-al-Azim Lagoon near Bostan. The river links to Arvand River
(Shatt al-Arab) at Hour-al-Azim weir and then ends
in the Persian Gulf. Karkheh River is 755 km long
from Gamasiab headwaters and roughly 120 km
from Payepol to Hour. The river width varies in most
parts, ranging from 150 to 200 m across Khuzestan
plain. Its average depth is 4-6 meters.[18]

Fresenius Environmental Bulletin

TABLE 1
Experimental variables
Fr

Rectangular weir
with different dimensions

Deviation
angle T

5 flow
rates

6

2

Dimensional analysis. Prior to examining the
entire range parameters in each stream (Hufel or Nissan) at Karkheh fork, it is essential to identify and
analyze the most effective parameter adjustable in
geometric and hydraulic terms. Therefore, the most
important factor contributing to a weir is the coefficient formulated as follows:
c d f ( g , p , r , y , v , B , h, H , T )
Y : Flow depth
V: Velocity
B: Channel width
H: Simple bed height
B: Weir width
T : Deviation angle
With regard to simplification
cd f ( fr, b , k ,T )
B h
TABLE 2
Specifications and dimensions of barriers
Weir
number
1
2
3

h

B

H

1
3

4
5

FIGURE 1
Karkheh fork where the river splits into Hufel
and Nissan streams

6

5

50

30

b

h/b

h/H

b/B

20
20
30

0.5
0.75
0.5

0.03

0.4
0.4
0.6

25

0.8

35

0.57

45

0.44

0.1

0.5
0.17

0.7
0.9

The research involved an evaluation of Froude
number, adoption of a rectangular weir, adjustment
in the weir length and height. The variables included:
1- Experiment with ten different flow rates (5
variables)
2- Employing a rectangular weir with three
different heights and widths (6 variables)
3- Deviation angles of 30° and 60° (2 variables)
A total of 70 experiments including 10 control
experiments.
Table (2) provides the specifications of barriers.

Karkheh discharge at Hamidieh Station. The
annual discharge of Karkheh River at Hamidieh Station is 4.8 billion cubic meters, minimum flow rate
is 26.8 cubic meters per second, maximum flow rate
is 427.6 cubic meters per second and average flow
rate is 153.7 cubic meters per second. The study area
covers Karkheh fork where the river splits into Hufel
and Nissan streams (Figure 1).

Specifications of the flume and how it was
constructed. In this experimental study at Islamic
Azad University of Ahvaz, a flume was used with the
following specifications. The inflow and outflow
channels of the newly constructed flume were openwalled rectangular covered by Plexiglas sheet. The
direct inflow channels at the top of the flume and
outflow at the end of the flume were 4.5 m and 2.5

FIGURE 2
Schematic view of rectangular weir
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m long, respectively. The width and height of the
flume were 0.5 m and 0.6 m, respectively. The
IOXPH¶VERG\ZDVPDERYHJURXQGOHYHO7KHERW
tom of the direct inflow path (creating a uniform and
developed flow) was made of a metal sheet with a
thickness of 3 mm while the walls were made of
Plexiglas with a thickness of 10 mm and a length of
4.5 m. This could mitigate the wall roughness while
making visible the hydraulic phenomena inside the
chamber. Similarly, the bottom of the direct outflow
path was made of a metal sheet with a thickness of 3
mm while the wall was made of Plexiglas with thickQHVVRIPPDQGDOHQJWKRIP7KHIOXPH¶V
bottom was in the form of fixed bed, constructed horizontally without slopes at maximum precision (Figure 3).
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FIGURE 5
Inflow and outflow triangular weirs with 90°
vertices, at the top and end of the flume
Given the desired flow rate, the circulation of
water in the flume involved an 11-kW centrifugal
pump where the diameter of suction/blow pipe was
 LQFKHV 7KH SXPS¶V VXFWLRQ KHLJht was approximately 2 m while the blow height was about 6 m.
The maximum transferable flow rate was 60 liters
per second (Figure 5).

FIGURE 3
A sample of weir in flume
FIGURE 6
Centrifugal pump
This paper intended to evaluate the effect of a
rectangular weir on stream flow. For that purpose, a
total of 6 weirs (Figure 6) were constructed with different heights and widths.
Mathematical model CCHE2D and HECRAS. In this study the river fork was simulated
through mathematical model CCHE2D, Hec-Ras
which will be introduced in this section.
As a simulation mode, CCHE2D was proposed
by Wang, Sam and Jia (1997) [36] at the National
Center for Computational Hydro science and Engineering (NCCHE), University of Mississippi, USA.
In recent years, CCHE2D has progressively developed into a final version (CCHE2D 3.2) offering numerous features for water and sediment simulation.
The program has been coded through Fortran 90. In
general, CCHE2D consists of two separate models:
1) mesh generator model and 2) CCHE2D-GUI. By
enabling the construction of a structured network
based on intersecting lines, Mesh Generator provides
a space where the water and sediment equations used
in CCHE2D-GUIcan be solved through finite element method (FEM). CCHE2D-GUI is a two-dimensional depth-averaged model, where the flow conditions are transient. In this scenario, the water flow
and sediment can be simulated through FEM. Water

FIGURE 4
View of branch (Nissan and Hufel)
In physical model
$VLGH IURPWKH IOXPH¶VWDQNWKHUH ZHUH VHY
eral components including a slide valve for regulating the inflow rate into flume, a triangular 90-degree
weir for measuring the inflow rate, a slide gate at the
top of the lateral basin to open/close the inflow to
lateral basin and a triangular 90-degree weir at the
end of the flume to measure the outflow of the flume
made of metal sheet. The inflow of waves into the
channel was prevented by a mesh grid next to the initial weir (Figure 4).
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the values into *Mesh_xyz. The meshing has been
displayed in Figure (9,10).

flow is simulated based on the Navier-Stokes depthaveraged equations. The turbulent shear stress is calculated by Boussinesq estimation. The turbulent vortex viscosity is calculated through three different turbulent models. The set of equations is implicitly
solved through volume control method and efficient
elements. This method eliminates numerical fluctuations and facilitates a stable solution. These equations are solved through Efficient Element or exponential differences. The procedure applied in
CCHE2D has been schematically illustrated in Figure (7).

FIGURE 10
Meshing of Karkheh River with *.geo
The flow data include initial conditions of flow,
boundary conditions and flow parameters in
CCHE2D. The data of initial conditions include initial bed discordance, initial water level and initial
bed roughness. As mentioned earlier, the initial bed
discordance has been defined through mesh interpolation based on initial topography of the river. Furthermore, the initial water level was determined according to the scale measured at the river. The flow
boundary conditions include inflow and water height
at outflow. The values of discharge and scale were
assumed to be monthly average. Sample of simulation with adding and changing in Hufel shows in
Fig11.

FIGURE 7
Constructed weirs

FIGURE 8
Simulation through CCHE2D

FIGURE 11
Plan of Karkheh branch with adding a weir in
Hufel
Simulation with Hec-Ras. In this research;
Hec-ras software is also utilized. It is possible to inlet
geometric data of Karkheh River to computer very
easily. Then, other section of river such as; discharge
DQGPDQQLQJ¶VRWKHUSDUDPHWHUVLVLQWHQGHGWRVRIW
ZDUH 7KH YDOXH RI 0DQQLQJ¶V Q LV KLJKO\ YDULDEOH
and deepens on a number of factor including: surface
roughness; vegetation; channel irregularities«finally by Kamanbedast et al. (2010) [21] adopted
HEC-RAS to simulate Hufel and Nissan streams. Fig
12, 13.
After selecting the rectangular overflow as the
final stage, the discharge rate in the Nissan branch is
about 40%, and for Hufel it is 60%.

FIGURE 9
Contour lines in AutoCAD
Preparation of mesh based on topographic
database. The database used to create a mesh was
stochastic. As noted earlier, CCHE2D is characterized by *.mesh_xyz formatting. This database was
FRPSLOHG EDVHG RQ .DUNKHK 5LYHU¶V PDS RI FURVV
sections as shown in Figure (8).At first, AutoCAD
was employed to extract all values of x, y and z for
the desired area. Then, MS Excel was used to convert
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FIGURE 12
Schematic of Karkheh branch (Hufel (right line) and Nissan (left line)) with *.geo formatting
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FIGURE 13
Cross section of weir on Hufel (Karkheh River).
Hufel). At the next stage, the model was implemented to design the weir control structure so as to
supply the desirable flow rate. Thus, the results are
divided into 4 parts:
1- Effect of variations in height and width of
rectangular weir on the allocation of flow rates to
streams
2- Effect of deviation angle on allocation of
flow rates to streams
3- Effect of Froude number on allocation of
flow rates to streams

RESULTS
The new model was implemented to examine
how flow rate is divided at the streams. The water
allocation ratio to Hufel and Nissan streams was determined by examining the flow hydraulic regime for
minimum and maximum flow rates (15-500). (At
lower flow rates, a greater share of flow is allocated
to Nissan. After 200 cubic meters per second, however, the flow regime shifts due to widened inflow of
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of rectangular weir in different dimensions yielded
minimum 34.3% and maximum 61.5% increase in
flow rate.

4- Comparison of different weirs to achieve a
deviation ratio of 40 to 60% to Hufel
5- Comparison of experiments in the physical
model and those in the mathematical models

Effect of deviation angle on allocation of
flow rates to streams. This section explores the effect of deviation angle on allocation of flow rates to
streams.
Figure (16) reveals that the deviation flow percentage rate to Hufel increased by changing the fork
divergence angle from 60° to 30° in both control
modes as well as the weir. In normal mode without
any weirs installed, however, there will be an increase in flow rate compared to the mode where a
weir has been installed. This can be associated with
the flow controlled by the weir. On average, the deviation flow rate increased by 2.8% in weir mode and
7.7% in weir-less mode.

Effect of variations in height and width of
rectangular weir on the allocation of flow rates to
streams. The essential data were obtained through
the experiments as displayed in the following diagrams. This section explores the results of deviation
flow percentage by variations in the height and width
of rectangular weir.
Figures (14) and (15) indicate that installation
of a rectangular weir at Nissan stream shifted the
flow regime, directing mainstream toward Hufel.
The results suggested that the weir height increased
the deviation flow percentage to Hufel stream due to
rising water level. Moreover, the deviation flow percentage to Hufel declined as the weir width increased
due to falling water level. At Hufel, the installation

FIGURE 14
Diagram of flow deviation into Hufel

FIGURE 15
Diagram of flow deviation into Nissan
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FIGURE 16
Diagram of flow deviation into Hufel at two angles

FIGURE 17
Diagram of Froude number affecting the deviation flow percentage into Hufel

which have been given in the table below.
According to Table (3), the installation of rectangular weir at the mentioned dimensions achieved
minimum 60% deviation flow into Hufel. Moreover,
an increase in Froude number led to variations in the
flow deviation percentage. For that reason, it is impossible to consider a specific structure for 40 to
60% allocation at all flow rates. On average, however, the nearest structure for 60% flow rate deviation into Hufel had dimensions of (h/H=0.17 and
b/B)=0.9.

Effect of Froude number on allocation of
flow rates to streams. This section explores the effect of Froude number on allocation of flow rates to
streams.
Figure (17) revealed that an increase in the
Froude number from 0.21 to 0.38 led to lower average deviation flow rate by 19.3%.
Comparison of different weirs to achieve a
deviation ratio of 40 to 60% to Hufel. This section
compares different weirs to achieve a deviation ratio
of 40 to 60%into Hufel, the numerical results of
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TABLE 3
Deviation flow percentage to each stream with different weirs
Fr
0.21
0.27
0.32
Hufel
62.1
59.2
57
(h/H)=0.03 (b/B)=0.4
Nissan
37.9
40.9
43
Hufel
64.7
61.6
59.4
(h/H)=0.1 (b/B)=0.4
Nissan
35.3
38.4
40.6
Hufel
63.4
60.4
58.2
(h/H)=0.1 (b/B)=0.6
Nissan
36.6
39.6
41.8
Hufel
93.8
89
85.4
(h/H)=0.17 (b/B)=0.5
Nissan
6.2
11
14.6
Hufel
86.4
82
78.8
(h/H)=0.17 (b/B)=0.7
Nissan
13.6
18
21.2
Hufel
70.3
66.9
64.4
(h/H)=0.17 (b/B)=0.9
Nissan
29.7
33.1
35.6

0.35
51.2
48.9
53.2
46.8
52.2
47.8
75.8
24.2
70.1
29.9
57.6
42.4

0.38
46.4
53.6
48.2
51.8
47.3
52.7
68.1
31.9
63.1
36.9
52.1
47.9

FIGURE 18
Comparative diagram of results obtained by physical model versus mathematical model

stream. Nowadays, it is possible to modify the flow
regime by constructing a dam with rectangular weir.
Accordingly, this paper intended to examine the effect of rectangular weir on river forks, the results of
which have been summarized as follows:
1. The results suggested that the weir height increased the deviation flow percentage to Hufel
stream due to rising water level. Moreover, the deviation flow percentage to Hufel declined as the weir
width increased due to falling water level. At Hufel,
the installation of rectangular weir in different dimensions yielded minimum 34.3% and maximum
61.5% increase in flow rate.
2. The deviation flow percentage rate to Hufel
increased by changing the fork divergence angle
from 60° to 30° in both control modes as well as the
weir. In normal mode without any weirs installed,
however, there will be an increase in flow rate compared to the mode where a weir has been installed.
This can be associated with the flow controlled by

Comparison of experiments in the physical
model and those in the mathematical models. This
section compares the results of experiments in the
physical model against those in mathematical models CCHE2D and HEC-RAS.
Figure (18) revealed that the results of simulation through CCHE2D and HEC-RAS were similar
to those of the physical model. The results of simulation through CCHE2D indicated that an increase in
Froude number led to lower deviation flow percentage into Hufel, which to a great extent resembled the
results obtained in the physical model. The results of
simulation through HEC-RAS were also close to
those of the physical model. However, an increase in
Froude number did not lead to a decline in deviation
flow rate (i.e. It remained constant).
Summary of results. In rivers splitting into
two streams, the flow regime dictates whether or not
the required flow rate should be allocated to a given
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(2004). Three-Dimensional Numerical Modeling Mixing at river Confluences. Journal of Hydraulic Engineering, ASCE. 130: 243-253.
[7] Borghei, S.M., Sakhaeifar, S.M. and Daemi, A.
(2002) Experimental Investigation of Channel
Junctions. Proceedings of the Sixth International Seminar on Rivers, Ahvaz.
[8] Borghei, S.M., Behrangi, A. and Daemi, A.R.
(2002). A Study on Separation Zone at the Junction of Two Streams through an Experimental
Model. Proceedings of the Sixth International
Seminar on Rivers, Ahvaz.
[9] Bradbrook, K.F., Lane, S.N. Richards, K.S,
Biron, P.M. and Roy, A.G. (2001). Role of bed
discordance at asymmetrical river confluences.
Journal of hydraulic engineering. 127(5), 351368. 2001
[10] Bradbrook, K.F., Lane, S.N. Richards, K.S,
Biron, P.M. and Roy, A.G. (2000a). Investigation of controls on secondary circulation in a
simple confluence geometry using a three-dimensional numerical model. Hydrological processes. 12, 1371-1396
[11] Bradbrook, K.F., Lane, S.N. Richards, K.S,
Biron, P.M. and Roy, A.G. (2000b). Numerical
simulation of three-dimensional, time-averaged
flow structure at river channel confluences. Water resources research. 36(9), 2731-2746
[12] Elyasi, M. and Kamanbedas A.A. (2014). The
Effect of Angle of Intakes on Diversion sediments in River Bend with CCHE2D Model, Advance in environmental biology. AENSI Journal. 8(22), page: 180-186.
[13] Esmaeelinejad, M. (2012). Laboratory Evaluation of Hydraulic Inflow to Basins of Hamidieh
Diversion Dam Using a Micromodel. Master's
Thesis of Irrigation Facilities Engineering, Shahid Chamran University of Ahvaz.
[14] Garcia ± Navarro, P. (1993). Surge through an
open channel junctions. Journal of Hydraulics
Research. Vol, 31, No.1, 79-87.
[15] Hosseini, M. and Abrishami, J. (2002). Hydraulics of Open Channels. Imam Reza International
University.
[16] Huang J., Weber, L.J. and Lai Y.G. (2002).
Three dimensional numerical study of flows in
open ± channel junction. J. Hydra. Eng. ASCE.
vol.128,no.3, pp .268-280
[17] Huang, J.L., Weber, L.J. and Yong, G.L. (2002).
Three- Dimensional Numerical study of flows
in open-channel junctions flow. Journal of Hydraulic Engineering. ASCE. 128(3), 268-280
[18] Jamayab Consulting Engineers. (2003), Optimal
Water Resource Assessment Project. Report on
.DUNKHK5LYHU¶V'UDLQDJH%DVLQ
[19] Kamanbedast, A. A., Nasrollahpour, R. and Mashal, M. (2013). Estimation of Sediment
Transport in Rivers Using CCHE2D Model
(Case Study: Karkheh River). Indian Journal of
Science and Technology, Vol: 6 (2), 4112-4115.

the weir. On average, the deviation flow rate increased by 2.8% in weir mode and 7.7% in weir-less
mode.
3. An increase in the Froude number from 0.21
to 0.38 led to lower average deviation flow rate by
19.3%.
4. The results of simulation through CCHE2D
and HEC-RAS were similar to those of the physical
model. The results of simulation through CCHE2D
indicated that an increase in Froude number led to
lower deviation flow percentage into Hufel, which to
a great extent resembled the results obtained in the
physical model. The results of simulation through
HEC-RAS were also close to those of the physical
model. However, an increase in Froude number did
not lead to a decline in deviation flow rate (i.e. It remained constant).
5. The installation of rectangular weir at the
mentioned dimensions achieved minimum 60% deviation flow into Hufel. Moreover, an increase in
Froude number led to variations in the flow deviation
percentage. For that reason, it is impossible to consider a specific structure for 40 to 60% allocation at
all flow rates. On average, however, the nearest
structure for 60% flow rate deviation into Hufel had
dimensions of (h/H=0.17 and b/B)=0.9.
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ABSTRACT

INTRODUCTION

3KRVSKRUXVLVDQLPSRUWDQWHOHPHQWWKDWFDXVHV
ZDWHU SROOXWLRQ $UWLILFLDO ZHWODQGV FDQ HIILFLHQWO\
GLVSRVH SKRVSKRUXV LQ GRPHVWLF VHZDJH 7KH UH
PRYDOHIILFLHQF\RISKRVSKRUXVLQGRPHVWLFVHZDJH
DQG PLJUDWLRQ FKDUDFWHULVWLFV RI SKRVSKRUXV LQ WKH
V\VWHPZHUHVWXGLHGXVLQJZDVWHEULFNDUWLILFLDOZHW
ODQG5HVXOWVZHUHFRPSDUHGEHWZHHQDUWLILFLDOZHW
ODQGFRQVWUXFWHGXVLQJUXUDOZDVWHUHGFOD\EULFNDQG
DFRQYHQWLRQDOJUDYHODUWLILFLDOZHWODQGV\VWHP5H
VXOWVVKRZWKDWWKHDGVRUSWLRQLQWHQVLW\RISKRVSKR
UXVE\ZDVWHEULFNVZDVVWURQJHUWKDQWKDWRIFRQYHQ
WLRQDOJUDYHO7KHUHPRYDORISKRVSKRUXVIURPZDVWH
EULFNDUWLILFLDOZHWODQGDQGJUDYHODUWLILFLDOZHWODQG
PDLQO\GHSHQGHGRQWKHDGVRUSWLRQDQGVHGLPHQWD
WLRQRIWKHILOOHUPDWUL[7KHFRQWULEXWLRQWRSKRVSKR
UXV UHPRYDO E\ ZDVWH EULFN DUWLILFLDO ZHWODQG DQG
JUDYHODUWLILFLDOZHWODQGZDVDQGUH
VSHFWLYHO\ 7KH DGVRUSWLRQ RI SKRVSKRUXV E\ WKH
ILOOHUGHFUHDVHGZLWKULVLQJGHSWKDQGWKHDGVRUSWLRQ
RISKRVSKRUXVPDLQO\RFFXUUHGDW±FP3ODQWDE
VRUSWLRQ SOD\HG D PLQRU UROH DQG WKH FRQWULEXWLRQ
UDWHVRISKRVSKRUXVUHPRYDOE\ZDVWHEULFNDUWLILFLDO
ZHWODQG DQG JUDYHO DUWLILFLDO ZHWODQG ZHUH 
DQGUHVSHFWLYHO\7KHDFFXPXODWLRQRISKRV
SKRUXVLQWKHWZRV\VWHPVZDVPDLQO\FRQFHQWUDWHG
RQWKHJURXQGDQGWKHDFFXPXODWLRQRIWRWDOSKRV
SKRUXVZDVPRUHWKDQRIWKHWRWDODPRXQW7KH
RUGHURIWRWDOSKRVSKRUXVLQGLIIHUHQWSODQWSDUWVZDV
OHDI! VWHP! URRW :DVWH EULFN DUWLILFLDO V\VWHP RI
VHZDJHSKRVSKRUXVUHDFKHGWKHGLVFKDUJHVWDQGDUGV
RI PXQLFLSDO VHZDJH WUHDWPHQW SODQW SROOXWDQW
*% OHYHO$VWDQGDUG 5XUDOZDVWHFOD\
UHGEULFNVKRXOGEHVHOHFWHGDVDQHZILOOHUWREXLOG
DQDUWLILFLDOZHWODQGV\VWHPWKDWGHDOVZLWKUXUDOVHZ
DJH

:LWKWKHLPSURYHPHQWLQOLYLQJVWDQGDUGVUXUDO
VHZDJHGLVFKDUJHKDVJUDGXDOO\LQFUHDVHGZKLFKLV
DQ LPSRUWDQW VRXUFH RI HXWURSKLFDWLRQ ,Q 
&KLQD¶VWRWDOUXUDOVHZDJHGLVFKDUJHH[FHHGHGELO
OLRQWRQVZKHUHDVWKHDFWXDOSURFHVVLQJUDWHZDVOHVV
WKDQ3KRVSKRUXVLVDQLPSRUWDQWSROOXWDQWLQUX
UDO GRPHVWLF VHZDJH >@ 6WXGLHV KDYH VKRZQ WKDW
 SKRVSKRUXV RI WKH PDLQ SROOXWDQWV LQ 7DLKX
/DNH¶VHXWURSKLFDWLRQLVIURPUXUDOGRPHVWLFVHZDJH
>@5HVWULFWHGE\WKHDFWXDOHFRQRPLFDQGWHFKQLFDO
FRQGLWLRQVLQ&KLQD¶VUXUDODUHDVPRUHWKDQRI
WKHYLOODJHVGRQRWKDYHGUDLQDJHFKDQQHOVDQGSLSH
QHWZRUNVVRWKH\H[SHULHQFHGLIILFXOWLHVLQFHQWUDO
L]HGFROOHFWLRQDQGWUHDWPHQW7UDGLWLRQDOVHFRQGDU\
SURFHVVLQJWHFKQRORJ\LVFRVWO\DQGGLIILFXOWWRPDQ
DJHDQGUXQVRLWLVXQVXLWDEOHIRUWKHWUHDWPHQWRI
UXUDOGRPHVWLFVHZDJH,QDGGLWLRQWKHYDVWPDMRULW\
RIXUEDQFRQVWUXFWLRQZDVWHZLWKRXWDQ\WUHDWPHQW
E\WKHFRQVWUXFWLRQXQLWVLVWUDQVSRUWHGWRVXEXUEVRU
YLOODJHVDQGWKHQVWDFNHGLQRSHQDUHDVRUGXPSHGLQ
ODQGILOOVZKLFKFDXVHVJUHDWGDPDJHWRDODUJHQXP
EHURIDUDEOHODQGLQYLOODJHVDQGOLYLQJHQYLURQPHQWV
>@
7KHDUWLILFLDOZHWODQGVHZDJHWUHDWPHQWV\VWHP
LVFKDUDFWHUL]HGE\ORZLQYHVWPHQWORZHQHUJ\FRQ
VXPSWLRQ VWURQJ LPSDFW UHVLVWDQFH VLPSOH RSHUD
WLRQDQGVWDEOHZDWHUTXDOLW\6LPXOWDQHRXVO\LWDOVR
KDVHFRORJLFDOODQGVFDSHEHQHILWVDQGFRPELQHVVHZ
DJHWUHDWPHQWDQGWKHHFRORJLFDOHQYLURQPHQWRUJDQ
LFDOO\>@WKHUHE\PDNLQJLWDFRVWHIIHFWLYHHFR
ORJLFDOWUHDWPHQWWHFKQLTXH$UWLILFLDOZHWODQGVLQUX
UDOVPDOOVFDOHVHZDJHWUHDWPHQWVKRZJRRGDSSOLFD
ELOLW\ %DVHG RQ WKH LGHD RI ³PDNLQJ IXOO XVH RI
ZDVWHVDQGFKDQJLQJZDVWHPDWHULDOVLQWRWKLQJVRI
YDOXH´LQWKLVVWXG\WKHYHUWLFDOIORZDUWLILFLDOZHW
ODQG ZDV FRQVWUXFWHG ZLWK ZDVWH EULFN DQG DEDQ
GRQHGVWUDZDVD QHZW\SH RIILOOHU,QFRPSDULVRQ
ZLWKWKH FRQYHQWLRQDOJUDYHODUWLILFLDO ZHWODQGV\V
WHPWKLVVWXG\IRFXVHGRQWKHWUHDWPHQWHIIHFWRIWKH
FRQVWUXFWHG ZHWODQGV\VWHPRQSKRVSKRUXVLQUXUDO
GRPHVWLFVHZDJHDQGWKHPLJUDWLRQFKDUDFWHULVWLFVRI
SKRVSKRUXV 0RUHRYHU WKLV VWXG\ GHWHUPLQHG WKH
PHFKDQLVP RI SKRVSKRUXV UHPRYDO IURP UXUDO GR
PHVWLFVHZDJH LQWKH ZDVWHEULFNDUWLILFLDO ZHWODQG

.(<:25'6
:DVWHEULFNVRIEXLOGLQJYHUWLFDOIORZDUWLILFLDOZHWODQG
UXUDOGRPHVWLFZDVWHZDWHUSKRVSKRUXV
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YHQWLRQDOJUDYHODUWLILFLDOZHWODQGV\VWHPZDVFRQ
VWUXFWHGE\WKHVDPHPHWKRG

V\VWHP7KXVWKLVZRUNSURYLGHVDWKHRUHWLFDOEDVLV
IRUWKHFRQVWUXFWHGV\VWHP¶VSUDFWLFDODSSOLFDWLRQ

([SHULPHQWDOPHWKRG6WDWLFDGVRUSWLRQWHVW
RI SKRVSKRUXV7KH LVRWKHUPDO DGVRUSWLRQ SURFHVV
RI SKRVSKRUXV LQ ZDVWHZDWHU E\ ZDVWH EULFN DQG
JUDYHO ZDV LQYHVWLJDWHG YLD EDWFK RVFLOODWLRQ $S
SUR[LPDWHO\JRI ZDVWH EULFNVDQGJUDYHO ZDV
DFFXUDWHO\ ZHLJKHGLQDP/(UOHQPH\HU IODVN
$ERXWPORI.+32VROXWLRQDQGYDULRXVFRQ
FHQWUDWLRQVRISKRVSKRUXV DQG
PJ/ ZHUHDGGHGWRWKHIODVN.&OZDVDGGHGWR
DGMXVWWKHVROXWLRQWRS+DQGPORIWROXHQHZDV
PL[HGWRSUHYHQWWKHHIIHFWRIPLFURELDODFWLYLW\RQ
WKH WHVW UHVXOWV 7KH FRQLFDO IODVN ZDV SODFHG LQ D
WKHUPRVWDWVKDNHUDWDVSHHGRIPLQDQG&
IRU  K $IWHU FHQWULIXJDWLRQ WKH VXSHUQDWDQW¶V
SKRVSKRUXVFRQFHQWUDWLRQZDVPHDVXUHG(DFKVDP
SOHZDVSUHSDUHGZLWKWKUHHUHSHWLWLRQV

MATERALS AND METHODS
([SHULPHQWDO IDFLOLW\ 9HUWLFDO IORZ VXEVXU
IDFHFRQVWUXFWHGZHWODQGVZHUHXVHG7KH3LFWXUHRI
WKHH[SHULPHQWDOGHYLFHLVVKRZQLQ)LJ7KHV\V
WHPVPDLQO\LQFOXGHGDGLVWULEXWLRQWDQN Pî
PîP ZHWODQGEHG PîPîP DQGGUDLQ
DJHWDQN PîPîP 7KHZDWHUGLVWULEXWLRQ
V\VWHP FRQVLVWHG RI D VXEPHUVLEOH VHZDJH SXPS
IORZPHWHUZDWHUGLVWULEXWLRQSLSHDQGOHYHOJDXJH
7KHFORWKSLSHZDVDUUDQJHGDWFPDERYHWKHZHW
ODQG EHG DQG LW ZDV FRPSRVHG RI IRXU 39& SLSHV
ZLWKGLDPHWHURIFP(DFKEUDQFKZDVSURYLGHG
ZLWK D VZLWFK YDOYH WR DGMXVW WKH IORZ DQG VL]H RI
HDFKEUDQFKVHSDUDWHO\7KHOHYHORIWKHZHWODQGEHG
ZDVFRQWUROOHGE\WKHOHYHOJDXJHDQGWKHOLTXLGOHY
HOVZHUHDQGFP7KHZHWODQGER[FRQVLVWHGRI
ZHWEHGVDQGZDWHUFROOHFWRUV:DWHUKROHVDW
DQGFPZHUHHVWDEOLVKHGIRUWKHFROOHF
WLRQRIOHDFKDWHDWGLIIHUHQWKHLJKWVRIWKHV\VWHP
7KHILOOHURIWKHWZRNLQGVRIDUWLILFLDOZHWODQGV
ZDV DEDQGRQHG FOD\ UHG EULFN DQG FRQYHQWLRQDO
JUDYHO:DVWHEULFNZDVSDFNHGLQWKHDUWLILFLDOZHW
ODQGV\VWHPYLDDOD\HUHGILOOLQJPHWKRG,QEULHIWKH
XSSHU±FPRIWKHZHWEHGFRQWDLQHGOHVVWKDQ
FPLQGLDPHWHURIFOD\UHGEULFNDQGVWUDZ ZHLJKW
UDWLRRI 7KHPLGGOH±FPRIWKHZHWEHG
FRPSULVHG±FPRIFOD\UHGEULFN7KHORZHU±
FPFRPSRVHGRI±FPRIUHGEULFN7KHFRQ

3KRVSKRUXVUHPRYDOLQFRQVWUXFWHGZHWODQG
7KHFRQVWUXFWHGZHWODQGV\VWHPUDQIURP-XO\WR1R
YHPEHU7KHEDWFKWHVWSHULRGZDVGD\VDQG
WKHGXUDWLRQRIK\GUDXOLFUHWHQWLRQZDVGD\V'U\
UHR[\JHQDWLRQODVWHGIRUGD\V7KHK\GUDXOLFORDG
ZDV  P PāG 7KH GHQVLW\ RI VSLQDFK ZDV 
SODQWVP:DWHUYROXPHZDVUHFRUGHG:DWHUVDP
SOHVRIGLIIHUHQWKHLJKWV ±P±FP±
FPDQG±FP ZHUHFROOHFWHGWRGHWHFWWKHWRWDO
SKRVSKRUXV 73  FRQWHQW LQ WKHP 7KH FRQWHQWV RI
73 RUJDQLF SKRVSKRUXV DQG LQRUJDQLF SKRVSKRUXV
ZHUH PHDVXUHG E\ FROOHFWLQJ ILOOHUV RI GLIIHUHQW
KHLJKWV ±P±FP±FPDQG±
FP 7KHFRQWHQWVRI73LQGLIIHUHQWSODQWSDUWV URRW
VWHPDQGOHDI ZHUHGHWHFWHG

),*85(
7KH3LFWXUHRI([SHULPHQWDOGHYLFH
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),*85(
7KHLVRWKHUPDODGVRUSWLRQFXUYHVRIZDVWHEULFNDQGJUDYH
7$%/(
7KHSDUDPHWHUVRIWKHLVRWKHUPDODGVRUSWLRQHTXDWLRQRIWKHILOOHUPDWUL[
)LOOHUPDWUL[
:DVWHEULFN
*UDYHO

TP PJNJ



/DQJPXLUHTXDWLRQ
E î



5



,QGH[GHWHUPLQDWLRQDQGGDWDDQDO\VLV73LQ
ZDWHUZDVGHWHFWHGYLDSRWDVVLXPVXOIDWHGLJHVWLRQ±
PRO\EGHQXP DQWLPRQ\ DQWLVSHFWURSKRWRPHWULF
PHWKRG>@73LQWKHILOOHUZDVGHWHUPLQHGE\VXOIX
ULFDFLGSHUFKORULFDFLGGLJHVWLRQ±PRO\EGHQXPDQ
WLPRQ\ DQWLVSHFWURSKRWRPHWU\ 7KH GHWHUPLQDWLRQ
RIRUJDQRSKRVSKRUXVLQWKHILOOHUZDVFDUULHGRXWE\
PXIIOH IXUQDFH EXUQLQJ±PRO\EGHQXP DQWLPRQ\
VSHFWURSKRWRPHWU\>@,QRUJDQLFSKRVSKRUXVLQWKH
ILOOHUZDVILUVWVHSDUDWHGE\FKHPLFDOH[WUDFWLRQ>@
DQG WKHQ GHWHFWHG E\ PRO\EGHQXP DQWLPRQ\ DQWL
VSHFWURSKRWRPHWU\ 3KRVSKRUXV GHWHUPLQDWLRQ LQ
SODQWV ZDVFRQGXFWHGYLDVXOIXULFDFLG+2GLJHV
WLRQ±PRO\EGHQXP DQWLPRQ\ VSHFWURSKRWRPHWU\
>@ 6WDWLVWLFDO DQDO\VLV RI H[SHULPHQWDO GDWD ZDV
FRQGXFWHG XVLQJ 6$6 VWDWLVWLFDO VRIWZDUH DQG WKH
VLJQLILFDQWOHYHOZDVVHWWR&RUUHODWLRQDQDO\VLV
ZDVSHUIRUPHGE\6366VRIWZDUH

NG



qe

kd ce1/n

)UHXQGOLFKHTXDWLRQ
Q



5







:KHUH
(ci  c f ) u v

qe
M

,QWKHHTXDWLRQV&H PJ/ LVWKHPDVVFRQFHQ
WUDWLRQRI73LQVROXWLRQGXULQJDGVRUSWLRQHTXLOLE
ULXP4P PJNJ LVWKHDGVRUSWLRQFDSDFLW\RIDG
VRUEHQWWRSKRVSKRUXV4H PJNJ LVWKHPDVVRIDG
VRUEHG SKRVSKRUXV DW WKH XQLW PDVV IRU DGVRUSWLRQ
HTXLOLEULXP%NGDQGQDUHDGVRUSWLRQFKDUDFWHULV
WLFFRQVWDQWVZLWKFRQQHFWLRQVWRWKH PDWHULDO¶VDG
VRUSWLRQ SHUIRUPDQFH WHPSHUDWXUH DQG RWKHU IDF
WRUV& PJ/ LVWKHLQLWLDOFRQFHQWUDWLRQRIWKHVR
OXWLRQFI PJ/ LVWKHFRQFHQWUDWLRQRIWKHVROXWLRQ
DWWKHWLPHRIDGVRUSWLRQHTXLOLEULXPY / LVWKHYRO
XPHRIWKHVROXWLRQDQG0 NJ LVWKHGRVDJHRIWKH
DGVRUEHQW
7KHOLQHDUYDULDQWVRIWKH/DQJPXLUDQG)UHXQ
GOLFKHTXDWLRQVDUHH[SUHVVHGDV  DQG  UHVSHF
WLYHO\

RESULTS AND DISCUSSION

1
qe

6WDWLFDGVRUSWLRQWHVWRISKRVSKRUXV7KHDG
VRUSWLRQSKHQRPHQDRQWKHVXUIDFHRIWKHILOOHUXQ
GHU FRQVWDQW WHPSHUDWXUH FRQGLWLRQV ZDV UHSUH
VHQWHGE\WKH/DQJPXLU  DQG)UHXQGOLFK  HTXD
WLRQV WR FKDUDFWHUL]H WKH UHODWLRQVKLS EHWZHHQ WKH
VXUIDFHDGVRUSWLRQFDSDFLW\DQGHTXLOLEULXPFRQFHQ
WUDWLRQLQWKHPHGLXP
qe
bce  
qm 1  bce

lg qe

1
1  

qm bce qm
1

lg ce  lg kd
n


7KH LVRWKHUPDO DGVRUSWLRQ FXUYHV RI ZDVWH
EULFNDQGJUDYHODUHVKRZQLQ)LJDQGWKHUHODWHG
SDUDPHWHUVDUHVKRZQLQ7DEOH7KHUHVXOWVRIILW
WLQJ VKRZ WKDW WKH /DQJPXLU DQG )UHXQGOLFK HTXD
WLRQVGHPRQVWUDWHGJRRGILWWLQJHIIHFWRQWKH SKRV
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±PJ/DQGWKHFRQFHQWUDWLRQRI73LQWKH
DUWLILFLDO ZHWODQGV\VWHP ZDV ± PJ/7KH
73FRQFHQWUDWLRQRIWKHHIIOXHQWIURPWKHZDVWHEULFN
ZHWODQGZDVYHU\VWDEOH7KHHIIOXHQW73FRQFHQWUD
WLRQFKDQJHGIURPPJ/WRPJ/DQGWKH
UHPRYDOUDWHZDVDERXW7KHUDQJHRI73FRQ
FHQWUDWLRQ LQ WKH HIIOXHQW IURP WKH JUDYHO ZHWODQG
V\VWHPZDV±PJ/7KHUHPRYDOHIILFLHQF\
RI73H[KLELWHGDGRZQZDUGWUHQG,WZDVKLJKO\XQ
VWDEOHDWWKHEHJLQQLQJRIWKHRSHUDWLRQDQGWKHUH
PRYDOUDWHZDVDERXWDIWHUWKHIRXUWKF\FOH73
LQZDWHUIURPZDVWHEULFNDUWLILFLDOZHWODQGPHWWKH
SROOXWDQW GLVFKDUJH VWDQGDUGV RI DQ XUEDQ VHZDJH
WUHDWPHQW SODQW QDPHO\ *%  OHYHO $
VWDQGDUG73LQZDWHUIURPJUDYHODUWLILFLDOZHWODQG
DOVRUHDFKHGWKHSROOXWDQWGLVFKDUJHVWDQGDUGVRIDQ
XUEDQ VHZDJH WUHDWPHQW SODQW QDPHO\ *%
 WZR%VWDQGDUG7KHUHPRYDOHIILFLHQF\RI73
IURPGRPHVWLFZDVWHZDWHULQWKHZDVWHEULFNZHWODQG
V\VWHP ZDV PXFK KLJKHU WKDQ WKDW RI WKH FRQYHQ
WLRQDO JUDYHO DUWLILFLDO ZHWODQG V\VWHP 7KLV UHVXOW
ZDVFRQVLVWHQWZLWKILQGLQJVRIWKHVWDWLFDGVRUSWLRQ
WHVW

SKRUXVVWDWLFDGVRUSWLRQWHVWRIWKHWZRNLQGVRIILOO
HUV DQG H[WUHPHO\ VLJQLILFDQW OHYHOV ZHUH UHDFKHG
FRUUHODWLRQFRHIILFLHQWVRIWKH/DQJPXLUDQG)UHXQ
GOLFKHTXDWLRQVZHUHDQGUHVSHFWLYHO\ 
,Q WKH /DQJPXLU HTXDWLRQ WKH WKHRUHWLFDO VDWXUDWHG
DGVRUSWLRQ FDSDFLW\ RI ZDVWH EULFN WR SKRVSKRUXV
ZDV  PJNJ ZKHUHDV WKDW RI JUDYHO ZDV RQO\
PJNJ7KHNGYDOXHUHIOHFWVWKHVL]HRIWKHPD
WUL[ DGVRUSWLRQ FDSDFLW\ WKH JUHDWHU NG LV WKH
VWURQJHU WKH DGVRUSWLRQ FDSDFLW\ RI WKH VXEVWUDWH LV
>@7DEOHVKRZVWKDWWKHSKRVSKRUXVDGVRUSWLRQ
FDSDFLW\ RI FOD\ UHG EULFN SKRVSKRUXV ZDV PXFK
KLJKHUWKDQ WKDWRIJUDYHO >@7KH YROFDQLFURFNV
DQG]HROLWHVZHUHVXEMHFWHGWRLVRWKHUPDODGVRUSWLRQ
WHVWV7KHSKRVSKRUXVDGVRUSWLRQFDSDFLW\RIFOD\UHG
EULFN ZDV DOVR PXFK KLJKHU WKDQ WKDW RI YROFDQLF
URFNV]HROLWHVDQGFRQYHQWLRQDOJUDYHO
5HPRYDO HIIHFWRI SKRVSKRUXVIURP VHZDJH
LQZHWODQGV\VWHP7KHUHPRYDOHIILFLHQF\RI73E\
WKHDUWLILFLDOZDVWHEULFNZHWODQGDQGJUDYHODUWLILFLDO
ZHWODQGV\VWHPVLVVKRZQLQ)LJ7KHUDQJHRI73
FRQFHQWUDWLRQ LQ WKH ZDVWH EULFN ZDWHU V\VWHP ZDV

),*85(
735HPRYDO(IIHFWE\$UWLILFLDO:HWODQG6\VWHPRI:DVWH%ULFN $ DQG*UDYHO %

),*85(
0LJUDWLRQ&KDUDFWHULVWLFVRI3KRVSKRUXVLQ'LIIHUHQW'HSWKVRI$UWLILFLDO:HWODQG6\VWHPVRI:DVWH
%ULFN $ DQG&UXVKHG6WRQH %
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3KRVSKRUXVKDVPDQ\IRUPVLQWKHPDWUL[DQGLWFDQ
JHQHUDOO\EHGLYLGHGLQWRLQRUJDQLFSKRVSKRUXVDQG
RUJDQLFSKRVSKRUXV$VVKRZQLQ)LJWKHFRQWHQW
RISKRVSKRUXVLQWKH WZR ILOOHUVGHFUHDVHG ZLWKLQ
FUHDVLQJGHSWKDQGSKRVSKRUXVZDVPDLQO\UHWDLQHG
DW±FP$WWKLVGHSWKWKH73FRQWHQWRIPDWHULDOV
IURPWKHWZRNLQGVRIV\VWHPVDFFRXQWHGIRU
DQG  RI WKH 73 FRQWHQW RI WKH LQIOXHQW ,QRU
JDQLFSKRVSKRUXVDFFRXQWHGIRUDQGLQ
WKH ZHWODQG V\VWHPV RI ZDVWH EULFN DQG FUXVKHG
VWRQHUHVSHFWLYHO\7KHIL[DWLRQRISKRVSKRUXVLQWKH
WZRNLQGVRI V\VWHPV PDLQO\ RFFXUUHGDW ± FP
7KH DUWLILFLDO ZHWODQG V\VWHP SOD\HG DQ LPSRUWDQW
UROHLQWKHUHPRYDORISKRVSKRUXVIURPZDVWHZDWHU
7KH DGVRUSWLRQ RI SKRVSKRUXV RQ WKH VXEVWUDWH
PDLQO\LQIOXHQFHGLQRUJDQLFSKRVSKRUXV7DEOHLO
OXVWUDWHVWKDWZDVWHEULFNDQGJUDYHOFRQWDLQHG$O&D
)HDQGRWKHUHOHPHQWV7KHVROXEOHLQRUJDQLFSKRV
SKRUXVLQWKHHIIOXHQWUHDFWHGZLWK&D$O)H
DQGRWKHULRQVWKHLUK\GUDWHVDQGR[LGHVUHOHDVHGE\
ZDVWH EULFNV DQG JUDYHO WR IRUP LQVROXEOH FRP
SRXQGV>@RUWKHQHJDWLYHO\FKDUJHGSKRVSKDWHLQ
ZDVWHZDWHUZDVH[FKDQJHGZLWKPHWDOLRQVVXFKDV
$ODQG)HK\GUDWHGRQWKHVXUIDFHRIZDVWHEULFN
WREH ERXQGWR WKH ODWWLFH RIWKH ILOOHU >@7KH
VSHFLILFVXUIDFHDUHDDQGSRURVLW\ PJ 
RI ZDVWH EULFN ZHUH KLJKHU WKDQ WKRVH RI JUDYHO
 PJ   &RPSDUHG ZLWK OLPHVWRQH WKH
ODUJHUVSHFLILFVXUIDFHDUHDRIZDVWHEULFNFDQSUR
YLGHPRUHDGVRUSWLRQJURZWKSRLQWVIRUPLFURRUJDQ
LVPVWKHUHE\LQFUHDVLQJWKHELRORJLFDOFDUU\LQJFD
SDFLW\ 6LPXOWDQHRXVO\ WKH ODUJH SRURVLW\ RI ZDVWH
EULFNFDQDOVRLQFUHDVHWKHFRQWDFWRSSRUWXQLWLHVIRU

9DULDWLRQ DQG WUDQVSRUW FKDUDFWHULVWLFV RI
SKRVSKRUXVLQZHWODQGV\VWHP&KDUDFWHULVWLFVRI
SKRVSKRUXVWUDQVSRUWLQGLIIHUHQWGHSWKVRIFRQ
VWUXFWHGZHWODQGV\VWHP7KHFRQWHQWRISKRVSKR
UXV LQ ZDVWHZDWHU ZLOO GHFUHDVH ZLWK WKH GHSWK RI
FRQVWUXFWHG ZHWODQG 7KH PLJUDWLRQ FKDUDFWHULVWLFV
RISKRVSKRUXVLQGLIIHUHQWGHSWKVRIWKHZDVWHEULFN
DUWLILFLDO ZHWODQG DQG JUDYHO DUWLILFLDO ZHWODQG V\V
WHPVDUHVKRZQLQ)LJ7KHFKDQJHLQ73IURPWKH
GLIIHUHQW GHSWKV RI ZDVWH EULFN ZHWODQG DQG JUDYHO
ZHWODQGUHYHDOHGWKDWWKH73FRQWHQWEHFDPHIODWDI
WHUDVKDUSGHFUHDVH&RPSDUHGZLWKWKHLQIOXHQWWKH
UHPRYDORI73DW±FPZDVWKHPRVWUDSLG$W±
FPWKH73UHPRYDOHIILFLHQF\RIZDVWHEULFNZHW
ODQGDQGJUDYHOZHWODQGUHDFKHGDQGUH
VSHFWLYHO\$W ± FP WKH 73 FRQWHQW LQ ZDWHU
GHFUHDVHGDQGWKHUHPRYDORI73IURPZDVWHEULFN
ZHWODQG DQG FRQYHQWLRQDO JUDYHO ZHWODQG ZDV QRW
PRUHWKDQDQGUHVSHFWLYHO\
0LJUDWLRQ FKDUDFWHULVWLFV RI SKRVSKRUXV LQ
GLIIHUHQWGHSWKVXEVWUDWHVLQWKHFRQVWUXFWHGZHW
ODQG V\VWHP 7KH GHFRQWDPLQDWLRQ IXQFWLRQ RI WKH
FRQVWUXFWHGZHWODQGLVPDLQO\DWWULEXWHGWRWKHFRP
ELQHGHIIHFWRIZHWODQGSODQWVPLFURRUJDQLVPVDQG
PDWUL[WKURXJKDVHULHVRISK\VLFDOFKHPLFDODQGEL
RORJLFDO SDWKZD\V 7KH ZHWODQG PDWUL[ DQG SODQW
SOD\DFHQWUDOUROH7KHGLVWULEXWLRQFKDUDFWHULVWLFVRI
SKRVSKRUXVLQWKHPDWUL[RIDUWLILFLDOZHWODQGUHIOHFW
WKH ELRDYDLODELOLW\ RI WKH VXEVWUDWH WR SKRVSKRUXV
7KH\ DOVR GHWHUPLQH WKH DELOLW\ RI KROGLQJ DQG UH
OHDVLQJSKRVSKRUXVDQGWKH PLJUDWLRQDQGWUDQVIRU
PDWLRQDELOLW\RISKRVSKRUXVEHWZHHQVRLODQGZDWHU

),*85(
0LJUDWLRQ&KDUDFWHULVWLFVRI3KRVSKRUXVLQ'LIIHUHQW/D\HUVRI&RQVWUXFWHG:HWODQG6\VWHPVRI:DVWH
%ULFN $ DQG&UXVKHG6WRQH %
7$%/(
7KHFKHPLFDOFKDUDFWHULVWLFVRIZDVWHEULFNVDQGJUDYHO
:DVWH
EULFN
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$QDO\VLV RI SKRVSKRUXV UHPRYDO LQ FRQ
VWUXFWHGZHWODQGV\VWHP7KHUHPRYDOUDWHRISKRV
SKRUXV E\ WKH SDFNLQJ PDWUL[ DQG DEVRUSWLRQ RI
SKRVSKRUXVE\SODQWVLQVHZDJHLQWKHWZRV\VWHPV
ZHUHFDOFXODWHGDQGWKHUHPRYDOURXWHRISKRVSKR
UXVZDVDQDO\]HG$VVKRZQLQ7DEOHWKHUHPRYDO
RI SKRVSKRUXV E\ WKH SDFNLQJ PDWUL[ RI WKH ZDVWH
EULFN ZHWODQG DQG JUDYHO DUWLILFLDO ZHWODQG DF
FRXQWHGIRUDQGRI73UHPRYDOUH
VSHFWLYHO\ ZKHUHDV WKH UHPRYDO RI SKRVSKRUXV E\
WKHSODQWZDVRQO\DQGUHVSHFWLYHO\
7KHPDLQZD\WRUHPRYHSKRVSKRUXVE\WKHWZRFRQ
VWUXFWHG ZHWODQGV ZDV WKURXJK WKH SDFNLQJ PDWUL[
7KLV FRQFOXVLRQ ZDV FRQVLVWHQW ZLWK ILQGLQJV RI
PDQ\VWXGLHV>@7KHUHPRYDORISKRVSKRUXVE\
SODQWIHUWLOL]HUVDFFRXQWHGIRUQRPRUHWKDQ>
@)LOOLQJWKH VXEVWUDWH WRUHPRYH SKRVSKRUXVLQ
DGGLWLRQWRDGVRUSWLRQDQGSUHFLSLWDWLRQLQFOXGHVWKH
UROHRIPLFURRUJDQLVPVDQGSRO\SKRVSKDWHEDFWHULD
7KHDEVRUSWLRQRISKRVSKRUXVE\PLFURRUJDQLVPVLV
WHPSRUDU\DQGSKRVSKRUXVDEVRUEHGE\PLFURRUJDQ
LVPVLVLQWKHG\QDPLFSURFHVVRIRQJRLQJDEVRUSWLRQ
DQG UHOHDVH PRUHRYHU SKRVSKRUXV LQ D PLFURELDO
FHOOERG\ZLOOEHTXLFNO\GHFRPSRVHGDIWHUWKHGHDWK
RIPLFURRUJDQLVPVDQGWKHQUHOHDVHGLQWRWKHV\VWHP
7KHUHIRUHWKHUHPRYDORISKRVSKRUXVE\WKHV\VWHP
ZDVPDLQO\GXHWRWKHSK\VLFDODGVRUSWLRQDQGFKHP
LFDOSUHFLSLWDWLRQRIWKHILOOHUPDWUL[

&KDUDFWHULVWLFV RI SKRVSKRUXV WUDQVSRUW LQ
GLIIHUHQWSDUWVRIFRQVWUXFWHGZHWODQGV\VWHP7R
VWXG\ WKHWUDQVSRUWFKDUDFWHULVWLFVRISKRVSKRUXVLQ
SODQWV LQ WKH ZDVWH EULFN DQG JUDYHO DUWLILFLDO ZHW
ODQGVWKHURRWVVWHPVDQGOHDYHVRISODQWVZHUHFRO
OHFWHGGXULQJWKH PLGGOHSHULRGRIWKH V\VWHP7KH
ELRPDVVDQGSKRVSKRUXVFRQWHQWVZHUHPHDVXUHGDV
VKRZQLQ7DEOH7KHRUGHURI73LQGLIIHUHQWSDUWV
RIWKHFRQVWUXFWHGZHWODQGV\VWHPDQGJUDYHODUWLIL
FLDOZHWODQGV\VWHPZDVOHDI!VWHP!URRW7KH\LHOG
RISKRVSKRUXVLQDOOSDUWVRIDUWLILFLDOZHWODQGSODQWV
ZDV KLJKHU WKDQ WKDW RI JUDYHO DUWLILFLDO ZHWODQG
SODQWV7KH73H[WUDFWLRQUDWHVRIURRWVVWHPVDQG
OHDYHVRIWKHSODQWVZHUHDQG
PJ UHVSHFWLYHO\ ZKLFK DFFRXQWHG IRU 
DQGRIWKHWRWDOSODQWUHVSHFWLYHO\
7KHDFFXPXODWLRQRISKRVSKRUXVLQURRWVVWHPVDQG
OHDYHVRIWKHSODQWVZDVDQG
PJ UHVSHFWLYHO\ DQG WKH DFFXPXODWLRQ UDWHV ZHUH
DQGUHVSHFWLYHO\LQWKHWR
WDOSODQW7KHDFFXPXODWLRQRISKRVSKRUXVLQWKHWZR
SODQWVZDVPDLQO\FRQFHQWUDWHGRQWKHJURXQG DQG
WKH DFFXPXODWLRQ RI73 RQ WKH DERYHJURXQG SODQWV
H[FHHGHG7KLVFRQFOXVLRQZDVFRQVLVWHQWZLWK
SUHYLRXVVWXGLHV>@3ODQWVFDQGLUHFWO\UHPRYH
FRQWDPLQDQWV LQ VHZDJH E\ DEVRUSWLRQ DGVRUSWLRQ
DQGHQULFKPHQW>@,QDGGLWLRQSODQWVFDQWUDQVSRUW
R[\JHQWKURXJKWKHURRWVHQKDQFHDQGPDLQWDLQWKH
K\GURG\QDPLFWUDQVPLVVLRQRIWKHPDWUL[DIIHFWWKH
K\GUDXOLFUHWHQWLRQWLPHDQGFUHDWHDVXLWDEOHPLFUR
HQYLURQPHQWIRUWKHODUJHQXPEHURIPLFURRUJDQLVPV
DWWDFKHGWRWKH URRWVXUIDFH DUHD >@:HWODQG PL
FUREHVLQWKHSURFHVVRIJURZWKDQGUHSURGXFWLRQFDQ
DEVRUEDQGXVHLQRUJDQLFSKRVSKDWHLQVHZDJH7KH
H[FHVVLYHSKRVSKRUXVDEVRUSWLRQRISKRVSKRUXVDF
FXPXODWLQJ EDFWHULD FDQ FRPSRVH SKRVSKRUXV DV
$73'1$DQG51$DQGRWKHURUJDQLFLQJUHGLHQWV
$OWKRXJKVWXGLHVKDYHVKRZQWKDWWKHDEVRUSWLRQRI
SKRVSKRUXV EDFWHULD FRQWULEXWHV OHVV WR SKRVSKRUXV
UHPRYDO>@LWDOVRLQGLUHFWO\DIIHFWVSODQWDGVRUS
WLRQDQGUHVROXWLRQRISKRVSKRUXV

CONCLUSION
7KH UHPRYDO HIILFLHQF\ RI SKRVSKRUXV LQ GR
PHVWLFVHZDJHE\ZDVWHEULFNDUWLILFLDOZHWODQGDQG
WKH PLJUDWLRQ FKDUDFWHULVWLFV RI SKRVSKRUXV LQ WKH
V\VWHP ZHUH VWXGLHG XVLQJ WKH FRQVWUXFWHG ZHWODQG
ZLWKFOD\UHGEULFNDVILOOHU7KHUHVXOWVZHUHFRP
SDUHGZLWKFRQYHQWLRQDOJUDYHOZHWODQG
(1) 7KH DGVRUSWLRQ VWUHQJWK RI SKRVSKRUXV RI
ZDVWH EULFN ZDV VWURQJHU WKDQ WKDW RI FRQYHQWLRQDO
JUDYHO 7KH UHPRYDO UDWH RI SKRVSKRUXV RI ZDVWH
EULFNDUWLILFLDOZHWODQGUHDFKHGZKLFKZDVVLJ
QLILFDQWO\ KLJKHU WKDQ WKDW RI FRQYHQWLRQDO JUDYHO
ZHWODQG

7$%/(
0LJUDWLRQ&KDUDFWHULVWLFVRI3KRVSKRUXVLQ3ODQWVRI&RQVWUXFWHG:HWODQGV
RI:DVWH%ULFNDQG*UDYHO

5RRW
6WHP
/HDI

:DVWHEULFNFRQVWUXFWHGZHWODQG
)UHVKZHLJKW
'U\ZHLJKW
7RWDOSKRVSKRUXV
J
J
FRQWHQW PJJ












*UDYHOFRQVWUXFWHGZHWODQG
)UHVK
'U\
7RWDOSKRVSKRUXV
ZHLJKW J
ZHLJKW J
FRQWHQW PJJ
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7$%/(
$QDO\VLVRI3KRVSKRUXV5HPRYDOLQ&RQVWUXFWHG:HWODQG6\VWHP

Waste brick
Gravel

Phosphorus accumulation (mg)
Removal rate (%)
Phosphorus accumulation (mg)
Removal rate (%)

Import
Influent
46805.03

Effluent
3884.17

46134.66

14352.91

(2) 7KHUHPRYDORISKRVSKRUXVE\ZDVWHEULFN
DUWLILFLDO ZHWODQG DQG JUDYHO DUWLILFLDO ZHWODQG ZDV
PDLQO\GHSHQGHQWRQWKHDGVRUSWLRQDQGVHGLPHQWD
WLRQ RI WKH SDFNLQJ PDWUL[ DQG WKH FRQWULEXWLRQ WR
SKRVSKRUXVUHPRYDOZDVDQGUHVSHF
WLYHO\ 7KH ILOOHU DGVRUEHG PDLQO\ LQRUJDQLF SKRV
SKRUXVZKLFKGHFUHDVHGZLWKULVLQJGHSWKDQGWKH
DGVRUSWLRQ RI SKRVSKRUXV PDLQO\ RFFXUUHG DW ±
FP 3ODQW DEVRUSWLRQ SOD\HG D PLQRU UROH DQG WKH
FRQWULEXWLRQ UDWHV RI SKRVSKRUXV UHPRYDO E\ ZDVWH
EULFNDUWLILFLDOZHWODQGDQGJUDYHODUWLILFLDOZHWODQG
ZHUHDQGUHVSHFWLYHO\7KHDFFXPXOD
WLRQ RI SKRVSKRUXV LQ WKH WZR V\VWHPV ZDV PDLQO\
FRQFHQWUDWHGRQWKHJURXQGDQGWKHDFFXPXODWLRQRI
73ZDVPRUHWKDQRIWKHWRWDODPRXQW7KHRU
GHU RI 73 FRQWHQW LQ GLIIHUHQW SDUWV RI SODQWV ZDV
OHDI!VWHP!URRW
(3) (IIOXHQWSKRVSKRUXVLQWKHZDVWHEULFNDUWL
ILFLDO ZHWODQG V\VWHP UHDFKHG WKH GLVFKDUJH VWDQG
DUGVQDPHO\ *% OHYHO$VWDQGDUGRI
PXQLFLSDO VHZDJH WUHDWPHQW SODQW SROOXWDQW 5XUDO
ZDVWHFOD\UHGEULFNVKRXOGEHVHOHFWHGDVDQHZILOOHU
WREXLOGDQDUWLILFLDOZHWODQGV\VWHPWKDWGHDOVZLWK
UXUDOVHZDJH

Output
Filler matrix
38784.09
90.36
27803.2
87.48

Plant
4149.83
9.64
3991.6
12.52

[4] +XDQJ60+H76/L*XR;  7HFK
QLTXHRI&RQVWUXFWLRQ:DVWHV 5HF\FOLQJ8WLOL
]DWLRQ5HVHDUFK $SSOLFDWLRQRI%XLOGLQJ0D
WHULDOV
[5] 7DQJ5/L5<  7KH'DPDJHDQG5H
VRXUFHV5HFRYHU\7RZDUGV&RQVWUXFWLRQ:DVWH
&KLQD5HVRXUFHV&RPSUHKHQVLYHXWLOL]DWLRQ
ˊ
[6] .DGOHF 5+ :DOODFH 6   7UHDWPHQW
:HWODQGV&5&3UHVV
[7] 6WRWWPHLVWHU8:LHȕQHU$.XVFKN3.DS
SOPH\HU8.lVWQHU0%HGHUVNL20OOHU
5$  0RRUPDQQ +   (IIHFWV RI SODQWV
DQGPLFURRUJDQLVPVLQFRQVWUXFWHGZHWODQGVIRU
ZDVWHZDWHUWUHDWPHQW%LRWHFKQRORJ\$GYDQFHV
  
[8] 6WDWH (QYLURQPHQWDO 3URWHFWLRQ$GPLQLVWUDWLRQ
RI&KLQD  :DWHUDQGZDVWHZDWHUPRQLWRU
LQJDQGDQDO\VLVPHWKRGV%HLMLQJ&KLQD(QYL
URQPHQWDO6FLHQFH3UHVV
[9] 6WDWH (QYLURQPHQWDO 3URWHFWLRQ$GPLQLVWUDWLRQ
RI &KLQD   6RLO DQDO\VLV %HLMLQJ &KLQD
(QYLURQPHQWDO6FLHQFH3UHVV
[10] +DUWLNDLQHQ+  3KRVSKRUXVDQGLWVUHDF
WLRQVLQWHUUHVWULDOVRLOVDQGODNHVHGLPHQWV6FL
6RF
[11] /X5.  $QDO\WLFDOPHWKRGVRI6RLO$J
ULFXOWXUDO&KHPLVWU\%HLMLQJ&KLQD$JULFXOWXUH
3UHVV
[12] (,6KDKDZL 06 1DVVLI +$   5HWHQ
WLRQDQGWKHUPRG\QDPLFFKDUDFWHULVWLFVRIPHU
FXU\ ϩ  FRPSOH[HV RQWR SRO\XUHWKDQH IRUPV
$QDO\WLFD&KLPLFD$FWD
[13] :DQJ=/LX&;'RQJ-/LX//L3<
=KHQJ -<   6FUHHQLQJ RI SKRVSKDWHUH
PRYLQJILOWHUPHGLDIRUXVHLQFRQVWUXFWHGZHW
ODQGVDQGWKHLUSKRVSKRUXVUHPRYDOFDSDFLWLHV
&KLQD(QYLURQPHQWDO6FLHQFH  
[14] =KRQJ/:=KDQJ+<XDQ=5/HL&/
 ,QIOXHQFHRIVSHFLILFSRUHDUHDDQGSRUH
YROXPHRIFRDORQDGVRUSWLRQFDSDFLW\&RDO*H
RORJ\ ([SORUDWLRQ
[15] %UL[+$ULDV&$'HO%XEED0  0H
GLD VHOHFWLRQ IRU VXVWDLQDEOH SKRVSKRUXV UH
PRYDOLQVXEVXUIDFH IORZFRQVWUXFWHGZHWODQG
:DWHU6FLHQFHDQG7HFKQRORJ\  
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ABSTRACT

INTRODUCTION

The overall objective of this paper is to analyze
the long-term spatio-temporal patterns of precipitation and temperature especially under changing climatic conditions. A comprehensive study of different non-parametric trend techniques for serially correlated data were performed. Four variants of Mann
.HQGDOO6SHDUPHQ¶VUKRDQG7KHLO6HQ¶VDSSURDFK
were utilized to quantify the significance of precipitation and temperature trends and their magnitude.
Furthermore, to investigate the non-stationary behavior of these trends, Sequential Mann Kendall
technique has been used. Besides, inter-annual and
seasonal variations in the precipitation and temperature patterns were analyzed to understand the climatic conditions of the study area along with their
spatial fluctuating characteristics. Abrupt changes in
precipitation and temperature patterns were also illustrated to understand the hydrological behaviors.
It is concluded that the Modified Mann Kendall
technique is more reliable for trend detection of serially correlated data. The results indicated that generally no significance trend in annual and seasonal
precipitation data series exist. However, for temperature except during summer, a significant increasing
trend in annual and seasonal data series has been observed with a change up to 0.17 oC/ decade. Results
of Sequential Mann Kendall indicated that change in
trend for annual and seasonal precipitation except for
autumn season began in 1955-1965, whereas it
started in 1965-1975 for annual and seasonal temperature for majority of the study regions

Climate variability and human activities affecting the hydrological cycle gradually. A fluctuating
hydroclimate could consequence in under-or over
design of engineering projects [1,2]. Temperature
and precipitation are influencing our environment,
Shortage of precipitation can be responsible of
droughts while its excess can cause flooding. These
variability in water availability can affect many human activities [3]. Similarly, too high temperature is
not good for life. Temperature change is one of the
big reasons of climate change. Climate change is
generally associated with changes in air temperatures and according to Intergovernmental Panel on
Climate Change (IPCC) report in 2014, it has gone
up by 0.56 to 0.90 oC by the end of 2005[4]. The result is un-usual hydrological events of droughts and
floods all over the world, advocate the need of exploring spatio-temporal variations in both precipitation and temperature especially under changing climate conditions.
Climate change impact varies from region to
region and is not same overall the globe[5]. Therefore, location specific investigations related to climate change and hydrological patterns are required.
According to Qin et al, (2005), an increase in temperature of 0.6 to 0.8 oC is observed in China during
the last 100 years due to global warming [6], which
would further rise from 0.3 to 3 oC during 2100, resulting in alteration of precipitation trends and river
run-off [7]. Thus, potential impacts of climate
change on hydrologic extremes, like floods, in small
and medium sized watersheds, have not received significant attention. Consequently, there is a lack of
sufficient development and application of suitable
water resources design techniques in the context of
climate change trends in medium sized watershed
VXFKDV;LQ¶DQMLDQJ-Fuchunjiang watershed.
Scientist and researcher devoted their time and
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Seasonal and annual trends, Modified Mann Kendall,
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Trend free pre-whitened Mann-Kendall, Sequential
Mann Kendall and regular Mann Kendall), and
6SHDUPDQ¶V UKR QRQ-parametric tests to investigate
the trends of precipitation and temperature and their
non-stationary behaviors. Moreover, effects of correlation on these trends and the best trend detection
technique for serially correlated data was explored.
Sequential Mann Kendall (SQMK) technique was
also used for analysis of trend change [45±47].
The study focusses on the investigation of precipitation and temperature trends and effects of correlation on the significance level. The current manuscript consists of four major objectives; (1) identification of correlation in temperature and precipitation
time series, (2) application of four variants of MK
DQG6SHDUPDQ¶VUKRWHFKQLTXHIRUWKHH[SORUDWLRQRI
seasonal, inter-annual changes, and spatial fluctuating characteristics of precipitation and temperature,
(3) development of spatio-temporal maps of precipitation and temperature and, (4) identification of start
and abrupt changes in precipitation and temperature
trends, to look into the non-stationary behavior of
such trends

efforts to quantify the climate change patterns
around the globe [8±10]. Many scientist tried to
quantify the climate change trends and their impacts
at Chinese watersheds and found indistinctive patterns of climatic variables [11±13]. Climate change
affecting the precipitation patterns in the Chinese
watersheds [13,14]. Zhang et al (2009) analyzed the
varying properties of precipitation in the Pearl River
basin, China [15], Blender et al (2011) investigated
the long-term variability of run-off and precipitation
trends in the long Yangtze river basin and found a
mixture of positive and negative trends [16].There is
an increase of 0.5-1% surface precipitation per decade at mid and high latitude of Northern Hemisphere, 7-12% increase in annual average precipitation found in the area having coordinates 30-850 N
and 2% for the area having 0-550S over the 20th century [3,7].Climate change may also affect groundwater recharge rates and depths of groundwater tables,
and found the increasing stream flows in mostly watersheds of China [17]. Researchers tried to figure
out climate change variabilities at large scales and
not much work has been done to study the climate
change trends at small and medium scale watersheds
in the Eastern and South-Eastern part of china.
Therefore, there is a need of comprehensive study of
precipitation and temperature trends in this part of
the globe.
Trend analyses statistical techniques generally
can be defined as parametric or non-parametric.
Usually, non- parametric methods are more reliable
than parametric method [18]. Mann Kendall Trend
(MK) analysis approach is a non-parametric technique developed by Mann and Kendall have been
utilized extensively around the globe to detect the
trends in the climate variables [13,19±33]. As the
Mann-Kendall (MK) approach only detect the data
trend, therefore the Theil-6HQ¶V QRQ SDUDPHWULF
method is used to determine the magnitude of the
trend [34,35]. Zaman et al (2015) used Mann Kendall approach to detect the precipitation and temperDWXUH WUHQGV LQ ;LQ¶DQMLDQJ-Fuchunjiang watershed
and found an indistinctive and fluctuating precipitation and temperature patterns. There is a lack of sufficient development and application of suitable trend
detection techniques in the context of climate change
trends. Therefore, a comprehensive study of exploring precipitation and temperature trends are mandatory in this part of the country.
Another limitation of Mann-Kendall (MK)
trend analysis techniques is that they generally ignore the correlation in the data series and between
different stations, however the results can be affected significantly due to correlation [36±40]. The
Mann-Kendall test also overestimate the significance level and number of trends of long term persistence and correlated data, and thus distort the actual trends of the data [41±44]. In the current study,
we have used different approaches including four
variants of Mann-Kendall (modified Mann Kendall,

MATERIALS AND METHODS
Study area and data collection. Figure 1
VKRZVWKHORFDWLRQRIWKHVWXG\DUHDZKLFKLV;LQ¶DQ
jiang-Fuchunjiang watershed in the Northwest of
Zhejiang province, South-East of China. The study
area lies between latitude 28ͼ to 300 30މN and longitude 117ͼ30 މto 120030މE, respectively, and joins the
Mount Huangshan of Anhui province with a famous
tourist city Hangzhou of Zhejiang province. Two
PDMRU K\GURSRZHU VWDWLRQV QDPHG DV ;LQ¶DQMLDQJ
and Fuchunjiang are in the study area. The average
annual rainfall is about 500 mm, and out of total area
of 43,614.4 km2, more than 1,500 km2 irrigated land
area is used for cash crops including soybean, cotton,
tea, sugarcane etc. The presence of both hydropower
stations and irrigated farmlands enhance the importance of this region for climate change study as
these changes particularly in precipitation and temperature patterns could affect the water demand.
TABLE 1
Different seasons for analysis
Sr.No Season
Month
1
Annual
Jan-Dec
2
Winter
Dec-Jan
3
Spring
March-May
4
Summer
June-August
5
Autumn
Sep-Nov
Lack of availability of long-term time series
climatic data cause difficulty for the empirical analysis of precipitation and temperature trends which
were collected in gridded form at a spatial resolution
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FIGURE 1
Digital HOHYDWLRQPRGHORIWKH;LQ¶DQMLDQJ-Fuchunjiang watershed along with Climate Research Unit
(CRU) data stations and hydropower stations
of 0.5o * 0.50o from year 1950 to year 2012. These
data were collected from the Climate Research Unit
(CRU) of the University of East Anglia
(http://badc.nerc.ac.uk/dat), and categorized into different workable scenarios as presented in table 1 and
this gridded data has been used by many scientist and
researcher [14,48]

trends depend upon the positive and negative values
of Z statistics. If value of Z statistic falls between
1.96 to 2.57, then trend will be considered significant
at 1% significance level (S.L) and it will be significant at 0.1% (S.L), if Z value is greater than 2.57.
Kriging method has been employed for carrying out
the spatial interpolation of different climatic variables.
     
  

Material and methods. Four variants of Mann
.HQGDOO WHVW DQG D 6SHDUPDQ¶V UKR QRQ-parametric
tests have been used in this study. Non parametric
Mann Kendall Trend analysis approach, developed
by Mann and Kendall, have been utilized around the
globe to detect the trends in the climate variables
[13,19±33]. Regular Mann Kendall test [19,20],
mentioned here in this study as (regMK), was applied at temperature and precipitation data series to
estimate the trends in the data, and Theil-Sen technique to find out the magnitude of the trends [34,35].
A modified form of MK test proposed by
Hamad and Rao (1998) to account for the effect of
serial correlation based at an effective sample size
instead of the actual sample size , stated as modMK
here was also used [49]. Yue et al. (2002) developed
a method to remove the serial correlation from the
data, represented herein as tfpMK, has been utilized
to eliminate the serial correlation [38]. 6SHDUPHQ¶V
rho (SR) test which is widely used in trend detection
studies has been also used here to find out the trends
in the data [13,50±53].
Last but not least, an advanced form of Mann
Kendall technique, which is known as Sequential
Mann Kendall (SQMK) is utilized to determine the
significance of trends, change in trends and abrupt
changes in the climatic variables[45±47].
The comprehensive depiction of these approaches is presented in different papers
[19,28,36,38,40,49, 50,52]. All statistical tests used
in the current study are based on Z statistics values.
Positive (increasing) and negative (decreasing)
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FIGURE 2
Lag 1 serial correlation coefficients of precipitation and temperature data series.
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to 2.63) statistics have been observed. SQMK technique showed comparatively higher value of Z statistic than tfpMK. Similarly, tfpMK technique shows
relatively higher value of Z statistics than modMK
technique. SR showed that majority of the stations
have significant trend at 0.1% significance level,
whereas regMK, SQMK and tfpMK presents significance trends on some stations at 1% significance
level. Results illustrate non-significant trends for
modMK technique at 1% and 0.1% significance levels because z values are lower than 1.96 for majority
of the stations
For seasonal precipitation data series, SR test detects
the significant trends in winter and spring precipitation at 0.1% significant level, whereas regMK,
SQMK and tfpMK show significant trends at 1%
significance level for majority stations as can be seen
from Figure 3. Contrary to these results, modMK
show non-significant trend in winter and spring precipitation at 1% and 0.1% significance levels. Furthermore, SR exhibits the significant trend for summer and autumn precipitations at 1% significance
level, whereas SQMK, tfpMK and modMK depict
non-significant trends at 0.1 and 1% significance
level (Figure 3).

RESULTS AND DISCUSSION
Serial correlation of the data series. Lag 1
auto correlation test has been applied at precipitation
and temperature data series and results obtained are
presented into figure 2.
Results depict that precipitation and temperature
data series are correlated at 0.1% significance level.
Figure 2a indicated a positive serial correlation in
precipitation data series for all stations. Similarly,
figure 2b depict a positive correlation in the temperature data series for almost all stations except station
number 2, which shows a negative correlation.
Comparison of trends techniques. Annual
and seasonal precipitation trends. Results of four
YDULDQWV RI 0DQQ .HQGDOO DQG 6SHDUPDQ¶V UKR WHVW
on serially correlated annual and seasonal precipitation data series are presented in Figure 3. For annual
data series, results show the highest value of Z statistics (3.04 to 3.90) for SR as compared to all other
methods. Moreover, higher values of Z statistics (
upto 2.83) for regMK as compared to modMK (between 1.48 to 2), tfpMK (2.02 to 2.5) and SQMK (up

FIGURE 3
Values of Z statistics for annual and seasonal precipitation data series for 4 variants of MK and SpearPHQ¶VUKRVWDWLVWLFDOWHFKQLTXHV.
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icance level. SR showed the highest values of Z statistics (up to 4.8) than regMK (up to 4.2), SQMK
(maximum of 3.89), tfpMK (up to 3.6) and modMK
(up to 3.2). During summer, SR and four variants of
MK did not exhibit significant trends for temperature
data series. It is noted from the results presented in
Figure 4 that SR showed significant positive trends
at 0.1%, whereas regMK, SQMK and tfpMK at 1%
significance level during autumn season. Moreover,
regMK showed non-significant trend at majority of
the stations whereas significant positive trends at
some stations (Figure 4).
Overall results found that the Z value of modified Mann Kendall non-parametric statistics lower
than other techniques. All other techniques over-estimate the Z statistics for most of the stations in the
study area for precipitation and temperature serially
correlated data series. The results of these non-parametric tests are consistent with previous studies for
significant serial correlation data series [28,49]. Tan
et al (2017) found that regular MK overestimate the
Z statistics for serially correlated data series and confirmed that the modified Mann Kendall gave best results for serially- correlated data as compared to
other non-parametric techniques [24].

Annual and seasonal temperature trends.
5HVXOWVRIIRXUYDULDQWVRI0.DQG6SHDUPHQ¶VUKR
techniques on serially correlated annual and seasonal
temperature data series are illustrated in Figure 4. It
is evident from the annual results that SR and four
variants of MK show significant trends in annual
temperature at 1% significance level. Results shows
that SR possess the highest value of Z statistics (up
to 4.93) than other techniques. In addition, regMK
shows relatively higher values of Z statistics (up to
4.6) than SQMK (up to 4.5), whereas SQMK displays higher Z value as compare to tfpMK (up to
4.36). Results showed the lowest value of Z statistics
for modMK (up to 4.1) as compared to other four
statistical techniques used in this study.
Analysis of seasonal temperature data show
that SR detected significant positive trends in data at
0.1% significance level for winter temperatures,
whereas regMK, SQMK and tfpMK resulted significant positive trends at 1% significant level and
modMK showed no trends at 0.1% and 1% significance level for majority of data stations (Figure 4).
SR and four variants of MK showed significant positive trends in the spring temperature at 0.1% signif-

 ш 



FIGURE 4
Values of Z statistics for annual and seasonal temperature data series for 4 variants of MK and SpearPHQ¶VUKRVWDWLVWLFDOWHFKQLTXHVrho statistical techniques.
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FIGURE 5
Spatial distribution of precipitation with modMK test results and interpolated TSA magnitude (mm/year
or mm/season) of annual and seasonal data over the period of (1950-2012)
Annual. The annual precipitation data results
showed that trend is increasing insignificantly (positive trends) at all the stations. It can also be seen
from the magnitude of the rainfall (mm/year) obtained by TSA statistics. Most of the stations showed
increasing trend with trend slope for majority stations range between 0.25 to 0.30. It was also seen
that the TSA values were higher at western side as
compare to eastern side reflecting relatively higher
increase in precipitation trends on this side.

Spatial distribution of modMK precipitation
trends. The above presented results indicated that
modMK exhibited best results for serially correlated
data series of precipitation and temperature. ThereIRUHPRG0.DQG7KHLO6HQ¶V 76$ VWDWLVWLFDODQDO
yses were performed for spatial data and results are
presented in Figure 5 and Figure 6 for precipitation
and for temperature, respectively.
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as TSA values range between -0.11 to 0.50 mm per
season from west to east. The western parts of the
watershed showed relatively lower TSA values as
compared to eastern parts indicating higher increase
in precipitation on this side.
Autumn. Both modMK and TSA results for
autumn precipitation showed insignificant increase
in precipitation as given in Figure 5. The results
showed that TSA values vary between 0.01 to 0.34
mm per season for majority of the stations. Figure 5
shows higher TSA values at eastern side than the
western side indicating relatively higher increase in
precipitation on this side.

Winter. The modMK results of winter precipitation data series showed that majority of the stations
have increasing insignificant trend (Figure 5). The
results also depicted that magnitude of precipitation
increases from west to east up to 0.59 mm per winter
season as obtained by the TSA test.
Spring. During spring, precipitation showed an
insignificant increasing trend. The results indicated
that majority of the stations resulted TSA values between -0.01 to 0.21 mm per spring season.
Summer. The modMK results for summer precipitation indicated an insignificant increasing trend

FIGURE 6
Spatial distribution of temperature with modMK test results and interpolated TSA magnitude ( oC/
decade) of annual and seasonal data stations over the period of (1950-2012)

7425

© by PSP

Volume 26 ± No. 12/2017 pages 7419-7431

Fresenius Environmental Bulletin

(a)

Spatial distribution of modMK Temperature trends. Annual. The modMK and TSA tests
results of annual and seasonal temperature data series are presented in Figure 6. The results depicted
significantly increasing annual temperature trends
for majority of the stations with range between 0.090.16 oC per decade. The western side of the watershed showed higher values of TSA than eastern side
indicating higher increase in temperature on this side.
Winter. During winter, temperature data
showed significantly increasing trends with range
varies from 0.13 to 0.18 oC per decade. The results
also show that majority of the stations have TSA values range between 0.16 to 0.18 oC per decade.

(b)

Spring. The modMK and TSA results for
spring season show significantly increasing trends
for majority of the stations. The TSA results also depicted that magnitude of temperature increase is
higher in east as compared to west by up to 0.29 oC
per decade.
Summer. The modMK results for summer
temperatures depicted that majority of the stations
have non-significant decreasing trend which is also
obvious from TSA values ranging between -0.04 to
0.05 oC per decade for majority of the stations.

(c)

Autumn. The results of autumn temperatures
indicated significantly increasing trends for majority
of the stations with a spatial distribution of TSA
from 0.08 to 0.19 oC per decade.
Trend shifts analysis. Sequential Mann Kendall technique has been utilized for the detection of
abrupt change in the precipitation and temperature
data. The Sequential Mann Kendall (SQMK) test has
performed only for those stations having significance level more than 1%. Sequential Mann Kendall
results of (winter, station number 1) of temperature
data series and (annual, autumn and spring) of station # 15 are shown in Figure 7. Sequential Mann
Kendall test also performed (for the detection of abrupt change) at the other stations having more than
99% confidence level (1% significance level) and results obtained are given in table 2.
It can be seen from Figure 7a, abrupt change of
winter started at 1958 and become significant in
2010 till the end of time. The abrupt positive change
of annual temperature began in 1965 and become
significant in 2000 till 2012 (Figure 7b). The abrupt
change for autumn temperature began in 1978 and
become significant in 2001 until 2012 (Figure 7c).
Statistical results showed that for the spring temperature data of station number 15, positive change
starts in 1966 and becomes significant in 2005 and
remain significant till 2012.

(d)

FIGURE 7
Result of precipitation and temperature data series of the 1% significance level of (a) winter
precipitation of station # 01 and temperature of
staion#15 for (b) Annual (c) Autumn (d) Spring
for trend change.
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TABLE 2
Start of Abrupt change year and the year at which change become significant of precipitation
and Temperature data by using Sequential Mann Kendall
Station
Number

Year

1

Start Year
Significant
Start
Significant
Start
Significant
Start
Significant
Start
Significant
Start
Significant
Start
Significant
Start
Significant
Start
Significant
Start
Significant
Start
Significant
Start
Significant
Start
Significant
Start
Significant
Start
Significant

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

Annual
PCP
-

Temp
1969
2003
1967
2004
1972
2003
1970
2004
1973
2006
1971
2006
1971
2003
1972
2004
1973
2004
1970
2002
1965
2001
1971
2001
1970
2001
1976
2001
1970
1999

Winter
PCP
-

Temp
1974
2003
1971
2005
1975
2004
1970
2004
1969
2006

Spring
PCP
1975
2009
1975
2008
1975
2008
1975
2008
1975
2007
1975
2007
1974
2006
1975
2006
1970
2007
1968
2008
1975
2003
1975
2006
-

Temp
1970
2005
1970
2004
1970
2004
1970
2005
1971
2005
1970
2005
1969
2004
1970
2004
1970
2005
1970
2005
1963
2003
1962
2002
1970
2004
1973
2005
1966
2003

Summer
PCP
Temp
-

Autumn
PCP
1970
2006
1967
2005
1968
2006
1967
2005
1970
2002

Temp
1975
2006
1975
2004
1975
2006
1974
2005
1965
2005
1974
2006
-

1968
2002

(-) Shows there is no significance trend

majority of the stations and this positive change
started between 1965 to 1975 and turned out to be
significant between 2001 to 2006.

Shifts in Precipitation Trend. The above presented results indicated that spring precipitations and
few stations for autumn precipitation show significant results at 1% significance level among annual
and seasonal precipitation data series. So, SQMK
test has been performed only on these data series for
trend shift analysis. The results depicted that the abrupt positive change began in 1965 till 1976 for
spring and autumn precipitations and became significant between 2003 to 2009 for majority stations.

Overall Watershed Trend. Precipitation and
temperature trends of annual and seasonal data series
for the whole watershed were quantified to get an
idea about the overall trend in the study region. The
modMK and TSA statistical tests have been performed and results obtained are summarized in table
3. Results are evident of significant positive trends
in annual precipitation data series at 1% significance
level with a 0.208 mm per year increase in precipitation magnitude. Likewise, positive trends have been
observed at 1% significance level in precipitation
data series for winter with increase of 0.17 mm per
season. The modMK test results for spring and autumn precipitation showed non-significant positive
trend at 1% significance level. The TSA values show
0.42 mm per season and 0.21 mm per season increase in spring and autumn precipitations, respectively. Whereas, the results for summer precipitation
showed non-significant trends in precipitation.
Statistical results of temperature for annual and
seasonal data series show positive significant trends
at 1% significance level except summer season
which shows insignificant negative trend. The TSA

Shifts in Temperature trend. The SQMK test
has also been performed on temperature data series
for exploring trend shifts and results are given in table 2. The results depicted an abrupt positive change
for annual data during 1965 to 1975 which became
significant during 1999 to 2006 for majority of the
stations. Similarly, abrupt positive change has been
observed for winter season data series which began
between 1970 to 1975 and became significant during
2000 to 2004. In spring seasons, abrupt positive
change has been reported during 1962 to 1972 and
became significant during 2002 to 2005. It is to be
noted that the SQMK test was not performed for
summer data series because of non-significant trends
in data. Furthermore, temperature data series for autumn seasons predicted an abrupt positive change for

7427

© by PSP

Volume 26 ± No. 12/2017 pages 7419-7431

Fresenius Environmental Bulletin

results showed 0.028 oC per decade and 0.104 oC per
decade increase in annual and winter temperature,
respectively. Similarly, an increase of 0.161 oC per
decade and 0.054 oC per decade has been observed
for spring and autumn temperatures.

have been observed in annual and seasonal temperature except summer season near hydropower stations.
This increase in temperature and unpredictable precipitation trends could be main cause for flooding in
the area as stated by piao et al [59].

Discussion. Results of Lag-1 autocorrelation
test showed the presence of correlation in precipitation and temperature data series. As the presence of
correlation in data series could distort the actual results by an over estimation of the number of trends.
Thus, four variants of MK and SSHDUPDQ¶VWHVWVKDYH
been applied at these data series to detect the trends
in precipitation and temperature data series and to
evaluate the effect of correlation at these trends. It is
evident from the results that SR show highest values
of Z statistics followed by regMK technique. Moreover, SQMK and tfpMK techniques also gave comparatively little higher values of Z statistics than
modMK. Contrary to other techniques, modMK
showed the lowest values of Z statistics for serially
correlated data series. The results of these non-parametric tests are consistent with previous studies for
significant serial correlation data series [28,49]. Tan
et al (2017) found that regular MK overestimate the
Z statistics for serially correlated data series and confirmed that the modified Mann Kendall gave best results for serially- correlated data as compared to
other non-parametric techniques [24]. Results of this
study are consistent with Tan et al.
Spatial and temporal patterns of annual and
seasonal precipitation data series showed overall insignificant positive trends varies from east to west
and north to south. These results are consistent with
the previous studies in the South-Eastern China for
annual and seasonal precipitation trends [54]. Results of precipitation trends follow the same statistical pattern of precipitation reported by Gu et al.
(2015) in the South-Eastern China [55]. Findings are
also consistent with the results found by [56] and [57]
in the South-Eastern China, where insignificant precipitation trends for annual and seasonal precipitation data were observed. Similarly, positive temperature trends have been observed for annual and seasonal temperature data series for majority of the stations except summer season. Results reveal more increase in the west side and higher altitude than east.
Temperature results are consistent with those presented by [58] and [56], with overall significant increase in temperature during 20th century in the
South-Eastern China.
Results of SQMK for annual and seasonal precipitation and temperature data series are consistent
with the results presented by Partal and Kahya (2006)
and 6RPH¶Het al. (2012) for abrupt change detection,
with overall change in precipitation and temperature
trends during 1965 to 1975.
Spatial and temporal projections in annual and
seasonal precipitation show insignificant increase in
precipitation trends whereas significant increase

TABLE 3
Statistical results of the average precipitation
and temperature data of whole study region over
the period of 1950-2012
Seasons

Annual
Winter
Spring
Summer
Autumn

Precipitation
Z
TSA
(mm/yea
r/season)
2.37 0.208
2.69 0.17
2.89 0.42
1.65 0.25
2.10 0.21

Temperature
Z
TSA
(C/decade/year)
2.90
0.028
2.68
0.104
2.58
0.167
-0.89
-0.127
2.96
0.054

CONCLUSIONS
This study investigated the slowly varying
(trend) and abrupt (change point) changes in precipitation and temperature data series DFURVVWKH;LQ¶DQ
jiang-Fuchunjiang watershed. The effects of correlation in data series by utilizing four variants of Mann
.HQGDOO DQG 6SHDUPHQ¶V QRQ-parametric tests have
also been studied. Furthermore, to determine the stationarity into data, use of Sequential Mann Kendall
technique has been made. Spatial and temporal variation of precipitation and temperature over the peULRG RI  WR  LQ ;LQ¶DQMLDQJ-Fuchunjiang
watershed was also presented in this study. Regular
Mann Kendall (regMK), Modified Mann Kendall
(modMK), Trend free pre-whitened Mann Kendall
(tfpMK), Sequential Mann Kendall (SQMK) and
6SHDUPHQ¶VUKR 65 QRQ-parametric tests have been
applied at data to quantify the significance of precipLWDWLRQDQGWHPSHUDWXUHWUHQGV7KHLO6HQ¶VDSSURDFK
has been used to find the magnitude in these trends
and Sequential Mann Kendall has also been used to
investigate the abrupt changes. Besides, interannual
and seasonal variations in the precipitation and temperature patterns were analyzed to understand the
climatic conditions of the area. Results concluded
that the presence of correlation in data series affect
the number of trends. SR, regMK, SQMK, and
tfpMK differentiated trends detected by modMK for
serially correlated data series. A greater number of
stations showing significant trends were detected by
SR and regMK followed by SQMK and tfpMK,
whereas modMK presented the least number of
trends in serially correlated data series and found
best to detect the trends into serially correlated data
series followed by tfpMK for the Xin¶DQjiangFuchunjiang watershed. Spatial and temporal projections of modMK trends generally show insignificant
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precipitation trends for annual and seasonal data series. These maps showed insignificant increase in
precipitation from East to West and from North to
South in the study area. It is evident from the results
that temperature is generally increasing throughout
the watershed in all seasons, except summer season
which shows insignificant temperature trends. Spatial and temporal projections of annual and seasonal
temperature varied from North to South and East to
West and showed more increase in temperature magnitude at higher altitude. The SQMK test detected
more than one third number of stations with a shift
in annual and seasonal precipitations during 19651975. In spring, SQMK showed more significant
change points than any-other season. Results of
trend change analysis found more than half number
of stations with a positive shift in annual and seasonal temperature during 1965 to 1975. Moreover,
change points were detected for all stations in annual
temperature data series. Spatial and temporal trends
and change points were generally field -significant
during 1950 to 2012 for serially correlated data. The
spatial and temporal inconsistency of these trends
and change points possibly because of anthropogenic changes. However, non-availability of long
term observed data, created difficulties to study and
understand the effect of anthropogenic activities at
these trends and change points, which might be good
topic for future studies when more data available
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were the risk of dangerous for health care worker
(HCWs) and patient [11-14]. According different
study, in the absence of a suitable ventilation system for treatment the concentration of anesthetic
gases, it can lead to some cases of including headaches, fatigue, dizziness, impaired fertility, memory
problems, decreased immunity, carcinogenesis,
kidney and liver damage [13, 15, 14, 16-20].
Based on different studies hundreds of health
care worker in operating rooms have suffered from
concentration of anesthetic gases and weakness in
environmental health factors [21-26].
According result several studies, improved of
environmental factors especially ventilation system
in operating rooms in educational hospital can
causes to feeling of effectiveness, decrease of infection, increase health and increases efficiency among
health care workers [27-29]. In similar work, in
Khuzestan province the Effect anesthetic gases on
HCWs studied by Neisi et al in 2017 [30].
The aim of this study was evaluated to environmental factors especially ventilation system in
Razi, Golestan and Emam educational hospital operating room in Ahvaz (located in south-western
Iran), during 2016.

INTRODUCTION

MATERIALS AND METHODS

One of the most important that has role in the
health of patients and health care workers (HCWs)
is environmental factors such as the ventilation system [1]. From long ago one of the most important
concerns of human resource managers were factors
motivating environmental [2-4, 1]. Nowadays, because of the population growing and needs to heath
care centers maintaining the health of the HCWs
and critical patient is very critical. Also, considering the increasing number of operating rooms in
hospitals attention to the ventilation system and the
concentration of anesthetic gas are one of the most
important aspects of health care. Nowadays the
most important places that cusses exposure to anesthetics gases are operating rooms [5-10]. Weakness
of the ventilation system and high level of anesthetics gases (AG) in operating rooms (ORs), can be

Methods. This cross-sectional study was conducted during 2016 at Razi, Golestan and Emam
teaching hospital operating room, in the southwest
of Iran. Situation of ventilation system measurement by observation and questionnaire during 2016.
Data collection designed according to the questionnaire of the operating system and administration
errors. The data analyzed was used to SPSS version
16. Alpha Krumbach used to in this study for reliability questionnaire was 0.84 and validity of this
confirmed by professors in this field [31]. The ventilation system factors were analyzed. The data
were analyzed by applying descriptive and statistical tests include independent ݐ-test and chi-square.
Razi, Golestan and Emam teaching hospital
affiliated to Ahvaz Jundishapur University of

ABSTRACT
Environmental health is one of the most important that can be very important role in the health
patients and health care workers (HCWs) in Operating rooms (ORs). Ventilation system can be effected on concentration of anesthetic gases on ORs.
The purpose of this study was to associate the environmental factors especially ventilation system in
Razi, Golestan and Emam educational hospital operating room during 2016. We in this study used the
observation and questionnaire included ventilation
system in ORs. The analyzed data was used to
SPSS version 16. According to the results from the
current study, there are a signification relationship
between ventilation system in the level of anesthetic gases (P=0.004). Based on result the research,
some hospitals have been able to improve to ventilation system for increased level of environmental
health and decrease factor infection in ORs
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FIGURE 1
The sampling sites of educational hospital affiliated to Ahvaz Jundishapur University of
medical sciences, in the south west of Ahvaz, Iran

FIGURE 2
Situation of ventilation system in the Razi, Golestan and Emam educational hospitals
Medical Sciences are in Ahvaz, ,UDQ ƍ1
ƍ E) [32-36]. Three main educational hospitals
operating room are a tertiary-care hospital with
220, 425 and 600 beds, located in the south west of
Ahvaz (Figure 1).

cooler was working at 78.57% of ORs and in
71.42% of these rooms there was ventilation system
(table 1).
TABLE 1
Absolute and relative distribution of the operating rooms according to the state of their
ventilation system, cooler and exhaust systems

RESULTS
Ventilation
System
Cooler

This study was conducted in Razi, Golestan
and Emam educational hospital affiliated to Ahvaz
Jundishapur University of Medical Sciences on
more than 14 operating rooms during 2016. 42
samples were taken from operating rooms in the
hospitals of study. According result this study, only
14.29% the rooms had exhaust system and the exhaust system were active. Based on the results, the

Exhaust
System

7433

Condition
On
Off
Not exist
On
Off
Not exist
Connect
Not Connect
Not exist

Frequency
4
6
4
11
2
1
8
2
4

Percent
28.57
42.85
28.58
78.57
14.29
7.14
57.15
14.29
28.56

© by PSP

Volume 26 ± No. 12/2017 pages 7432-7436

Fresenius Environmental Bulletin

thetic gases and other pollutants the observed in
ORs. Application of modern equipment, careful
monitoring will have an important role in decreasing health endpoint this factors.

Situation of ventilation system are illustrates
in Figure 2 with three ranges (average, min and
max) in the Razi, Golestan and Emam educational
hospitals operating room. It should be noted that
71.42 percent of above cases are desirable situation
ventilation system in operating room. Also based
on result table 1 71.44 percent of operating rooms
had exhaust system.

Limitations and Strengths. Small sample in
only three teaching hospital was the most limitations in this study.
Conflict of Interests. Authors have no conflict of interests.

DISCUSSION
In this study, we estimated the environmental
factors especially ventilation system in Razi, Golestan and Emam educational hospital operating room
in Ahvaz, Iran during 2016.
In recent years, increased consumed anesthetic
gases have been considered a one of them serious
threat to the health of HCWs and patients hospitalized in operating room medical centers. Based on
result our study the most important factors effect on
survival and reduce the level of anesthetic gases are
recovery and reconstruction ventilation systems.
According to the results of this study, between 3
main educational hospitals, Emam educational hospital operating room had the best situation of ventilation systems during 2016.
In similar work environmental conditions in
the operating room analysis by Méndez et al
2017[37]. They demonstrated that ORs had good
situation in terms of ventilation system [37].
In another study Dharanet al estimated the environmental controls in operating theatres [38].
Based on result they, 80 percent of ORs had conventional plenum ventilation with filtered air that to
remove 80-95 percent of anaesthetics gases and
airborne particles and gad good situation [38]. According to results of our study, 71.42 percent of
ORs had desirable situation ventilation system that
is lower in compare to Dharanet study. The lower
situation observed in this study were associated
with old hospital, lack of proper maintenance, old
equipment and lack of credit in ORs Ahvaz, Iran.
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are many factors that restrict vegetative production
in arid and semi arid zones. The most important
factor is water scarcity which is resulted from high
evaporation and low precipitation under nonirrigated conditions.
Today, arid and semi arid areas constitute one
third (6.1 billion ha) of world soil. According to the
criterion adopted by FAO, one third of soils in our
country consist of arid and semi-arid zones [1].
Lands that are desert or with the tendency of desertification constitute 2% of land surface and 5.5% of
cultivated lands of our country [2, 3, 4]. For a large
majority of agricultural lands in Turkey, vegetative
production is impossible without irrigation or without taking necessary precautions, or production is
quite limited as a result of insufficient irrigation of
plants.
Excessive evaporation in arid and semi arid
zones necessitates moisture control in soil. Moisture
control in soil enables both the preservation of
moisture useful for the plant within soil, and prevention of salinity on soil surface caused by evaporation.
Moisture control is obtained by shielding soil
surface with some covering materials. This action of
covering soil surface is named as mulching, and the
covering material is called mulch. With this purpose, various organic or inorganic mulches (black
polyethylene covering, straw, wood chips, nutshell,
oyster shell, pearlite, pumice stone and shattered
plastic) can be utilized.
It has been determined by many researchers
that mulch applications increase yield in both oneyear and multiple-year culture plants, and that this
increase is provided by reduction of rivalry in root
area, increase of available usable nitrogen in soil
and by the increase of usable water [5, 6, 7].
Plant harvest residues which consist of water,
minerals and, organic components [8] commonly
used as mulching material. Mulching is an environment friendly application and it contributes to preserving soil moisture, controlling weeds, increasing
yield, improving microorganism actions in soil,
preventing erosion, providing more regular soil
temperature, increasing organic matter content of
soil, preventing nutrition loss by leaching and saving money and time. In many previous studies, it

ABSTRACT
This study was carried out with the aim of determining the effects of mulching on soil moisture
and some soil properties. The experiment was conducted under field conditions in randomized block
design in cultivated and non cultivated blocks with
3 replications. In the study, five different doses, 0
(control), 4, 8, 12 and 16 t/ha of straw mulch were
applied to the field surface. The experiment consisted of one-meter-spaced 30 plots of 4 m2 (2mx2m)
size each on a field of 304 m2 in total. With the aim
of determining the progress of change in soil properties, disturbed soil samples were collected from
the depth of 0-20 cm on each plot before and six
months after the experiment; the samples were airdried, passed through sieve and analyzed. At the
end of the experiment, tillage increased moisture
held in soil and decreased organic matter, cation
exchange capacity and aggregate stability. Soil
moisture, organic matter, hydraulic conductivity,
cation exchange capacity and aggregate stability
were detected to increase with increasing mulch
dose while the change in electrical conductivity,
pH, bulk density and lime values was found insignificant.

KEYWORDS:
Moisture control, organic material, soil properties, straw
mulch

INTRODUCTION
Increasing population, human needs and current technology have totally suppressed agricultural
lands with production pressure. This case compelled man to yield more product per unit area from
soil, which is not an infinite source, and to make
studies to eliminate factors leading to production
limitations for some reasons.
The lands limited in production are observed
to be areas under chemically problematic and physically spoilt conditions or areas where climate, particularly precipitation and precipitation regime,
restrict production in arid-semi arid regions. There
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was reported that mulch use in arboriculture provided soil moisture preservation, weed control, increased soil temperature and therefore increased
sapling quality and yield by promoting root growth
[9, 10, 11].
It has been very common in recent years to use
harvest wastes (stalk, straw, greenhouse plant
wastes, hazelnut husk and etc.) or many industrial
wastes raw material of which is agricultural products (rose pulp, molasses, beer industry wastes, etc.)
as input in agricultural production with the aim of
preventing environmental pollution and utilizing
from wastes. Hence, with the use of product wastes
from agricultural production in agriculture, negative
effects of these wastes on environment will be reduced [12, 13, 14].
In this study, straw mulch in different doses
were applied to soil surface with the aim of reducing evaporation and preserving moisture within soil,
and the changes in soil properties caused by this
mulch application were investigated. The experiment was conducted by applying wheat straw mulch
in different doses on tillage and no tillage fields.
The effect of applied straw mulch on soil moisture
and some soil properties is studied.

MATERIALS AND METHODS
Materials. Experimental area and climate
conditions of the region. The experiment was conducted in Experiment Station of Eastern Anatolia
Agricultural Research Institute in 2011. The location of the experiment is at the latitude of
N39.9402699° and the longitude of E44.0108149°
(Figure 1).
The experiment area has 850 m altitude and
the summers are hot while winters are mild. As
shown in Table 1, the highest precipitation in the
region is observed in May, while lowest occurs in
August. Annual mean temperature is 12.05 °C and
the coldest month is January while the hottest is
July. Total annual evaporation is 1116.3 mm and
total precipitation is 260.6 mm [16]. The precipitation in the region does not meet the evaporation and
there is a need for irrigation since all evaporation in
the region is observed during the vegetation process
of the plants.
In the study, wheat straw which is easy to find
in the region was used as mulching material. The
straw was bought and an attention was paid for it to
be dry. Some values of the straw are given in Table
2.

FIGURE 1
Experiment Station of Eastern Anatolia Agricultural Research Institute field and the experiment area
TABLE 1
1960-,÷GÕUprovince mean climate data [16]
,ö',5
Mean Temperature
(°C)
Mean Number of
Rainy Days
Total Monthly Precip.
Mean Precip. (kg/m2)
Evaporation (mm)

Jan.

Feb.

Mar.

Apr.

May.

June

July

Aug.

Sep.

Oc.

Now.

Dec.

-3.3

-0.5

6.4

13.1

17.7

22.1

25.8

25.1

19.9

12.7

5.7

-0.1

6.3

6.8

7.2

11.8

14.8

10.6

5.9

4.2

3.9

8.3

6.4

6.2

13.6

17.2

20.7

37.3

47.9

33.2

14.9

10.5

11.1

24.6

16.8

12.8

-

-

-

-

162.1

228.1

278.6

258.8

188.7

-

-

-
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TABLE 2
Nutritive content of wheat straw [28] and % C, N, C/N ratios [29]
Food Stuffs
Wheat Straw
Dry Matter (in the raw)
92
Organic Matters
83.5
Crude Protein
2.70
Crude Cellulose
38.00
C ratio
42.16
N ratio
0.52
C/N ratio
81.08
TABLE 3
The analysis results of some physical and chemical properties of experimental area soil
Soil Properties
Values
Sand, %
30
Silt, %
44
Clay, %
26
Texture class
Loam
Aggregate Stability, %
24
pH
8.4
Organic M. %
1.3
Carbonate, %
8
988
Electrical conductivity (μmhos/cm)
1.08
Hydraulic Conductivity (cm/h)
Cation Exchange Capacity (me/100g)
20
TABLE 4
The variance analysis results of changes in soil properties resulting from the applications

**Dose

Application

Application x Dose

Dependent Variable
Mean Moisture
Organic Matter
EC
pH
Carbonate
HC
CEC
AS
BD
Mean Moisture
Organic Matter
EC
pH
Carbonate
HC
CEC
AS
BD
Mean Moisture
Organic Matter
EC
pH
Carbonate
HC
CEC
AS
BD

D.F.
4
4
4
4
4
4
4
4
4
1
1
1
1
1
1
1
1
1
4
4
4
4
4
4
4
4
4

Mean Square
1.788
0.967
21529.666
0.002
0.549
1.722
19.446
488.760
0.002
0.397
0.002
30378.554
0.008
0.112
0.017
0.20
13.088
0.019
0.01
0.017
40865.139
0.006
0.172
0.208
0.121
55.750
0.00

F
29.131**
233.465**
0.606 ns
0.323 ns
1.681 ns
12.091**
105.899**
172.319**
0.241ns
6.477*
0.453ns
0.855 ns
1.243 ns
0.343 ns
0.121ns
1.090ns
4.164*
1.972ns
0.161ns
4.175*
1.217 ns
0.761 ns
0.549 ns
1.458ns
0.660ns
19.655**
0.023ns

*p<0.05, **p<0.01, ns; insignificant, EC; Electrical conductivity, HC; Hydraulic conductivity, CEC; Cation exchange capacity, AS; Aggregate stability, BD; Bulk density.
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TABLE 5
The effects of different soil management systems and mulch doses on mean moisture content (%), organic
matter content (%), hydraulic conductivity (cm/h), cation exchange capacity (me/100 g) and aggregate
stability (%)
Mulch Doses
Treatment
0 t/ha
4 t/ha
8 t/ha
12 t/ha
16 t/ha
Mean
3.547d
3.98c
4.124c
4.541b
5.045a
4.247B
No tillage
3.775e
4.229d
4.451c
4.785b
5.147a
4.478A
Mean Moisture
Tillage
3.661d
4.105c
4.288c
4.663b
5.096a
4.362
Mean
1.316e
1.808d
2.016b
2.095b
2.246a
1.896
No tillage
1.250e
1.765d
1.990c
2.109b
2.277a
1.878
Tillage
Organic Matter
1.283e
1.786d
2.003c
2.102b
2.262a
1.887
Mean
0.86b
0.93b
1.38a
1.77a
1.89a
1.37
No tillage
Hydraulic
0.66b
0.78b
2.02a
1.95a
1.66a
1.41
Tillage
Conductivity
0.76b
0.86b
1.70a
1.86a
1.78a
1.39
Mean
20.87c
21.64b
23.83a
24.44a
24.96a
23.14
No tillage
Cation Exchange
21.06c
21.05c
23.60b
24.37a
24.84a
22.99
Tillage
Capacity
20.96c
21.34c
23.71b
24.40a
24.90a
23.06
Mean
18e
25d
38c
42b
46a
34A
No tillage
Aggregate
22c
32b
34b
38a
38a
33B
Tillage
Stability
20e
28d
36c
40b
42a
33
Mean

The experiment was conducted in random
block design for tillage (with cultivator) and no
tillage blocks with three replications. Plot size was
4 m2 (2m x 2m). Five different doses, namely 0
(control), 4, 8, 12 and 16 ton/hectare of straw mulch
were applied to the land surface. Totally 30 plots
with 1m space were set up on a land of 340 m2.

Electrical conductivity was measured with the
extraction solutions prepared from saturation pastes
by the instrument of electrical conductivity as
μmhos/cm [22]. Also the disturbed soil samples
were taken to determine soil moisture content with
respect to the gravity throughout June, July, August
and September.

Methods. In order to determine soil characteristics and the changes caused by the mulch on these
characteristics, disturbed and undisturbed soil samples were taken from a depth of 0-20 cm before and
six months after the experiment. Bulk density was
analyzed with undisturbed soil samples. Each sample was dried at laboratory room temperature (25
°C) to a constant weight and sieved (2 mm) to eliminate coarse soil particles. Soil acidity (pH) was
measured in aqueous soil extract in de-ionized water (1:2.5 soil: water). Soil organic matter was determined by the Smith-Weldon method [17]. Carbonates were determined by Scheible calcimeter
[18] method. Bulk density was measured by core
method [23]. Moisture was analyzed by gravimetric
method [20]. Hydraulic conductivity was determined by the method of constant water level permeameter [15]. The cation exchange capacity was determined by saturating the soil with a solution of
Na±acetate and subsequently displacing with NH4acetate, obtained solutions were read by ICP-OES
Inductively Couple Plasma spectrophotometer (Perkin-Elmer, Optima 2100 DV, ICP/OES, Shelton,
CT 06484-4794, USA) [21]. Aggregate stability of
soils was measured in four times replicated 1-2 mm
aggregates using the wet-sieving tests developed by
Kemper and Rosenau [19].

RESULTS AND DISCUSSION
Some physical and chemical properties of
the soil before the experiment. The analysis results of some physical and chemical properties of
experimental area soil were given in Table 3. Soil
texture, pH, organic matter content, carbonate and
hydraulic conductivity of the experimental area is
loam, moderately alkaline, low, limy and quite
slow, respectively.
Effect of mulching on some physical and
chemical properties of soil. The variance analysis
results of changes in soil properties with soil management system and mulching in the experimental
area are given in Table 4.
It is shown in Table 4 that the effect of dose
ration on mean moisture, organic matter, aggregate
stability, cation exchange capacity and hydraulic
conductivity is very significant (P<0.01); however,
on electrical conductivity, pH, bulk density and
carbonate, it is insignificant.
The effect of application (tillage or no tillage)
on hydraulic conductivity, mean moisture and aggregate stability is significant (P<0.05); however,
on organic matter, electrical conductivity, cation
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exchange capacity, pH, bulk density and carbonate,
it is insignificant (Table 4).
The effect of application x straw mulch dose
interaction on aggregate stability is very significant
(P<0.01); on organic matter content it is significant
(P<0.05); however, on mean moisture, cation exchange capacity, electrical conductivity, pH, bulk
density, hydraulic conductivity and carbonate, the
effect is insignificant (Table 4).

Aggregate stability. It can be concluded from
Table 5 that the effects of soil management systems
and mulch doses on aggregate stability were significant. Among soil management systems, no tillage
block was statistically in the first group with the
value of 34% while among mulch doses, 16 t/ha
(42%), 12 t/ha (40%), 8 t/ha (36%), 4 t/ha (28%)
and 0 t/ha (20%) applications were in the first, second, third, fourth and fifth groups, respectively.
Among soil management systems higher aggregate
stability was measured in no tillage block than tillage block, and the highest aggregate stability was
observed in 16 t/ha plot (42%) among mulch doses.
On the other hand, the lowest aggregate stability
value (20%) was observed in 0 t/ha mulch dose
application. Similar results have been found by other researchers [29, 30].
According to the results, it was found that
straw mulch application positively affected some
physical and chemical properties of arid soil. Moisture content in soil was observed to be higher in
tillage block and more moisture was held in soil
with increasing mulch doses. Tillage along with
mulching is an important application since it promotes soil moisture. With increasing mulch doses
on land surface, there were increases in the values
of soil moisture, soil organic matter, cation exchange capacity, aggregate stability and hydraulic
conductivity.
Mulch application did not affect soil pH, electrical conductivity, bulk density and carbonate content. However, the effect of tillage on soil organic
matter content, hydraulic conductivity, soil pH,
electrical conductivity, carbonate, CEC and bulk
density was found to be statistically insignificant.
As a result of this study, it was concluded that
tillage positively effects soil moisture and that
mulching is crucial since it both preserves soil
moisture and improves soil properties. Wheat straw
mulch application is recommended for soil moisture
preservation in arid and semi-arid areas.

Mean moisture. It is shown in Table 5 that
the highest moisture content (4.478%) is observed
in cultivated block and ranked in the first group;
however, the uncultivated block is ranked in the
second group with respect to soil moisture content.
Among the mulch doses, 16 t/ha mulch dose with
the highest moisture content (5.096%) is ranked in
the first group. Among the mulch doses, the lowest
moisture content is observed in 0 t/ha mulch dose
while the highest is in 16 t/ha mulch dose.
Organic matter. Among the applications (tillage or no tillage) organic matter content in uncultivated block (1.896%) is found higher than cultivated block. Among the mulch doses, the highest organic matter content is observed in 16 t/ha mulch
dose (2.262%) and the lowest is in 0 t/ha (Table 5).
The organic matter content is increased with the
increasing wheat straw mulch doses. Similar results
have been found by other researchers [24, 25].
Hydraulic conductivity. It is observed that
the effect of mulch doses on hydraulic conductivity
is significant (P<0.01) but the effect of application
(tillage or no tillage) is insignificant. The highest
hydraulic conductivity is found in 8 t/ha mulch dose
at cultivated block, while the lowest is in 0 t/ha
mulch dose application. The mulch dose applications of 8-12-16 t/ha are ranked in the first group,
while 0 and 4 t/ha are in the second group, statistically (Table 5).
Similarly, many other researchers have found
that applying organic material to soil improved hydraulic conductivity [24, 26, 27].
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nit, and the 5.8S gene as well as two internal transcribed spacers (ITS1 and ITS2) and a large intergenic nontranscribed spacer [3]. In phylogenetics the
18S nuclear ribosomal small subunit rRNA gene
(SSU) is commonly used. Besides SSU, ITS can also
be used for providing an indication of delimitation
by a measure of the genetic distances [2]. It is known
that ITS regions of rDNA units are present at high
values of copies and considered as high variable regions, so they are useful for discriminating closely
related species and have been widely used in fungal
taxonomy [4-9]. Schoch et al. recommended that ITS
be used as the standard barcode for fungi [2].
Phylogenetics has a common usage in reconstructing the evolutionary past or homological connections between species via molecular data composed of genomes. With this type of evolutionary
tree, relationships between species may be approximated [10], and those relationships are commonly
represented by rooted trees. The extant taxa correspond to leaves of the trees, while internal node or
nodes correspond to ancestral species or some different major groups [11].
Phylogenetic trees are biological complex data
sets having natural representations as networks.
Since trees are also a kind of network structure, datum provides a simple analysis of phylogenetic trees
within the frame of some fundamental graph theory
features. Different trees constructed from different
datasets often contain parts that contradict each
other. Hence, the development of reliable and efficient methods for constructing phylogenetic trees is
crucial in the study of phylogenetics or cladistics
[12].
Network analysis can be applied to any biological systems, and provides mathematical analysis of
connections found in evolutionary studies such as
metabolic networks, neural networks and gene regulatory networks. Most biological networks display
substantial non-trivial topological features adding
them to the class of the complex networks [13].
When a phylogenetic tree is identified as one of the
real world webs, it should comply with the weighted
network concept, because the sequence homology of
the graph with the internal node known as the focal
node should give the connection strength. In the
meantime, since the phylogenetic tree is based on the

ABSTRACT
The investigation of phylogenetic tree dendrograms in the concept of weighted networks is essential not only for the analysis of the sequence homology of strains but also for the importance of strains
considered to be nodes of the network. For instance,
weighted centrality measures of any phylogenetic
tree indicate the lower scores for the out-groups having less homology with the in-group making it considered to be ineffective for a dendrogram design.
However biological usages have revealed the case in
a different way. Relative to the relevant DNA region,
this paper proposes detailed assumptions that the
network structure of phylogenetic trees has a great
reviewability on a bridge between close and distant
out-groups. We demonstrate our computations on a
verified phylogenetic tree of the entomopathogenic
fungus Beauveria bassiana (Balsamo-Crivelli) Vuillemin, whose diversity and distribution were assessed throughout an extensive soil survey carried
out in Turkey during 2013 and 2014.

KEYWORDS:
Phylogenetic tree, dendrogram, out-group, sequence homology, weighted network, centrality measures.

INTRODUCTION
The discipline examining evolutionary relationships is called phylogenetics. These relationships are estimated or interpreted by means of phylogenetic analyses [1]. In performing phylogenetic
analysis, conserved known genes that have enough
sequence variation are selected. Even though there
are several sequences for phylogenetic studies,
rDNA, which is an essential genetic element linking
transcription to translation, is the most favorable sequence since rDNA is present in all organisms with
multiple copies, rDNA includes highly conserved regions that can multiply all DNAs and ensures identification in species level. Therefore it has been used
for addressing the phylogenetics and identification
of fungi for more than 20 years [2]. Each repeat unit
contains the 28S large subunit, the 18S small subu-
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this major group are Bb69/3, Bauveria bassiana isolate EABb08 04Ep*, Ank6, Ank4, Bb3, Ank1, Lul5,
Sb2, Mer019-20, Ordu, Istanbulcatalca, Istanbuldilbileyen, Bb5H6, Ank20, Bb20, Bb19, Bb15, Ank2,
Ll2, Ank11, Ank5, AnkH3, Ank3, Aydinsoke and
Lul1. Its closest neighbor is the Ank13 strain. There
is another group composed of seven strains which
are Bb12, Sb1b, Sb4, Den2, Den1, Kizilder, Ank4
and Aydinakbuk. Members of this group also have
the same sequence homology and also, all of them
are considered as one node of the network. The outgroup candidates from C. ningxiaensis to B. fulva are
arranged on the right side (Figure 2). When strains
get closer to the focal node, their weight will be
larger, otherwise smaller. In other words, the horizontal distance between strains in the dendrogram is
inverse proportional to tie weights with inverted unit
distance (inverse of scalebar number) 1/0.05 called
the unit weight.
Due to the unit length of scalebar (0.05), the
distance is 0.001 for Ank13, 0.004 for the Bb12-Aydinakbuk group and from 0.072 to 0.512 for out
group candidates. Sequence homology which constitutes the edge weight is the inverse value of the distance. Thus the largest weight obtained is 1000 for
Ank13 and the smallest is 1.95 for the most distant
out-group candidate B. fulva. Since all weighted ties
are composed of sequence homology and indicate
different strains, there is no evolutionary or mutational transition between species. Thus, it is important to note that the network is created in an undirected structure. Small arrowheads at the beginning and end of the ties are just for the ease of connection visibility. As is seen from the graph, the outgroup candidates have the narrowest tie with the major group, some of which are approximately five
hundred times smaller than the edge of Ank13, thus,
they appear to be invisible. The adjacency matrix of
the network, including edge weights, is shown in Table 1.

genetic sequence homology which adds weight to inter-species edges(ties), it can also be considered as a
weighted network, which constitutes the edgeweighted phylogenetic tree [14].
The Internal Transcribed Spacer (ITS) is one of
the most commonly used sequences for barcoding in
fungi. It is usually good to resolve species or even
isolates in the same genus. Variability of ITS differs
from one taxon to another, but stable in general in
the same genus and it can be used to set a similarity
cutoff for identifying species. Therefore this region
is used in the construction of the B. bassiana tree and
its weighted network analysis. Our computations
cover node centrality and overall topological
measures for this tree having multiple out-groups
and the selection of proper ones.

MATERIALS AND METHODS
In the biological part of the present study, 32
Beauveria bassiana strains isolated from the soils of
different regions of Turkey were used for phylogenetic analyses. ITS1- 5.8-ITS2 region (ITS) of the
nuclear ribosomal DNA was used for the construction of the phylogenetic tree. The determination of
the base sequences of the ITS region in the present
VWXG\ZDVIXOILOOHGLQ³$WODV%LRWHFKQRORJ\/DERUD
WRU\´ LQ $QNDUD7KH GDWD REWDLQHG ZHUH HYDOXDWHG
with the Finch TV (Blast) and Ap E programs. Sequence comparisons were also performed using the
basic local alignment search tool (BLAST) program
within the GenBank database. Type determination
was performed by examining the similarities through
the comparison of nucleotide sequences on the web
page
of
GenBank
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) open
to the access of researchers [15]. The phylogenetic
tree was reconstructed by the maximum likelihood
method between 33 Beauveria bassiana strains and
6 other organisms as out-groups from the same genus with the MEGA 7.0 program. Tree structure with
a scalebar 0.05 is shown in Figure 1.
For a topological viewpoint of the present
study, that a dendrogram can turn out to be a tree
structure means that the leaves, which are sequence
related species, are only connected to the focal node.
It can also be counted and demonstrated as an acyclic
star graph [18] or a one-rooted tree. Due to the sequence homology, our graph includes the path distance between each strain's corresponding node and
the focal node so as to exert a non-negative weight
on each element of the edge(tie) set [19]. In our phylogenetic tree, all of the 25 species from different stations have the same sequence homology. Therefore,
in the manner of phylogenetic tree's network structure, all the 25 nodes indicate the same focal node
(or major group); in other words, the main sequence
by their location on the dendrogram. Members of

RESULTS
In the establishment of any phylogenetic tree,
selection of the out-group is essential for understanding the evolution of traits along a phylogeny. Thus,
sampling is a central issue in phylogenetic analysis,
providing a discrete spectrum of selected candidates
between the one which is closely related to the ingroup like sister group and the one which is very distantly related to the in-group [20]. It can be seen
from the weighted network formalism that out-group
candidates form this discrete spectrum due to their
weights obtained from distance values in dendrogram. In Figure 3, only the major and out-group canGLGDWHV¶FRQQHFWLRQVDUHVNHWFKHGIRUDFOHDUHUYLVLRQ
of edge weights. C. ningxiaensis is the closest and B.
fulva is the most distant candidate for the selection
of the out-group.
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Bb69/3
Beauveria bassiana isolate EABb08 04Ep*
Ank6
Ank4
Bb3
Ank1
Lul5
Sb2
Mer019-20
Ordu
Istanbulcatalca
Istanbuldilbileyen
Bb5H6
Ank20
Bb20
Bb19
Bb15
Ank2
Ll2
Ank11
Ank5
AnkH3
Ank3
Aydinsoke
Lul1
Ank13
Bb12
Kizilder
Den1
Den2
Sb1B
Sb4
Aydinakbuk
Cordyceps ningxiaensis
Purpureocillium lilacinum
Hirsutella vermicola
P.chrysogenum ATCC10108
Aspergillus flavus ATCC 204304
Paecilomyces divaricatus CBS 284.48
Byssochlamys fulva CBS 146.48

FIGURE 1
Molecular Phylogenetic analysis by Maximum Likelihood method. The evolutionary history was
inferred by using the Maximum Likelihood method based on the Tamura-Nei model [16]. The tree with
WKHKLJKHVWORJOLNHOLKRRG³-´LVVKRZQ,QLWLDOWUHH V IRUWKHKHXULVWLFVHDUFKZHUHREWDLQHG
automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances
estimated using the Maximum Composite Likelihood (MCL) approach, and then selecting the topology
with superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the
number of substitutions per site. The analysis involved 40 nucleotide sequences. All positions containing
gaps and missing data were eliminated. There were 399 positions in the final dataset. Evolutionary
analyses were conducted in MEGA7 [17].
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Major group

1000.00

5.18

4.22

2.37

2.00

1.97

1.95

13.89
250.00

Ank13

Bb12 - Aydinakbuk

H. vermicola

P. lilacinum

C. ningxiaensis

A. flavus

P. chrysogenum

P. divaricatus

B. fulva

FIGURE 2
Presentation of the phylogenetic tree as a one-rooted tree network. The major group (focal node)
consists of 25, and the Bb12-Aydinakbuk group consists of 7 species. Numbers on edges are the weights
scaled by inverted unit distance.
TABLE 1
Weighted adjacency matrix formalism of the phylogenetic tree. The connection between the major group
and out-group has lower weights with respect to the strains of Ank13 and Bb12-Aydinakbuk group
(in-group members).

M. group
Ank13
Bb12-Aydinakbuk
C. ningxiaensis
P. lilacinum
H. vermicola
P. chrysogenum
A. flavus
P. divaricatus
B. fulva

M. group
Ank13
Bb12-Aydinakbuk
C. ningxiaensis
P. lilacinum
H. vermicola
P. chrysogenum
A. flavus
P. divaricatus
B. fulva

M. group

Ank13

Bb12-Aydinakbuk

0
1000.00
250.00
13.89
5.18
4.22
2.37
2.00
1.97
1.95
H.
vermicola
4.22
0
0
0
0
0
0
0
0
0

1000.00
0
0
0
0
0
0
0
0
0
P.
chrysogenum
2.37
0
0
0
0
0
0
0
0
0

250.00
0
0
0
0
0
0
0
0
0
A.
flavus
2.00
0
0
0
0
0
0
0
0
0

C.
ningxiaensis
13.89
0
0
0
0
0
0
0
0
0
P. divaricatus
1.97
0
0
0
0
0
0
0
0
0

P.
lilacinum
5.18
0
0
0
0
0
0
0
0
0
B.
fulva
1.95
0
0
0
0
0
0
0
0
0

Major Group

13.89
5.18

4.22

2.37

1.95

2
1.97

C.ningxiaensis
P.divaricatus

P.chrysogenum
P.lilacinum

H.vermicola

A.flavus

FIGURE 3
Tree graph discrete spectrum of weighted edges of out-group candidates to the major group
(focal node), sorted by from large to small.
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TABLE 2
Weighted centrality scores of the phylogenetic network. The highest weighted degree and closeness for
focal node, then the in-group, and out-group candidates show a discrete spectrum depending on their edge
weights.
Nodes (strains)
Major group
Ank13
Bb12-Aydinakbuk
C. ningxiaensis
P. lilacinum
H. vermicola
P. chrysogenum
A. flavus
P. divaricatus
B. fulva

Degree
1281.58
1000.00
250.00
13.89
5.18
4.22
2.37
2.00
1.97
1.95

As seen from the table, in-group members have
large weighted degree and closeness with respect to
the out-group candidates. In candidates, centrality
values are arranged from higher to lower, starting
with C. ningxiaensis and ending with B. fulva.

Besides, in graph theory, node centrality scores
can also identify this arrangement of out-group candidates alongside with weighted adjacency matrix
table of phylogenetic tree. There are three different
features and measures of node centrality [21]. Within
the framework of weighted networks; degree is the
sum of weights of ties that a specific node is connected to, and measures the involvement of the node
in the network. Closeness was defined as the inverse
sum of the shortest distances to all other nodes from
a specific node. And the shortest distance is the inverse sum of tie weights in shortest clicks (path) between two nodes [22]. Betweenness assess the quantity to which a node lies on the shortest path between
two other nodes, and are able to funnel the flow in
the network, weighing all the shortest distances inversely proportional to their length. However, betweenness is not able to give information about any
star like or tree graph with one root node, because
only the root node will have a value different than
zero.
Degree and closeness centralities of an undirected network in a weighted manner are;

DISCUSSION AND CONCLUSION
An out-group is a relative that diverges before
the last common ancestor of the in-group that belongs to a taxon that is outside of the group of interest. The members of the in-group are more related to
each other than they are to the out-group. Therefore,
LWLVXVHGLQURRWLQJIRUSURYLGLQJ³DELJJHUSLFWXUH´
in comparison of clades in a phylogenetic tree [23,
24]. As the out-group is selected, it should be ensured that the selected organism is not a member of
the in-group but it is related with the in-group to the
extent that meaningful comparisons can be made. It
may be a sister group to the in-group or may be more
distantly related [25].
We chose ascomycetic entomopathogenic
fungi like Cordyceps ningxiaensis which belongs to
the Cordicipitaceae family as the in-group Beauveria
bassiana and other entomopathogens of Sordariomycetes such as Purpureocillium lilacinum and
Hirsutella vermicola which belong to the Ophiocordycipitaceae family since the in-group is also an
entomopathogenic fungi. We also investigated the
relations between other common ascomycetes such
as Aspergillus flavus, Penicillium chrysogenum,
Paecilomyces divaricatus and Byssochlamys fulva
both rank among the tricocomaceae family (class:
eurotiomycetes) of ascomycetes.
Turning the sequence homology between
strains directly to the edge weights, weighted network formalism (and its adjacency matrix) and centrality results of the phylogenetic tree shows the biological knowledge about the out-group. Cordyceps
ningxiaensis is a sister in-group and Byssochlamys

ே

ܥ௪ ሺ݅ሻ ൌ  ݓ
ୀଵ
ே

ିଵ

ܥ௪ ሺ݅ሻ ൌ  ݀ ௪ ሺ݅ǡ ݆ሻ
ୀଵ

Here,  ݓis the weighted adjacency matrix (Table 1), in which ݓ is greater than 0 if the node i is
connected to the node j, representing the weight of
the tie. ݀ ௪ ሺ݅ǡ ݆ሻ is the weighted shortest path between
the i-th and j-th nodes which is described as
݉݅݊ ൬

ଵ
௪

Ǥ Ǥ Ǥ 

ଵ
௪ೕ

Closeness
0.408
0.407
0.403
0.331
0.250
0.230
0.172
0.155
0.154
0.153

൰ with weights that can be con-

sidered as traffic flow cost (here the sequence homology) between nodes, since high values represent
costly ties, whereas low values represent cheap ties.
Table 2 shows the weighted degree and closeness
centrality scores of the phylogenetic tree.
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chemical approach identifies Aspergillus japonicus and Aspergillus aculeatus as two species.
Appl. Environ. Microbiol. 67, 521-527.
[10] Huber, K.T. and Moulton, V. (2006) Phylogenetic networks from multi-labelled trees. J.
Math. Biol. 52, 613-632.
[11] Willson, S.J. (2007) Reconstruction of some hybrid phylogenetic networks with homoplasies
from distances. B. Math. Biol. 69, 2561-2590.
[12] Huynh, T.N.D., Jansson, J., Nguyen, N.B. and
Sung, W.K. (2005) Constructing a smallest refining galled phylogenetic network. In: Research in Computational Molecular Biology,
Volume 3500, Springer, Berlin, 265-280.
[13] Newman, M.E.J. (2010) Networks an Introduction, 1st edition, Oxford University Press, New
York, 78-107.
[14] Grünewald, S., Huber, K.T., Moulton, V. and
Semple, C. (2008) Encoding phylogenetic trees
in terms of weighted quartets. J. Math. Biol. 56,
465-477.
[15] Liu, D., Coloe, S., Baird, R. and Pederson, J.
(2000) Rapid mini-preparation of fungal DNA
for PCR. J. Clin. Microbiol. 38(1), 471.
[16] Tamura, K. and Nei, M. (1993) Estimation of
the number of nucleotide substitutions in the
control region of mitochondrial dna in humans
and chimpanzees. Mol. Biol. Evol. 10, 512-526.
[17] Kumar, S., Stecher, G. and Tamura, K. (2016)
MEGA 7: molecular evolutionary genetics analysis version 7.0 for bigger datasets. Mol. Biol.
Evol. 33, 1870-1874.
[18] Akpinar, O., Haliki, E., Ucar, F.B. and Uztan,
A.H. (2014) Star network analysis of sequence
based identified Yarrowia lipolytica strains.
Turk. J. Biochem. 39(1), 78-86.
[19] Dress, A.W.M., Huber, K.T. and Steel, M.
(2012) Lassoing a phylogenetic tree I: basic
properties, shellings, and covers. J. Math. Biol.
65, 77-105.
[20] :LOOEHUJ(:  :KDW¶VLQDQRXWJURXS"
The impact of outgroup choice on the phylogenetic position of Thalattosuchia (Crocodylomorpha) and the origin of Crocodyliformes.
Syst. Biol. 64(4), 621-637.
[21] Freeman, L.C. (1978) Centrality in social networks: conceptual clarification. Soc. Networks.
1, 215-239.
[22] Opsahl, T., Agneessens, F. and Skvoretz, J.
(2010) Node centrality in weighted networks:
generalizing degree and shortest paths. Soc.
Networks. 32, 245-251.
[23] Pearson, T., Hornstra, H.M., Sahl, J.W.,
Schaack, S., Schupp, J.M., Beckstrom-SternEHUJ 60 2¶1HLOO 0: 3ULHVWOH\ 5$
Champion, M.D., Beckstrom-Sternberg, J.S.,
Kersh, G.J., Samuel, J.E., Massung, R.F. and
Keim, P. (2013) When outgroups fail; phylogenomics of rooting the emerging pathogen,
Coxiella burnetii. Syst. Biol. 62(5), 752-762.

fulva is one of the most distant candidate. They are
probable out-groups of this system.
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THE EFFECT ON GRAIN YIELD AND ITS NUTRITION
CONTENT OF HARVEST AT DIFFERENT SEED MATURITY
STAGES IN BUCKWHEAT
Nimet Kara*
Suleyman Demirel University, Faculty of Agriculture, Department of Field Crops, TR32260, Isparta, Turkey

used like cereals due to their similar use and chemical composition [1]. The buckwheat is a gluten-free
food, and it is primarily consumed by people with
celiac disease. This disease is a significant problem
for gluten-sensitive people. Buckwheat is a reliable
food because it is rich in terms of protein, glutenfree products, and some micro-and macro elements
[2, 3].
Buckwheat is sensitive to frost, heat, is water
deficit, and includes a long photoperiod in some
varieties. Buckwheat may be successfully grown in
warmer climatic conditions, but it has adapted to
poor land in the summer periods [4]. In comparison
to other plants, the most important feature of buckwheat is its fast growth (vegetation period of 8 to
12-week) [5]. The yield in buckwheat is significant
in regard to its competition with other plants in
irrigation conditions because producers prefer higher yielding plants in irrigation conditions. The determination of the harvest period in buckwheat is
significant for high yield and quality because maturity in buckwheat begins successively from the
bottom branches up, and the flowers are present at
the top of plants with green and mature grains in
harvest time [6]. Additionally, though to a lesser
degree, there is a problem with both pollen transfer and the sterility of the female organ in the
flower. As a result of the non-uniform ripening in
buckwheat, the harvest is conducted when the seeds
on the plant have turned brown, and then the seeds
are dried [6]. However, some of the seeds are immature during the harvest. Therefore, there can be
the loss of yield and problems in storage and the
late harvest may cause an increase in the grain yield
in the buckwheat. Acar et al. [7] stated that the
highest grain yield of buckwheat was 1011.0 kg ha -1
in conditions in Konya. The mean grain yield of the
buckwheat was 1457 kg ha-1 in the Isparta ecological conditions in Isparta ([8]. Okudan and Kara [9]
reported that the highest grain yield of buckwheat
was 1254.0 kg ha-1 in different nitrogen doses.
Buckwheat is grown in irrigation conditions. The
aim of the present study was: to investigate the
influence of harvest at different times of seed maturity on the grain yield and the mineral nutrients
content of buckwheat.

ABSTRACT
Flowering in buckwheat continues until the
harvesting period. Besides, the seed ripening in
buckwheat begins from the bottom branches up and
continues upwards, and the flowers, green grains
and mature grains, are present on the plants at harvest time. Therefore, the determination of the optimum harvest time in buckwheat is important for
high grain yield and its nutritive value. The aim of
the study was to investigate the effects of harvest at
different stages of seed maturation (about 75, 80,
85, 90, 95, and 100% of the seed ripening) on the
grain yield and the grain nutrient content of the
buckwheat. The experiments were set up according
to a randomized complete block design with three
replications during the 2014 and 2015 growing
seasons in Isparta in Turkey. The Aktas variety was
used as the buckwheat cultivar.
The results revealed statistically significant effects at the harvest times on the yield and nutrient
contents of the buckwheat. In both subsequent years
(2014 and 2015), the highest grain yield was obtained from the second harvest stage (1501.2 and
1559.4 kg ha-1, respectively), and it was followed
by the third harvest stage (1422.8 and 1380.4 kg ha1
, respectively), and the grain yield decreased in the
later harvest stages. The seed moisture lowed by
delaying the harvest stage in both 2014 and 2015
years. The grain nutrient contents varied according
to the harvest stages. Generally, N, K, Ca and Mn
decreased while P, Mg, Fe, Zn and Cu increased
depending on delaying harvest stage in both years.
However, in terms of the grain nutrient contents,
the second and third harvest stages that obtained the
highest grain yield can be accepted as the desired
seed nutrient quality.

KEYWORDS:
Buckwheat, grain yield, mineral nutrition, seed maturity

INTRODUCTION
The buckwheat (Fagopyrum esculentum) is an
annual pseudo-cereal crop, but it is not a cereal like
wheat, barley, and rye. The buckwheat grains are
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TABLE 1
Meteorological data of the experiment area*
Climatic factors
Years
Precipitation
(mm)
Average
Temperature
(°C)
Relative humidity
(%)

2014
2015
Long years
2014
2015
Long years
2014
2015
Long years

Months
April
44.8
26.1
56.6
11.0
9.0
10.8
60.4
58.2
64.2

May
107.0
67.5
50.8
14.5
13.2
15.6
62.4
61.1
50.3

June
42.8
92.2
28.4
19.1
18.3
20.1
52.7
63.5
53.0

July
0.8
3.0
18.4
23.7
24.2
22.3
45.3
43.9
45.8

August
10.2
43.4
0.8
23.2
23.8
23.9
45.9
51.0
44.5

September
99.2
8.2
10.5
18.4
21.8
18.6
58.6
52.3
52.0

Total or
Average
304.8
240.4
165.5
18.3
18.4
18.6
54.2
55.0
51.6

* Data were taken from Isparta Meteorology Station

(18.4 and 19.1 kg NH4+ ha±1, respectively), medium
in P (24.8 and 18.4 kg ha±1 P2O5, respectively), low
in organic matter (1.8% and 1.9%, respectively),
alkaline (pH 7.9 and 7.5, respectively), limey
(32.4% and 25.6% CaCO3, respectively), and clayloamy.

MATERIALS AND METHOD
Experimental conditions. The field experiments were carried out in Isparta, Turkey, central
conditions during 2014 and 2015 years. The Isparta
province is located at 37° 45' N latitude, 30° 33' E
longitude, and 1050 m altitude with semi-arid climatic characteristics. The Aktas buckwheat cultivar
was obtained from the Bahri Dagdas International
Agricultural Research Institute, Konya, Turkey.
The field experiment was set up in a completely randomized block design in triplicates to compare the effects of the harvest stages on the buckwheat. The experiments were set up on 25th April
and 28th April in 2014 and 2015, respectively. The
spacing used was 15 x 5 cm, and the plot length
was 6 m with 6 rows. The seeds were sown at about
3-4 cm depth using a dibbler. 60 kg N ha-1 as ammonium sulfate (21%) and 50 kg P2O5 ha-1 from
triple super phosphate (46%) fertilizers were the
treatments. Nitrogen was applied in two equal portions at sowing, and 10-15 cm height stages and the
phosphorous fertilizations were carried out at the
time of sowing;

Yield and analysis of mineral nutrient contents. In order to determine the highest grain yield
time, the brown and green seeds on the same ten
plants were counted in each of the harvest times,
and the harvest times were planned at six different
ripening times as the first harvest stage: about 75%
of grains had turned brown (the common harvest
stage) as control, second harvest stage: 80% of the
grains had turned brown, third harvest stage: 85%
of the grains had turned brown, fourth harvest
stage: 90% of the grains had turned brown, fifth
harvest stage: 95% of the grains had turned brown,
and the sixth harvest stage: 100% of the grains had
turned brown (Table 2). The data from the plots
obtained were converted from the parcel grain yield
to a hectare basis.
The grain samples were dried from each of the
harvest stages in an air-forced oven at 55 0C, then
homogenized by grinding with a mill to reduce the
particle size below 0.5 mm. the nitrogen concentrations of the seed samples were determined by the
semi-micro Kjeldahl method. The P, K, Ca, Mg, Fe,
Zn, Cu and Mn concentrations of the samples were
determined by means of an Inductively Coupled
Plasma Optical Emission Spectrometer (PerkinElmer, Optima 2100 DV ICP-OES).

Irrigation. One sprinkler irrigation was performed in order to maintain the uniform plant establishment. After the emergence of the buckwheat
seedlings, drip irrigation was used at the beginning
of flowering, around the full blooming period, and
the grain filling periods. The weeds were hand-hoed
as appeared.
Climatic data of experimental area. Meteorological data in the growing periods 2014 and 2015
of the experiment area are shown in Table 1. During the growing periods in 2014 and in 2015, the
total rainfall from April to September was 304.8
and 240.4 mm respectively, in the same periods, the
mean temperature was 18.3 and 18.4 0C, and the
mean relative humidity was 54.2 and 55.0% (Table
1).

Statistical analysis. The yield and nutrient elements data were analyzed by using the SAS statistical package (SAS, 1998). The mean separation
between the treatments averages were conducted
with the LSD test [10].

RESULTS

Soil structure. In the years 2014 and 2015,
the soil at a depth of 40 cm was medium in nitrogen

The grain yield, seed moisture, and mineral
nutrient contents of the buckwheat are presented in
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ly significant for both years. While the highest grain
yield (1501.2 and 1559.4 kg ha-1, respectively) was
obtained from the second harvest time, and the
lowest grain yield (491.0 and 327.6 kg ha-1, respectively) was determined at the sixth harvest time in
2014 and 2015 (Figure 1a). In regard to the seed
moisture, the highest was obtained from the first
harvest time (15.06 and 14.03%, respectively) and
the lowest from the sixth harvest time (9.70 and
10.46%, respectively) in both years (Table 2).

Tables 2 and 3.
Significant differences were found between
the two subsequent years (2014 and 2015) in terms
of the grain yield (Table 3). The grain yield (1086.4
kg ha-1) in the first year was higher than that of the
second year (999.2 kg ha-1). No significant differences were found between 2014 and 2015 regarding
the moisture of the grain (Table 2).
The effects of the harvest times on the grain
yield and seed moisture were found to be statistical-

TABLE 2
Effects of harvest stages on seed moisture and grain yield in buckwheat
Harvest dates
Seed moisture (%)
Grain yield (kg ha-1)
2014
2015
2014
2015
2014
2015
1st stage
4 August
9 August
15.06 a
14.03a
1328.2 b
1253.2 c
2th
"
13 August
19 August
12.40 b
13.12b
1501.2 a
1559.4 a
"
18 August
25 August
12.26 b
13.10b
1422.8 ab
1380.4 b
3rd
4th
"
24 August
30 August
12.16 b
11.33c
1029.6 c
916.3 d
5th
"
30 August
8 September
10.40 c
10.56cd
745.6 d
558.6 e
6th
"
5 September
13 September
9.70 d
10.46d
491.0 e
327.6 f
Years
12.01ns
12.10
1086.4 A
999.2 B
F value
182.71**
69.01**
188.64**
852.76**
Lsd
0.621
0.815
131.95
74.42
CV
1.99
2.60
4.69
6.87
**: significant at P<0.01 probability levels, respectively, ns: non-significant
Means in the same columns followed by the same letters are not significantly different as statistically
Grain maturity
stages

TABLE 3
Effects of harvest stages on grain nutrition content in buckwheat
Grain maturity
stages
1st stage
2th
"
3rd
"
"
4th
5th
"
6th
"
Years
F value
Lsd
CV (%)
Grain maturity
stages
1st stage
2th
"
3rd
"
4th
"
th
5
"
6th
"
Years
F value
Lsd
CV (%)

N (%)
2014
1.85 a
1.82 ab
1.81 ab
1.76 b
1.72 b
1.70 b
1.77 ns
12.04*
0.087
4.06

2015
1.92 a
1.86 ab
1.80 abc
1.76 bc
1.75 bc
1.71 c
1.79
6.69*
0.142
3.25

P (%)
2014
0.182 b
0.183 b
0.185 b
0.189 b
0.193 ab
0.206 a
0.189 ns
7.81*
0.0144
2.93

2015
0.190 b
0.188 b
0.185 b
0.192 b
0.196 b
0.214 a
0.194
8.17*
0.0162
3.22

K (%)
2014
0.582 a
0.569 a
0.566 a
0.564 a
0.565 a
0.515 b
0.560 ns
13.27 **
0.0285
3.96

2015
0.583 a
0.570 ab
0.569 ab
0.574 ab
0.611 a
0.522 b
0.571
5.57*
0.055
3.71

Ca (%)
2014
0.169 a
0.165 a
0.162 a
0.166 a
0.129 b
0.115 b
0.150 ns
24.08**
0.021
5.38

2015
0.168 a
0.178 a
0.163 a
0.164 a
0.131 b
0.113 b
0.153
15.19**
0.0297
7.50

Mg (%)
2014
0.104 c
0.106 c
0.108 c
0.114 bc
0.122 ab
0.133 a
0.114 ns
12.84**
0.0143
4.82

2015
0.105 b
0.102 b
0.103 b
0.107 b
0.125 a
0.129 a
0.111
10.84**
0.0163
5.64

Fe (ppm)
2014
1.104 d
1.185 cd
1.337 c
1.145 cd
1.563 b
1.795 a
1.355 ns
36.16**
0.2034
5.79

2015
1.281 b
1.343 b
1.465 b
1.267 b
1.826 a
1.964 a
1.525
34.97**
0.2269
5.74

Grain maturity
stages

Zn (ppm)
Cu (ppm)
Mn (ppm)
2014
2015
2014
2015
2014
1st stage
17.063 e
17.943ab
4.294 d
4.306 b
2.071 a
2th
"
17.680 d
17.190ab
4.803 c
4.921 a
1.932 b
3rd
"
17.030 e
16.610 b
5.010 b
4.985 a
1.752 c
4th
"
17.890 c
17.503ab
4.904 bc
5.055 a
1.714 d
"
18.573 b
18.680ab
4.947 b
5.291 a
1.648 e
5th
6th
"
18.870 a
20.150 a
5.413 a
5.187 a
1.306 f
Years
17.851 ns
18.012
4.895 ns
4.957
1.737 ns
F value
1258.5**
12.07*
193.66**
7.58*
1668.16**
Lsd
0.096
3.219
0.1165
0.5638
0.0288
CV (%)
2.20
6.90
3.92
4.39
3.64
*, **: significant at P<0.05 and P<0.01 probability levels, respectively, ns: non-significant
Means in the same columns followed by the same letters are not significantly different as statistically
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2015
2.234 a
1.862 ab
1.820 ab
1.671 bc
1.423 bc
1.330 c
1.723
9.78*
0.469
6.52
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a) Grain yield

b) N content

c) P content

d) K content

e) Ca content

f) Mg content

g) Fe content

h) Zn content

Õ &XFRQWHQW

i) Mn content

FIGURE 1
Changes on grain yield and nutrition content of buckwheat in different grain harvest times
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Radics and Mikohazi [12] that the optimum harvest
time resulted in a higher grain yield than early and
late harvest times. Similarity, in a study performed
on anise, the seed yield increased until a certain
harvest stage, and then it decreased due to seed spill
[13]. Rosser et al. [14] reported that the dry matter,
organic matter, and yields, increased linearly for
barley and oats, and increased graduate for millet
and wheat by delaying the harvest time.
There were significant variations in the mineral nutrient content of the buckwheat depending on
the harvest times. Generally, N, K, Ca and Mn
decreased, while P, Mg, Fe, Zn and Cu increased,
dependent on delaying the harvest stage. Similarity,
Kesli [15] reported that the N content in lentil was
decreased from early harvest to late harvest and the
P content increased by delaying the harvest time.
Accumulation of some nutrient elements occurs
mainly before anthesis, and its ratio in subsequent
growing periods decreases [16]. Plant / Seed nutrient content of N [16, 17], K, Ca, P [18] were significantly decreased from vegetative period towards to
maturity. N, P, Ca, Mg, Cu, Zn and Mn contents
were higher at optimum harvest time compare to
early and late harvest time in chickpea [19]. Fe
content of the grain were increased because of the
high photosynthetic activity at final grain filling
[20] and also high levels of magnesium, phosphorus
and potassium were found in buckwheat grain [21].
The yield and seed nutrient content could be influenced by many factors, e.g. the variety of the plant,
different climatic conditions, and the harvest time
etc. [22, 23, 24].

No significant differences were found in the
mean mineral nutrient contents of the harvest stages
in the years 2014 and 2015 due to them being very
close to each other (Table 3).
The effects of the harvest times on the mineral
nutrient contents were found to be statistically significant in both years. When the harvest times are
compared, the highest N (1.85% and 1.92%, respectively), K (0.582%, and 0.583%, respectively), Ca
(0.169% and 0.168%, respectively) and Mn (2.071
ppm and 2.234 ppm, respectively) were obtained
from the first harvest time, and the highest P
(0.206% and 0.214%, respectively), Mg (0.133%
and 0.129%, respectively), Zn (18.870 ppm and
20.150 ppm), Fe (1.795 ppm and 1.964 ppm, respectively) and Cu (5.413 ppm and 5.187 ppm,
respectively) from the sixth harvest time in 2014
and 2015 (Table 3). The lowest mineral nutrient
contents varied according to the ripening periods in
both years (Fig 1b-i).

DISCUSSION
Generally, the mean seed yield in the first year
was higher than in the second year. These differences coincided with the warm conditions of the
maturity growing stages of the plant. This high
temperature may lead to a reduction in the formation of the reproductive organs in the plants. The
growth in the first development stages of the plants
slowed down and the flowering was delayed due to
the lower temperature in the second year compared
with the first year. The mineral nutrient contents of
the grain between 2014 and 2015 years were nonsignificant differences.
The grain moisture was measured in the harvested brown seeds. The grain moisture lowed by
the delaying of the harvest time due to the water
loss from the new brown seeds on plant during
harvest. The grain yield of the buckwheat significantly varied depending on the harvest times in both
years. The grain yield was increased until the third
stage (85% of the grains had turned brown) compared to the proposed harvest time (75% of the
grains had turned brown) due to the increasing
number of maturing seeds. The grain yield in the
80% and 85% seed ripening times increased by
approximately 11.52-6.64%, respectively during
2014 and 19.63-9.21%, respectively during 2015
compared to the 75% ripening time (proposed harvest stage). In these harvest stages, the seeds on the
lower lateral branches were well-matured; they
matured on the middle lateral branches, and started
to brown on the upper lateral branches. The later
harvest times (fourth fifth and sixth harvest stage)
resulted in the decreased grain yield of buckwheat
due to the spill of the maturing seeds in the lower
lateral branches. These results are in agreement
with the findings by Cassells and Caddick [11] and

CONCLUSION
Based on the results of this research: i) buckwheat should be harvested to 80% seed ripening as
the optimum harvest stage, due to the higher grain
yield. However, the harvest could be delayed until
the 85% seed ripening due to a sufficient grain
yield. In the 80-85% harvest stages, when the seeds
on the lower and middle lateral branches matured,
they start to brown on the upper lateral branches.
7KHIROORZLQJKDUYHVWWLPH¶V\LHOGGecreased due to
the spill of the seeds.
ii) The mineral nutrient contents of the buckwheat varied according to the harvest stages; however, the 80% and 85% ripening stages that obtained the highest grain yield could be accepted as
satisfactory mineral nutrient quality.
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ASSESSMENT OF ACUTE TOXICITY OF CYPERMETHRIN
ALONE AND SYNERGIZED WITH PIPERONYL BUTOXIDE
TO THE MALE GUPPIES,
(POECILIA RETICULATA Peters, 1859)
Mustafa Caliskan
Gazi University, Vocational College of Health Services*|OEDúÕ$QNDUD7XUNH\

chlorinated hydrocarbons, organophosphates and
carbamates [5, 6, 7]. However, they are extremely
toxic to fish and aquatic animals because of their
highly sensitivity to these cemicals [8]. There are
two major classes of pyrethroids: type I, which do
not contain an alpha-cyano group in their molecule
(such as allethrin, resmethrin, D-phenothrin, and
permethrin) and which cause mainly tremors (Tsyndrome); and type II, which do contain an alphacyano group (such as deltamethrin, CYP, cyfluthrin
and fenvalerate) and which cause choreoathetosis
and salivation (CS-syndrome) [9, 10]. CYP is a type
II pyrethroid insecticide that is more effective than
type I and widely used to control insect pests in
agriculture and public health [11]. It is extremely
toxic to fish even at very low concentrations with
96 h LC50 in the range of 0.4±2.2 ppb [12].
Insecticides and other chemicals are not
present in the environment as they are; they are
mixed with other substances to be used
commercially. Especially pyrethroids are used with
synergists such as PB because they increase their
effectiveness [13]. As a synergist, PB inhibits the
mixed function oxidase system of insects, thereby
reducing oxidative breakdown of other pesticides,
such as pyrethrum and the synthetic pyrethroids [14].
Aquatic toxicity data (LC50 = 1.8 to 12.2 ppm)
suggest that PB is moderately toxic to freshwater fish
on an acute basis [15].
Although there is a great deal of work on
acute toxicity of CYP alone to different fish [ 1, 8,
16, 17, 18, 19], no work has been conducted on CYP
combining it with PB to fish. Therefore, the purpose
of this study is to discuss and evaluate the acute
toxicity of CYP alone and synergized with PB to
male guppies.

ABSTRACT
Cypermethrin (CYP) is a type II pyrethroids
insecticide that is extremely toxic to fish even at a
very low concentration. It is present in most
commercial products some of which contain the
synergist piperonyl butoxide (PB). PB increases the
lethality of a particular dose of CYP on target
species. In this study, the acute toxicity (96 h-LC50
values) of CYP alone, PB, and synergized CYP with
PB (CYP:PB) for male guppies, Poecilia reticulata
(Peters, 1859) were determined by static bioassay
test. First, guppies were exposed to various
concentrations (2.00, 4.00, 8.00, 16.00, 32.00, and
64.00 μg/l (ppb)) of CYP and (1.00, 2.00, 4.00, 8.00,
and 16.00 mg/l (ppm)) of PB. The LC50 values of
CYP and PB were found to be 3.13 ppb, and 1.71
ppm, respectively. Then, guppies were exposed to
various concentrations (0.20, 0.39, 0.78, 1.57, and
3.13 ppb) of CYP:PB at 1:1 ratio and the LC50 value
of CYP:PB was found to be 0.76 ppb. The results
showed that the mixture of CYP and PB caused an
extreme increase in the mortality and a decrease in
LC50 value almost four times more than CYP alone,
for male guppies.

KEYWORDS:
Acute toxicity,
synergist.

cypermethrin,

piperonyl

butoxide,

INTRODUCTION
Pyrethroids (also known as synthetic
pyrethroids) are photostable analogs of pyrethrins,
which are derived from Chrysanthemum
cinerariaefolium [1]. Though they are analogs of
pyrethrins, their production involves extensive
chemical modifications which make them highly
toxic and less degradable in the environment [2, 3].
Pyrethroids are widely used in public health and
agriculture because of their relatively safeness for
humans, high insecticidal potency at low dosages
and rapid knock-down effects [4] and the limitations
imposed on more toxic insecticides, such as

MATERIALS AND METHODS
Experimental animal and acclimatization.
Male guppies, (Poecilia reticulata Peters, 1859)
were used as experimental animals in this study.
Guppies with a mean weight of 0.19 g (0.16-0.23)
and a mean length of 2.49 cm (2.20-3.00) were
obtained from a local breeder in Ankara, Turkey and
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solutions of test chemicals (CYP, PB and CYP:PB )
were prepared by dissolving them in acetone (99.5%
purity) and the known volume of each stock was
added to 20 litres of diluents in the aquaria to attain
the concentration. Acetone was added to all control
containers in amounts equal to that of the highest test
concentration of the respective insecticides. Three
replicates were maintained for each of the
concentration. All of these applications were
conducted according to standard methods [20].

were acclimatized to laboratory conditions for at
least 10 days prior to the experiment. During the
acclimation period, the fish were held in aquaria
containing 100 L of freshwater, continuously aerated
to maintain dissolved oxygen values at 7,5±0,5 ppm,
temperature was 25±1 °C and pH was 8. Photoperiod
was a 12:12 light±dark cycle. Fish were fed daily
with commercially prepared fish food. The testing
was conducted in 40 L glass aquariums. Each glass
aquarium contained 20 L of unchlorinated and
aerated tap water. The fish were equally distributed
(8 fish/aquarium) in uniform size rectangular
experimental glass aquariums for the experiment.
The fish were starved for 24 h before starting the
experiment.

Statistical analysis. The data obtained were
statically evaluated by USEPA probit analysis
program used for calculating LC/EC values version
1.5 based on FinQH\¶V3URELW$QDO\VLV0HWKRG>].

Experimental chemicals. Cypermethrin [(R
S)-Į F\DQR-3 phenoxybenzyl (IRS)-cis, trans-3-(2,
2-dichlorovinyl) - 2, 2- dimethyl cyclopropanecarboxylate] (technical grade, purity- 93 %) and
V\QHUJLVW SLSHURQ\O EXWR[LGH >Į[2-(2butoxyethoxy) ethoxy] - 4,5 ±methylenedioxy-2propyltoluene] (technical grade, purity- 92 %) were
obtained from the Insecticide Testing Laboratory of
Hacettepe University, Ankara.

RESULTS AND DISCUSSION
Water quality parameters; namely dissolved
oxygen, temperature and pH were recorded and were
within normal range (dissolved oxygen 7,5±0,5 ppm,
temperature 25±1 °C and pH 8) during the
experimental period.
The concentrations and mortality percentages
of test chemicals (CYP, PB, and CYP:PB mixture at
1:1 ratio) applied to the male guppies were shown in
Table 1. In all three applications, mortality percentages increased as the concentration increased. In
this study, 96-hour LC50 values of CYP, PB, and
CYP: PB were found to be 3.13 ppb, 1.71 ppm, and
0.76 ppb, respectively (Table 2). According to the
USEPA¶V >] ecotoxicity categories to classify
pesticides based on toxicity data for aquatic
organisms, CYP and CYP:PB were to be higly toxic,
while PB was found to be moderately toxic to
guppies in 96-hour LC50 test.

Determination of LC50 value of CYP, PB
and CYP:PB. Acute toxicity assay to determine the
96 h LC50 values of CYP, PB and CYP:PB were
performed in a static system. First, the male guppies
were exposed to various concentrations (2.00, 4.00,
8.00, 16.00, 32.00 and 64.00 ppb) of CYP and (1.00,
2.00, 4.00, 8.00 and 16.00 ppm) PB for 96 h- LC50.
The LC50 values of CYP and PB were found to be
3.13 ppb, and 1.71 ppm, respectively. Then, the fish
were exposed to various concentrations (0.20, 0.39,
0.78, 1.57, and 3.13 ppb; 6.25%, 12.5%, 25%, 50%
and 100% of the 96-h LC50 value of CYP in this
study) of CYP:PB mixture at 1:1 ratio. The stock

TABLE 1
The concentrations and mortality percentages of test chemicals applied to guppies.
CYP
Number of
Con.
Fish
(ppb)

a

PB

CYP:PB

Number of
%
dead fish
Mortality

Con.
(ppm)

Number of
%
dead fish
Mortality

Con.
(ppb)

Number of
%
dead fish
Mortality

8

0a

0

0

0a

0

0

0a

0

0.00

8

2

3

37.5

1

3

37.5

0.20

0

0.00

8

4

5

62.5

2

3

37.5

0.39

1

12.5

8

8

6

75

4

7

87.5

0.78

3

37.5

8

16

6

75

8

8

100

1.57

8

100

8

32

8

100

16

8

100

3.13

8

100

8

64

8

100

-

-

-

-

-

-

Control group
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TABLE 2
Acute toxicity (96 h-LC50 value) of CYP, PB and CYP:PB in the guppies.

Point

CYP
Con.
(ppb)

95% Conf.
Limits

PB
Con.
(ppm)

95% Conf.
Limits

CYP:PB
Con.
(ppb)

95% Conf.
Limits

LC/EC 1

0.12

0.000-0.602

0.26

0.009-0.624

0.27

0.060-0.424

LC/EC 5

0.31

0.002-1.109

0.45

0.035-0.900

0.37

0.122-0.526

LC/EC 10

0.52

0.007-1.546

0.60

0.073-1.101

0.43

0.175-0.594

LC/EC 15

0.73

0.017-1.944

0.74

0.118-1.269

0.48

0.222-0.650

LC/EC 50

3.13

0.660-5.828

1.71

0.815-2.643

0.76

0.536-1.084

LC/EC 85

13.40

7.217-62.543

3.97

2.578-12.001

1.21

0.892-2.618

LC/EC 90

18.90

9.728-143.268

4.84

3.047-19.068

1.34

0.975-3.329

LC/EC 95

31.46

14.316-517.296

6.50

3.814-38.766

1.58

1.102-4.794

LC/EC 99

81.80

27.516-6173.753

11.31

5.607-151.986

2.14

1.367-9.650

of CYP approximately four-fold on male guppies. In
previous studies, similar to the results of this study,
reported that the presence of the synergist PB
significantly increased the lethality of insecticides to
fish. For example, Reinbold and Metcalf [28] found
that PB increased the toxicity of methoxychlor,
trifluralin and aldrin to Lepomis cyanellus (green
sunfish). Miyato et al. [29] also reported an increased
bioconcentration of the insecticide d-phenothrin to
Cyprinus carpio in the presence of PB. Paul and
Simonin [30] studied the comparision of the toxicity
of a synergized and non-synergised insecticide to
young trout. They found that the effect of the PB
synergist on the toxicity of pyrethroids was variable.
According to them, PB significantly increased the
lethality of permethrin in all tests, yet only increased
the lethality of sumithrin in tests longer than 48 h. In
addition, they found that synergized resmethrin was
not more toxic than a technical formulation except in
short (6-h) tests. Sorsa [31] studied the acute toxicity
of fenitrothion alone and combined with piperonyl
butoxide to Gambusia holbrooki, Pseudorasobora
parva and Oncorhynchus mykiss in aquaria for 96h
and found that the LC50 of fenitrothion for fish
combined with PB decreased compared with that of
fenitrothion alone.

The fact that CYP is highly toxic to fish at
very low concentrations (at the microgram level) has
been reported in previous studies. Among them,
Bradbury and Coats [8] reviewed the toxicity of
pyrethroids to fish and cited 96-h LC50 value of
CYP to Scardinius erythropthalmus, Cyprinus
carpio, Salmo trutta and Tilapia nilotica as 0.4, 0.9,
1.2 and 2.2 ppb, respectively. Smith and Stratton [1]
compiled the toxic effects (96-h LC50; ppb of CYP
on different fish species as follows: Salmo gairdneri
0.5; Cyprinus carpio 0.4-1.1 and Salmo salar 2.0.
Saha and Kaviraj [16] observed CYP as highly toxic
and reported the 72-h LC50 values of aqueous and
acetone solubilized CYP to Heteropneustes fossilis,
respectively as 0.67 and 1.27 ȝJO 7KH -h LC50
values of CYP for Labeo rohita and Huso huso have
been determined to be 4.0 ppb [17] and 0.952 ppb
[18], respectively. In terms of acute toxicity, these
results are similar with the result of acute toxicity of
this study (3.13 ppb).
PB is commonly added to pyrethroid and
pyrethrin formulations to enhance the toxic effects of
the active ingredient [23]. It is a registered active
ingredient in over 1500 products used to control
many different types of flying and crawling insects
and arthropods in the USA; although, there are no
products that contain only PB [15, 24]. PB is
moderately toxic to fish on an acute exposure basis
[15]; typical 96-h median lethal concentrations
(LC50s) are in the low ppm range [25]. The 96-h
LC50 value of PB (7.16 ppm) in this study for male
guppies is in agreement with the results of other
researchers. For examle, Erickson [26] estimated 48
and 96-hr LC50 values of PB for rainbow trout
(Salmo gairdneri), as 15.3 and 11.2 ppm,
respectively. The 96-h LC50 values of PB for
Cyprinodon variegatus, Lepomis macrochirus and
Oncorhynchus mykiss were reported to be 3.94 ppm,
5.37 ppm and 6.12 ppm, respectively [27].
Compared with that of CYP, the LC50 of
CYP synergized with PB decreased (Table 2) for
male guppies in this study. PB increased the toxicity

CONCLUSIONS
As a result, the findings of this study showed
that the synergized CYP with PB caused an extreme
increase in the mortality and decreased LC50 value
almost four times more than CYP alone on male
guppies. Therefore, CYP products that contain PB as
the active ingredient may be more dangerous than
expected for fish. However, in order to make a more
realistic assessment on acute toxicity of cypermetrin
synergized with PB to other fish species, further
investigation needs to be done.
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ronmental impact assessments (EIA), to be conducted by predicting adverse environmental effects
that will probably occur in the future and by assessing risks likely to threaten natural resource, are
the first steps in efforts of planning where socioeconomic development goals do not contradict with natural systems [4]. Basic concepts of ecological risk
assessment are the analysis and evaluation of
³pressures and effects´caused by the source of pressure. Risk resides at the intersection of these two
concepts. It is an approach to systematically identify
and evaluate the ecological effects of one type of use
compared to the other [5]. Source of pressure can be
referred to as any physical, chemical, or biological
element that will lead an ecosystem to react adversely.
Biherhal and Scharpf [6] investigated existing
types of use in a landscape and their effects on natural resources (climate, air, soil, water, flora, fauna
and landscape¶s visual texture) in consideration of
the interaction between damaging elements, effects,
and damaged elements; and described the theoretical
principles of planning management [7]. Moreover,
Çelikyay [4] defines the basis of ecological risk assessment as the analysis of the interaction between
contradictions among land use types in a particular
area and ecological interactions. Çelikyay [4] discussed this interaction in consideration of ³damaging
usages´, ³effects caused by them´, and ³damaged elements´ &HQJL] HW DO >@ H[DPLQHG FKDQJHV RI
QDWXUDO ODQGVFDSH DQG WKH VRFLRGRPRJUDSKLF
FRQGLWLRQVLQWKHLUVWXG\
Although Troia Historical National Park, the
research area of the present study, was declared a
protected area by UNESCO and holds a historical
national park status, some risks were observed in the
area. Therefore, this study aims to carry out an ecological risk assessment on the ecologically fragile
THNP. The research investigates the damaging usages, the damaged landscape potential, and the landscape¶s reactions to the adverse effects. For the purpose of the study, soil potential, water potential, and
biotope potential, marked as the ecological factors,
were examined.

ABSTRACT
An ecological risk assessment of the Troia Historical National Park (THNP), which is under protected status and has an important and fragile ecosystem, was carried out in this research study.
The effects of available practices in THNP on
soil potential, water potential, and biotope potential,
which were determined as ecological potentials,
were investigated in the study. The usability of potentials, the intensity of the negative effects on these
potentials, and their susceptibility to these negative
effects were determined, and ecologically at-risk areas were analyzed by correlating these variables.
The findings showed that most adversely affected and at the highest risk were the soil potential,
biotope potential, and water potential, respectively.
The area at the highest risk of all the researched potentials was revealed to be the salt marshes, located
in the north of the research area and considered as an
ecologically vulnerable area.
KEYWORDS:
Ecological risk assessment, susceptibility, adverse effect,
Troia Historical National Park, Çanakkale province

INTRODUCTION
Risk is the likelihood of exposure to danger.
Danger is the source of risk, and it can be a cause, or
a matter that can lead to environmental damage and
economic loss or damage [1]. According to Marsh
[2], the goal of risk assessment practices is to identify at-risk areas prone to damage. Risk research is
concerned with environmental threats and people¶s
reaction to them. Risk management plans consist of
action plans and construction strategies to be followed when faced with risks [3].
United State Environmental Planning Agency
(1988) defines risk as a bipartite situation composed
of ³the danger and exposure to this danger´. Envi-
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FIGURE 1
Study area

the research area, which has a rich variety of vegetation, there are 312 species, 3 subspecies and 3 varieties, 2% of which are endemic to the area. Among
these species are Albizia julibrissin (silk tree), Campanula lyrata ssp. lyrata (Lyre-shaped bellflower),
Crocus candidus (crocus), Aethionema saxatile ssp.
oreophilum (candytuft), Lamium moschatum var.
(musk deadnettle). Dryomis nitedula (forest dormouse), Glis glis (fat dormouse) Mustela putorius
(forest polecat) are among the animal species in the
research area, which has ecologically vulnerable
species [12].
Karamenderes Stream is a special wetland habitat, which is located on the bird migration route and
hosts some endangered bird species. As indicated by
[13,14,15], the area also hosts Aquila heliaca (Eastern imperial eagle), Aquila clanga (Greater spotted
eagle), Falco naumanni (Lesser kestrel), Ciconia
nigra (Black stork).
Besides describing the characteristics of THNP
² the material of the present study ² the researchers employed digital topographic maps at 1:25.000
scale, 1:10.000-scale detailed soil survey mapping
data, satellite images for biotope mapping, ERDAS
9.0 to process and classify the satellite images,
ArcGIS 10 software program to process and analyze
the data and to produce the final maps.

MATERIALS AND METHODS
Material. THNP is located in Çanakkale province, Turkey, between 39° 52' 30" and 40° 00' 36" N
and 26° 08' 42" and 26° 18' 36" E. It covers an area
of 13350 ha (Figure 1) The research area was declared a national park as per the cabinet's decree
07.11.1996 and included in UNESCO's list of World
Heritage Sites in 1998 [10]. The national park covers
the entire area occupied by Kumkale, Halileli, TevfLNL\HdÕSODN.DODIDWDQG<HQLN|\DQGVRPHSRU
WLRQV RI WKH DUHD RFFXSLHG E\ øQWHSH *|NoDOÕ
Mahmudiye, Üvecik, 3ÕQDUEDúÕ DQG7DúWHSH$YHU\
large portion of the national park area comprises the
Kumkale plain.
The primary source of income is agricultural
activities. However, reckless irrigated farming performed in the agricultural areas has been causing
some problems. The transition climate of the Marmara Region prevails in the research area. While the
annual average temperature is 14.9o C, the highest
and lowest temperatures are 25.0 °C in July and 6.3
°C in January, respectively [11]. The annual average
amount of precipitation is 595.4 mm. It receives the
highest amount of precipitation in December (103.3
mm) and the lowest in August (4.0 mm). Because of
the effects of the Mediterranean macro-climate,
much of the precipitation occurs in winter; therefore,
it has a dry summer climate. This makes irrigation
indispensable in summer because the majority of the
agricultural activities are performed in summer. In

Method. The research method builds on ecological risk assessment. Thus, the effects of available
practices in THNP on soil potential, water potential,
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causing the effect, and the condition of the negative
effects caused by it [5]. Susceptibility to negative effects was considered as the reaction of a natural resource or space to land use-induced effects. Susceptibility was investigated in view of how available
natural resources had been exploited, how suitable
these uses were, to what extent they were suitable,
and how the environment reacted to the effects. The
susceptibility of a natural factor was analyzed considering that it was closely related to the ecological
structure of the given environment, the effect's type,
intensity, and duration. Different habitats exhibit different levels of susceptibility in reaction to various
usages [5].
To determine the ecological risks of negative
effects, expected damage, i.e. risk, to the natural resource was examined in consideration of the intensity of the existing potential effects, the level of the
environment's susceptibility to the potential effects,
and the present capacity's suitability to the existing
and planned usages. Higher risks were observed
where susceptibility and density were higher. Relatedly, it was realized that the lower the susceptibility
and density, the lower the risk was. In addition, the
suitability parameter was observed to have caused,
increased or decreased intensity and susceptibility
[5]; [4].

and biotope potential, which were determined as
ecological risk potentials, were investigated in the
present study. The usability of these potentials, the
intensity of the negative effects on the potentials, and
their susceptibility to the negative effects were determined, and ecological risk areas were analyzed by
correlating these variables.

FIGURE 2
Flow diagram of study
In the first phase of the method, the damaged
landscape potentials were revealed to be soil potential, water potential, and biotope potential. In the second phase, the damaging practices were determined
to be settlement, transportation, agriculture, animal
husbandry and other human activities.
Lastly, three important parameters were taken
into consideration to determine ecological risks.
Feasibility,
1. Intensity of negative effects,
2. Susceptibility to negative effects,
The interaction of these three factors was examined and thus potentially at-risk spaces were identified for each damaged landscape potential.
As a feasibility parameter, the usability of the
natural resource was accepted. In other words, feasibility can be referred to as to what extent a particular
resource is qualitatively suitable in terms of natural
potential. Moreover, in consideration of the feasibility-susceptibility relationship, susceptibility was
considered to be lower if the natural potential is suitable for that particular use but higher if unsuitable.
In the event of the conglomeration of several spatial
features aggravating and disseminating the effect,
susceptibility to damage tends to increase [5]. In the
parameter of the intensity of negative effects, damage to the natural resources and changes in their
properties caused by the existing or expected land
use practices were regarded as negative effects. The
intensity of negative effects may vary according to
the area¶s susceptibility. Probable negative effects
on the area have different intensity levels for each
contradictory area. The intensity of the negative effect was evaluated in consideration of land use type

RESULTS AND DISCUSSION
Soil Potential. Phase maps (Figure 3) produced, based on the detailed soil survey and mapping
by Everest [16], were used to determine the susceptibility and risk of the lands in THNP. Function
losses and factors likely to cause degradation were
examined to determine the susceptibility of the areas.
Therefore, such factors as uncontrolled administration of pesticides and fertilizers to soil, slope-erosion, soil compaction induced by field traffic, monoculture, and soil tillage/cultivation under unsuitable
conditions, adverse draining conditions, degradation
of soil¶s physical and chemical properties, and lack
of organic matters were analyzed. Production capability and some physical and chemical properties of
the soil were taken into consideration to investigate
feasibility criterion. To investigate the negative effect factor, the extent of the existing and expected
functional losses of the soil potential due to practices
was regarded as ³negative effect´ The areas with
high intensity of and susceptibility to negative effect
were considered at risk, and their risk factor was
classified as ³high, moderate, or low´according to
effect intensity and susceptibility rate.
The areas with grades of 6-12% (19.403 da),
12-16% (1.615 da) and 16-20% (2.540 da) in THNP
were highly susceptibility to water and wind erosion.
Because the top fertile soil in Kl 9. B d1 t1 e2
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FIGURE 3
Phase map of Troy Historical Natural Park [16]

boundaries of Mahmudiye Village and in the west of
Karamenderes Stream, contains clay of up to 55.53%
in the depth of more than 38.60% from the surface.
These areas with a moderate risk factor suffer from
draining problems due to 2:1-type clay and groundwater. Because the excess of water cannot be
drained, no tillage can be performed under these unfavorable conditions. Since pH values were 8.50 and
LQWKHGHSWKVRIdD\ED\ÕUÕDQG6Õ÷ÕUKDYOXVRLO
series respectively, located in the north of
Mahmudiye Village and having a moderate risk factor, there is a potential alkalinity danger. Set and
dD\ED\ÕUÕVRLOVHULHV at a moderate risk due to the existing conditions, and had a coarse texture because
they formed in the perimeters close to the flood
plains of Karamenderes Stream. Because of the excessive amount of

phase of Kalafat series located in the southeast of the
research area suffered from moderate erosion, it had
a high level of susceptibility and risk of erosion. The
areas with grades of 6-12% and 12-16% were at risk
of erosion due to these problems (Figure 4)
Because of the prevalent monocultural pracWLFHVDQGWLOODJHLQ$UDSVX\X6Õ÷ÕUDYOXDQG.Õ]ÕOD\
soil series with non-mellow texture, there exists a
compacted layer just underneath the surface. These
areas, where movements and water and nutrient intake of crop roots were adversely affected, were at a
moderate risk. The Ondört Dönümler soil series,
which is located at the intersection of the elevated
and fluvial lands, is located lower than the surrounding areas. The mingling of rain water and irrigation
water flowing in from the higher surrounding areas
owing to this condition raises groundwater level. The
Ondört Dönümler soil series, located within the
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FIGURE 4
Risk map of Troy Historical Natural Park
+DUPDQOÕN6WUHDP'PUHN6WUHDP.HPHU6WUHDP
and many other seasonal creeks constitute the water
repository of the research area (Figure 5). In summer, such agricultural crops as tomato, pepper,
maize (for silage and as grain), alfalfa, melon,
watermelon, and paddy are grown in the area.
Generally, these species are irrigated with pressurized irrigation systems (dripping and sprinkling).
But flooding is used to fill in the checked ponds for
paddy irrigation. Small draining lines are created to
allow for leaking into primary drainage channels and
to discharge excess water from the leveed ponds of
the paddy. In paddy farming, water in the ponds
should be discharged two or three times, as required
by cultivation processes.
Water released from the ponds is discharged
through drainage channels. When very little water is
released from the Bayramiç Dam into the Karamenderes Stream, water in these drainage channels
is reused by the farmers in the region. Thus, the excess of pesticides and fertilizers having been administered in different paddy fields is retrieved from the
drainage channels and reintroduced into paddy
ponds, which poses a serious problem. It is thought
that misapplication, especially in the Ezine part of
the Karamenderes Stream, will potentially lead to
toxicity in grown crops and pollute water resources.
The water percolating through the soil and flowing
into the groundwater is reused for irrigation; thus it
poses pollution-related threats.

sand within, these soils constitute unfavorable conditions in terms of crop nutrition and fertility.
%HúLNL\HVRLOVHULHVLQWKHVRXWKHDVWRIWKHUHVHDUFK
DUHDDQG%HúPHUDPVRLOVHULHVLQWKHQorth are in interaction with the Aegean Sea and the Dardanelles,
respectively. Changes in sea level cause sea water to
affect the terrestrial water. Changed groundwater
levels lead to changes in the soil-salt balance due to
capillary motion and evaporation. Sea water¶s effect
on groundwater in these two soil series was observed
to have caused salinity problems. Farmers,
HVSHFLDOO\LQWKH%HúLNL\HVRLOVHULHV had difficulty
sustaining agricultural practices. Used fertilizers, irrigation water, and inclusion of salinity-prone crops
in production plans would adversely affect producWLRQ%HúLNL\HVRLOVHULHV (&YDOXHP6FPRQ
the surface and 12.65 mS/cm in the depths) was
highly susceptible to salinity due to the salt within.
Higher levels of salinity in %HúPHUDPVRLOVHULHV (&
value: 7.55 mS/cm on the surface and 23.10 mS/cm
in the depths) were realized to have restricted plant
production. These areas are generally occupied by
halophilic plants (halophytes) and regarded as natural life reserves and grasslands. Because crop rotation was not conducted properly in the fluvial zones
in the research area, the susceptibility remained rather low.
Groundwater Potential. The primary water
resource of THNP is Karamenderes Stream, passing
across the area and having formed a plain. Moreover,
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FIGURE 5
Water presence map of Troy Historical Natural Park

FIGURE 6
Groundwater risk map
TABLE 1
Risk factors of water potential.
Soil
Salinity
Low
Moderate
High

Low
Low risk
Moderate risk
Moderate risk

Soil drainage
Moderate
Moderate risk
Moderate risk
High risk
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Unrestorable habitats are biotopes which need
more than 50 years to recover. They are the environments whose recovery takes a long time and is not
guaranteed [21]. In the research area, the surrounding environment and vegetation near Karamenderes
Stream, the coastal ecosystem in the north and northeast of the area, and Yeniköy dunes, other dune covers and dune vegetation were characterized by the
aforementioned properties. Hard-to-restore habitats
are the ones that need 25-50 years to recover. Because recovery of the natural biodiversity and re-establishment of such habitats are impossible, theoretical assumptions were adopted [18]. Areas of this
kind are typically characterized by maquis groves,
stillwater and coastal vegetation, bio-diverse reed
beds, beaches, dunes and pioneer plant communities
on dunes. Partially restorable habitats require 5 to 25
years to recover [18]. The salt marshes in the north
of the research area exemplify such habitats. Restorable habitats are areas that need up to 5 years to recover [18]. These are areas which do not have many
natural characteristics. They were prevalently found
in the research area, and covered by short-lived ruderal vegetation and pioneer plant communities.

Groundwater¶s self-restorability is an important factor. Because of irrigated and dry farming,
sparse settlement/construction in the large portion of
the project area and identification of the area as
Kumkale Plain; soil data, uncontrolled discharge,
land use types and pressure in these areas were taken
into account to evaluate the self-restoring property of
groundwater (Figure 6) To this end, following relationships were investigated (Table 1).
Relationship between Soil Salinity and
Groundwater Susceptibility
S0: Non-saline / Less Susceptible
S1: Slightly Saline / Less Susceptible
S2: Near-moderately Saline / Moderately Susceptible
S3: Moderately Saline / Moderately Susceptible
S4: Severely Saline / Severely Susceptible
The rise of groundwater brings about drainagerelated problems [17]. Insufficient drainage is a critical factor causing groundwater issues.
Relationship between Drainage and Groundwater Susceptibility
0: Good / Less Susceptible
1: Moderate / Moderately Susceptible
2: Insufficient / Very Susceptible
3: Poor / Very Susceptible
The conducted analyses revealed that groundwater risk in the paddy fields were at a moderate
level. Yet groundwater risk was high in the north of
WKHDUHDZKHUHWKHUHDUHVDOWPDUVKHV,QWKH%HúLNL\H
section in the west of the research area, the risk was
very high because the groundwater was close to the
surface. The other sections of the area were classified as at-low-risk parts (Figure 6).

Rarity evaluation of habitats. These are the
areas which have been or should be put under protection considering that they are rare and special habitats. Natural characteristics and areal distribution
are prominent criteria in rarity evaluation. It was
grouped into grade-based classes in consideration of
quality- and quantity-related differences of the biotope type. Rare habitats are habitat types which exist
on their own, in low quantity and only in a few areas
or in a very small area [18]. Most of the natural habitat types in the research area were very rare. Such
habitat types are characterized by coastal dunes in
the north, dunes whose natural vegetation is preserved, wetlands in the vicinity of Karamenderes and
Dümrek Streams. Partially rare habitats are repetitive habitat patterns found in vast areas [18]. Among
this type of habitats are afforested areas, reed beds
and marshes, roadside vegetation, and partial citrus
orchards in the research area. Non-rare habitats are
regular and repetitive patterns of habitats found in
vast areas [18]. However, the rarity level of these areas may vary according to their characteristics.
These areas are characterized by agricultural areas,
rural settlements, and leisurehomes zones, and natural areas degraded due to anthropogenic causes.
Restorability and rarity criteria were comparatively evaluated to determine the ecological risks of
biotopes. Levels of risk factors were determined in
consideration of the effects and pressures on the biotopes and the existing or probable damages in the
area (Figure 7). Settlement areas and archaeological
sites were not included in the risk assessment. The
ecologically important Karamenderes

Biotope Potential. In order to investigate the
negative effects on biotopes, damaging elements, resultant effects, and damaged elements were analyzed
[18]; [19].
Susceptibility developing in biotopes was investigated in consideration of the restorability and
rarity of the habitats as reported by Altan et al. [18].
Furthermore, pressure on the biotope and its extent
along with restorability and rareness were examined
and evaluated in the field research, and a risk map
was produced based on the findings.
Restorability of Habitats. In order to restore
biotope to its pre-damage condition, self-regeneration of the vegetation and other natural elements in
the area and formational properties of the biotope
were examined. The principle ³the further an area is
from its original condition and the harder biotope
formation is, the harder its restoration is´ was observed [18]. Degeneration levels and re-establishment levels of each biotope type discovered in the
area were grouped before the evaluation [18] as reported by Fahrenhorst and Altan [20].
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FIGURE 7
Risk factor with biotope classification in research area

ducted to determine the existing and probable landscape destructions in the research area. THNP of the
present research was put under protection by the National Parks Law, regulatory decisions pertaining to
protected areas and UNESCO. Besides, the research
area has an ecological importance in terms of fauna
and flora. Yet despite these characteristics, present
and future negative interventions in the area tend to
increase the ecological risk. At-risk areas having occurred in the soil potential, water potential and biotope potential were spatially identified to describe
the potential risk.
The evaluation of the landscape potentials
based on the analyses carried out in the area showed
that the most adversely affected were subsequently
the soil potential, biotope potential, and water potential. The fact that the research area is located in the
fertile Kumkale Plain means that it has an agriculturally significant potential and some problems might
arise from overexploitation of the area in relation to
this potential. Particularly, overuse of pesticides and
fertilizers in the agricultural fields was shown to increase the risk factor. The area at the highest risk in
terms of soil, water, and biotope potentials was
found out to be the salt marshes in the north.
For the purpose of the study, digital maps were
produced on GIS by using computer techniques as in
recent studies. Thanks to the power of GIS software
programs, processing, investigating and superposing
digital data could be carried out on a down-to-earth

Stream and the nearby wetland biotope were found
out to be ecologically at a high risk.Agricultural activities around the wetland ecosystem chemically
damage the water resource. The wetland biotope
which is non-restorable, e.g. endemically, is of ecological importance. Habitats covering the paddy
fields in the research area were discovered to be at
low risk. Negative pressures on paddy fields were
detected to be at minimum level. Because agricultural fields are easily restorable and are not rare habitats, they were considered less susceptible. The research area, known as Kumkale Plain, was revealed
to be at a low risk since it has fertile soils and characteristics suitable for agriculture. However, some
sections of the area, where dry farming is performed,
were found to be at a moderate risk owing to higher
pressure.

CONCLUSION
Precautionary measures to be taken in areas
likely to encounter problems would allow for sustainable land use. While soil compaction and
changes in soil structure mark physical degradation,
decreasing organic matter, degraded ecological
structure and biotic components are indicative of biological disruption [19]
Thus, an ecological risk assessment was con-
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changing urban texture in terms of preferences
for ornamental plants and visual quality: the
case of Bartin (Turkey). Fresen. Environ. Bull.
23(9a), 2326-2342.
[10] Anonymous.   7& dHYUH YH ùHKLUFLOLN
%DNDQOÕ÷Õ 0HNDQVDO 3ODQODPD *HQHO 0GUO÷ %DOÕNHVLU-Çanakkale Planlama Bölgesi,
 gOoHNOL dHYUH ']HQL 3ODQÕ 3ODQ
$oÕNODPD5DSRUXVI
[11] 0*0   0HWHRURORML *HQHO 0GUO÷
dDQDNNDOH øVWDV\RQX -2006 dönemi iklim
verileri, Ankara.
[12] .DEDú 6  7UR\D 7DULKL0LOOL3DUNÕ¶QÕQ
Turizm ve Rekreasyon Potansiyelinin BelirlenPHVL h]HULQH %LU $UDúWÕUPD dDQDNNDOH 2Q
sekizmart Üniversitesi Fen Bilimleri Enstitüsü,
3H\]DM 0LPDUOÕ÷Õ %|OP <NVHN /LVDQV
Tezi,(%DVÕOPDPÕú dDQDNNDOH
[13] Gerner, L. and Serez, M. (2004). Euronatur
Troya Projesi Raporu. Çanakkale.
[14] Gerner, L. and Serez, M, (2005). Troia Tarihi
0LOOL3DUNÕ.Xú7UOHULYH+DELWDWODUÕQÕ7HKGLW
(GHQ )DNW|UOHUH .DUúÕ $OÕQPDVÕ *HUHNHQ
Önlemler. Euronatur Troya Projesi Raporu. Çanakkale.
[15] Gerner, L. and Serez, 0  (XURQDWXU¶XQ
7UR\D 3URMHVL 7URLD 7DULKL 8OXVDO 3DUNÕ .Xú
7UOHULYH+DELWDWODUÕQÕ7HKGLW(GHQ)DNW|UOHUH
.DUúÕ$OÕQPDVÕ*HUHNHQgQOHPOHU,6%18100-50-d20h0DWEDDVÕdDQDNNDOH
[16] Everest7  7UXYD7DULKL0LOOL3DUNÕDUD
]LOHULQLQGHWD\OÕWRSUDNHWWYHKDULWDODQPDVÕLOH
DUD]LGH÷HUOHQGLUPHVLdDQDNNDOH2QVHNL]0DUW
Üniversitesi, Fen Bilimleri Enstitüsü, Doktora
7H]L %DVÕOPDPÕú dDQDNNDOH
[17] %DKoHFL ø   7DUÕPVDO GUHQDM VLVWHmleri,
+DUUDQhQLYHUVLWHVL=LUDDW)DNOWHVL<D\ÕQODUÕ
[18] $OWDQ 7 <ÕOPD] 7 Sirel, B., Alphan, H.
  .Õ\Õ <|QHWLPLQGH (NRORMLN 3ODQODPD
0RGHOLQLQ *HOLúWLULOPHVL 7h%ø7$. 3URMHVL
No: YDABÇAGT-53, 197Y074.
[19] Cankar, S. (2014). .D]RYD¶GD DUD]L ER
]XOPDVÕQDKDVVDVDODQODUÕQEHOLUOHQPHVLYHKDUL
WDODQPDVÕ *D]LRVPDQSDúD hQLYHUVLWHVL )HQ
Bilimleri Enstitüsü, Yüksek Lisans Tezi.
[20] Fahrenhorst, B. and Altan, T. (1992). Die
Bedeutung traditioneller Boden-und Baumrechte für den Schutz und die Rehabilitierung
natürlicher Ressourcen. Weltforum-Verlag.
[21] OWDQ7  øPDU3ODQODUÕQD(NRORMLN3ODQ
ODPDQÕQ .DWÕOÕPÕ YH %L\RWRS +DULWDODPDQÕQ
Önemi. II. .Õ\Õ 6RUXQODUÕ YH dHYUH 6HP
pozyumu, .XúDGDVÕ7XUNH\-16.
[22] Jankovska, I., Donis, J., Straupe, I., Panagopoulos, T. and Kupfere, L. (2013). Assessment of
forest recreation accessibility in Latvia. Fresen.
Environ. Bull. 22(7B), 2145-2151.

basis [22]. But as negative effects on and intensity
values concerning potentials were determined, inadequate data caused limitations in the research as in
other studies [18]; [5].
Consequently, the present research study was
intended to contribute to the sustainability of the area
by determining ecological at-risk areas in THNP,
which has a very important ecological structure.
Moreover, this and similar studies will contribute to
the observation of the principle ³taking precautions
before not after the damage´ and to the obligatory
production of the Environmental Impact Assessment
(EIA) reports.

ACKNOWLEDGEMENTS
We would like to thank the Scientific Research
Projects Office of Çanakkale Onsekiz Mart University, which supported this research study with the
project FBA-2014-127.

REFERENCES
[1] .RFDWDú $   (NRORML dHYUH %L\RORMLVL
'RUD<D\ÕQFÕOÕNV-552.
[2] Marsh, W.M. (1991). Landscape Planning: Enviromental Applications, John Wiley&Sons,
Inc.
[3] Uzun, O. (2012). Peyzaj Planlama: Konya ili
%R]NÕU-6H\GLúHKLU-$KÕUOÕ-<DOÕK\N øOoHOHUL YH
6X÷OD*|O0HYNLL3H\]DM\|QHWLPL.RUXPDYH
Planlama Projesi, Ankara.
[4] dHOLN\D\ 6   $UD]L .XOODQÕPODUÕQÕQ
(NRORMLN (úLN $QDOL]L LOH %HOLUOHQPHVL %DUWÕQ
gUQH÷LQGH%LU'HQHPH<ÕOGÕ]7HNQLNhQLYHU
sitesi Fen Bilimleri Enstitüsü, Doktora Tezi
%DVÕOPDPÕú øVWDQEXO
[5] <FHO0  dXNXURYD'HOWDVÕQGD6H\KDQ
Nehri ile <XPXUWDOÕN .|UIH]L $UDVÕQGD .DODQ
Kesimde Ekolojik Risk Analizi, Çukurova ÜnLYHUVLWHVL =LUDDW )DNOWHVL $UDúWÕUPD 3URMH
No:BAP-PM_96/03, Adana.
[6] Bierhals, K. and Scharpf (1974). Aufgabe und
Instrumentarium ökologischer Landschaftsplanung. Raumordn.+ Raumforsch, 1.
[7] 7R]DU7  'R÷DO.D\QDNODUÕQ6UGUOH
ELOLUOL÷L øoLQ *HOLúWLULOHQ (NRORMLN 3ODQODPD
<|QWHPOHULøVWDQEXOhQLYHUVLWHVL)HQ%LOLPOHUL
(QVWLWV ùHKLU YH %|OJH 3ODQODPD $QDELOLP
'DOÕ 3H\]DM 3ODQODPD 3URJUDPÕ %DVÕOPDPÕú 
øVWDQEXO
[8] Cengiz, B. Cengiz, C. and Bekci, B. (2016). AsVHVVÕQJWKHYLVXDOTXDOLW\RIUXUDOKLJKZD\ODQG
scape reclamation in the western Black Sea region of Turkey. Fresen. Environ. Bull. 25(3),
933-952.
[9] Cengiz, C. Bekci, B. and Cengiz, B. (2014). A
comparative study of public green spaces in the

7471

© by PSP

Volume 26 ± No. 12/2017 pages 7463-7472

Received:
Accepted:

12.07.2017
03.09.2017

CORRESPONDING AUTHOR
Timucin Everest
Ministry of Food, Agriculture and Livestock Çanakkale-Ezine Directorate, 17600, Çanakkale,Turkey
e-mail:timucineverest@gmail.com

7472

Fresenius Environmental Bulletin

© by PSP

Volume 26 ± No. 12/2017 pages 7473-7477

Fresenius Environmental Bulletin

THE EFFECT OF RED PEPPER TO ADD INTO
COMMERCIAL TROUT FEED ON GROWTH
PERFORMANCE AND MEAT QUALITY OF RAINBOW
TROUT (ONCORHYNCHUS MYKISS)
Huriye Ariman Karabulut*, Ilker Zeki Kurtoglu
Department of Aquaculture, Faculty of Fisheries, Recep Tayyip Erdogan University, Rize, 53100, Turkey.

compensated by supplementing carotenoid sources
to feed [1, 2 ,3].
In aquaculture, the carotenoid supplement in
fish feed increases the feed costs. In Norway, the
astaxanthin supplement to Atlantic salmon feed is reported to increase the feed costs by 20-25%, and total
production costs by 10% [4].
In the trout farming of Turkey, synthetic carotenoid sources are used to reach the natural color of
fish muscle [5]. The substitution of imported synthetic carotenoids increasing the feed costs by domestic sources would contribute to the national
economy.
It is known that in Turkey, red pepper, rich in
carotenoid, is produced over 20,000 tons in 2006 [6].
Red pepper is also rich in minerals, vitamins and
beta-carotene that the fish need [7].
Atay et al. [8] studied the effects of red pepper
and tank color in the coloring of rainbow trout, in
terms of pigmentation of fish muscles. Yanar et al.
[9] studied the effects of natural and synthetic carotenoid feed sources over fish size and environment
color over the skin pigmentation of rainbow trout.
Diler and Hossu [10] analyzed the effects of supplementing synthetic (astaxanthin) and natural (red pepper and shrimp powder) pigment sources over muscle color, skin color and growth.
In this study, the effects of red pepper, which is
mentioned to improve the meat quality in rainbow
trout in the academic literature, over growth performance and muscle pigmentation of rainbow trout
when it was added as a supplement in various
amount to commercial trout feed.

ABSTRACT
In this study; the effects of red pepper (P) and
powdered pepper (F), added to the diet at different
concentrations on the rainbow trout pigmentation to
be harvested, have been examined. Experimental
fish groups' mean weights at the beginning of the
study were 146.1±0.52 g. The groups were monitored during the 10 weeks, and compared with control (C) group fed with commercial trout feed at the
end of the study.
After eight week feeding period, the physical
status of muscle color among groups were evaluated
as: red colorization (a+) is the highest in the P2
group; yellow colorization is the highest in the (b +)
P2 group; the color lightness value (L-) is observed
in the P2 group.
The difference between the C group and the P2
group is statistically significant (P<0.05). When the
visual and colorimetric color values of fish muscles
were examined at the end of fifteenth day period, the
little change was detected in the C group, and the
best colorization was in the P2 group; similar results
were obtained at the end of the 8-week period
(P<0.05).
As a conclusion, If the rainbow trout group at
145-225 g is fed at 1% with trout fed with 10% powdered red pepper for 8 weeks, a measurable color
change can be achieved in the muscles.

KEYWORDS:
Rainbow trout, meat colour, red colorization (a+), yellow
colorization (b+), lightness (L-), Roche Colour Card
(RCC).

MATERIALS AND METHODS
INTRODUCTION

The Fish, Aquaculture Conditions and Experimental Design. The study was conducted in the
Recep Tayyip Erdogan University Fisheries and Aquaculture Application and Research Center. As the
fish material of the study, 210 rainbow trout with
146.1±0.52 g of average weight, produced in this
unit was randomly selected were taken into the experiment. Approximately 80 liters of tanks with 100

In trout, visual appearance is one of the important aspects of marketing. Especially in smoked
fish markets, a red-pink muscle color is sought. Carotenoids give this color to fish muscle. Carotenoids
cannot be synthesized by the fish; they are taken
through the live feed they consume in their natural
habitats. In aquaculture conditions, this condition is
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Analyses. The meat color of trout was measured by a Konica Minolta colorimeter. As the middle
parts of fillets have homogeneous colorization, those
parts were selected as testing parts [10, 12]. With the
Konica Minolta CR-10 L, a, b values in trout meat
were measured. Among these values; L (+) refers to
lightness (-) to darkness, a (+) to redness, (-) to
greenness, b (+) to yellowness, and (-) to blueness
[13, 14, 15]. The color determinations of left dorsal
muscle sample taken from each fish were made in a
flat white floor lab environment, under fluorescent
FRQVWDQW OLJKW ZLWKRXW VXQOLJKW XVLQJ D ³5RFKH
&RORU&DUGIRU6DOPRQLGV´&RORUFDUGSUHSDUHGIRU
Salmonids were numbered from 20 to 34 [12, 16]. In
order to define the nutritional values of feed and fish
muscle samples, the Weende Analysis was used in
the experiment [17]. In order to conduct chemical
analyses in homogeneous samples, the feed samples
were ground, and the fish muscle samples were homogenized. Thereafter, dry matter, crude protein,
crude lipid and crude ash analyses were conducted in
three parallels. In the research, experiments were reiterated three times. Data was analyzed by the SPSS
22.0. The differences between groups were detected
by the ANOVA test, and which group caused the difference was detected by the Duncan Test. Differences between groups were evaluated according to
P<0.05 significance value.

L capacity in the research unit was used for the experiment.
Fish settled in experiment tanks were fed three
times per day-1 for eight weeks at a rate of 1% of live
weight. The periodic measurements were carried out
in 15-day intervals. Fish weights were done with a
precision scale of ±0.1 g, and lengths were measured
with ±1 mm by using a Von Bayer scale [11].
Through the study, an 8 mm commercial trout
feed (45% Crude Protein, 20% Crude Lipid, 10%
Crude Ash and 3.5% Crude Cellulose), produced by
a private company, was used. Experiment feed was
homogenized first, then sifted through a machine
ZLWKDȝPVLHYH$VWKHFDURWHQRLGVRXUFHPLOG
red pepper powder and mild pepper paste were used.
The products were obtained from a spice shop. Mild
pepper paste was dried in a drying oven for 12 hours
to reduce its moisture under 10%, and ground. Red
pepper power and ground pepper flour was homogenized and sifted. This mixture was added with 35%
of water and 1% of molasses as binding agent to the
JURXSV¶IHHGLQDGRXJKNQHDGHU7KHKRPRJHQL]HG
feed mixture was put in a meat grinder and pellets
with 3 mm of diameter were prepared. Wet pellets
were dried in a drying oven in 60ºC temperature for
12 hours. Feed that were cooled off in room temperature were labeled and packaged to be preserved in
deep freeze (-20ºC) until use [9].
During the periodic measurements, 15 days of
feed were measured according to the biomass calculations. During the study, after 15-day interval measurements, two fish per tank were sampled and their
fresh meat color pigmentation was evaluated in the
lab. The meat productivity characteristic and chemical analyses of four fish taken from the stock at the
beginning and the end of the experiment were conducted in the RTEU Aquaculture Faculty Processing
and Feed Technology Lab.

RESULTS
In this experiment, the effects of red pepper and
pepper powder supplemented to ground commercial
fish feed in various amounts, over growth performance and meat color of rainbow trout were examined, and the obtained results were in the table below
(Table 1).

TABLE 1
Control (K), pepper powder (P1 (%5), P2 (%10), P3 (%20)) and red pepper paste flour
(F1 (%5), F2 (%10), F3 (%20)) growth performance parameters of groups ( X ± SH)
* Wi (g)
** Wf (g)

C
146.1±1.02
209.2±5.30a

WGR(%)
2
SGR (%)
3
FCR
4
CF (%)
5
HSI (%)
6
VSI (%)

43.2±0.13 a
0.6±0.36 a
1.2±0.29 a
1.2±0.05 a
1.5±0.30 a
14.0±2.94 a

P1
146.4±0.87
203.7±11.9

P2
146.9±0.11
215.2±12.12c

P3
145.9±0.11
185.5±9.05b

F1
146.3±0.71
217.9±13.60c

F2
145.7±0.61
225.9±25.71d

F3
145.9±0.23
207.4±13.60 a

44.8±0.23 c
0.7±0.20 b
1.1±0.23 c
1.1±0.21 b
1.6±0.49 a
15.8±1.14 a

27.2±0.05 b
0.5±0.17 a
1.2±0.19 a
1.1±0.09 b
1.4±0.44 a
13.0±1.39 a

49.0±0.12 c
0.7±0.36 b
1.2±0.65 a
1.2±0.15 a
1.4±0.28 a
13.5±0.52 a

55.0±0.6 d
0.8±0.21 c
1.1±0.07 c
1.1±0.12 b
1.7±0.30 b
16.4±2.55 ab

42.2±0.15 a
0.5±0.38 a
1.±0.90 d
1.2±0.14 a
1.4±0.43 a
13.9±0.99 a

a

39.1±0.14 a
0.5±0.29 a
1.3±0.58 b
1.2±0.14 a
1.5±0.52 a
14.9±0.59 a

9DOXHVLQWKHVDPHURZZLWKQRFRPPRQVXSHUVFULSWVDUHVLJQL¿FDQWO\GLIIHUHQW 3 
*: Initial mean weights, and **: Final mean weights
1
Weight gain rate WGR (%) = 100 x (Wf-Wi)/Wi [18].
2
Specific growth rate, SGR (%day-1) = ((Ln Wf ± Ln Wi)/days) x 100 [19].
3
Feed conversion ratio, FCR = dry feed intake (g) / weight gain (g) [19].
4
Condition factor, CF (%) = (W/L3) x 100 [20].
5
Hepatosomatic index (HSI,%)=100×liver weight/body weigh [18].
6
Viscerosomatic index (VSI,%)=100×viscera weight/body weight [18].
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At the end of the experiment, the highest individual live weight was observed in the F2 group with
225.±25.71 g, it was followed by the F1 group with
217.9±13.60 g and the P2 group with 215.2±12.12 g.
The lowest live weight was detected in the P3 group
with 185.5±9.05 g (Table 1). Similar results were obtained in live weight increase (WGR, %) and specific
growth rate (SGR, %) values. In the analysis of
WGR and SGR (Table 1) values per groups, the F2
group was different than other groups (P<0.05).
In the analysis of the groups the best feed conversion ratio (FCR) was found in the P2 (1.1±0.23)
and the F2 (1.1±0.07) groups, and the worst in the F3
(1.4±0.90) group (Table 1).
As a result of the experiment, highest HSI values were found in the F2 group (% 1.7±0.30) and the
lowest in the F3 group (%1.41±0.43), yet the difference with other experiment groups were statistically
insignificant (P>0.05). The highest VSI value was
measured in the F2 group, yet the difference with
other groups was again statistically insignificant.
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(23.60±1.47), and the P1 group where 10% of pepper
powder was used (24.00±3.30).

FIGURE 3
According to colorimetric results of the
experimental groups b values

FIGURE 4
Color card (RCC) values of the fish meat of the
experimental groups
FIGURE 1
According to colorimetric results of the
experimental groups L values

The low L value may indicate high redness (a)
and yellowness (b) values. In the study, the lowest
and the highest (a) values were found respectively in
the C group (1.10±0.20) and the T2 group
(6.03±1.36). The difference between the control
group and the other groups regarding the (a) values
are statistically significant (P<0.05).
The lowest (b) value in the control group was
found in the 15th day evaluation as 3.85±1.93, while
the highest was measured in the P2 group at the end
of the research (9.20±2.26). When 60 th day results
were compared, the scores of the P2 group differ
from other groups significantly (P<0.05).
In visual (Fig. 4) and colorimetric evaluation of
fish muscle, the lowest value (20.66±1.15) was
found in the control group in the 15th day evaluation,
while the highest score was observed in the P2 group
at the end of the study (26.00±1.00). Depending on
the values measured at the end of the study, the P2
and F2 groups differ from others in a statistically significant manner (P<0.05).

FIGURE 2
According to colorimetric results of the
experimental groups a values
As a result of the colorimetric evaluation and
color card values (Fig. 1, 2, 3 and 4), depending on
the measurements conducted after 60 days, the highest (L) value was found in the control group
(41.10±1.41), while the lowest was found in the F2
group, where 10% of pepper flour was used
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group. In the periodical statistical analysis, the difference between the 60th day and the other periods,
and the difference between the 10% pepper powder
(P2) group and the other groups are significant
(P<0.05). When the visual and colorimetric values
are examined in Figure 4, regarding the visual color
values detected by the Roche Color Card (RCC), the
values of 10% pepper powder supplement group are
statistically different over periods (P<0.05). In the
present study, the pigment supplements are found
out to contribute to muscle color. The synthetic pigment sources, while giving the skin and muscle the
sought color, increase the feed costs by 10-15% [4,
10]. Therefore, searching new cost-effective and easily-obtainable pigment sources is required. Therefore, supplementing synthetic and natural carotenoid
sources to compensate fish muscle color problems
caused by salmon type fish being deprived from natural nutrition sources, will serve to the producers increasing their profit margin, and the consumers demanding these products.
As a conclusion, if the rainbow trout group at
145-225 g is fed at 1% with trout fed with 10% powdered red pepper for 8 weeks, a visible and measurable color change can be achieved in the muscles.

DISCUSSION AND CONCLUSION
In the study, the effects of supplementing red
pepper powder and pepper flour as natural pigment
substances to commercial fish feed over growth performance and meat quality of rainbow trout were researched. As the methods other than chemical analysis for detecting color changes in fish muscle due to
pigment sources are concerned, the human eye is capable of differentiating 10 million different color
tones. However, keeping colors in memory and color
tone sensitivity are limited to 300 colors. In visual
FRORU GHWHUPLQDWLRQ FRORU VFDOHV VXFK DV ³5RFKH
Salmonid Color Card and Salmo )DQ´ are used [12,
21]. Skrede and Storebakken [14], as well as Hunter
[22]GHIHQGWKDWKXPDQEUDLQ¶VFDSDELOLW\WRUHPHP
ber previously seen colors is weak, therefore colorimetric methods are required for qualitative and
quantitative analysis of product colors.
As a result of the experiment, the highest individual live weight was detected in the S2 group fed
with feed containing 10% of pepper powder. Regarding the impact of red pepper in feed over the WGR
and SGR values, they are significant lower in the
10% S2 group, compared 20% T3 and 20% S3
groups (P<0.05). Regarding the Feed Conversion
Ratio (FCR), the difference between groups is not
significant (P>0.05).
Red pepper is a natural source of pigments used
in coloring fish; it is supplemented to feed by 0.510% and causes a distinctive color difference in 4-6
weeks [8, 10, 23]. According to Peterson et al. [24],
in brown trout fed by red pepper extract, colorization
is visible in two weeks, and it is distinctively visible
in four weeks, whereas also slight yellowness is observed in the muscle.
In this study, in the red pepper powder (P2) and
red pepper flour (F2) groups, sufficient colorization
in fish muscle is observed. In the study by Diler and
Hossu [10], astaxanthin supplement created better
colorization compared to red pepper flour. Gurocak
[6], states that red pepper flour is a rich source of
carotenoids and it also contains 872 mg/kg xanthophyl. Capsaicin in red pepper flour increases secretion in foul, therefore has a positive effect in feed
utilization. Carotenoids are considered to increase
fish growth and increase their immunity [10, 25]. In
this study, the live weight increase values are confirmed in pigment groups.
In the colorimetric evaluation after 60 days, the
L value was examined. Low L value may indicate
high redness value of (a) and yellowness value of (b)
[10]. The highest (a) value was measured in the 10%
pepper powder (P2) group. In the statistical analysis,
the difference between the control (C) group and the
10% pepper powder (P1) group is statistically significant (P<0.05).
In the study, the highest (b) value was measured
in the 60th day, in the 10% pepper powder (P2)
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CHARACTERIZATION OF FERULIC ACID REMOVAL
FROM AQUEOUS SOLUTION BY H2O2-MODIFIED
HYDROTHERMAL BIOCHAR PRODUCED FROM
CHRYSANTHEMUM MORIFOLIUM RAMAT. CV. CHUJU
<XH;LH&KHQJ=KRX)HL\XH/L6KXLMLQ+X=XOLDQJ=KDQJ=KHQ=KDQJ-LDQIHL:DQJ 
:HLIDQJ.RQJ


&ROOHJHRI5HVRXUFHVDQG(QYLURQPHQW$QKXL6FLHQFHDQG7HFKQRORJ\8QLYHUVLW\)HQJ\DQJ&KLQD

'HSDUWPHQWRI3ODQW3DWKRORJ\1RUWK&DUROLQD6WDWH8QLYHUVLW\5DOHLJK1&86$

&ROOHJHRI/LIH6FLHQFH$QKXL6FLHQFHDQG7HFKQRORJ\8QLYHUVLW\)HQJ\DQJ&KLQD

/X DQ,QVWLWXWHIRU)RRGDQG'UXJ&RQWURO&HQWHU/X DQ&KLQD

6FKRRORIWKH(QYLURQPHQWDQG6DIHW\(QJLQHHULQJ-LDQJVX8QLYHUVLW\=KHQMLDQJ&KLQD

.XQVKDQ/DQG(QYLURQPHQW3URWHFWLRQ7HFKQRORJ\.XQVKDQ&KLQD

HDVHDQGDUWHULRVFOHURVLV>@+RZHYHUDVDQDQ
QXDO SODQW & PRULIROLXP 5DPDW FY &KXMX LV VH
YHUHO\ WKUHDWHQHG E\ UHSODQW SUREOHPV ZKHQ HVWDE
OLVKHGDWVLWHVXQGHUFRQWLQXRXVFURSSLQJFRQGLWLRQV
ZKLFKUHVXOWVLQSRRUKDUYHVW\LHOGVDQGTXDOLW\)RU
&PRULIROLXP5DPDWFY&KXMXDXWRWR[LFLW\ZKLFK
LVDVSHFLDOIRUPRIDOOHORSDWK\FDXVHGE\SK\WRWR[LF
DOOHORFKHPLFDO VXEVWDQFHV LV D PDMRU FDXVH RI UH
SODQW SUREOHPV >@ )HUXOLF DFLG )$  DQ DXWRWR[LF
VXEVWDQFH LV D XELTXLWRXV SKHQROLF FRPSRXQG LQ
SODQWVWKDWLVUHOHDVHGE\URRWVDQGGHFD\LQJVKRRWV
)$FDQOHDGWRWKHRYHUSURGXFWLRQRIUHDFWLYHR[\JHQ
VSHFLHV 526 ZKLFKFDXVHPHPEUDQHOLSLGSHUR[L
GDWLRQ SURWHLQ GHQDWXUDWLRQ DJJUHJDWLRQ '1$
EUHDNV DQG HQ]\PH LQDFWLYDWLRQ > @ 0RUHRYHU
)$ UHGXFHV WKH DFWLYLWLHV RI SODVPD PHPEUDQH + 
$37DVHV DQG VRPH K\GURO\WLF HQ]\PHV DQG DOWHUV
WKHQXWULHQWEDODQFHLQSODQWV>@
$QXPEHURIWUHDWPHQWPHWKRGVIRUWKHUHPRYDO
RI)$IURPVRLOVKDYHEHHQUHSRUWHG>@0RVWRI
WKHVH PHWKRGV VXIIHU IURP GUDZEDFNV VXFK DV KLJK
RSHUDWLRQDO FRVWV RU ORZ UHPRYDO HIILFLHQFLHV >@
$GVRUSWLRQRQKLJKELQGLQJVRUEHQWVSURYLGHVDVLP
SOHDQGHIILFLHQWZD\WRHOLPLQDWHRUJDQLFVXEVWDQFHV
LQVRLO2ZLQJWRWKHLUVWURQJDGVRUSWLRQDIILQLW\DQG
UHODWLYHO\ ORZ FRVW FDUERQDFHRXV VRUEHQWV HVSH
FLDOO\ELRFKDUVKDYHEHHQFRPPRQO\XVHGDVHIIHF
WLYH VRLO DPHQGPHQWV IRU SKHQROLF FRPSRXQGV DQG
KDYHEHHQH[WHQVLYHO\VWXGLHG>@7KHUHDUH
WZR PHWKRGV IRU SUHSDULQJ ELRFKDU S\URO\VLV DQG
K\GURWKHUPDO FDUERQL]DWLRQ +7&  >@ 3UHYLRXV
UHVHDUFKKDVUHSRUWHGWKDWWKHUHPRYDOHIILFLHQF\RI
S\URO\WLFELRFKDULVVLJQLILFDQWO\ORZHUWKDQWKDWRI
K\GURWKHUPDOELRFKDURZLQJWRDQLQFUHDVHGQXPEHU
RI R[\JHQFRQWDLQLQJ IXQFWLRQDO JURXSV RQ WKH K\
GURWKHUPDOELRFKDUVXUIDFH>@7KXVWKHDFWLYDWLRQ
RI K\GURWKHUPDO ELRFKDU E\ GLIIHUHQW PHWKRGV KDV
EHFRPHDNH\IRFXVLQLPSURYLQJDGVRUSWLRQSHUIRU
PDQFH
&KHPLFDO DFWLYDWLRQ LV WKH PRVW FRPPRQ
PHWKRG IRU SUHSDULQJ DFWLYDWHG ELRFKDU DQG VRPH

ABSTRACT
%LRFKDU %& SURGXFHGIURP &KU\VDQWKHPXP
PRULIROLXP 5DPDW FY &KXMX ELRPDVV WKURXJK K\
GURWKHUPDO FDUERQL]DWLRQ ZDV DFWLYDWHG ZLWK 
+2 $%& IRUXVHDVDQDGVRUEHQW7KHDELOLW\RI
$%& WR SXULI\ IHUXOLF DFLGFRQWDPLQDWHG DTXHRXV
VROXWLRQVZDVFRPSDUHGZLWKWKDWRIFRPPHUFLDODF
WLYDWHGFDUERQ $& %DWFKDGVRUSWLRQH[SHULPHQWV
LQGLFDWHGWKDWWKH$%&VRUEHQWVKRZHGHIILFLHQWIHU
XOLFDFLGDGVRUSWLRQ$WS+IHUXOLFDFLGDGVRUS
WLRQRQ%&DQG$%&IROORZHGWKH)UHXQGOLFKPRGHO
DQGWKH/DQJPXLUPD[LPXPDGVRUSWLRQFDSDFLWLHVRI
IHUXOLFDFLGRQ$&%&DQG$%&ZHUH
DQG  PJÂJ UHVSHFWLYHO\ ,VRWKHUP H[SHUL
PHQWV ZHUH FRQGXFWHGDQGWKH FDOFXODWHG ǻ*DQG
ǻ+ YDOXHV VXJJHVWHG WKDW WKH DGVRUSWLRQ SURFHVV
ZDV VSRQWDQHRXV DQG H[RWKHUPLF$ SRVVLEOH VRUS
WLRQ PHFKDQLVPLQYROYLQJ SK\VLVRUSWLRQDFFRPSD
QLHGE\DFHUWDLQGHJUHHRIFKHPLVRUSWLRQZDVSUR
SRVHG 3K\VLVRUSWLRQ RFFXUUHG YLD FRPPRQ K\GUR
JHQERQGLQJDQGʌ±ʌGLVSHUVLYHLQWHUDFWLRQVZKLOH
FKHPLVRUSWLRQ RFFXUUHG YLD FKHPLFDO ERQGLQJ ZLWK
SKHQROLFJURXSV
.(<:25'6
%LRFKDU )HUXOLF DFLG +2 PRGLILFDWLRQ $GVRUSWLRQ
&RQWLQXRXVFURSSLQJVRLOUHPHGLDWLRQ

INTRODUCTION
&KU\VDQWKHPXPPRULIROLXP5DPDWFY&KXMX
LVDQLPSRUWDQWPHGLFLQDOKHUEDQGWKHIORZHURIWKLV
VSHFLHV LV D WUDGLWLRQDO &KLQHVH PHGLFLQH WKDW LV LQ
KLJKGHPDQG )UHVKRUGULHGIORZHUVRI & PRULIR
OLXP 5DPDWFY&KXMXDUH PDLQO\ XVHGWRHQKDQFH
WKHLPPXQHV\VWHPLQKXPDQVDQGKDYHGLVWLQFWFX
UDWLYH HIIHFWV RQ K\SHUWHQVLRQ FRURQDU\ KHDUW GLV
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PP FROOHFWHGSRXUHGLQWRKRWZDWHUWRUHPRYH
DLU DQG XVHGDIWHUGU\LQJ7KH UHPDLQLQJFKHPLFDO
UHDJHQWV ZHUH RI DQDO\WLFDO JUDGH 7KH FRQFHQWUD
WLRQVRIDFLGLFDQGEDVLFIXQFWLRQDOJURXSVZHUHGH
WHUPLQHGE\WKH%RHKPWLWUDWLRQPHWKRGZLWK1D2+
1D&21D+&2DQG+&O>@%ULHIO\FRPPHU
FLDO$&%&DQG$%&ZHUHDGGHGWRVHSDUDWH0
DONDOLVROXWLRQVDQGHDFKPL[WXUHZDVDJLWDWHGRQDQ
DJLWDWLQJEHGIRUK7KHVXSHUQDWDQWZDVH[WUDFWHG
DQGEDFNWLWUDWHGZLWK0+&O7KHDFLGLFJURXSV
ZHUHHVWLPDWHGE\DVVXPLQJWKDW1D+&2RQO\QHX
WUDOL]HV WKH FDUER[\OLF JURXSV 1D&2 QHXWUDOL]HV
WKH FDUER[\OLF DQG ODFWRQLF JURXSV 1D2+ QHXWUDO
L]HV DOO WKH DFLGLF JURXSV LQFOXGLQJ WKH SKHQROLF
JURXSVDQG+&OQHXWUDOL]HVDOOWKHEDVLFJURXSV

IXQFWLRQDOJURXSVVXFKDV±&22+& 2DQG±2+
FDQEHLQWURGXFHGWRPRGLI\WKHELRFKDUVXUIDFH>@
)XUWKHUPRUH DGVRUSWLRQ SURFHVVHV DUH VWURQJO\ DI
IHFWHG E\ R[\JHQFRQWDLQLQJ JURXSV RQ HQJLQHHUHG
DQGSULVWLQHELRFKDUVXUIDFHV5HFHQWO\=XRHWDO>@
UHSRUWHG WKDW D  +2PRGLILHG +7& ELRFKDU
SURYLGHGDEHWWHUFKDQQHOWRLQFUHDVHWKHDPRXQWRI
R[\JHQFRQWDLQLQJIXQFWLRQDOJURXSVRQWKHELRFKDU
VXUIDFH+XIIDQG/HH>@DOVRIRXQGWKDWWKHDGGL
WLRQRI+2HQKDQFHGWKHFRQWHQWRIR[\JHQIXQF
WLRQDOLWLHVVXFKDVFDUER[\ODWHDQGK\GUR[\OJURXSV
LQELRFKDU+RZHYHUWKHSK\VLFRFKHPLFDOSURSHUWLHV
RIELRFKDUVDUHVWURQJO\GHSHQGHQWRQWKHQDWXUHRI
WKHIHHGVWRFNWKHSUHSDUDWLRQSURFHVVDQGWKHPRG
LILFDWLRQFRQGLWLRQV>@7KXVDQLQYHVWLJDWLRQ
RIWKHSURSHUWLHVDQGVRUSWLRQFDSDFLWLHVRIWKHDFWL
YDWHG DQG QRQDFWLYDWHG ELRFKDUV LV HVVHQWLDO EHIRUH
DSSOLFDWLRQ
7RWKH EHVWRIRXU NQRZOHGJHWKLV LVWKH ILUVW
UHSRUW RQ WKH SUHSDUDWLRQ FKDUDFWHUL]DWLRQ DQG DS
SOLFDWLRQRIDQDFWLYDWHGK\GURWKHUPDOELRFKDUSUH
SDUHGIURP&PRULIROLXP5DPDWFY&KXMXYLD+2
WUHDWPHQWIRUWKHUHPRYDORI)$7KHVRUSWLRQEHKDY
LRUV RI WKH LQLWLDO DQG PRGLILHG K\GURWKHUPDO ELR
FKDUV ZHUH LQYHVWLJDWHG DQG FRPSDUHG ZLWK WKDW RI
FRPPHUFLDODFWLYDWHGFDUERQ$FFRUGLQJO\WKHPDLQ
REMHFWLYHVRIWKLVVWXG\ZHUH  WRWHVWWKHSRVVLELOLW\
RI)$UHPRYDOE\DFWLYDWHGDQGQRQDFWLYDWHGELRFKDU
  WR REWDLQ WKH RSWLPL]HG SDUDPHWHUV IRU WKH DG
VRUSWLRQSURFHVVDQG  WRH[SORUHWKHSRVVLEOHDG
VRUSWLRQPHFKDQLVP

Biochar characterization. 7KH VXUIDFH PRU
SKRORJLHV RI$& %& DQG$%& ZHUH REVHUYHG E\
VFDQQLQJHOHFWURQPLFURVFRS\ 6(0=HLVV(92/6
8. 7KHIXQFWLRQDOVXUIDFHJURXSVZHUHLGHQ
WLILHGE\)RXULHUWUDQVIRUPLQIUDUHG )7,5 VSHFWURV
FRS\XVLQJD1LFROHWL6V\VWHP 7KHUPR(OHFWURQ
&R86$ ZLWK.%USHOOHWVREWDLQHGE\SUHVVLQJWKH
SUHSDUHG PL[WXUH XQGHU YDFXXP 7KH VSHFLILF VXU
IDFHDUHDDQGSRUHVL]HGLVWULEXWLRQRIDOOWKUHHDGVRU
EHQWVZHUHH[DPLQHGYLD1DGVRUSWLRQDW.XVLQJ
DQ$6$3&0LFURPHULWLFVDSSDUDWXV 1RUFURVV
*$86$ DQGWKH%UXQDXHU±(PPHWW±7HOOHU %(7 
DQG %DUUHWW±-R\QHU±+DOHQGD %-+  PHWKRGV ZHUH
HPSOR\HGWRGHWHUPLQHWKHVSHFLILFVXUIDFHDUHDDQG
SRUHVL]HGLVWULEXWLRQUHVSHFWLYHO\(OHPHQWDODQDO\
VLVRI&+2DQG1LQWKHVRUEHQWVZDVSHUIRUPHG
ZLWK D 9DULR (/ ,, HOHPHQWDO DQDO\]HU 7KH S+S]F
S+DWWKHSRLQWRI]HURSRWHQWLDO YDOXHVRIWKHVDP
SOHVZHUHGHWHUPLQHGDVGHVFULEHGE\/RSH]5DPRQ
HWDO>@

MATERIALS AND METHODS
Biochar preparation and activation. )UHVK
&KU\VDQWKHPXP PRULIROLXP 5DPDW FY &KXMX ZDV
SXUFKDVHGIURP$QKXL-XWDL&KXMX+HUE7HFKQRORJ\
&R /WG &KX]KRX &KLQD  $ ODERUDWRU\VFDOH
VHPLEDWFK  P/ 3DUU DXWRFODYH UHDFWRU 86$ 
ZDVXVHGIRUWKHSURGXFWLRQRIK\GURWKHUPDOELRFKDU
%& 7KHVDPSOHZDVKHDWHGDWDUDWHRI&āPLQ

XSWR&ZLWKGHLRQL]HGZDWHULQDZHLJKWUDWLR
RI7KH ILQDOWHPSHUDWXUH RI& ZDV PDLQ
WDLQHG IRU  K WR REWDLQ %&7KH REWDLQHG%& ZDV
ZDVKHG ZLWK GHLRQL]HG ZDWHU VL[ WLPHV DQG WKHQ
GULHGLQDQRYHQLQDLUDWDWHPSHUDWXUHRI&IRU
K7KHGULHG%&ZDVJURXQGLQDQDJDWH PRUWDU
DQGVLHYHGWKURXJKPHVK PP 7KHILQDO%&
ZDVDGGHGWRDP/VROXWLRQRIK\GURJHQSHUR[LGH
+2 DW&IRUKWRREWDLQ+2DFWLYDWHG
K\GURWKHUPDO ELRFKDU $%&  DIWHU ILOWUDWLRQ ZDVK
LQJDQGGU\LQJDW&IRUK

FA adsorption test. 7RHYDOXDWH WKH HIIHFWRI
S+DQGLRQLFVWUHQJWKRQWKHUHPRYDOHIILFLHQF\RI
)$E\GLIIHUHQWVRUEHQWVP/)$VROXWLRQVZLWK
LQLWLDOFRQFHQWUDWLRQVRIPJÂ/ ZHUHSUHSDUHG
DQGWKHS+ZDVDGMXVWHGLQWKHUDQJHRI±XVLQJ
HLWKHU0+&ORU01D2+7KHGRVHFRQFHQ
WUDWLRQZDVJÂ/DQGWKHPL[WXUHZDVVKDNHQDW
USP IRUK7KH HIIHFWRILRQLFVWUHQJWK ZDV
LQYHVWLJDWHG E\ DGGLQJ 1D&O ± PROā/  7KH
VDPSOHVZHUHILOWHUHGWKURXJKȝPSRO\WHWUDIOX
RURHWK\OHQH 37)( ILOWHUVDQGWKHFROOHFWHGVXSHU
QDWDQWVZHUHTXDQWLILHGE\KLJKSHUIRUPDQFHOLTXLG
FKURPDWRJUDSK\ +3/& /&$7 6KLPDG]X -D
SDQ 
Batch sorption experiments. $VWRFNVROXWLRQ
PJÂ/ ZDVSUHSDUHGE\GLVVROYLQJ)$DQGDG
MXVWLQJWKHLQLWLDOS+WRE\DGGLQJ0+&ORU
0 1D2+7KH VRUSWLRQNLQHWLFV ZHUH H[DPLQHGE\
PL[LQJJRIWKHDGVRUEHQWLQP/RIWKH)$
VROXWLRQ PJÂ/ FRQWDLQLQJPROÂ/1D&ODV
DEDFNJURXQGHOHFWURO\WH7KHUHDFWLRQYHVVHOVZHUH
SODFHGRQDURWDU\VKDNHUDWUSPDQG&DQG

Chemicals and Chemical analysis. )$ K\
GUR[\PHWKR[\FLQQDPLF DFLG  ZDV SXUFKDVHG
IURP6LJPD$OGULFK+\GURJHQSHUR[LGH  DQG
SRZGHUHGDFWLYDWHGFDUERQ $& ZHUHREWDLQHGIURP
6KDQJKDL &KHPLFDO 5HDJHQW &RPSDQ\ 6KDQJKDL
&KLQD 3RZGHUHG$&ZDVSDVVHGWKURXJKPHVK
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WHQWRI$%&LQFUHDVHGE\ZWZKLFKZDVFRP
SHQVDWHG E\ D FRQFRPLWDQW GHFUHDVH LQ WKH FDUERQ
FRQWHQWE\0RUHRYHUDWLPHVLPSURYH
PHQWRIWKH6$ZDVREVHUYHGIURPPÂJ IRU
%&WRPÂJIRU$%&,QDGGLWLRQWKH739
RI$%&ZDVPXFKKLJKHUWKDQWKDWRI%&RQ739
EXWWKHVH SDUDPHWHUV ZHUH VWLOOORZHUWKDQ WKRVHRI
FRPPHUFLDO$& 6$ PÂJDQG739 
P/ÂJ 7KHFKDQJHVREVHUYHGLQWKHGDWDUHIOHFWHG
VWUXFWXUDOPRGLILFDWLRQVRZLQJWRWKHGHFRPSRVLWLRQ
RI+2>@6RPHSODQWQXWULHQWHOHPHQWVIURPWKH
IHHGVWRFNZHUHUHWDLQHGLQWKHVRUEHQWV1RWDEO\WKH
FRQFHQWUDWLRQRIQLWURJHQLQ$%&LVQHDUO\KDOIWKDW
LQXQWUHDWHG%&ZKLFKLQGLFDWHVWKDWQDWLYHQLWURJHQ
SUHVHQWLQWKHIHHGVWRFNLVHOLPLQDWHGDVQLWURJHQR[
LGHV>@,WLVDOVRZRUWKZKLOHWRQRWHWKDWWKHR[\
JHQ FRQWHQW LQFUHDVHG DQG WKH FDUERQ FRQWHQW GH
FUHDVHGLQ$%&ZKLFKFDXVHGVLJQLILFDQWLQFUHDVHV
LQ WKH 2& DQG 21 & DWRPLF UDWLRV UHODWLYH WR
WKRVHRI%&$VLPLODUREVHUYDWLRQZDVUHSRUWHGE\
<XDQ HW DO >@ 7KH PRODU 2& UDWLR RI %& ZDV
KLJKHUWKDQWKDWRI$&ZKLFKLQGLFDWHVWKDW%&KDV
PRUH SRODU JURXSV DQG LV PRUH K\GURSKLOLF WKDQ
VRPH W\SHV RI FRPPHUFLDO $& 7KHVH FKDQJHV LQ
+& DQG 2& DOVR UHYHDO WKDW GHK\GURJHQDWLYH
SRO\PHUL]DWLRQ DQG GHK\GUDWLYH SRO\FRQGHQVDWLRQ
ZKLFKDUHDFFRPSDQLHGE\DVLJQL¿FDQWORVVRIR[\
JHQDQGDOLSKDWLFK\GURJHQRFFXUGXULQJ+2WUHDW
PHQW >@ 7KH PRODU 2& UDWLR FRQWUDU\ WR WKH
WHQGHQFLHVRI+&DQG1&VXJJHVWVWKDWWKHQXPEHU
RI VXUIDFH R[\JHQ IXQFWLRQDO JURXSV LQ %& LV HQ
KDQFHG 7DEOH  VKRZV WKDW WKH WKUHH VRUEHQWV DUH
EDVLFZLWKS+YDOXHVUDQJLQJIURPWR7KH
KLJKO\EDVLFS+RIWKHREWDLQHGELRFKDUVDPSOHVFDQ
EHXVHGIRUVRLODPHQGPHQWWRLQFUHDVHVRLOS+DQG
QHXWUDOL]HVRLODFLGLW\2ZLQJWRWKHPDMRUFKDQJHV
LQWKH VWUXFWXUH DQGFKHPLFDO SURSHUWLHVDIWHU+2
DFWLYDWLRQWKLVWUHDWPHQWFRXOGKDYHDKXJHLPSDFW
RQWKHDGVRUSWLRQRI)$

VDPSOHVZHUHZLWKGUDZQDWVSHFLILFWLPHLQWHUYDOV 
DQGPLQ 7KH
H[SHULPHQWV WR REWDLQ WKH VRUSWLRQ LVRWKHUPV ZHUH
WKHVDPHDVWKRVHXVHGWRREWDLQWKHVRUSWLRQNLQHWLFV
H[FHSWWKHFRQFHQWUDWLRQVRIWKH)$VROXWLRQZHUH±
 PJÂ/ DQG WKH VKDNLQJ SHULRG ZDV  K 7KH
VDPSOHVZHUHILOWHUHGWKURXJKȝP37)(PHP
EUDQHILOWHUVDQGWKHILOWUDWHZDVTXDQWLILHGE\+3/&
$OOH[SHULPHQWVZHUHSHUIRUPHGLQWULSOLFDWHDQGWKH
PHDQYDOXHVRIWKHWKUHHUHSOLFDWHH[SHULPHQWVZHUH
XVHGDVWKHUHSRUWHGGDWD
Adsorption thermodynamics. ,VRWKHUP H[SHUL
PHQWV ZHUH FDUULHG RXW DW   DQG  .
%ULHIO\DVHULHVRI)$VROXWLRQVZLWKFRQFHQWUDWLRQV
RI±PJÂ/ZHUHSUHSDUHGDQGWKHLUS+YDOXHV
ZHUHDGMXVWHGWRZLWK0+&ORU01D2+
$VRUEHQWGRVHRIJÂ/ZDVDGGHGWRWKHVROXWLRQ
ZKLFKZDVWKHQVKDNHQDWUSPIRUKDWWKHGH
VLUHG WHPSHUDWXUH XVLQJ DQ LQFXEDWRU VKDNHU +6<
% 7KHGDWDREWDLQHGIURPWKHWKHUPRG\QDPLFH[
SHULPHQWVZHUHPRGHOHGDFFRUGLQJWRWKHPHWKRGRI
6DOPDQ HW DO >@ 7KH WKHUPRG\QDPLF HTXDWLRQV
FDQEHZULWWHQDVIROORZV
OQ. ǻ65±ǻ+ 57  
ǻ* ǻ+±7ǻ6 
ZKHUHǻ*LQ(T  UHSUHVHQWVWKHVWDQGDUGFKDQJH
LQ*LEEVIUHHHQHUJ\ N-ÂPRO 7LVWKHWHPSHUDWXUH
. 5LQ(T  LVWKHXQLYHUVDOJDVFRQVWDQW 
-Â.ÂPRO ǻ+LVWKHVWDQGDUGHQWKDOS\ N-ÂPRO

DQGǻ6LVWKHVWDQGDUGHQWURS\ -ÂPRO 
FA analysis. 7KH)$FRQFHQWUDWLRQZDVTXDQ
WLILHGE\+3/&XVLQJDSUHYLRXVO\GHVFULEHGPHWK
RGRORJ\ >@ $OO RI WKH VDPSOHV ZHUH ILOWHUHG
WKURXJKȝPPHPEUDQHV7KHLQMHFWLRQYROXPH
ZDVP/DQGD*HPLQL&FROXPQZDVXVHG 
î  PP 7KH HOXHQW ZDV FRPSRVHG RI XOWUDSXUH
ZDWHU $ DQGDFHWRQLWULOH % ERWK FRQWDLQLQJ
IRUPLFDFLGDQGWKH IORZUDWH ZDVP/ÂPLQ
7KHHOXWLRQJUDGLHQWZDVDVIROORZV±%IRU
PLQ±%IRUPLQ%IRUPLQ±
% IRUPLQDQG%IRUPLQ7KH RE
WDLQHGGDWDZHUHDQDO\]HGXVLQJWKH&ODVV93FKUR
PDWRJUDSK\GDWDVWDWLRQVRIWZDUH 6KLPDG]RX DQG
WKH)$SHDNVZHUHLGHQWLILHGE\FRPSDULQJWKHUHWHQ
WLRQWLPHVRIWKHSHDNVZLWKVWDQGDUGV

(2) 6FDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 
DQDO\VLV'HWDLOVDERXWWKHPRUSKRORJLHVDQGVWUXF
WXUHV RI WKH WKUHH DGVRUEHQWV $& %& DQG$%& 
ZHUHGHWHUPLQHGE\6(0DQGWKH6(0LPDJHVDUH
SUHVHQWHGLQ)LJXUH6LJQLILFDQWGLIIHUHQFHVFDQEH
VHHQLQWKHSDUWLFOHVL]HVRIFRPPHUFLDO$& )LJXUH
D DQGWKHELRFKDUVDPSOHV )LJXUHEF 7KH$&
SDUWLFOHVZHUHYHU\VPDOOZLWKWKHPDMRULW\OHVVWKDQ
ȝPLQVL]H7KHURXJKVXUIDFHRIWKHFDUERQSDU
WLFOHVUHVXOWHGIURPZLGHGLVWULEXWLRQDOKROHVZKLFK
PD\FDXVHWKHKLJK6$DQGKLJK739RI$& 7DEOH
  7KH %& DQG$%& DGVRUEHQWV H[KLELWHG KRQH\
FRPE SRURXV VWUXFWXUHV RZLQJ WR WKH FRUUXJDWHG
VWUXFWXUHRISODQWFHOOVDQGWKHSDUWLFOHVLQERWKVDP
SOHVZHUHRYHUȝPLQVL]H7KH6(0LPDJHVLQ
GLFDWHGWKDWWKH VXUIDFH RI%& ZDV YHU\URXJKDQG
IROGHGZKLOHPRGLILFDWLRQZLWK+2UHVXOWHGLQOLW
WOH FKDQJH LQ VL]H +RZHYHU WKH $%& SDUWLFOHV
FXUOHG LQZDUG DQG IRUPHG VPDOOHU VWUXFWXUHV ZLWK
PDQ\KROHVIRUPHGLQWKHLQWHULRU7KXVGLIIHUHQFHV

RESULTS AND DISCUSSION
Characteristics of adsorbents. (1) 3K\VLFR
FKHPLFDOFKDUDFWHULVWLFVRI$&%&DQG$%&7KH
SURSHUWLHV RI WKH WKUHH DGVRUEHQWV LQFOXGLQJ \LHOG
S+DVK VSHFLILFVXUIDFHDUHD 6$ WRWDOSRUH YRO
XPH 739 HOHPHQWDOFRPSRVLWLRQDQGDWRPLFUDWLR
DUH VXPPDUL]HG LQ 7DEOH  (OHPHQWDO DQDO\VLV
VKRZHGWKDW%&DQG$%&FRQWDLQHGQLWURJHQSKRV
SKRUXVSRWDVVLXPDQGVXOIXUUHWDLQHGIURPWKHIHHG
VWRFN$VDUHVXOWRI+2WUHDWPHQWWKHR[\JHQFRQ
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LQWKHVSHFWUDRIWKHWKUHHVDPSOHVDWDSSUR[LPDWHO\
 DQGFPDUHJHQHUDOO\DWWULEXWHGWR
WKHV\PPHWULFRUDV\PPHWULFVWUHWFKLQJRIDOLSKDWLF
JURXSV LQFOXGLQJ ±&+ ±&+ DQG ±&+ >@7KH
SHDNREVHUYHGDWFP IRUWKHWKUHHVRUEHQWVLV
DVVLJQHGWRODFWRQH& 2±5VWUHWFKLQJ%DVHGRQWKH
DERYHDQDO\VLVWKHUHVKRXOGEHFDUER[\OLFODFWRQH
DQGK\GUR[\OJURXSVLQ%&DQG$%&ZKHUHDVFDU
ER[\OLF JURXSV DUH QRW IRXQG LQ FRPPHUFLDO $&
1HYHUWKHOHVVWKHDPRXQWVRIWKHVHIXQFWLRQDOJURXSV
FKDQJHGWRGLIIHUHQWGHJUHHVDIWHU+2PRGLILFDWLRQ

(3) )RXULHUWUDQVIRUPLQIUDUHG )7,5 VSHF
WURVFRS\DQDO\VLV7KHDGVRUSWLRQFDSDFLWLHVRIWKH
WKUHHVRUEHQWVGHSHQGRQWKHLUSRURVLWLHVDVZHOODV
WKHFKHPLFDOUHDFWLYLWLHVRIWKHIXQFWLRQDOJURXSVRQ
WKH VXUIDFH >@ 7KXV NQRZOHGJH RI WKH VXUIDFH
IXQFWLRQDO JURXSV SURYLGHV LQVLJKW LQWR WKH DGVRUS
WLRQ FDSDELOLW\ RI WKH DGVRUEHQWV &KDQJHV LQ WKH
IHHGVWRFNDQGPRGLILFDWLRQPHWKRGDUHDOVRUHIOHFWHG
LQWKH )7,5VSHFWUD7KH )7,5 VSHFWUD RI$&%&
DQG$%&DUHSUHVHQWHGLQ)LJXUH&RPSDUHGZLWK
$& WKH ELRFKDU VDPSOHV VKRZ DGGLWLRQDO DQG
VWURQJHUSHDNVZKLFKLQGLFDWHVWKDWWKHVXUIDFHIXQF
WLRQDOJURXSVDUHGLVWULEXWHGPRUHZLGHO\LQ%&DQG
$%& 7KH ZHOOUHVROYHG EDQG DW  FP LV DV
VLJQHGWRWKH2+VWUHWFKLQJYLEUDWLRQVRIVWUXFWXUDO
DQG IUHH K\GUR[\OV LQ RUJDQLF VLOLFRQ RU SKHQROLF
FRPSRXQGVRQWKHVXUIDFHRIWKHVRUEHQWV>@$%&
KDVPRUHIXQFWLRQDOJURXSVDVLQGLFDWHGE\WKHPXFK
VWURQJHUEDQGVLQWKHUHJLRQIURPWRFP

ZKLFKFRXOGEHGXHWRWKHRYHUODSSLQJRI±2+DQG
1±+VWUHWFKLQJEDQGV>@7KHSHDNDWFP
DWWULEXWHGWR& 2DQGRU& &VWUHWFKLQJ>@LVRE
VHUYHGLQWKHVSHFWUDRI%&DQG$%&EXWQRWLQWKDW
RI$&ZKLFKLQGLFDWHVWKDWFRPPHUFLDO$&ODFNHG
FDUER[\OLFJURXSV7KHVPDOOZHDNEDQGVREVHUYHG

Sorption kinetics. $GVRUSWLRQNLQHWLFVH[SHUL
PHQWVZHUHFRQGXFWHGWRLQYHVWLJDWHWKHDGVRUSWLRQ
EHKDYLRU RI )$ RQ WKH WKUHH VRUEHQWV$V VKRZQ LQ
)LJXUHDWKHDGVRUSWLRQFDSDFLW\RIFRPPHUFLDO$&
LQFUHDVHG TXLFNO\ GXULQJ WKH LQLWLDO  K DQG WKHQ
VORZHGXQWLOHTXLOLEULXPZDVUHDFKHG7KLVSKDVHRI
UDSLGVRUSWLRQPD\EHDVFULEHGWRWKHUDSLGRFFXSD
WLRQ RI HDVLO\ DFFHVVLEOH H[WHUQDO VXUIDFH VRUSWLRQ
VLWHVOLNHO\YLDSK\VLFDOVRUSWLRQ>@,QFRQWUDVW
)$DGVRUSWLRQRQ%&DQG$%&ZDVVORZHUWKDQWKDW
RQ$& DQG WKH DGVRUSWLRQ SURFHVVHV LQFOXGHG WZR
VWHSV WKH DGVRUSWLRQ FDSDFLW\ LQFUHDVHG UDSLGO\ LQ
WKHLQLWLDOKDQGWKHQVORZO\UHDFKHGHTXLOLEULXPLQ
WKH VXEVHTXHQW  K 7KH NLQHWLF SORWV IRU %& DQG
$%&VKRZHGWKHVDPHLQYHUWHG/VKDSHLQGLFDWLQJ
WKDWDVLPLODUSURFHVVFRQWUROOHG)$VRUSWLRQRQERWK
ELRFKDUVDPSOHVDQGWKLVWZRVWHSVRUSWLRQSURFHVV
PD\EHDWWULEXWHGWRVSHFLILF FKHPL DQGLUUHYHUVL
EOHVRUSWLRQ>@

7$%/(
3K\VLFDODQGFKHPLFDOSURSHUWLHVRI$&%&DQG$%&
Properties

Elemental composition

Atomic ratio

C%
H%
O%
S%
N%
P%
K%
O/C
H/C
N/C
(O+N)/C

pH
Ash%
SAa m2·g-1
TPVb mL·g-1
pHpzc
Yield%
D
6$VSHFLILFVXUIDFHDUHD
E
739WRWDOSRUHYROXPH
F
1$GDWDZHUHQRWREWDLQHG

AC
78.15
1.81
17.37
NA
0.21
NA
1.178
0.4445
0.2779
0.0024
0.4469
7.34
0.84
1038
0.457
7.51
NAc

BC
68.59
4.62
22.16
0.01
0.18
0.069
1.981
0.6462
0.8083
0.0120
0.6582
8.45
3.54
232.5
0.193
3.23
45.17



ABC
53.41
1.49
31.98
0.01
0.07
0.03
1.306
1.1975
0.3348
0.0055
0.9030
8.12
3.63
537.1
0.376
4.69
48.09
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FIGURE 1
Scanning electron microscopic images of the AC, BC and ABC
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FIGURE 2
FTIR spectra and spectroscopic assignment of the commercial activated carbon (AC), original (BC)
and modified (ABC) biochars
120

-1

t/qt (min.g .mg )

80

b

0.08

-1

-1

Qt (mg.g )

100

0.10

AC
BC
ABC

a

60
40

Pseudo first order
Pseudo second order

0.06
0.04

ABC
BC

0.02

20

0.00

0
0

50

100

150

200

250

300

Contact time (min)

0

2

4

6

t

1/2

8

10

12

(min)

FIGURE 3
Effect of contact time on the adsorption of ferulic acid on AC, BC and ABC (a) and (b) the pseudo
second order kinetic model
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7$%/(
.LQHWLFVPRGHOSDUDPHWHUVRI)HUXOLFDFLGVRUSWLRQRQWR$&%&DQG$%&
.LQHWLFPRGHO
3VHXGRILUVWRUGHU

3VHXGRVHFRQGRUGHU

3DUDPHWHU
TH PJJ
N PLQ
5
4H PJJ
N JPJPLQ
5

$&







%&







$%&







DTHLVWKHDPRXQWRI)HUXOLFDFLGVRUSWLRQDWHTXLOLEULXP PJJ 4HLVWKHVRUSWLRQFDSDFLW\DWHTXLOLEULXPFDOFX
ODWHGE\WKHSVHXGRVHFRQGRUGHUPRGHO PJJ 
ENLVWKHUDWHFRQVWDQWRISVHXGRILUVWRUGHUPRGHO PLQ NLVWKHUDWHFRQVWDQWRISVHXGRVHFRQGRUGHUPRGHO
JPJPLQ 
F 5 LV FRUUHODWLRQ FRHIILFLHQW RI SVHXGR ILUVW RUGHU PRGHO 5 LV FRUUHODWLRQ FRHIILFLHQW RI SVHXGR VHFRQG RUGHU
PRGHO
7REHWWHUXQGHUVWDQGWKHVRUSWLRQNLQHWLFVDQG
PHFKDQLVP RI )$ DGVRUSWLRQ RQ WKH VRUEHQWV WZR
FRPPRQO\XVHGNLQHWLFPRGHOV>@SVHXGRILUVWRU
GHU DQG SVHXGRVHFRQGRUGHU NLQHWLF PRGHOV ZHUH
VHOHFWHGWRILWWKHH[SHULPHQWDOGDWD7KHSDUDPHWHUV
DQGFRUUHODWLRQFRHIILFLHQWVRIWKHWZRNLQHWLFPRG
HOVZHUHFDOFXODWHGDQGWKHUHVXOWVDUHVXPPDUL]HG
LQ7DEOH  *HQHUDOO\ WKH VRUSWLRQ RI )$ RQWR$&
%&DQG$%&ILWWHGERWKWKHSVHXGRILUVWRUGHUDQG
SVHXGRVHFRQGRUGHU PRGHOV YHU\ ZHOO$V VHHQ LQ
7DEOHWKHSVHXGRVHFRQGRUGHUHTXDWLRQILWWHGWKH
NLQHWLFVGDWDIRU$&ZHOOZLWKDFRUUHODWLRQFRHIIL
FLHQW 5 RIJUHDWHUWKDQEXWDSRRUHUILW 5
 ZDVREVHUYHGIRUWKHSVHXGRVHFRQGRUGHU
PRGHO7KXV)$DGVRUSWLRQRQFRPPHUFLDO$&LVDV
VXPHGWREHDSK\VLFDODGVRUSWLRQSURFHVVZKLFKKDV
EHHQ FRQILUPHG E\ SUHYLRXV VWXGLHV >@ %RWK WKH
SVHXGRILUVWRUGHUDQGSVHXGRVHFRQGRUGHUPRGHOV
ILWWKHNLQHWLFVGDWDIRUWKHELRFKDUVDPSOHVUHDVRQD
EO\ZHOO 5! +RZHYHUWKHKLJKHUFRUUHODWLRQ
FRHIILFLHQWV 5 !   REWDLQHG IRU WKH SVHXGR
VHFRQGRUGHU PRGHO LQGLFDWHG WKDW LW ZDV WKH PRVW
VXLWDEOH IRU GHVFULELQJ )$ DGVRUSWLRQ RQ %& DQG
$%& VXJJHVWLQJ WKDW WKH DGVRUSWLRQ SURFHVV SUR
FHHGVYLDFKHPLVRUSWLRQ>@+RZHYHUFRQVLGHULQJ
WKH UHDVRQDEO\ JRRG ILW VKRZQ E\ WKH SVHXGRILUVW
RUGHUPRGHOLWFRXOGEHLQIHUUHGWKDWERWKSK\VLFDO
DGVRUSWLRQDQGFKHPLFDODGVRUSWLRQRFFXULQWKH%&
DQG$%&DGVRUSWLRQV\VWHPV
$VVKRZQLQ)LJXUHEWKHVRUSWLRQNLQHWLFVRI
)$RQ%&DQG$%&ZHUHVLPXODWHGE\WKHLQWUDSDUWL
FOH GLIIXVLRQ PRGHO DV WKH SORW RI WTW YHUVXV W
QHDUO\ ILWWHG D VWUDLJKW OLQH ZLWK D KLJK 5 RI 
7KHVHUHVXOWVLQGLFDWHGWKDWWKUHHSURFHVVHVPD\EH
LQYROYHG LQ WKH )$ VRUSWLRQ SURFHVV >@7KH ILUVW
VWHSLVWKHGLIIXVLRQRI)$PROHFXOHVWRZDUGVWKHH[
WHUQDOVXUIDFHRIWKHVRUEHQWZKLFKIROORZVDOLQHDU
VRUSWLRQPRGHO7KHVHFRQGVWHSLVJUDGXDOVRUSWLRQ
GRPLQDWHGE\LQWUDSDUWLFOHGLIIXVLRQ7KHWKLUGVWHS
LVWKHILQDOG\QDPLFHTXLOLEULXPVWDJHEHWZHHQVRUS
WLRQDQGGHVRUSWLRQ7KHXQLTXHNLQHWLFVRI)$VRUS
WLRQRQFRPPHUFLDO$& PD\ EH GXH WREORFNLQJRI
PLFURSRUHVRQWKHVXUIDFHDVZHOODVVFDWWHUHGPHVR
SRUHV

Sorption isotherms.7KHVRUSWLRQRI)$RQWKH
WKUHHVRUEHQWVZDVLQYHVWLJDWHGDQGWKHVRUSWLRQLVR
WKHUPVDUHVKRZQLQ)LJXUH,WFDQEHVHHQWKDWWKH
VRUSWLRQRI)$RQ$&%&DQG$%&VKRZHGQRQOLQ
HDULVRWKHUPVDQGWKDWWKHXSWDNHDPRXQWRIWKHWKUHH
VRUEHQWVGHFUHDVHGLQWKHRUGHURI$%&!%&!$&
$%& VKRZHG WKH KLJKHVW VRUSWLRQ DIILQLW\ WRZDUGV
)$IROORZHGE\%&DQGFRPPHUFLDO$&7KHHTXL
OLEULXPVRUSWLRQDPRXQWVRI$&%&DQG$%&IRU
)$ZHUHDQGPJÂJUHVSHFWLYHO\
7KHUHIRUHLWFDQEHFRQFOXGHGWKDWWKHELRFKDUVDP
SOHVFDQUHPRYH)$IURPDTXHRXVVROXWLRQDQG$%&
LVWKHEHVWDGVRUEHQWLQWKHSUHVHQWZRUN
*HQHUDOO\ VRUSWLRQ LVRWKHUP PRGHOV FDQ EH
XVHGWRVLPXODWHWKHVRUSWLRQRIDVROXWHRQWRDVROLG
DQGWRUHYHDOWKHFRUUHVSRQGLQJVRUSWLRQPHFKDQLVP
7ZRUHSUHVHQWDWLYH LVRWKHUP PRGHOVWKH /DQJPXLU
PRGHODQGWKH)UHXQGOLFKPRGHODUHWKHPRVWZLGHO\
XVHGPRGHOVWRHYDOXDWHWKHVRUSWLRQEHKDYLRURIRU
JDQLFFRPSRXQGVRQFDUERQDFHRXVDGVRUEHQWV>@
7KHUHVXOWVRIWKHVHWZRPRGHOVIRU)$VRUSWLRQRI
$&%&DQG$%&DUHVKRZQLQ)LJXUHDQG7DEOH
 %RWK LVRWKHUPV FDQ PRGHO WKH HTXLOLEULXP GDWD
VKRZLQJFRHIILFLHQWVLQWKHUDQJHRI±DQG
±UHVSHFWLYHO\ 7DEOH $VOLJKWO\EHWWHUILW
ZDV REWDLQHG ZLWK WKH )UHXQGOLFK PRGHO WKDQ ZLWK
WKH/DQJPXLUPRGHOZKLFKVXJJHVWVWKDWWKHDGVRUS
WLRQRI)$RQWKHWKUHHVRUEHQWV LV PRUH FRQVLVWHQW
ZLWKWKH)UHXQGOLFKPRGHO7KHVHUHVXOWVFRQWUDGLFW
SUHYLRXVVWXGLHVZKLFKDFKLHYHGEHWWHUILWVZLWKWKH
/DQJPXLUPRGHO>@ZKLFKPD\EHGXHWR
GLIIHUHQFHV LQ WKH VRUEDWH DQG ELRFKDU IHHGVWRFN
+RZHYHUWKHSUHVHQWZRUNDOVRDJUHHVZLWKDQXP
EHURIRWKHUUHSRUWV>@LQZKLFKVLPXODWHGDG
VRUSWLRQ LVRWKHUPV ILW WKH )UHXQGOLFK PRGHO ZHOO
7KHH[FHOOHQWILWRIWKHH[SHULPHQWDOGDWDIRU%&DQG
$%&ZLWKWKH)UHXQGOLFKLVRWKHUPPRGHOLQGLFDWHV
WKDWPXOWLOD\HUFKHPLFDODGVRUSWLRQSURFHVVHVSOD\D
GRPLQDWLQJUROHLQWKHDGVRUSWLRQRI)$RQERWKWKH
DFWLYDWHG DQG QRQDFWLYDWHG ELRFKDU VDPSOHV $OW
KRXJKDVERWKLVRWKHUPVFDQPRGHOWKHHTXLOLEULXP
GDWDVRPHSK\VLFDOLQWHUDFWLRQVDUHDOVRLQYROYHG
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FIGURE 4
Sorption isotherms of FA onto three sorbents. Symbols are experimental data, lines are modeled
results, and Error bars indicate standard deviation
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IDYRUDEOHGHJUHHRILVRWKHUP
E
.)LVWKHH[SHULPHQWDOO\GHULYHGFDSDFLW\FRHIILFLHQWRI)UHXQGOLFKPRGHO PJJ  1LVH[SHULPHQWDOO\GHULYHG
H[SRQHQWRI)UHXQGOLFKPRGHO
7$%/(
&RPSDULVRQRIWKHIHUXOLFDFLGDGVRUSWLRQFDSDFLW\RI%&$%&DQGGLIIHUHQWVRUEHQWVLQWKHOLWHUDWXUH
6DPSOHV

Adsorbents

pH

Amberlite XAD-16
granular activated
charcoal (GAC)
powdered activated charcoal (PAC)
Polydopamine-coated magnetic molecularly
imprinted polymer (Mag-MIP)
Cellulose
Cellulose
Pine activated carbon
Amberlite XAD-4
Non-activated biochar (BC)
Activated biochar (ABC)

3.0

Qm
(mg.g-1)
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7.0
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7.0
7.0
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WKHHQHUJ\YDULDWLRQWKDWRFFXUVEHFDXVHRIWKHLQWHU
DFWLRQ EHWZHHQDGVRUEDWH PROHFXOHVDQG WKH DGVRU
EHQW>@$OOWKUHHFDOFXODWHGǻ+YDOXHVZHUHQHJ
DWLYHVXJJHVWLQJWKDWWKHDGVRUSWLRQRI)$PROHFXOHV
RQ$& %& DQG$%& LV H[RWKHUPLF )XUWKHUPRUH
ǻ+ YDOXHV FDQ UHYHDO ZKHWKHU WKH DGVRUSWLRQ SUR
FHVVLVDFKHPLFDORUSK\VLFDOSURFHVV>@'XODHW
DOIRXQGWKDWIRUSK\VLFDODGVRUSWLRQWKHǻ+YDOXHV
UDQJH IURP  WR  N-ÂPRO >@ ZKHUHDV IRU
FKHPLFDODGVRUSWLRQWKHYDOXHVUDQJHIURPWR
N-ÂPRO7KHORZǻ+YDOXHVSURYLGHFOHDUHY
LGHQFHWKDWWKHLQWHUDFWLRQRI)$DQG$&ZDVDZHDN
SK\VLFDO DGVRUSWLRQ SURFHVV ,Q FRQWUDVW WKH PXFK
KLJKHUǻ+YDOXHVRI%&DQG$%&LQGLFDWHWKDW)$
DGVRUSWLRQ IDYRUHG SK\VLVRUSWLRQ DFFRPSDQLHG E\
VRPHFKHPLVRUSWLRQ

,WLVQRWHZRUWK\WKDWWKHPD[LPXPDGVRUSWLRQ
FDSDFLWLHV 4P  RI %& DQG$%& REWDLQHG IURP WKH
/DQJPXLU LVRWKHUP HTXDWLRQ ZHUH  DQG 
PJÂJ UHVSHFWLYHO\ 7KHVH YDOXHV DUH FRPSDUDEOH
DQGDUHKLJKHUWKDQWKRVHRIPDQ\FRUUHVSRQGLQJDG
VRUEHQWV UHSRUWHG LQ WKH OLWHUDWXUH 7DEOH   ZKLFK
LQGLFDWHVWKHSRWHQWLDOIRUDSSOLFDWLRQRIWKHWZRELR
FKDUVDPSOHVDVDGVRUEHQWV
Sorption thermodynamics.7KHUPRG\QDPLFV
DUH IXQGDPHQWDOO\ LPSRUWDQW LQ WHUPV RI DVVHVVLQJ
WKHIHDVLELOLW\RIDGVRUSWLRQUHDFWLRQVDQGWKHVWDELO
LW\RIVROXWLRQV\VWHPV7KHHIIHFWVRIWHPSHUDWXUHRQ
DGVRUSWLRQFDQEHXQGHUVWRRGXVLQJWKHUPRG\QDPLF
SDUDPHWHUV >@ 7KH *LEEV IUHH HQHUJ\ ǻ* HQ
WKDOS\ǻ+DQGHQWURS\ǻ6RIVRUSWLRQDUHWKHUPR
G\QDPLF SDUDPHWHUV WKDW DUH XVHIXO LQ GHILQLQJ
ZKHWKHU VRUSWLRQ LV HQGRWKHUPLF RU H[RWKHUPLF
7KHUPRG\QDPLF VWXGLHV ZHUH FRQGXFWHG DW WKUHH
WHPSHUDWXUHVDQG .DQGWKHUHVXOWV
DUHVXPPDUL]HGLQ7DEOH
&KDQJHVLQWKH*LEEVIUHHHQHUJ\RIDFKHPLFDO
UHDFWLRQDUHGHWHUPLQHGE\ERWKWKHHQHUJ\DQGHQ
WURS\$QHJDWLYH*LEEVIUHHHQHUJ\VXJJHVWVWKHUH
DFWLRQLVVSRQWDQHRXVDWWKHJLYHQWHPSHUDWXUH>@
$OO WKH ǻ* YDOXHV ZHUH QHJDWLYH ZKLFK LQGLFDWHV
WKHVSRQWDQHRXVQDWXUHDQGIHDVLELOLW\RI)$DGVRUS
WLRQRQWKHWKUHHFDUERQDFHRXVDGVRUEHQWV*HQHUDOO\
ǻ*YDOXHVIRUSK\VLFDODGVRUSWLRQSURFHVVHVDUHLQ
WKHUDQJHRIWRN-ÂPRODQGWKRVHIRUFKHPL
VRUSWLRQDUHEHWZHHQDQGN-ÂPRO>@
,QWKHSUHVHQWZRUNWKHYDOXHVRIǻ*IRU$&UDQJH
IURPWRN-ÂPROZKLFKLQGLFDWHVWKDWWKHVRUS
WLRQSURFHVVRQFRPPHUFLDO$&ZDVSK\VLFDODGVRUS
WLRQ,QFRQWUDVWWKHYDOXHVRIǻ*IRU%&DQG$%&
GHFUHDVHGWRWRN-ÂPROFRQILUPLQJWKDW)$
DGVRUSWLRQRQWKHWZRELRFKDUVDPSOHV ZDV PDLQO\
GRPLQDWHG E\ SK\VLFDO DGVRUSWLRQ DFFRPSDQLHG E\
VRPHFKHPLVRUSWLRQ)XUWKHUPRUHWKHDEVROXWHYDO
XHVRIǻ* _ǻ*_ LQFUHDVHGZLWKWHPSHUDWXUHIRU$&
%& DQG $%& LQGLFDWLQJ WKDW )$ DGVRUSWLRQ ZDV
PRUHIDYRUDEOHDWKLJKHUWHPSHUDWXUHVOHDGLQJWRD
KLJKGULYLQJIRUFHDQGWKXVUHVXOWLQJLQWKHKLJKDG
VRUSWLRQFDSDFLWLHVRIDOOWKUHHVRUEHQWV7KHFKDQJHV
LQǻ* DJUHHZLWKWKH ZRUNRI9LWKDQJHHWDO>@
ZKRVWXGLHGFDUERWXUDQUHPRYDOXVLQJELRFKDUV7KLV
EHKDYLRU PD\ EH DWWULEXWHG WR HQODUJHPHQW RI WKH
VRUEHQWVDQGHQKDQFHPHQWRIVRUEDWHPROHFXODUYH
ORFLW\WRZDUGVWKHLQWHULRURIWKHDGVRUEHQWV>@
7KH FKDQJH LQ HQWURS\ ǻ6  LV D PHDVXUH RI
ELQGLQJ RU UHSXOVLYH IRUFHV DW DGVRUEDWH±DGVRUEHQW
LQWHUIDFH>@7KHYDOXHVRIǻ6ZHUHSRVLWLYHIRUDOO
WKUHHVRUEHQWVLQGLFDWLQJWKDWWKHHQWURS\LQFUHDVHG
EHFDXVHRIDQLQFUHDVHLQWKHUDQGRPQHVVRIWKHPRO
HFXOHVLQVROXWLRQ7KHPXFKVPDOOHUYDOXHRIǻ6IRU
$%&FRPSDUHGZLWKWKRVHRI$&DQG%&ZDVGXHWR
WKHEHWWHUDGKHUHQFHRI)$PROHFXOHVRQ$%&ZKLFK
LVFRQVLVWHQWZLWKWKHPXFKEHWWHUVRUSWLRQFDSDFLW\
RI$%&FRPSDUHGZLWKWKDWRI%&DQG$&
7KH FKDQJH LQHQWKDOS\ ǻ+ LVLQGLFDWLYH RI

Effect of solution pH and ionic strength.
3URSHUWLHV RI WKH VROXWLRQ VXFK DV S+ DQG LRQLF
VWUHQJWK DIIHFW WKH VRUSWLRQ RI RUJDQLFV RQWR ELR
FKDUV,WLVZHOONQRZQWKDWHOHFWURVWDWLFLQWHUDFWLRQV
EHWZHHQWKHDGVRUEHQWDQGDGVRUEDWHDUHPDLQO\FRQ
WUROOHGE\WKHVROXWLRQS+DQGLRQLFVWUHQJWK>@7KH
VROXWLRQS+PRGLILHVWKHVXSHUILFLDOFKDUJHGHQVLW\
RI WKH DGVRUEHQW DQG DGVRUEDWH ZKLFK FDQ IXUWKHU
FKDQJH WKH VRUSWLRQ FDSDFLW\ DQG VRUSWLRQ PHFKD
QLVP RI RUJDQLF FRQWDPLQDQWV RQ ELRFKDUV >@ ,Q
RXUVWXG\WKHHIIHFWRIVROXWLRQS+RQ)$DGVRUSWLRQ
RQ WKH WKUHH VRUEHQWV ZDV LQYHVWLJDWHG DQG WKH UH
VXOWVDUHSUHVHQWHGLQ)LJXUH%\WXQLQJWKHVROXWLRQ
S+IURPWRIRUGLWZDVVKRZQWKDWWKHS+GLG
QRWKDYHDVLJQLILFDQWHIIHFWRQWKHUHPRYDOHIILFLHQ
FLHV RI )$ E\$& %& DQG$%& DQG WKH VRUSWLRQ
FDSDFLWLHV RI )$ ZHUH ± IRU $&
± IRU %& DQG ± IRU
$%&7KHVPDOOYDULDWLRQLQWKHYDOXHRITLQGLFDWHG
WKDWWKHLQIOXHQFHRIWKHVROXWLRQS+RQWKHVRUSWLRQ
RI)$RQWKHWKUHHVRUEHQWVFDQEHLJQRUHG7KXVLW
FDQEHFRQFOXGHGWKDWHOHFWURVWDWLFVRUSWLRQLVQRWWKH
GRPLQDQW PHFKDQLVP RI )$ VRUSWLRQ ZKLFK LV LQ
DJUHHPHQWZLWKVRPHSUHYLRXVUHSRUWV>@EXWFRQ
WUDU\WRWKHUHVXOWVRIVRPHRWKHUVWXGLHV>@7KH
GLIIHUHQWUHVXOWVIRUWKHHIIHFWRIVROXWLRQS+RQWKH
VRUSWLRQRIRUJDQLFFRPSRXQGVRQELRFKDUVPD\EH
GXH WR GLIIHUHQFHV LQ WKH QDWXUDO SURSHUWLHV RI ERWK
WKHDGVRUEDWHDQGDGVRUEHQW
,RQLFVWUHQJWKLVDQRWKHUNH\IDFWRUFRQWUROOLQJ
WKHDGVRUSWLRQSURFHVV,QJHQHUDOWKHLRQLFVWUHQJWK
KDVWKHHIIHFWRIVFUHHQLQJDQGUHGXFLQJDOOHOHFWUR
VWDWLFLQWHUDFWLRQV>@)LJXUHVKRZVWKHHIIHFWRI
WKHLRQLFVWUHQJWKDVGHWHUPLQHGE\WKH 1D&OFRQ
FHQWUDWLRQRQWKHDGVRUSWLRQFDSDFLWLHVRIWKHWKUHH
VRUEHQWV7KHUHVXOWVVKRZWKDWWKHLRQLFVWUHQJWKKDG
QRLQÀXHQFHRQ)$DGVRUSWLRQRQ$&1HYHUWKHOHVV
DQ LQFUHDVH LQ WKH DGVRUSWLRQ RI DQLRQLF )$ RQ WKH
ELRFKDU VDPSOHV ZDV REVHUYHG ZLWK DQ LQFUHDVH LQ
LRQLFVWUHQJWK6LPLODUO\VRPHUHVHDUFKHUVKDYHDOVR
IRXQG WKDW WKH LRQLF VWUHQJWK RI WKH VROXWLRQ KDV D
SRVLWLYHHIIHFWRQRUJDQLFFRQWDPLQDQWDGVRUSWLRQRQ
ELRFKDUV>@,QSDUWLFXODUHQKDQFHGDGVRUSWLRQ
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RQWRELRFKDUVRZLQJWRLQFUHDVHGLRQLFVWUHQJWKUH
VXOWVIURPQHXWUDOL]DWLRQRIWKHQHJDWLYHFKDUJHVRI
WKHELRFKDUZLWK1DDQGFRPSUHVVLRQRIWKHHOHFWUL
FDOGRXEOHOD\HUQHDUWKHVXUIDFHZKLFKHIIHFWLYHO\
UHGXFHV HOHFWURVWDWLF UHSXOVLRQ EHWZHHQ WKH DQLRQLF
G\HDQGWKHELRFKDUVXUIDFH>@

7KH VRUSWLRQ RI )$ RQ %& DQG$%& ZDV QRW
JUHDWO\DIIHFWHGE\WKHVROXWLRQS+RULRQLFVWUHQJWK
ZKLFKUHYHDOHGWKDWWKHVRUSWLRQRI)$RQWKHELRFKDU
VDPSOHVPD\QRWEHFRQWUROOHGE\HOHFWURVWDWLFIRUFHV
DQGRWKHUPHFKDQLVPVDUHLQYROYHGLQWKHDGVRUSWLRQ
SURFHVV

7$%/(
7KHWKHUPRG\QDPLFVSDUDPHWHUVRIGLIIHUHQWVRUEHQWDWGLIIHUHQWWHPSHUDWXUHV
Samples

ABC

ǻ+0 (kJ.mol-1)

ǻ60 (J.mol-1)

-13.03

29.11

-48.15

23.09

-81.79

3.54

-1

Removal efficiency (%)

BC

ǻ*0 (kJ.mol-1)
ˉ0.35
ˉ0.86
ˉ1.69
ˉ13.31
ˉ25.25
ˉ41.87
ˉ18.25
ˉ26.22
ˉ52.71

-1

140

C0(FA): 100 mg.L , dosage: 1.0 g.L , contact time: 2 d
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FIGURE 5
Effect of solution pH on ferulic acid adsorption onto AB, BC and ABC
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FIGURE 6
Influence of solution ionic strength on the sorption of ferulic acid onto three sorbents
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FIGURE 7
The distribution of surface acidic functional groups in samples by Boehm titration

FIGURE 8
A graphical representation of possible mechanisms for ferulic acid adsorption onto biochars at pH 7.0
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JURXSVRIWKHDGVRUEHQWVDQGFDUERQ\OJURXSVRIWKH
)$ PROHFXOHV >@ 0RUHRYHU DFLGLF SKHQROLF K\
GUR[\OJURXSVFDQUDSLGO\UHDFWZLWKWKHEDVLFDGVRU
EHQWVWRIRUPVWURQJLRQLFERQGVEHWZHHQWKHELRFKDU
VXUIDFHDQG)$PROHFXOHV

Possible sorption mechanism of FA by the
biochars.$V VHHQ IURP 7DEOH  WKH PDMRU GLIIHU
HQFHV EHWZHHQ$& %& DQG$%& DUH WKH 6$ DQG
S+S]FYDOXHVDVZHOODVWKHHOHPHQWDOFRPSRVLWLRQ
7KH 6$ YDOXHV RI %& DQG$%&  DQG 
PāJUHVSHFWLYHO\ ZHUHPXFKVPDOOHUWKDQWKDWRI
$&XVHGLQWKLVVWXG\+RZHYHUWKH)$DGVRUSWLRQ
FDSDFLWLHVRI%&DQG$%&ZHUHDQGWLPHV
WKDW RI$& LQGLFDWLQJ WKDW PRUH FKHPLFDO LQWHUDF
WLRQV ZHUH LQYROYHGLQ WKH DGVRUSWLRQSURFHVVHVRQ
%& DQG$%& )LUVW HOHFWURVWDWLF DWWUDFWLRQ PD\ EH
UHVSRQVLEOHIRU)$DGVRUSWLRQRQ%&DQG$%&$V
WKH S+S]F YDOXHVRI WKH WZR ELRFKDUVDPSOHV ZHUH
ORZHUWKDQWKHH[SHULPHQWDOS+YDOXH S+  WKH
VXUIDFHVRI%&DQG$%&ZHUHSRVLWLYHO\FKDUJHGDO
ORZLQJHDV\DGVRUSWLRQRI)$DQLRQV S.DRI)$LV
 >@,QFRQWUDVWWKHK\GUR[\ODWHG$&VXUIDFH
ZDVQHJDWLYHO\FKDUJHG S+S+S]F ZKLFKFRXOG
UHGXFH DGVRUSWLRQ RZLQJ WR UHSXOVLYH IRUFHV DW WKH
VROLG±OLTXLG LQWHUIDFH 6HFRQG WKH GLIIHUHQW HOH
PHQWDOFRPSRVLWLRQVFRXOGOHDGWRVLJQLILFDQWGLIIHU
HQFHV LQ WKH VXUIDFH IXQFWLRQDO JURXSV RI WKH WKUHH
DGVRUEHQWVHVSHFLDOO\LQWHUPVRIR[\JHQFRQWDLQLQJ
IXQFWLRQDO JURXSV 7KH %RHKP WLWUDWLRQ UHVXOWV DUH
SUHVHQWHGLQ)LJXUH7KHVWURQJDFLGLW\ PDLQO\FDU
ER[\OLFDFLGV ZHDNDFLGLW\ PDLQO\KLJKS.DSKH
QROV DQGWRWDODFLGLW\YDOXHVRI%&DQG$%&ZHUH
PXFK KLJKHUWKDQWKRVH RI$& ZKLFKLVFRQVLVWHQW
ZLWKWKHHOHPHQWDOFRPSRVLWLRQGDWDDQG)7,5DQDO
\VHV )LJXUH   &RPSDUHG ZLWK $& R[\JHQFRQ
WDLQLQJIXQFWLRQDOJURXSVZHUHDEXQGDQWLQ%&DQG
$%& 6WXGLHV RQ WKH DGVRUSWLRQ RI SKHQROLF FRP
SRXQGVRQFDUERQPDWHULDOVDQGWKHHIIHFWRIVXUIDFH
R[\JHQFRPSOH[HVRQSKHQROXSWDNH KDYHUHYHDOHG
WKDWR[\JHQFRQWDLQLQJIXQFWLRQDOJURXSVSOD\DNH\
UROHLQWKHDGVRUSWLRQSURFHVV>@5H
FHQWO\;LDRDQG3LJQDWHOORSUHVHQWHGHYLGHQFHWKDW
DURPDWLFDPLQHFDWLRQVFDQDFWDVʌDFFHSWRUVIRUP
LQJ ʌ±ʌ HOHFWURQ GRQRU±DFFHSWRU LQWHUDFWLRQV ZLWK
ELRFKDUV >@ :H SURSRVH WKDW FRPPRQ K\GURJHQ
ERQGLQJDQGʌ±ʌGLVSHUVLYHLQWHUDFWLRQVEHWZHHQWKH
DURPDWLFULQJVRI)$DQGWKHELRFKDUVDPSOHVZHUH
WKHSULPDU\PHFKDQLVPVOHDGLQJWRWKHKLJKDGVRUS
WLRQ FDSDFLWLHV RI %& DQG$%& &DUER[\O DQG ODF
WRQHJURXSVDUHWKRXJKWWRGLPLQLVKʌ±ʌLQWHUDFWLRQV
RZLQJWRWKHLUHOHFWURQZLWKGUDZLQJDELOLWLHVZKLFK
ZRXOGUHGXFHWKHʌHOHFWURQGHQVLW\RQWKHVXUIDFHRI
WKH ELRFKDUV >@ KRZHYHU WKHVH JURXSV FDQ IRUP
FRPSOH[HV YLD FRPPRQ K\GURJHQ ERQGLQJ WR HQ
KDQFHWKH DGVRUSWLRQFDSDFLW\RIWKHELRFKDUV )XU
WKHUPRUHSK\VLVRUSWLRQFDQRFFXUYLDYDQGHU:DDOV
GLVSHUVLRQIRUFHV$ JUDSKLFDOUHSUHVHQWDWLRQRIWKH
SRVVLEOHPHFKDQLVPVIRU)$DGVRUSWLRQRQELRFKDUV
DW S+  LV VKRZQ LQ )LJXUH  ,Q DGGLWLRQ WKH
DPRXQWVRIZHDNDFLGJURXSV PDLQO\KLJKS.DSKH
QROV LQ%&DQG$%&ZHUHDQGWLPHVWKDW
LQ$& 3KHQROLF K\GUR[\O JURXSV ZKLFK DUH HOHF
WURQGRQDWLQJ LQ QDWXUH DUH H[SHFWHG WR VWUHQJWKHQ
ʌ±ʌ LQWHUDFWLRQV DQG FKHPLVRUSWLRQ FDQ RFFXU
WKRXJK FKHPLFDO ERQGLQJ EHWZHHQ WKH SKHQROLF

CONCLUSIONS
,Q WKLV VWXG\ ZH SURGXFHG D ELRFKDU IURP
&KXMXELRPDVVWKURXJK+7&DQGWKHQDFWLYDWHGWKH
ELRFKDU ZLWK  +2 ZKLFK VLJQLILFDQWO\ LQ
FUHDVHGWKHDPRXQWRIR[\JHQFRQWDLQLQJIXQFWLRQDO
JURXSVRQWKHVXUIDFH7KH/DQJPXLULVRWKHUPVXJ
JHVWHGWKHVXSHULRUVRUSWLRQFDSDFLW\RI$%&ZKLFK
KDGDQHTXLOLEULXPVRUSWLRQDPRXQWRIPJÂJ
7KHVRUSWLRQNLQHWLFVLVRWKHUPVDQGWKHUPRG\QDP
LFVLQGLFDWHGWKDWWKHPHFKDQLVPRI)$DGVRUSWLRQRQ
WKH ELRFKDU VDPSOHV PRVWO\ LQYROYHG SK\VLVRUSWLRQ
ZLWK VRPH FKHPLVRUSWLRQ DQG FRPPRQ K\GURJHQ
ERQGLQJ DQG ʌ±ʌ GLVSHUVLYH LQWHUDFWLRQV ZHUH UH
VSRQVLEOHIRUWKHDGVRUSWLRQSURFHVV7KHDGVRUEHQWV
GHYHORSHG LQ WKLV VWXG\ SURYLGH DQ DOWHUQDWLYH
PHWKRGWRHFRORJLFDOO\HFRQRPLFDOO\DQGHQYLURQ
PHQWDOO\UHVWRUHVRLO
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physiological response of maize to abiotic stressors
is quite attractive. Abiotic stresses are believed to be
the most serious factors for yield losses in field
crops. Abiotic stress-induced yield losses were investigated in many studies [5]. Water is an essential
element of human life. It is also an essential component of plant development and growth. Together
with current global warming and climate change,
water resources are under serious treats of depletion
and pollution. Therefore, water has become the primary issue in agendas of developing countries. Agriculture is the greatest water consuming industry
throughout the world. Therefore, different water resources are searched for to be used in agricultural
sector. The main problem in using different sources
of water arises from improper irrigation and salinity
threat. Drought limits plant growth and has several
negative affecting on various physiological, biochemical and molecular mechanisms, such as carbohydrate, protein and gene expression [6, 7]. The
phases of plant development relies upon various significant metabolisms, for example, cell division, cell
growth and cell separation, and also molecular gene
biology, biochemical and physiological processes
and their intricate interactions, which are extremely
influenced by abiotic stresses [8]. When plants are
exposed to extreme conditions (e.g., water deficit),
they show certain adaptation behaviors, such as
physiological, morphological, biochemical, anatomical and molecular approaches. In nature, these factors might limit the negative impacts of ecological
conditions and help plants in growing under the
stress cases [8, 9]. Osmolytes in plants let additional
water that received from the surroundings and keep
the immediate water within plant is constant [10].
The osmo-protectants including various proteins and
amino acids (e.g., proline) and carbohydrates (glucose, sucrose, fructose) play important roles under
harsh environmental circumstances [11]. Osmotic
regulation is influenced by proline and soluble sugars accumulation in plant tissues. Accumulation of
proline is a known plant response to diverse environmental stresses, including water deficit. It has a clear
effect as an osmoticum. There are several studies on
carbohydrate accumulation during diverse abiotic
stresses in the Gramineae family. Collection of sugars in different tissues of plants is an important biostrategy in response to the several of abiotic stresses.

ABSTRACT
Ever-depleting fresh water resources have forced
researchers to search for various different water
sources, such as seawater. Therefore, recent studies
have focused on water deficits and potential effects
of water deficits on biochemical, physiological and
molecular characteristics of the plants. In present
study, three maize cultivars: (1). 31D24 (Pioneer),
(2). ADASA16 (Eastern Mediterranean Agricultural
Research Institute), (3). P1429 (Pioneer) were tested
under three different irrigation regimes. Irrigation
treatments were arranged as I100, I70 and I35.
Dreb2A gene expression, soluble sugars (Glucose,
Fructose, and Sucrose) and Proline level were measured. The greatest Dreb2A gene expression was observed in I35 treatment and it was respectively followed by I70 and I100 treatments. The greatest total
soluble sugar was also detected in I35treatments of
all three maize cultivars. Total sugar content consists
of sucrose glucose and fructose sugars. Among these
sugars, sucrose had the greatest content and it was
respectively followed by glucose and fructose. Proline accumulation was higher in deficit irrigation
(I35, I70) treatments. Present findings revealed
unique outcomes about the effects of water deficits
on biochemical, physiological and molecular network profile of corn cultivars. Such outcomes can
also be used in further breeding researches to be carried out on maize cultivars.

KEYWORDS:
Gene expression, Proline, Soluble sugars, Water deficit,
Zea mays L.

INTRODUCTION
Zea mays L. is an important C4 crop consumed
by humans and animals. It is more sensitive against
water stress than C3 crops, therefore it needs more
amount of water throughout the growing season [13]. However, considering ever-depleting nature of
fresh water resources, water deficit approaches and
studies became quite significant [4]. Since maize is
a great source of daily calorie (about 22%) in the
world, definition of biochemical, molecular and
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There are several vital roles of sugars in plants, e.g.:
regulation of energy metabolism, membrane stabilization, gene expression regulators and have a role as
signal molecules. Soluble sugar content was assumed to be a valuable marker for defining mechanisms of drought tolerance in plants [12]. Dehydration responsive element binding gene 1 (DREB1)
and DREB2 are transcription factors (TFs) that affect the promoter region of genes e.g.: rd29A,
thereby inducing expression in response to diverse
abiotic stresses including drought [13].
In this study, quantitative real-time RT-PCR
(q-RT-PCR) analysis of Dreb2A gene, separation of
important soluble sugars (Glucose, Fructose, Sucrose) were performed with Ultra High Performance
Liquid Chromatograph (UHPLC) and proline levels
were determined in three maize cultivars grown under different water deficit levels. Experiment were
undertaken to investigate whether or not the differences in water deficit tolerance of maize cultivars
under different water deficit regimes also exist in the
quantity of Dreb2A gene carbohydrate and proline
accumulation.

Fresenius Environmental Bulletin

Separation of Soluble Sugars Content in
Maize by Using UHPLC. Endogenous sugar concentrations and osmolality were determined from
seeds obtained from freeze-thawed seed components
of maize cultivars. 25 g of maize seed was weighted
and pulverized with a mill. After seed powder was
mixed five minutes with 100 ml ddH2O, the mixture
was filtered by using two layers of Whatman® Cellulose filter paper. The filtrate was filtered with 0.20
μl diameter filter. Filtered extract was transferred to
vial and it was put in UHPLC (Thermo Scientific,
Ultimate 3000) device for separation the Glucose,
Fructose and Sucrose soluble sugars. Acetonitrile:
water (75:25) was used as mobile phase. Chromatographic conditions adjusted as follows: Column:
6XSHOFR PP[PP,' &ROXPQWHPSHUD
ture: Room temperature (18-& 0RELOHSKDVH
Acetonitrile: distilled ZDWHU  )ORZUDWH
ml.min- 'HWHFWRU5,&,QMHFWLRQFRQFHQ
trate: 20 O'XUDWLRQRIDQDO\VLVPLQ.
Measurement of Proline Content. Free proline accumulation was determined using the method
of [15]. According to Bates method: 0.04 gram dry
weight of seed was homogenized with 3% sulfosalicylic acid and after 72h that proline was released;
then centrifugation of the homogenate at 3000 g for
20 min was performed. The supernatant was treated
with acetic and acid ninhydrin, boiled for 1 hour and
then absorbance at 520 nm was determined by Uvvisible spectrophotometer. Contents of proline were
defined DVȝPROJ-1.

MATERIALS AND METHODS
Plant Materials. Three different maize cultivars (1). 31D24 (Pioneer), (2). Adasa16 (Eastern
Mediterranean Agricultural Research Institute), (3).
P1429 (Pioneer) were investigated under three different irrigation. Irrigation treatments were adjusted
as I100, I70 and I35. Experiments were achieved in
randomized blocks - split plots experimental design
with 3 replications. Irrigations were scheduled at
weekly.

RESULTS AND DISCUSSION
Accumulation of osmoprotectants has a important role in tolerance mechanism during waterdeficit. Expression some genes, accumulation prolin,
soluble sugars was assumed that have play an important role as a osmoprotectants in plant biological
systems. The accumulation of soluble sugars is
strongly correlated to the acquisition of drought tolerance in plants [16]. Additionally, genes and some
genetic factors that involved in gene regulation
(miRNA, rRNA) are known to be associated with
metabolites such as sugars and prolin under the water deficit.

RNA Isolation, cDNA Synthesis and q-RT
PCR Analysis of Dreb2A. Total RNAs of leaf tissues of the three maize cultivars with three different
irrigation regimes were extracted by TRIzol® reagent (Invitrogen, Carlsbad, CA, USA) according to
WKH PDQXIDFWXUHU¶V SURWRFRO 1DQR'URS /LWH 89±
VIS spectrophotometer (Thermo) was used to measure the RNAs quantity and RNAs were also checked
by gel electrophoresis which has 1.5% agarose.
cDNA synthesis was achieved with ȝJRI51$DQG
high fidelity cDNA synthesis kit. qRT-PCR was performed with PikoReal Real-Time PCR System
(Thermo). The primer sequences of the target genes
and also reference gene, which is used for normalization, were designed with Primer3 program. All
qRT-PCR reactions were done in three independent
biological and technical triplicates with a template
free control to defined contaminations. applied. Expression level of Dreb2A was achieved according to
the 2-¨¨&7 method [14].

Effects of Water Deficit on Dreb2A Gene
Expression. Like most of TF elements Dreb1/CBFtype and the functional regulation of Dreb2-type TF
also are known to be more variable and complicated
under the water deficit conditions [17] . Expression
of Dreb2A usually does not have influence on downstream genes under stress-free conditions. Actually,
any clear evidence is known about how Dreb2-type
proteins affected under the stress conditions. In this
study, we achieved the Dreb2A gene expression by
using q-RT PCR analysis in three different irrigation
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In previous many studies were proved that accumulation of sugars may come to the fore with the
reason water deficit stress [25, 26].The picking of
soluble sugars increased under water deficit stress in
three corn cultivars in current study and was consistent with previous studies. Soluble sugar has a
quite vital role in plant metabolism such as: regulation the hydrolytic and energy production mechanism, processes of substrates in biosynthesis reactions and also in sugar sensing and signaling systems
based on sugar. In this context, soluble sugars can be
assessed that have a protection role against to water
deficit stress and also they may also serve as an osmoprotectant agent and they can be serves to protect
the homeostasis balance and maintaining turgor.
Studies with diverse plants indicated that drought
regulated conversion of hexoses and sucrose and
starch, into sugar alcohols [6]. Sucrose is a main
agent of soluble sugar, which induce proline collection in plant under water deficit stress [27]. The corn
varieties under current study indicated variation in
the quantity of accumulated soluble sugar in relation
with plant relative water deficit treatment (Figure 3).
The results acquired on the cultivar responses to different water deficit treatment with the highest
amount of soluble sugar observed in P1429, compared to other cultivars could be estimated that this
cultivar had originally been cultivated for water deficit stress tolerance. Production soluble sugar could
likely be the major component being used by this
cultivar for tolerance.

regime samples of three corn cultivars. The gene expression result indicated that Drep2A transcript was
quite accumulated in most deficit irrigation samples
(I35) of three corn cultivars but it was regulated
down in free-stress control sample (I100). On the basis of varieties, the most Dreb2A gene expression
was seen in P1429, ADASA16 and 31D24 varieties
respectively (Figure 1). In previous studies, Dreb2A
was found to be effective under the water deficit conditions and it was regulated by different stresses conditions so it resulted in an improved not only drought
stress tolerance but also other abiotic stresses Furthermore, it controls genes expression that inducible
by water deficit and needs post translational regulation for being active [17-19]. So, we estimated that
Dreb2A may have a up regulated profile that responsive to water deficit condition. Veira et al. [20] reported that expression level of Dreb2A was increased under the water deficit condition. DREB1
and DREB2, are also found to play a vital role in
stress related gene regulation in the ABA-independent pathway [21]. The current study also further our
understanding of Drep2A related molecular response
to water deficit in corn and would make possible the
breeding of water deficit tolerant cultivars. As a result, the expression of Drep2A gene under the water
restriction that we obtained in that study was found
to be consistent with many previous studies. It was
known that AtDrep2A CA affected a stressͲrelated
promoter Rab17 which improved maize tolerance to
drought stress [22, 23]. All this results indicated that
Dreb has the potential for useful engineering for response to droughtͲstress in crop plants.

Effects of Water Deficit Stress on Proline
Accumulation. As compare to control, a drastic accumulation of proline was observed in I35 of all
three cultivars under the water deficit. The increasing in proline was changed based on cultivars. P1429
cultivar collected proline the most then proline was
found most in ADASA16 and 31D24 cultivars respectively (Figure 4). It was mentioned above, total
soluble sugars content in cultivars was showed almost same profile with proline. So the cultivar
(P1429) that has the most soluble sugar content was
also found to have the most proline accumulation. In
a previous study that supports that situation, it was
found that accumulation of proline was closely related with carbohydrates [28]. Larher et al. [29] also
reported that sucrose was a positive regulator of proline accumulation. In current study, it was found that
water deficit has a significant effect on proline accumulation depending on soluble sugars collection in
cultivars. Differences between genotypes were signification for the subjected traits and the interaction
among water regimes. The rising proline, soluble
sugars and Dreb2A was more evident in severe water
deficit stress. It was known from many previous
studies, many plant species that under water deficit
stress accumulate proline for acclimatize response to
negatory situations [30-32]. Gideon et al. [32] reported that proline has many vital functions such as

Effects of Water Deficit on Soluble Sugar
Contents. To identify the importance of soluble sugars (Sucrose, Fructose, and Glucose) against to water
deficit in different corn cultivars, UHPLC was used.
Analytical standards and retention time of soluble
sugars that obtained by UHPLC was found to be
quite compatible with previous studies (Figure 2). In
this context, the increase of total soluble sugar content was found to be in the most water deficit sample
(I35) of P1429, ADASA16 and 31D24 respectively
(Figure 3). With these results, it was estimated that
the total sugar amount correlates with the water restriction degree.
As compare to control, a drastic increasing of
sucrose was observed in all three cultivars under the
water deficit. The increasing in sucrose is followed
by glucose and fructose (Figure 3). Sucrose and glucose were known that play important role as osmolytes for protection cell homeostasis, however fructose is estimated that it is not related to osmoprotection. It is related to secondary metabolites synthesis.
As a result, soluble sugars have a dynamic manner
under the stress conditions. Additionally, soluble
sugars are found to be increased under the many abiotic stress included water deficit [24].
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[33]. However, the precise role of proline accumulation is still vague. our data showed that plants may
have evolved a mechanism to control synthesis, metabolism and transport process for the accumulation
of proline.

ROS scavenger, osmoprotector and osmoregulation.
It was also known that Dreb2A expression has a
tight impact on contents of soluble sugars and proline, resulting in increases in water deficit tolerance
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FIGURE 1
qRT-PCR data indicating Log2 fold change in expression (2^(-ǻǻ&W SORW RI'UHE$JHQHVLQOHDYHVRI
PDL]HFXOWLYDUVZLWKWKUHHLUULJDWLRQUHJLPHV6LJQLILFDQFHZDVHYDOXDWHGXVLQJ6WXGHQW¶VW-test (p<0.05)

FIGURE 2
Preparation of the solution of analytical standards and retention time of soluble sugars that obtained
by UHPLC
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FIGURE 3
Soluble sugar content of three maize cultivars that exposed to three separated irrigation regimes
a) Fructose, Glucose and Sucrose content in cultivars b) sum of soluble sugars in each irrigation regime of
cultivars

ĂŵŽƵŶƚŽĨƉƌŽůŝŶĞ;ʅŵŽůŐ









 
 


    







FIGURE 4
Accumulation of proline amino acid in maize cultivars grown under different irrigation
regimes (Bars show the p value < 0.05
water deficits than the other cultivars. Present
findings also revelaed that Dreb2A transcription
factor, soluble sugars and proline might confer water
deficit tolerance of maize cultivars through rising
diverse mechanisms such as osmotic regulation. It
was concluded that soluble Dreb2A gene expression,
soluble sugars and proline could be used as criteria
for detection of water deficit tolerant maize cultivars
under severe water deficit. That approach is a very
fast and useful method of identification for water
deficit tolerance of maize cultivars.

CONCLUSION
Present findings revealed that water deficit
stress had negatory effects on maize productivity. A
large genetic variation was found for Dreb2A gene
expression, soluble sugars and proline accumulation
in well watered and different water deficit regimes.
In present study, maize cultivars showed different
tolarance levels to water deficit stress. Among the
cultivars, P1429 was observed to be more tolerant to
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MULTI-METAL RESISTANCE, As-DETOXIFICATION AND
HYDROCARBON DEGRADATION BY BACILLUS SPECIES
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(WHO), the maximum permissible limit of As in
drinking water is 0.01 mg L-1 [4]. International
Agency for Research on Cancer (IARC) classifies
inorganic As compounds as Group 1 carcinogens
[5]. Trivalent form of arsenic i.e. arsenite [As(III)] is
much more toxic as compared to the pentavalent
form of arsenic i.e. arsenate [As(V)]. Chemistry of
As is analogous to that of phosphorus, due to which
As can mimic the functions of some biologically important molecules; can replace those in various cellular processes causing serious metabolic disorders
[6]. As can inactivate ~200 enzymes, which are
mainly involved in DNA replication and repair
mechanism and cellular energy pathways [7, 8]. Bacteria are known to play part in degradation of many
toxicants [9, 10]. Many bacteria have the ability to
resist and detoxify As, owing to the genes arsB and
arsC, respectively. These systems are mostly plasmid-mediated [11] and are spread via horizontal
gene transfer. Such bacteria can be used to bioremediate As-contaminated sites, especially the sites contaminated by industrial effluents. Such sites are
mostly contaminated with other toxic elements and
hydrocarbons as well. Many bacteria are also known
to emulsify hydrocarbons by producing biosurfactants. Aim of the present study was to isolate bacteria
that can detoxify As as well as emulsify hydrocarbons.

ABSTRACT
Arsenic (As) is a well-known toxic metalloid
which has found its way to ground waters in many
parts of the world, causing severe health problems.
As-resistant bacteria are environment friendly tools
to remediate such problems. In this study, As(V) resistant bacteria were isolated from industrial site of
Kasur, Pakistan. 16S rDNA sequencing revealed the
identification of isolates S1 and S5 as Bacillus subtilis and Bacillus cereus, respectively. Isolates B.
subtilis S1, S2 and S8 were able to resist 1.0mM Zn,
Co, Ni, Pb, Cu and 0.1mM Cr and Hg. Bacterial isolates S2, B. cereus S5, S7 and S8 were able to resist
As(V) up to 100mM. Maximum As(V)-reduction
was shown by B. cereus S5, up to 837.6μM (83.7%).
Maximum As(III) oxidation was exhibited by B.
subtilis S1, up to 122.44μM (24.4%). The bacterial
isolates were also found to produce biosurfactants,
and maximum emulsification index (up to 37.5) was
shown by bacterial isolate B. subtilis S1. Such bacteria are potential candidates for bioremediation purposes of sites contaminated with variety of industrial
effluents.

KEYWORDS:
Arsenic, Bacillus subtilis, Bacillus cereus, bioremediation,
biosurfactant.

MATERIALS AND METHODS

INTRODUCTION

Sampling and isolation of As-resistant bacteria. Soil and water samples were collected from
industrially contaminated site of Kasur, Pakistan. pH
and temperature of the sampling sites were recorded.
Serial dilutions of both samples were plated on LB
agar plates supplemented with both 20mM As(V)
and 2.5mM As(III). Plates were incubated at 37°C
for 48 h. After incubation, CFU ml-1 as well as Shannon diversity was calculated. Bacterial colonies were
purified by repeated quadrant streaking on LB agar
plates supplemented with 1.0mM As(V). All the experiments were performed in replicates at 37°C and
pH 7, or mentioned otherwise. Among biochemical
tests, Gram staining, catalase and oxidase tests were
performed.

Due to release of untreated industrial
wastewaters in the environment, toxic metals have
become a major threat to life in developing countries, causing numerous health problems along with
slow extinction of flora and fauna in recent decades
[1]. People living in many countries, especially in
and around Bangladesh, India, Pakistan and Taiwan
are at a threat for organ dysfunction and cancer from
severe arsenic (As) poisoning in the water supplies
[2]. It is estimated that more than 200 million people
are being exposed to the dangerous levels of As
through contaminated waters [3]. According to
United States Environmental Protection Agency
(USEPA), drinking As-contaminated water for
longer periods of times results in arsenicosis which
can cause multiple disorders including a variety of
cancers. According to World Health Organization
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room temperature. After 24 h, presence of emulsification layer was observed and height of the whole
column as well as height of the emulsified layer was
measured. Emulsification index (E-24 index) was
calculated as described by Cooper and Goldenberg
[19].

Genomic DNA extraction, 16S rDNA sequencing and phylogenetic analysis. Genomic
DNA of bacterial isolates was isolated as described
by Tel-Zur, et al. [12]. Sequencing of 16S rDNA was
performed through Macrogen (Korea). Quality of
base calling was checked using Finch TV. Presence
of chimera sequences was checked using Pintail 1.1
[13]. The sequences were classified using NCBI
BLAST. Top homologues were downloaded, aligned
and NJ-phylogenetic trees were made in MEGA 5.0
[14] using boot-strap (100 replicates) [15].

RESULTS
Arsenic-resistant isolates. The temperature of
the soil and water sample was 40°C and 37°C, respectively. The pH of the soil sample was 7.3 while
pH of water sample was 7.1. Serial dilutions of the
samples were plated on LB agar plates both with and
without As. Shannon diversity indices of the water
sample plated on media with and without As were
0.3778 and 1.5046, respectively. Whereas for soil
sample, Shannon diversity indices were 2.588 and
2.845 on media plates with and without As, respectively (Table 1).

Determination of Minimal Inhibitory Concentration. Bacterial isolates were inoculated in LB
broth supplemented with different concentration of
As(III) (10 or 20mM) or As(V) (25, 50 or 100mM).
After 72 h incubation, growth of bacterial isolates
was recorded. Isolates showing maximum resistance
against both As(III) and As(V) were selected for further studies.
Cross metal resistance. Bacterial isolates
were also analyzed for resistance against other toxic
metals as described for As. Bacterial isolates were
tested against 0.1mM Hg, 1.0mM Ni, 1.0mM Pb,
0.1mM Cr, 1.0mM Co, 1.0mM Cu and 1.0mM Zn
[16]. After 48 h incubation at 37°C, presence of
growth was observed and recorded as positive and
negative.

TABLE 1
Colony Forming Units and Diversity Indices
Asstress

CFU ml-1

1
No
Soil
2
Yes
3
No
water
4
Yes
TNTC: Too numerous to count

16.2×105
8.2×105
TNTC
21×103

Sr. No

Qualitative assay for As-oxidation/reduction. Ability of the bacteria to oxidize/reduce As was
assessed as described by Simeonova, et al. [17]. Bacterial isolates were inoculated in mineral media containing 20mM glucose and 10mM As(V) or 5mM
As(III). After 96 h of incubation, cultures were centrifuged and 100μl supernatant was mixed with
100μl 0.1M AgNO3 in a microtiter plate and colour
development was observed and recorded. Yellow
colour indicates presence of As(III), whereas brown
colour indicates As(V) presence.

Sample

Shannon
Diversity
Index
2.845
2.588
1.5046
0.3778

In order to identify the bacteria using polyphasic taxonomy approach, morphological, biochemical and molecular aspects (ribotyping) of the
bacteria were determined. Seven morphologically
unique bacterial colonies were selected. Isolates S1,
S4, S5 and S7 were gram positive rods, S6 and S8
were gram positive cocci while S2 was found to be
gram negative rod. All the isolates were catalase positive except the isolate S6. Isolates S1, S2, S4, S6,
S7 and S8 were oxidase positive.
16S rDNA of the isolates S1 and S5 was sequenced from Macrogen (Korea). The sequences
were classified using NCBI BLAST. Isolate S1
showed 99% homology with Bacillus subtilis, while
S5 showed 99% homology with Bacillus cereus. The
identities of the bacteria were confirmed with Neighbour-Joining phylogenetic tree (Fig. 4). The sequences were submitted to GeneBank under the accession number KT381023 (for isolate S1) and
KT381024 for isolate S5.

Quantitative assay for As-oxidation/reduction. Overnight mineral media bacterial cultures
were centrifuged to obtain pellets. Pellets were resuspended in normal saline (0.9% NaCl). Each cell
suspension was divided into two sets, one set was
supplemented with 1.0mM As(V) while the other set
was supplemented with 0.5mM As(III). After 5 h incubation, cell suspension was centrifuged to collect
the supernatant. Extent of As-oxidation/reduction
was determined as reported by Cummings, et al.
[18].

Heavy metal resistance. Maximum As(V) resistance was shown by B. cereus S5, S2, S7 and S8,
up to 100mM. B. subtilis S1 showed resistance
against As(V) up to 90mM whereas S6 resisted up to
70mM As(V). Highest resistance against As(III) was
shown by isolates B. subtilis S1 and S2, up to 15mM
(Table 2).

Emulsification index. E-24 index was calculated to determine the ability of the isolates to degrade hydrocarbons. Overnight cultures of the isolates were mixed with equal volumes of petrol. The
tubes were vortexed vigorously and left static at

7500

Volume 26 ± No. 12/2017 pages 7499-7505

© by PSP

Fresenius Environmental Bulletin

TABLE 2
MIC of As(V) and As(III) against the bacterial isolates
Isolates
B. subtilis
S1
S2
S4
B. cereus
S5
S6
S7
S8

As(V) concentrations
25mM
50mM
60mM

70mM

80mM

90mM

100mM

As(III) concentrations
10mM
15mM
20mM

+++

+++

+++

+++

+++
-

+++
-

+++
-

+++
-

++

+

-

+++

++

-

+++
-

+++
-

+++
-

+++
-

+
-

-

+++

+++

+++

+++

+++

+++

+++

-

-

-

+++
+++
+++

+++
+++
+++

++
+++
+++

+
+++
+++

+++
+++

+++
+++

+++
+++

-

-

-

+ Sign indicates presence of growth, ++ shows intermediate growth, +++ shows maximum growth by bacterial
isolates, - sign shows absence of growth.

FIGURE 1
Reduction of As(V) into As(III) by bacterial isolates. B. cereus S5 showed maximum As-reduction
and reduced 837.6μM (83.7%) As(V) in five h incubation in normal saline.

FIGURE 2
Oxidation of As(III) into As(V) by bacterial isolates. B. subtilis S1 showed maximum As-oxidation and oxidized 122.44μM (24.4%) As(III) in five h incubation in normal saline.
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assay, isolate B. cereus S5 was found to show maximum As-reduction potential, as 837.6μM (83.7%)
As(V) was reduced in 5 h of incubation (Fig. 1).
Maximum As(III) oxidation was shown by the isolate B. subtilis S1, as it oxidized 122.44μM (24.4%)
As(III) into As(V) in 5 h of incubation (Fig. 2).

Isolates B. subtilis S1, S2 and S8 showed resistance against all the seven metals tested, i.e.,
1.0mM Zn, Co, Ni, Pb, Cu and 0.1 Cr and Hg. Isolates S4, S6 and S7 were resistant to Zn, Co, Pb, Ni,
and Cu at 1.0mM and to Cr at 0.1mM, whereas B.
cereus S5 showed resistance against 1.0mM Zn, Co,
Pb, Ni and 0.1mM Cr.

Emulsification index. Maximum E24 index,
37.5, was shown by the bacterial isolate B. subtilis
S1. Emulsification indices of the isolates S4, S2 and
S8 were 26.08, 21.05 and 23.08, respectively. Isolates S6 and S7 showed negative results for hydrocarbon emulsification (Fig. 3).

As-Oxidation/reduction by bacterial isolates. Qualitative As-assay showed that the isolates
B. cereus S5, S7 and S8 had the ability to reduce
As(V) into As(III), whereas B. subtilis S1 was able
to oxidize As(III) into As(V). Through quantitative

FIGURE 3
Emulsification index (E-24) of the bacterial isolates. Maximum E24 index value,
37.5, was given by bacterial isolate B. subtilis S1.

FIGURE 4
Neighbor-joining phylogenetic tree of 16S rRNA genes of bacterial isolates along with
their nearest NCBI homologues. Isolate S1 was identified as Bacillus subtilis, whereas isolate
S5 was identified as Bacillus cereus.
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binding proteins [24, 25]. Isolates B. subtilis S1, S2
and S8 showed resistance against all the 7 metals
tested. Many industrially contaminated sites are also
contaminated with hydrocarbons in addition to other
pollutants and toxicants. As-resistant bacteria isolated in this study were also found to produce biosurfactants, and isolate B. subtilis S1 showed highest
potential for hydrocarbon emulsification. Biosurfactants can be used to recover hydrocarbon-contaminated agricultural soil [26]. In recent years, natural
biosurfactants have attained great importance due to
their low toxicity, biodegradability and ecological
acceptability [27]. Bacillus species are also known
to perform variety of bioremediation process, such
as degradation of nicosulfuron [28].
Bacteria having abilities to remediate multiple
pollutants and toxicants are ideal for bioremediation
purposes. Industrially contaminated sites can be reclaimed by employing such bacteria. Moreover, bacteria such as B. cereus and B. subtilis, are normal
flora of soil, their use to remediate soil is not supposed to cause any harms to the soil.

DISCUSSION AND CONCLUSIONS
Kasur has been a major hub of tanneries for
decades. Moreover, textile, paper mills, metallurgy,
light machinery and threading industries are also
present within the district. This has led to the contamination of Kasur soil and water with toxic metals,
especially As and Cr, as most industries in this area
do not treat their wastes before disposal [20]. CFU
ml-1 on As(V) free media was much more as compared to As(V) supplemented media, indicating that
the bacteria present in the microsites of soil were unable to come in contact with, and thus remained unable to develop resistance against, As. Shannon diversity indices of soil sample plated on media with
and without As(V) were 2.588, 2.845, respectively,
whereas Shannon diversity indices of water sample
plated on media with and without As(V) were 0.3778
and 1.5046, respectively. High values of Shannon diversity indices are representatives of more diverse
communities, indicating how microbial diversity
was reduced in presence of As. Moreover, difference
between Shannon diversity indices of media containing As and media without As was less in case of soil
samples as compared to water samples, a clear indication that chances of survival of As-sensitive bacteria are higher in As-contaminated soils as compared to As-contaminated waters due to the presence
of microsites in soil. MIC of As(III) was much less
as compared to MIC of As(V), indicating clearly the
higher toxicity of As(III) as compared to As(V). It is
known that As(III) is ~100 times more toxic as compared to As(V) [6]. Through 16S rDNA sequencing
and phylogenetic analysis, isolate S1 was identified
as B. subtilis whereas isolate S5 was identified as B.
cereus. In the light of the results of qualitative determination of As-oxidation/reduction, four isolates B.
subtilis S1, B. cereus S5, S7 and S8 were selected for
quantitative estimation of As-oxidation/reduction. B.
cereus S5 was found to exhibit maximum ability to
reduce As(V). On the other hand, B. subtilis S1 was
found to oxidize As(III). Many strains of B. cereus
have been reported to have the ability of As-detoxification, and it is also known that its shape can
change into a spindle-like structure after As(III)
sorption [21]. B. subtilis has been reported to detoxify both forms of As. As-oxidation/reduction by Bacillus species is also known to be affected by pH
[22]. Bacillus species are also known to resist As
along with plant growth promotion [23].
Determinants of resistance against different
metals are often found together in metal-resistant
bacteria. Thus, a bacterial species resistant against
one metal may also be able to show resistance
against other metals. Sites contaminated with industrial wastes often contain many metals which results
in the evolution and spread of metal-resistant genes.
Besides ars operon, many other systems are also
known for the detoxification of metals such as copper transport ATPase and metallothionein cation-
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MULTI LOCUS SEQUENCE ANALYSIS (MLSA)-BASED
IDENTIFICATION OF PSEUDOMONAS SPP. ISOLATED
FROM RAINBOW TROUT (ONCHORHYNCHUS MYKISS) IN
THE EASTERN BLACK SEA REGION OF TURKEY USING
Zeynep Zehra Kacar*, Fikri Balta
5HFHS7D\\LS(UGR÷DQ8QLYHUVLW\)LVKHULHV)aculty Rize, Turkey

based on 16S rRNA identification are useful for discriminating inter-genus differences, but is not sufficient for the intra-generic level. It is recommended
that other housekeeping genes (e.g. recA, atpD,
carA, gyrB, rpoB) used to discriminate between species [27, 9, 16, 17,10].
Pseudomonad infections have been recorded
from many fish species and aquatic animals. The
main agents reported include Pseudomonas anguilliseptica, P. fluorescens and P. chlorapsis [7]. Also
reported are P. plecoglossicida as a pathogen of ayu
(Plecoglossus altivelis) [19]. A number of Pseudomonas spp are implicated in rainbow trout disease,
including P. putida [4], P. pseudoalcaligenes [6], P.
luteola [3], P. aeruginosa and P. stutzeri [1] on rainbow trout (O. mykiss).
To date, characterisation of the Pseudomonas
species, described as fish pathogens in Turkey has
been restricted to 16S rRNA gene-based analysis [4,
3, 12]. In this study was described the genetic relationship of Pseudomonas spp., isolated from rainbow trout (O. mykiss) farm in the Eastern Black Sea
Region in Turkey using a multi locus sequence analysis (MLSA).

ABSTRACT
Pseudomonas species isolated from rainbow
trout (Oncorhynchus mykiss) in the Eastern Black
Sea Region of Turkey were identified on the basis of
three different genes (16S rRNA, rpoD and rpoB).
Different Pseudomonas strains were analyzed using
biochemical tests and PCR asssays designed to for
Pseudomonas species. The rpoD gene was show to
be more discriminatory than the 16S rRNA and rpoB
genes. Phylogenetic analyses discerned two main
groups as Pseudomonas fluorescens and Pseudomonas putida. The Pseudomonas strains used in this
study were mainly identified as Pseudomonas fluorescens or Pseudomonas putida although other Pseudomonas spp. were characterised.
KEYWORDS:
MLSA, fish, disease, rpoD, rpoB.

INTRODUCTION
The bacteria of Pseudomonas genus are generally not considered obligate or primary pathogens.
However, under the right conditions, they can acuse
disease in plants, animals and humans [3]. Recent
studies have also implicated Pseudomonas spp. as an
are alos implicacted as pathogens in aquatic systems
[4].
The Genus Pseudomonas is one of the ten genera that belong to the Pseudomonaceae family [21,8].
The most detailed taxonomical revision of the Pseudomonas genus was carried out by Anzai, Kim, Park,
Wakabayashi, and Oyaizu (2000), via 16S rRNA
gene sequence analyses. However, the classification
of Pseudomonas species and new species included in
the literature has continued and many more species
are being described each year. For instance, according to the German Collection of Microorganisms and
Cell Cultures (DSMZ) data, the number of Pseudomonas species recorded has from 109 in 2007, 118
in 2009, and to 255 in 2013 [28].
Recent studies showed that identifications

MATERIAL AND METHODS
The Samples of Fish and Bacteria and Phenotypic Studies. Between January 2013 and June
2014, a total of 270 fish (5 - 50 g), were sampled
from 9 different rainbow trout (Oncorhynchus
mykiss) farms in the Eastern Black Sea Region of the
Turkey. Fish were examined bacteriologically [22].
For this purpose, the liver, kidney and spleen samples of the fish were aseptically streaked onto Tryptic Soy Agar (TSA) and the plates were incubated at
20rÛ&IRUGD\V5HVXOWDQWFRORQLHVZHUHSXULILHG
and primary tests performed cytochrome oxidase,
catalase and gram strain tests [13]. Growth on glutamate starch phenol red agar (GSP), which used for
the identification of Pseudomonas and Aeromonas,
was tested [13]. Further phenotypic tests included
production of gelatinase, triple sugar iron (TSI), esculin, citrate, urease, oxidation/fermentation (OF),
indol, Voges
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Region

3ULPHU¶V
Name

Nucleotide Sequence (5'-3')

Tm Value
(°C)

Resource

16S
rRNA

27F
1492R

AGAGTTTGATCMTGGCTCAG
GGTTACCTTGTTACGACTT

54.3
49.4

[25]
[25]

rpoB

LAPS5
LAPS27

TGGCCGAGAACCAGTTCCGCGT
CGGCTTCGTCCAGCTTGTTCAG

67.7
65.9

[24]
[24]

rpoD

TABLE 1
The primers which used to reproduce the 16S rRNA, rpoB ve rpoDgenes and
using for sequence analysis

PsEG30F
PsEG790R

ATYGAAATCGCCAARCGCGGTTGATKTCCTTGA
ATYGAAATCGCCAARCGCGGTTGATKTCCTTGA

47.6
45.6

[16]
[16]

TABLE 2
PCR standarts for used primers
Temperature (°C)
Time (m)
94
3
94
0.25a/b/0.30c
50a /64b/ 47c
0.25a/b/0.30c
72
1a/b/0.45c
72
7
4

Note: a. Melting temperature, cycle number and time for the 16S rRNA primer (Tm/m)
b. Melting temperature, cycle number and time for the rpoB primer (Tm/m)
c. Melting temperature, cycle number and time for the rpoD primer (Tm/m)

First Denaturing
Denaturing
Annealing
Extension
Last Extension

Proskauer (VP), metil red (MR), nitrate reduction,
decarboxylase tests and adaptation tests of different
temperature and salinity concentration were performed [7].

Cycle Number
1
35a/b/36c
1

Pseudomonas strains were motile, gram negative and
catalase positive. All strains appeared purple color
on GSP agar and did not grove at 41C temperature.
Oxidase was found negative in four strains (P47P53-P56-P84). All strains appeared positive on citrate and arginine dihydrolase tests and as oxidative.
The results of lysine and ornithine tests reacted as
positively only in P60 strain, whereas all other
strains are reacted as negative. Indole, VP, MR, tests
and H2S formation were recorded as negative. Gas
production in Triple Sugar Iron Medium was not obtained, but lactose and sucrose production and negative results were obtained. The urea test results were
positive in only two strains (P49-P82) and esculin
tests were positive in only the P47 strain. The gelatinase tests results of the strains, which represented
Pseudomonas flourescens group, were positive except for one strain (P49), while the strains which,
represented Pseudomonas putida group, was negative except for one strain (P56). Nitrate reduction,
TSI and 7% salinity tests were variable and results
are showed in Table 6.

DNA Extraction and PCR Procedure. Genomic DNA was isolated from fresh colonies using
the Promega Wizard DNA Isolation Kit following
PDQXIDFWXUHU¶V LQVWUXFWLRQV (Promega Corporation,
USA). The DNA sequence analysis of using primer
for the study and 16S rRNA, rpoD, rpoB genes,
which were copied from genomic DNA via PCR,
were worked using universal 27F/1492R,
PsEG30F/PsEG790R, and LAPS5/LAPS27 primers.
The nucleotide sequence of 16S rRNA, rpoB, rpoD
genes are showed in Table 1 and PCR reaction standard is showed in Table 2.
Phylogenetic Analyses. Clustal X, the multiple
alignment program in BioEdit, was used for gene sequence aligned. The gene sequences were compared
in GenBank database. The phylogenetic trees of
strains were constructed using the Neighbour Joining
(NJ) analyze in MEGA version 6.05 [23] and Acinetobacter sp. was used as an out group (GenBank
accession number: HM_584296).

The Comparison and Analysis of 16S rRNA
Gene. According to 16S rRNA gene, the species was
identified by Neighbour Joining phylogenetic tree
GXHWRWKHWUHH¶VFRQVLVWHQF\LQELRFKHPLFDOWHVWVDQG
analyzed tree was showed on Figure 1. The result of
the 16S rRNA gene comparison observed any serious difference between the analyzed Pseudomonas
species and the samples taking from GenBank. Results are showed in Table 3.

RESULTS
Phenotypic Characterization of Bacteria. As
a result of the phenotypic tests, 28 different isolates
belonging to Pseudomonas genus were obtained. All
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The Neighbour Joining phylogenetic tree,
which was based on analysis of the rpoB gene, is not
branched into two different groups, contrary to 16S
rRNA and rpoD genes. Therefore, the phylogenetic
tree RI WKLV JHQH ZDV GLIIHUHQW IURP RWKHU JHQH¶V
trees.

TABLE 3
GenBank access number for 16S rRNA gene
Stock Number
P84
P1/P13
P60
P28
P48
P66
P47
P91
P67
P54
P58
P7
P49
P64
P8
P9
P85
P73
P65
P52
P5
P38
P56
P24
P2
P50
P53
P61

Fresenius Environmental Bulletin

GenBank Access Code
KM453980*
KM453980*
KM453980*
KC991319*
KF870417*
KF720926*
KC306463*
KF870417*
KM461113*
KF870417*
KM253127*
HQ606463*
GU176052*
**
KF065306*
KF065306*
KC991324*
KC991324*
HF678958*
KM241843*
KF733330*
KM251260*
KM457624*
KM012010*
KJ093367*
KJ452464*
**
HM584296*

*: Paired with Pseudomonas sp. in GenBank
**: Does not match with any Pseudomonas species in GenBank

FIGURE 2
The phylogenetic tree of the rpoB gene
TABLE 4
GenBank access number for rpoB gene
Stock Number
P61
P48
P66
P1
P60
P84
P13
P91
P54
P47
P67
P28
P64
P58
P73
P85
P49
P8
P9
P7
P5
P65
P52
P2
P38
P56
P53
P24
P50

FIGURE 1
The phylogenetic tree of the 16S rRNA gene
The Comparison and Analysis of rpoB Gene.
According to rpoB gene, the species was identified
by Neighbour Joining phylogenetic tree due to the
WUHH¶VFRQVLVWHQF\LQELRFKHPLFDOWHVWV7KHDQDO\]HG
tree was showed on Figure 2 and GenBank access
numbers is showed in Table 4.

GenBank Access Code
**
HQ844522*
HQ844522*
AM886121*
AM886121*
AM886121*
AM886121*
FN650769*
FN650769*
AM886127*
**
AJ748170*
AM886124*
GQ254720*
HE586423*
HE586423*
FN650767*
FN650765*
FN650765*
HE586409*
AM944725*
AM944725*
HE586413*
JN695046*
**
AM944724*
AJ748155*
CP005976*
JX491483*

*: Paired with Pseudomonas sp. in GenBank
**: Does not match with any Pseudomonas species in GenBank
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WUHH¶VFRQVLVWHQF\LQELRFKHPLFDOWHVWVDQGDQDQDO\
sis tree was showed in Figure 3 and GenBank access
numbers is showed in Table 5.
The Neighbour Joining phylogenetic tree based
on analyses of the rpoD gene is branched into two
main Pseudomonas groups: The Pseudomonas
flourescens and Pseudomonas putida. Also, these
groups were diverged by gelatin test results, and the
P. flourescens group was positive and the P. putida
group was negative. However, the P49 strain in
P.flourescens group and P56 strain in P.putida group
were exceptional strains.
The results of the analyses and drawing phylogenetic trees and according to the NJ method of 16S
rRNA, rpoB and rpoD genes, Pseudomonas species
which are similar per strain, and their variable biochemical tests are also showed in Table 6.

DISCUSSION
When it is evaluated in terms of fish health,
identification of pathogens is also important as much
as the isolation of pathogens. The identification of
the pathogens supplies the fish health protection and
access to critical information on the prevention of
massive fish losses [14]. Molecular identification
methods for identification of fish pathogens have
been used in the recent years as confirmatory for the
phenotypic identification methods [2]. Generally, the
systematic bacterial studies provide based on 16S
rRNA gene sequence. Therefore, the previous phylogenetic studies regarding Pseudomonas species
were studied generally discussed 16S rRNA gene
[15, 5]. Mulet et al. (2010), who stated the 16S rRNA
gene is a very powerful agent for discrimination of
the genus, reported that the 16S rRNA gene is insufficient and has a limited range in discrimination of
similar species. Many arguments that the other
housekeeping genes have high discrimination power
in phylogenetic classification were developed. A
study, which explained the possibility of the discrimination of Pseudomonas species in intra-generic
level with the gyrB and the rpoD genes except the
16S rRNA gene, was published by Yamamoto and
Harayama (1998). In this study, Yamamoto and
Harayama reported that the gyrB and rpoD genes
were more preferable guides than the 16S rRNA
gene. Mulet et al (2010) reported that the discrimination power of rpoD gene is eight times stronger than
rpoB gene. Based on these data, in this study, the
data of the phylogenetic tree of the rpoD were considered in the classification, accepted as more reliable and the description of strains was made through
the rpoD tree. Also, Ghyselinck et al. (2013) observed that the 16S rRNA gene phylogeny is very
similar to the rpoD gene phylogenetic and in the present study, the same results were observed.
The validity in the phylogenetic classification

FIGURE 3
The phylogenetic tree of the rpoD gene
TABLE 5
GenBank Access number for rpoD gene
Strain Number
P1/P13
P84
P60
P28
P48
P66
P54
P91
P47
P67
P8
P9
P64
P49
P7
P58
P5
P52
P65
P85
P73
P38
P56
P2
P24
P50
P53
P61

GenBank Access Code
HE586483*
HE586473*
HE586483*
AB039531*
HG933966*
HG933966*
HF931577*
HF932337*
**
HG933912*
**
**
HE586467*
LN624763*
HE586448*
FJ212451*
HE603590*
HE586443*
**
AB039533*
AB039533*
KM365003*
**
KM251447*
AB039592*
AB039595*
**
**

*: Paired with Pseudomonas sp. in GenBank
**: Does not match with any Pseudomonas species in GenBank

The Comparison and Analysis of rpoD Gene.
According to rpoD gene, the species was identified
by Neighbour Joining phylogenetic tree due to the
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TABLE 6
The observed Pseudomonas species as a result of the multiple sequence analysis and
biochemical features of the strains.
Stock No.
P1
P2
P5
P7
P8
P9
P13
P24
P28
P38
P47
P48
P49
P50
P52
P53
P54
P56
P58
P60
P64
P65
P66
P67
P73
P84
P85
P91

16S rRNA/rpoB/rpoD
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas sp.
P. fluorescens
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas putida
P. fluorescens
Pseudomonas putida
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas putida
P. fluorescens
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas sp.
P. fluorescens
Pseudomonas sp.
P. fluorescens
Pseudomonas sp.

Oxidase
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Gelatinase
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

of the Pseudomonas is more difficult than other bacterial groups because this is very important and significant. Every year, new Pseudomonas species are
described and especially recent studies proved that
the rpoD gene is a more reliable gene in the discrimination of the Pseudomonas [16, 17, 18]. For this reason, in this study the rpoD phylogenetic tree was
used as a reference for describing the strains. According to the phylogenetic tree, whose figures are
based on the rpoD gene, this study encountered
Pseudomonas flourescens [12], and Pseudomonas
putida [4], which were also reported in the Eastern
Black Sea Region, and more than one Pseudomonas
sp..
In the current study, Pseudomonas species was
isolated from farming rainbow trout in the Eastern
Black Sea Region of Turkey, and their genetic relationships were presented by multi locus sequence
analyses (MLSA); was seen pathogenic and nonpathogenic species on fish, which was previously encountered in the Eastern Black Sea Region. In addition, this study found that only phenotypic characterization and 16S rRNA gene phylogeny were not reliable in identifying Pseudomonas species. The results of this study showed that especially with the
rpoD sequence must be used especially in intra-generic discrimination in the identification of Pseudomonas. In this context, this study has an importance
for pathogen Pseudomonas species.

Nitrate
+
+
+
+
+
+
+
+
+
+

TSI
Lactose
Lactose
Lactose
Lactose
Lactose
Lactose
Lactose
Lactose
Lactose
Lactose
Sucrose
Sucrose
Sucrose
-

Salt %7
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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various environmental stress factors affect the crop
production negatively in the region. Drought is
known most effective stress factors limiting plant
growth. In plants under drought stress, physiological
and chemical changes are observed and plant development is regressed [5, 6]. Nevertheless, there are
some physiological, biochemical, nutritional and
hormonal resistance mechanisms in plants to protect
their vitality against water stress [7, 8, 9, 10].
Plant and mycorrhizal symbiosis can increase
plant tolerance to abiotic and biotic stresses, reducing the oxidative damage caused by water constraints [11]. AMF can symbiosis associations with
80% of terrestrial plants [12]. Many researchers have
been recorded that AM fungi is improve the tolerance to stress factors and increase nutrients uptake
[13, 14, 15, 16, 17, 18]. Soil microorganisms such as
AMF can improve the resistance of plants or increase
nutrients uptake by altering the plant morphological
structure, such as increasing the length of the roots
under stress conditions [19].
Deficit irrigation is an agricultural practice to
raise the efficiency of water use and to give the most
useful water to contribute to plant development [20].
Mycorrhiza inoculated plant with deficit irrigation
can be an useful technique of effective use of water
in plant growth, because of the better tolerance to
drought of mycorrhizae applied plants [7]. Melon
usually take place within of species with mycorrhizal
dependency [21, 22, 23, 24]. In this regard, melon
might be sustainably cultivated under deficit irrigation conditions by taking advantage of AMF's ability
to reduce drought stress.
In this study, we tried to grow melon seedlings
in deficit irrigation conditions by using positive effect of AMF against drought stress and to test
whether there is an alternative way of AMF in conditions with low water availability. Recent studies
have shown that the isolates of mixed AMF species
are more beneficial than those of single AMF species
Therefore, in this study the effects of two different
mycorrhiza applications [(Glomus intraradices and
Glomus spp.(mix)] on melon seedling under limited
irrigation were also investigated.

ABSTRACT
Melon (Cucumis melo L.) is an important vegetable and is growth in Eastern Anatolia region of
Turkey since the early times. Drought is effective
abiotic stress factors for plants. As is known that arbuscular mycorrhizal fungi (AMF) have positive effects on plant growth and arbuscular mycorrhizal
symbiosis can play a prominent role in tolerance to
abiotic stress factors. Plant material used in this
study is cv. Napolyon F1 cultivated commonly in the
Lake Van Basin. The effects of two different mycorrhiza applications (Glomus intraradices and Glomus
spp.) on some growth parameters in melon seedlings
under water deficit were investigated. There were
four different water deficit applications (control, 20
%, 40 % and 60 % water deficit). At the end, it was
found that mycorrhiza improved the physiological
and photosynthetic parameters of inoculated plants
compared with non-AMF plants in water deficit conditions. Moreover, AM Fungi increased the chlorophyll content of melon seedlings. Results indicated
that AMF can ameliorate the tolerance to deficit irrigation in melon seedlings.

KEYWORDS:
AMF, Drought tolerance, Seedling, Melon, Chlorophyll.

INTRODUCTION
Melon (Cucumis melo L.), is an important vegetables species that is widely produced and consumed in both Turkey and world [1]. Melon is
known to be moderately tolerated to drought stress.
Irrigations play important role in fruit yield and quality of melon growth [2]. Lake Van Basin is one of
the most important regions of Turkey in terms of
melon genetic resource [3]. Turkey is a country that
is under the threat in terms of global warming and
climate change is caused by global warming. This
climate change also reveals drought stress, reflecting
many factors in agricultural areas [4]. The climate of
Lake Van Basin is usually characterized by low rainfall, and critical temperature changes. Therefore,
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TABLE 1
The contents of the nutrient solution A and B used in the experiment
A solution
B solution

N(%)
10,03
N
NO3-N
(%)
(%)
2,1
2,1

NH4-N (%)
1,6
P2O5
K20
(%)
(%)
6,4
11,6

NO3-N(%)
8,7
Mg
(%)
1,6

K2O(%)
7,5
Zn
Cu
(%)
(%)
0,01
0,003

Ca(%)
8,6
Mn
(%)
0,1

Fe(%)
0,3
B
(%)
0,003

Mo
(%)
0,004

before each water application and at the end of the
experiment.

MATERIALS AND METHODS
Experimental design and statistical analysis.
The experimental set-up considered four water deficit applications, W0(0 % water deficit, control),
W1(20% water deficit), W2(%40 water deficit),
W3(%60 water deficit), as main factors and three
AMF applications [Glomus intraradices, Glomus
spp. (Commercial preparation), non-AMF control]
in plastic pots. Applications were replicated three
times and arranged in a complete randomized block
design. Data were subjected to analysis of variance
$129$  IROORZHG E\ 'XQFDQ¶V PXOWLSOH UDQJH
test [25]. Correlations were calculated using SPSS
software, v23.0 Linux (Yuzuncu Yil University,
BBAUM).

0-5 Scale Values. 0-5 scale for deficit irrigation stress:
0: No effect (control plants)
1: Growth slowdown (according to control plants)
2: Initiation of wilt in lower leaves
3: Curl (closure) and wilt in the upper leaves
4: Severe wilting and rolling on the leaves, beginning of drying on the edges of the leaves
5: Wilt in plants and drying in leaves
Relative Water Content. The relative water
content (RWC) in leaves was determined according
to [29]. The RWC percentage was calculated using
the following formula:
RWC(%)=100%*(FW-DW)/(SW-DW)
FW: fresh weight of leaf, DW: Dry weight of leaf,
SW: Saturated weight of leaf (SW is obtained by the
leaf floating in deionized water for 12 hours and
weighting).

Plant culture and mycorrhizal inoculation.
The study was conducted in the greenhouse in three
months. As growing medium, 2:1 mixed peat and
perlite combination (EC: 35 mS/m, pH: 5.5-6.5) was
used. AMF inoculum were placed in seed bed as 5 g
(25 spores g -1) per pot before seeds were sown [26].
Seedlings were thinned to one per pot shortly after
seedlings appearance. The seedlings were watered
with A and B nutrient solutions at regular intervals
for nutrient requirement (Table 1). The greenhouse
provided average temperature of 30.3-19.2°C
(Day/Night) and relative humidity 50%-72%
(min/max).

Membrane Injury Index. At the end of the
study, discs (17 mm in diameter) were taken from 3rd
leaves, the discs floating in deionized water for 5
hours and EC (Electrical conductivity) was measured. Then, the same discs were left at 100 °C for 10
minutes, the EC values of solution were measured
again. The obtained values were placed in following
formula [30].
MZI: (Lt-Lc/1-Lc)x100
Lt: Before EC values of autoclaving stressed plant
leaf /After EC values of autoclaving stressed plant
leaf
Lc: Before EC values of autoclaving control plant
leaf/ After EC values of autoclaving control plant
leaf

Irrigation applications. Four different irrigation levels [W0; control, W1;80% of field capacity,
W2; 60% of field capacity, and W3; 40% of field capacity). The mean irrigation interval was approximately 3 days. In all of the treatments, a similar
amount of irrigation water was applied in the establishment period. At the beginning of the irrigated
growth period, the water content was increased to
¿eld capacity. The amount of irrigation water applied in each irrigation was calculated using the following equation:
I = (Wi-1 ± Wi) x IR
where I is the irrigation water amount (ml), Wi-1 and
Wi are weights (kg) of the pot at three day i-1 and i,
respectively. The plants were hand-irrigated with tap
water [27, 28].

Chlorophyll and Carotenoid Contents. Chlorophyll a (Ca) chlorophyll b (Cb), total chlorophyll
(Ct) and carotenoid (Cr) contents were determined
according to [31]. After treatments, fresh leaf samples were taken from plants as selected randomly and
homogenized in a mortar in 80% acetone. The extract was centrifuged at 5000 rpm for 5 min. Absorbance of the supernatant was recorded at 663,470 and
645 nm by spectrophotometer and calculated according to following formulas [32].
Ca = 12.21xA663-2.81xA645 (mg/ml)
Cb= 20.13xA645-5.03xA663 (mg/ml)

Seedling growth parameters. The stem diameter and shoot lengths of the plants were measured
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group (Table 2). Shoot length of melon seedling
were significantly affected by mycorrhiza, WD
stress and interaction of mycorrhiza with WD stress
7DEOH  S  $Q LQFUHDVH LQ LQWHQVLW\ RI :'
stress caused a significant decrease in the shoot
OHQJWK S DQGVKRRWOHQJWKLPSURYHGE\$0)
DSSOLFDWLRQV 7DEOHS $VVHHQRQWKHWDEOH
the WD stress affected negatively to stem diameter
S  WKH HIIHFW RI $0) DSSOLFDWLRQV ZHUH QRW
significant (Table 2).

Ct= Ca+Cb (mg/ml)
Cr = [(1000xA470) -(3.27xCb)- (104xCb)]/229
(mg/ml)
SPAD values. SPAD values were measured by
Minolta model SPAD 502 chlorophyll-meter.
Plant sampling and analysis for nutrient uptake. At the end of the experiment, 2 g of the dried
leaf and root tissue taken and ground and 2 ml of
H2O2 (hydrogen peroxide 35%) and 6 ml of HNO 3
Nitric acid were added (EPA SW 846 Method
3050B). In the microwave burning unit, the samples
were burned by dried tissue program and filtered extract were read in the atomic absorption photometer
[33].

Relative Water Content. RWC (Relative water content) of melon seedling were significantly affected by mycorrhizal applications, water deficit
(WD) stress and interaction of mycorrhiza with WD
VWUHVV 7DEOH  S  WD stress conditions explicitly decreased the RWC. Compare with all application, non deficitW0 condition have the highest
RWC values and this difference is statistically significant (Table 3, S 0RUHRYHU$0)DSSOLFD
tions positively affected RWC values and Glomus
intraradices (G1) and Glomus spp. (G2) was found
to have higher water content compared to G0, nonAMF control application. Membrane injury index
were measured and calculated after WD and AMF
applications on seedling leaves. The difference
among mycorrhizal applications and WD was statistically VLJQLILFDQW SS $FFRUGLQJWRWKH
results, Glomus spp. (G2) applied seedlings had the
least damage; and followed by Glomus intraradices
(G1) application. While W0 (0% deficit) control
group did not show any membrane injury in seedlings, WD increased the level of damage to plants
significantly (Table 3).

Mycorrhizal root colonization. The roots
stored in the AFA fluid were painting with trypan
blue [34]. The Grid-Line Intersect method was used
to determine the percentage of colonization (%) of
AM fungi in the dyed roots [35].

RESULTS
0-5 Scale and Plant growth parameters. According to 0-5 scale values, there was a significant
GLIIHUHQFH LQ $0) S  $0)  DSSOLFDWLRQV
were less affected by increasing water deficit (WD)
conditions stress than non-AMF application.
G1(Glomus intraradices) and M2 (Glomus spp.) mycorrhiza applications were statistically in the same

TABLE 2
0-5 scale, shoot length, stem diameter values of melon seedlings inoculated with two Glomus applications
(Glomus intraradices (G1) Glomus spp. (G2)) under four water deficit conditions.
Water Deficit

Glomus species
0-5 Scale
G0,Non-AMF control
0.00 f
W0(0 % water deficit)
G1
0.00 f
G2
0.00 f
G0,Non-AMF control
3.00 cd
G1
2.00 de
W1 (20 % water deficit)
G2
2.67 cd
G0,Non-AMF control
3.67 bc
W2 (40 % water deficit)
G1
3.00 cd
G2
1.67 e
G0,Non-AMF control
5.00 a
G1
4.33 ab
W3(60 % water deficit)
G2
3.33 c
Significance
Water deficit (WD)
**
Glomus species (G)
**
W*G interaction
**
S S16QRVLJQLILFDQW
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Shoot length (cm)
135.50 b
136.50 ab
139.50 a
123.40 d
125.47 d
129.33 c
104.23 g
108.27 f
113.67 e
95.43 h
103.10 g
106.08 fg

Stem diameter (mm)
45.8
43.0
47.5
45.3
47.0
46.7
44.3
45.5
45.5
43.7
44.2
43.1

**
**
*

*
NS
NS
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TABLE 3
Relative water content and Membrane Injury Index values of melon seedlings inoculated with two
Glomus applications (Glomus intraradices (G1) and Glomus spp. (G2)) under four water conditions.
Relative Water Content
(%)
G0,Non-AMF control
68.8 ab
W0(0 % water deficit)
G1
64.85 b
G2
75.05 a
G0,Non-AMF control
56.10 bcd
63.45 bc
W1 (20 % water deficit) G1
G2
62.68 bc
G0,Non-AMF control
42.25 ef
53.82 cd
W2 (40 % water deficit) G1
G2
60.64 bcd
G0,Non-AMF control
37.63 f
51.48 de
W3(60 % water deficit) G1
G2
40.22 f
Significance
Water deficit (WD)
**
Glomus species (G)
**
W*G interaction
**
S S16QRVLJQLILFDQW
Water Deficit

Glomus species

Membrane Injury Index
(%)
0.00
0.00
0.00
4.85
5.15
4.35
15.47
13.03
10.25
24.09
19.66
18.06
**
*
NS

TABLE 4
Chlorophyll a and chlorophyll b, total chlorophyll, carotenoid, and spad values of melon seedlings
inoculated with two Glomus species (Glomus intraradices (G1) and Glomus spp. (G2)) under four water
conditions.
Water Deficit
W0
(0 % water deficit)
W1
(20 % water deficit)
W2
(40 % water deficit)
W3
(60 % water deficit)

Glomus species
G0,Non-AMF control
G1
G2
G0,Non-AMF control
G1
G2
G0,Non-AMF control
G1
G2
G0,Non-AMF control
G1
G2

Water deficit (WD)
Glomus species (G)
W*G

Chlorophyll a
(mg/ml)
8.31 abc
9.99 a
9.41 ab
7.71 bcd
8.21 bcd
8.59 ab
6.51 de
7.93 bcd
8.56 ab
3.62 e
6,52 de
6.63 cde
**
**
**

Chlorophyll b
(mg/ml)
1.81 abc
2.52 a
2.39 a
1.67 abc
2.12 ab
2.26 ab
0.74 cd
1.16 bcd
1.40 abc
0.18 d
0.88 cd
1.83 abc
**
**
**

Total Chlorophyll
(mg/ml)
10.12 abc
12.52 a
11.81 ab
9.39 bcde
10.33 abc
10.85 abc
7.25 e
9.08 cde
9.97 abcd
3.80 f
7.40 de
8.46 cde
**
**
**

Carotenoid
(mg/ml)
1.90
2.29
1.77
2.01
1.82
2.44
3.02
3.54
2.69
3.69
3.00
2.08
**
NS
NS

SPAD
Values
35.03
36.57
37.97
32.97
34.37
36.23
33.57
35.03
38.47
38.40
41.10
44.93
*
**
NS

S S16QRVLJQLILFDQW

(Table 4). WD conditions were affected negatively
to Cb and Ct values, Cb and Ct of W0 the higher than
the other WD applicatioQV S7DEOH 0RUH
over, in terms of Cb and Ct were found to have a significant interaction between mycorrhizal and water
deficit applications.
There is no significant differences in Carotenoid values (Cr) among mycorrhiza applications at
the end of the study. As seen on table, WD applications affected negatively the content of Cr, Cr; W0
(0% water deficit) had significantly higher values
WKDQWKHRWKHU:'DSSOLFDWLRQV S7DEOH 

Chlorophyll and Carotenoid Contents. Chlorophyll a (Ca), Chlorophyll b (Cb) and Total Chlorophyll (Ct) values of melon seedling were significantly affected by mycorrhiza, WD stress and interaction of mycorrhiza with WD stress (Table 4,
S 7KH&a of W0 (% 0 deficit) condition was
significantly higher than those of the other water defLFLW FRQGLWLRQV S  DQG &a was significantly
higher in the Glomus spp. (G2), as compared to other
$0)DSSOLFDWLRQV S7DEOH &b and Ct (Total Chlorophyll) of Glomus intraradices (G1) and
Glomus spp. (G2) applications were significantly
KLJKHU S  WKDQ * QRQ-AMF control group
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root colonization than Glomus intraradices (G1) application (Table 5). An increase in the intensity of
WD conditions stress had significant effect on AMF
colonization in Glomus spp. (G2) application. AMF
root colonization increased as the water deficit stress
increased.

The values of SPAD varied among the practice
AMF and WD applications tested (Table 4). SPAD
values of Glomus intraradices (G1) and Glomus spp.
(G2) applications ZHUHVLJQLILFDQWO\KLJKHU S 
than that of non-AMF (Table 4). Moreover, difference among the WD conditions is statistically signifLFDQW S 63$'YDlues of W0 were higher than
the other WD applications and W3 have the lowest
values of SPAD when compared the all four WD
conditions (Table 4).

DISCUSSION
We observed a positive effect of AMF on the
growth, water status of melon grown, nutrient uptake
and chlorophyll contents in water deficit condition.
Mycorrhizal colonization by Glomus intraradices
and Glomus spp. have different effects in terms of
melon seedling development. In general, it is observed that Glomus spp. (G2) application improved
growth of melon plants more than that of Glomus intraradices (G1). AMF are known to have significant
positive effects on melon and many other plants
grown under abiotic and biotic stress conditions
[13,15]. Studies in recent years show that mycorrhizal colonization improved growth relative water
contents, nutrient uptake, yield of plants when exposed to varying intensities of deficit water stress
[18,36]. When the values of 0-5 scales were examined, plants applied mycorrhiza, cope to water deficit
better than control group. G2 (Glomus spp.-Commercial preparation) show better results than G1
(Glomus intraradices). In the application where the
AMF x drought interactions are the highest, G2 applied plants showed the maximum tolerance (Table
2). The 0-5 scale is an important criterion in determining the degree of drought stress. [37] and [38]
reported that plants that were applied mycorrhizae
under drought stress showed better resistance in their
work.

Nutrient uptake and Mycorrhizal Root Colonization. WD conditions were affected negatively
uptake of Cu (Copper), Mn (Manganese), Zn (Zinc),
P (Phosphor) (Table 5). An increase in intensity of
WD stress caused a significant decrease in the contents of Cu, Mn, Zn and generally nutrient uptake
improved by AMF applications but there were no
significant differences in contents of Cu, Mn, Zn
(Table 5). Cu and Mn contents were significantly affected by WD conditions 7DEOHS EXWGLI
ferences of among AMF applications were not significant. Zn content of melon plants were affected by
:'FRQGLWLRQV S EXWLWKDVQRWEHHQDVLJQLI
icant effect of AMF applications. And also while P
content was adversely affected by WD conditions
S $0)DSSOLFDWLRQVVLJQLILFDQWO\ LQFUHDVHG
P contents and the M2 applications higher than the
0DSSOLFDWLRQ 7DEOHS 
Mycorrhizal root colonization. The root colonization rate was significantly affected by WD conGLWLRQV S  DQG WKH LQWHUDFWLRQV RI $0) ZLWK
:'VWUHVV S ,Q:DQG:WKHSODQWLQRFX
lated with Glomus intraradices (M1) presented
higher AMF root colonization rates than Glomus
spp. (G2) application and in W1 and W3 plant inoculated with Glomus spp. (G2) presented higher AMF

TABLE 5
Cu, Mn, Zn, P contents and Mycorrhizal root colonization of melon seedlings inoculated with two Glomus
species (Glomus intraradices and Glomus spp.) under four water conditions.
Water Deficit
W0
(0 % water deficit)
W1
(20 % water deficit)
W2
(40 % water deficit)
W3
(60 % water deficit)

Glomus species
G0,Non-AMF control
G1
G2
G0,Non-AMF control
G1
G2
G0,Non-AMF control
G1
G2
G0,Non-AMF control
G1
G2

Water deficit (WD)
Glomus species (G)
W*G

Cu
(mg/L)
6.04
6.24
6.46
6.70
5.57
6.02
6.08
5.65
4.91
4.57
5.76
4.50
**
NS
NS

* S S16QRVLJQLILFDQW

7517

Mn
(mg/L)
78.52
79.41
80.38
64.64
60.60
62.96
42.53
70.90
56.90
56.16
58.45
67.18
**
NS
NS

Zn
(mg/L)
55.28
58.65
58.59
57.99
54.65
52.44
52.16
51.33
48.94
48.03
51.61
46.89
*
NS
NS

P
(%)
0.12
0.13
0,13
0,09
0.11
0.12
0.08
0.09
0.10
0.07
0.08
0.09
**
*
NS

Mycorrhizal Root
Colonization (%)
0.00e
47.73 bc
29.33 d
0.00e
35.73 cd
39.57 b
0.00 e
56.73 b
41.03 cd
0.00 e
41.10 cd
68.07 a
*
**
**
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$WDOOZDWHUFRQGLWLRQVWKHLQWHUDFWLRQ³P\FRU
UKL]D [ ZDWHU FRQGLWLRQ´ ZDV VWDWLVWLFDOO\ VLJQLIL
cantly only for shoot length (Table 2), because of the
significantly higher values at G1 and G2 than G0,
non-AMF control. G2 was show higher values than
G1 terms of shoot length. Growth effect of AMF on
melon seedling has been also recorded in a study of
[39].
Deficit irrigation and mycorrhizal colonization
VLJQLILFDQWO\DIIHFWHG 3DQG UHODWLYHZD
ter condition (RWC) and Membrane Injury Index
(MII) of melon plants measured at harvest (Table 3).
The RWC values reduced progressively with increasing intensities of water deficit stress and the
lowest values recorded in non-AMF exposed W3
(%60 deficit) water deficit stress conditions. Melon
seedlings were adversely affected by water deficit
FRQGLWLRQ 3  EXW Glomus intraradices (G1)
and Glomus spp. (G2) AMF applications reduced the
membrane damage index in plant leaves in comparison with non-AMF control. It has been shown in previous studies that RWC has been reduced by deficit
irrigation and drought stress, but AMF applications
had affected plant growth positively and AMF applications provided resistance to limited irrigation
stress [18, 39]. The Ca, Cb and Ct of M1, M1 and nonAMF melon plants altered significantly. In general,
the highest Ca, Cb, Ct values were found in Glomus
spp. (G2) AMF application and the lowest values
were found in non-AMF control. The Ca, Cb, Ct values reduced progressively with increasing intensities
of water deficit stress. Glomus intraradices (G1) and
Glomus spp. (G2) AMF applications had higher values in terms of SPAD in comparison with non-AMF
control. Because of the importance of photosynthesis
in plant physiology, plant stress relevant parameters
in plant stress responses have been investigated. In
relationship, mycorrhizal and drought tolerance was
associated to specific physiological mechanisms
based on chlorophyll [40, 41].
Water deficit condition effected to nutrient uptake adversely. The Cu, Mn, Zn and P uptake reduced progressively with increasing intensities of
water deficit stress and the lowest values recorded in
non-AMF control exposed W3 (%60 water deficit)
stress conditions. The Cu, Mn and Zn uptake were
not significantly affected by mycorrhiza applications
but the P contents of melon seedlings was significantly affected from AMF species (Table, 5). While
Glomus spp. (G2) AMF application had highest P
contents, non-AMF control application had lowest
values. In earlier studies are shown that AMF have
provided plant tolerance in some element deficiencies [14, 22, 42]. The AMF is particularly increase
the P uptake [43].
The values of root colonization affected significantly from water deficit. The colonization rates
Glomus spp. (G2) were higher than that of Glomus
intraradices (G1) M1. Moreover, colonization of
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Glomus spp. (G2) increased progressively with increasing intensities of water deficit. It has been
proven in previous studies that different mycorrhiza
species have different colonize rates [44, 45].

CONCLUSION
AMF applications in general give positive results to melon seedling culture and allow plants to
exhibit better resistance to stress environment under
abiotic stress conditions and the commercial AMF
preparation (Glomus spp.) affects melon seedling
growth parameters comparatively better than Glomus intraradices, and Mycorrhizal plants can be affected by altered physical parameters of the soil: an
increased root conductivity and an altered relation of
water capacity cause of an improved plant performance under stress conditions. The study shows that
AMF improved leaf relative water content, chlorophyll, carotenoid and nutrients contents and alleviate
adverse effects of deficit irrigation stress.
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EFFECTS OF WATER HARVESTING TECHNIQUES AND
USING HUMIC ACID ON SOIL MOISTURE, PLANT
EVAPORATION, GROWTH AND YIELD IN PISTACHIO
ORCHARDS IN SOUTHEASTERN OF TURKEY
Meryem Kuzucu*
Kilis 7 $UDOÕk University Vocational School Department of Plant and Animal Production, Horticulture Programme. 79000 Kilis, Turkey.

it can viable complement to irrigated agriculture
and semi-arid regions of the world water harvesting
techniques known and used [5-6]. WH systems
store runoff water in the soil profile of planted area.
One of the major forms of direct WH systems is the
micro catchments [7].
Crop yields are affected by variations in climatic factors such as air temperature and precipitation, and the frequency and severity of extreme
events like droughts, floods, hurricanes, windstorms, and hail [8]. Thus, global climate change
may have serious impacts on water resources and
agriculture in the future. For this reason, numerous
studies have been undertaken in the last decades to
evaluate the impacts of climate change on agriculture and water resources in various parts of the
world [9-10-11-12] reported highest plant height,
fruit weight and the lowest weed growth was found
from tree around covered with plastic sheeting water harvesting. Tree surface covered with stone 4048% increase plant height compared to control from
water harvesting [13]. Tree height, crown diameter
and trunk circumference growth increased according to control respectively 57%, 70%, and 79% with
WH applications [14]. Some WH technique was
found useful and feasible technique to increase tree
growth and each pistachio fruit yield in slope some
dry areas [15]. Climate changes impacts on
agricultural production that it has attracted increase
in nowadays. Regarding the last studies climate
change effected soil water evaporation rate [16].
Average rainfall 250mm most of the regions
of Turkey and annual rainfall is around 500 mm in
Gaziantep. Farmers cannot find enough water for
agriculture production in these regions. The objective of this study has evaluated the effects of semicircular bunds and stone terraces water harvesting
techniques and organic fertilizer on pistachio trees
height and fruit yield in non-irrigation conditions in
Gaziantep in Southeastern of Turkey.

ABSTRACT
As a result of climate change and drought is
the one of serious problems for human beings.
Drought conditions often provide too little water to
support food crops, through either natural precipitation or irrigation using reserve water supplies. All
living things must have water to survive. The most
important natural resource in the dry environments
is rainfall. Despite its scarcity, rainfall is generally
poorly managed, and much of it is lost through runoff and evaporation. Water harvesting is the way of
success to making better of rainwater for agricultural purposes.
This study was carried on pistachio orchard at
the age of yield in arid conditions in Southeastern
Anatolia region of Turkey. In this study, it was
aimed to collect and evaluate rainwater at plant root
zone by some water harvesting techniques at sloping and semi-arid areas where pistachio is cultivated in 2009 and 2010 water year. Water harvesting
techniques of semicircular bunds and stone terraces
are used to increase the amount of soil moisture and
plant evaporation. The results shown that, the best
plant evaporation, soil moisture storage and the
highest increase of tree trunk diameter, and shoots
length and yield was determined from water harvesting with humic acid applications.
KEYWORDS:
Water harvesting, pistachio, plant growth, yield, drought.

INTRODUCTION
Water shortage in arid zones is one of low annual rainfall and the unfavorable distribution of
rainfall through the year. Drought impacts
agricultural, environmental and other productions,
especially agricultural food production [1-2]. High
temperature can maintain the growing season of
crops and increase evapotranspiration from soil
surface and irrigation water need [3-4] . The
changes in the drought pattern also bring new
challenges to water source management. Water harvesting is an ancient method of obtaining water that

MATERIAL AND METHODS
This study was conducted in 2009 and 2010 at
the farmer pistachio orchard in Gaziantep. The or-
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year.

chard has % 4 slope and without irrigation since
trees was planted. The study was carried on pistachio orchard at the age of yield with completely
randomized design with four replications in arid
conditions.

Circumference of Tree Trunk Measurement. We measured each pistachio tree trunk by
tape measure. Tree trunk circumference measurements were made at the end of 2009 and 2010 water
years.

Experiment Treatments. This study was carried on completely randomized design with 4 replications in arid conditions.
The treatments were:
U1: Stone Terraces
U2: Semi-circular Soil Bunds
U3: Leonardite Application
U4: Farmyard Manure Application
U5: Stone Terraces + Farmyard Manure Application
U6: Semi-circular Soil Bunds + Farmyard
Manure Application
U7: Stone Terraces + Leonardite Application
U8: Semi-circular Soil Bunds + Leonardite
Application
U9: Control (conventional application)

Yield of Pistachio Tree. Each of pistachio
WUHH¶V IUXLWV KDV FROOHFWHG DQG ZHLJKW PHDVXUHG
Thus yield per pistachio tree was found.
Plant Evaporation Measurement. Plant
evapotranspiration (ET-mm) was determined by the
following formula: (7 ¨W+P+I±D
<Where ¨W; is the change in soil water storage (mm), P; is the precipitation (mm), I; is the
amount of irrigation (mm), which was measured
using a water meter, and D; is the amount of water
lost due to deep drainage (mm) which was negligible in this study.

RESULTS AND DISCUSSION
0(7(252/2*,&$/'$7$¶62)
EXPERIMENTAL AREA

0HWHRURORJLFDO 'DWD¶V of Experimental Area. The precipitation was daily measured at the experimental area in 2009-2010 water years at the
experimental area in Gaziantep. Total precipitation
was 455.64 mm in 2009 water year. The majority of
rainfall was during the winter months in 2009. The
highest two times rainfall occurred 82.10 mm in
February, 67.10 mm in January in 2009 water year.
The lowest rainfall (7.20 mm) occurred in July.
There is no rainfall in August in 2009 (Fig.1).
The highest rainfall measured 65.47 mm in
February in 2010 water year. The second highest
rainfall (65.10 mm) measured in April in 2010 water year. The lowest rainfall (0.7 mm) occurred in
August (Fig.1).
The summer season was dry both of the two
water years. Due to the lack of rain occurs, waterharvesting practices provide needs sufficient water
for pistachio trees in this experimental region.

Monthly Precipitation Measurements. Precipitation was daily measured from weather station
at the experimental site in 2009-2010 water years.
Monthly Temperature Measurements. Daily
Temperature was measured from weather station at
the experimental site in 2009-2010 water years.
Monthly Evaporation Measurements. Daily
evaporation was measured during the 2009 and
2010 water years.
Shoot Length Measurement.Shoot length
measurement were selected four terms are marked
on the branches of the tree. Measurements were
made with a tape measure at the end of each water

FIGURE 1
Monthly Precipitation Results
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FIGURE 2
Monthly Temperature Results

FIGURE 3
Monthly Evaporation Results

Temperature data is ranged from 8 to 31 degrees in this arid area in 2009 water year. In 2010,
year temperatures ranged from 9 to 34.2 degrees. In
summer PRQWKV¶ temperatures was high. Both of
two experiment year high temperatures measured
except the winter months (Fig.2). These high temperatures caused to evaporate the winter rainfalls.
Pistachio trees into water stress cause this situation
during the summer months.
The highest evaporation was measured from
Jun, July and August along two-water year in this
area. In 2009 evaporation degrees were observed
less than 2010 year (Fig.3). The total annual evaporation is 1652.1 mm in 2009 water year. In 2010 the
total annual evaporation is 1755.2 mm in this experimental area.
This high evaporation rate causes the rainfall
away from the soil. Such arid regions should be
done some applications for reduce evaporation.
According to the result of many researches some of
the mulch applications reduce evaporation from soil
surface. Hira at all (1990), was determinate the minimum evaporation measured from tree around covered with plastic sheeting and soil bund water harvesting applications. Wang at all (2008) used water
harvesting mulch application for corn plant to stor-

age rainwater and reduce evaporation. They found
the best reduce to evaporation application was plasWLFDQGVWRQHPXOFKLQ&KLQD¶VGU\UHJLRQ
Shoot Length Measurement. Shoot length
was measured at the end of each water year. We
measured shoot length from marked by the four
sides of the tree branches. The results of Shoot
length measurement have given below (Fig.4).
According to the result of shoot length, the
highest value (6.09 cm) measured from Stone Terraces plus Farmyard Manure Application in 2010
water year. The lowest shoot length (2.10 cm)
measured from conventional application in 2009
water year. In 2009, the highest shoot length (5, 80
cm) observed at Terraces plus Farmyard Manure
Application. The lowest shoot length (2.53 cm)
measured from conventional application in 2010
water year (Fig.4). Most of studies have shown that
a positive impact of water harvesting practices on
plant growth and shoot length.
Circumference of Tree Trunk Measurement. Tree trunk was measured at the end of 2009
and 2010 water year. We measured circumferences
of pistachio tree trunks above 10 cm the place of
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FIGURE 4
Shoot Length Measurement of Pistachio Trees in 2009-2010 Water Years

FIGURE 5
Tree Trunk Circumference Measurement of Pistachio Trees in 2009-2010 Water Years
water year to 2010 water year (Fig.5). Tree trunk
circumference measurement of pistachio trees has
shown positive results of water harvesting and organic fertilizer applications in this study.

vaccines. Trunk circumference measurement results
are given below (Fig.5).
Each pistachio tree showed that the growth
and development at year after year. The best growth
gave from water harvesting and organic fertilizer
application combinations. The highest tree trunk
circumference growth is 6 cm (Stone Terraces and
Semi-circular Soil Bunds) from 2009 water year to
2010 water year. The lowest tree trunk circumference growth is 2 cm (control application) from 2009

Yield of Pistachio Tree. We measured each
RI SLVWDFKLR WUHH¶V IUXLWV weight at the end of August. As seen below in 2009 water year pistachio
trees have given more fruit yield. The highest average yield (24, 65 kg/tree) gave from semicircular
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FIGURE 6
Fruit Yield Measurement of Each Pistachio Tree in 2009-2010 Water Years

calculated this formula; [17].

soil bunds + farmyard manure application. The
lowest average yield (14, 30 kg/tree) gave from
control (conventional) application. With water harvesting and organic fertilizer application, pistachio
yield has increased (Fig.6).
Similar results were obtained from similar application. Water harvesting and organic fertilization
combination applications gave similar results.
When Stone Terraces + Farmyard Manure Application was 22,62 kg/tree, Stone Terraces + Leonardite
Application was 21,54 kg/tree in 2009 water year.
Only water harvesting applications and organic
fertilization applications gave similar results. Furthermore, all applications high yield was given than
control applications yield results (Fig.6). These
applications have a positive impact on pistachio tree
fruit yield in this study. Increase of fruit yield determinate owing to the rainwater storage in the soil
and using organic fertilizer.

Where is;
k: Periodicity coefficient, n: number of yield
years, Pi: The yield of tree in the (i) year
In this study between 2009-2010 periodicities
coefficient was lower than 1 degree. Especially
Stone Terraces + Leonardite Application (0.08)
gave the best yield between these experiment years.
This periodicity coefficient results show that efficient and well maintained of this pistachio orchard
(Table.1).
TABLE 1
Periodicity Coefficient
Treatments

Periodicity Coefficient. Pistachio trees shows
periodicity during the age yield. When one year
gives good product yield, next year gives little
product yield. It is called periodicity. Because of
good maintenance procedures, the negative effects
of periodicity have not observed in the pistachio
orchard. As a result of a good fertilizer and water
supply eliminates the effects of loss yield of periodicity. Water harvesting application provides sufficient water for trees in arid regions. At the end of
the positive effects of water, harvesting and organic
fertilizer in this essay garden gives product yield
every year during the study. If periodicity coefficient was lower than 1 degree, very good yield was
obtained between two years. Periodicity coefficient

U1: Stone Terraces
U2: Semi-circular Soil Bunds
U3: Leonardite Application
U4: Farmyard Manure Application
U5: Stone Terraces + Farmyard Manure
Application
U6: Semi-circular Soil Bunds + Farmyard Manure Application
U7: Stone Terraces + Leonardite Application
U8: Semi-circular Soil Bunds +
Leonardite Application
U9: Control (conventional application)

Periodicity
Coefficient
Between
2009-2010
Water Year
0.17
0.16
0.16
0.15
0.13
0.12
0.08
0.13
0.16

Plant Evapotranspiration Measurement.
Plant evapotranspiration values ranged from 295, 7
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FIGURE 7
Average Plant Evapotranspiration of Each Pistachio Tree in 2009-2010 Water Years

74% share. Therefore, the greatest pressure is on the
agriculture sector in the sharing and efficient use of
water resources. The effects of the drought on the
agriculture sector have resulted in changes in crop
patterns, irrigation ratios, and water quality and
water management.
Pistachio trees can use large amounts of water
and observed periodicity. Trees bear fruit in a year,
but do not bear fruit in second year. Producers
complain about this condition. Recent studies have
shown irrigation and organic fertilization treatments
increase pistachio fruit yield. Organic fertilizer can
increase soil pH and the cation exchange capacity,
and enhance nutrient levels in soils. With irrigation
and useful fertilization, pistachio yield increased the
ratio of % 48-50 in Gaziantep in Southeast of Turkey. In this study, rainwater has collected plant root
zone with water harvesting applications. Pistachio
trees were non-water stress in the hot summer period. They collected rainwater in winter months and
used in summer months. Thus, periodicity was not
observed in this research area effect of rainwater
storage in the soil profile. Pistachio trees have given
fruit in both of two-research year. First year they
have given more than the second year. Because
second year periodicity shown in this region. Most
of pistachio orchards have not given fruit yield.
In addition to water harvesting treatments, organic fertilizer also has shown beneficial effects on
pistachio fruit yield. Periodicity has been eliminated
with a good fertilizer. With farmyard manure and
leonardite using, soil physical conditions improved.
Owing to the organic fertilizer, water retention capacity of soil was increased. In this way pistachio
trees shown good growth and given more fruit yield
effects of water harvesting and organic fertilizer
treatments. Organic fertilizers increase soil permeability thus soil keeps its moisture and reduces the

mm to 322, 1 in 2009 water year. In 2010, plant
evapotranspiration values ranged from 298, 82 mm
to 340, 5. Owing to the water harvesting techniques,
pistachio trees have fed very well from rainfall.
Water harvesting applications with organic fertilizers combination gave best plant evaporation results.
The highest plant evapotranspiration values (322.1
mm) measured from Stone Terraces + Leonardite
Application and (313, 4 mm) measured from Semicircular Soil Bunds + Leonardite Application in
2009 water year. In 2009, the lowest plant evaporation (295, 7 mm) measured from Control (conventional application). In 2010, the highest plant evaporation (340, 5 mm) measured from Stone Terraces
+ Leonardite Application and (335, 67 mm) measured from Semi-circular Soil Bunds + Leonardite
Application. The lowest evaporation (298, 82 mm)
measured from Control (conventional application)
in 2010 water year.

CONCLUSIONS
Water shortage in the dry areas is a recurring
problem, farmers have a great need for knowledge
on how to capture and use every available drop of
water efficiently. Water harvesting is the collection
of runoff for agriculture productive purposes. In
rainfed areas, where crops can be produced but low
yields and high risk of failure. In these areas water
harvesting systems can provide enough water to
supplement rainfall and thereby increase and regular agricultural production. Drought has been a recurrent phenomenon in Turkey for the last several
decades. The droughts have had a great effect on
water resources and thus on the agricultural sector.
The economy of the country is dependent on agriculture, making it the largest user of water, with a
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Forest Ecology and Management. (8): 3-4, 257263.
[12] Hira, G.S., Raghbir, S., Saggu. S.S. and Singh,
R. (1990) A 6WXG\2Q7KHøQ6LWX:DWHU+Drvesting Conservation Technology for Kinnow.
Journal of Punjab Horticultural. Volume 30, (14); 20-26.
[13] Ojasvi, P.R., Goyal, R.K. and Gupta, J.P.,
(1999) The Microcatchment Water Harvesting
Technique For The Plantation Of Jujube In An
Agroforestry System Under Arid Conditions.
Agricultural Water Management. 41 (3): 139147.
[14] Xiao-Yan, L., Zhao, W., Song, X., Wang, W.,
X-Zhang, Y. (2008) Rainfall Harvesting On
Slopes Using Contour Furrows with PlasticCovered Transverse Ridges for Growing Caragana Korshinskii in The Semi-Arid Region of
China. Agricultural Water Management. Volume 95, (5); 539-544.
[15] Kuzucu, M. (2013) Effects of MicroCathcment Water Harvesting Technique On
Young Pistachio Trees Growth, Soil and Water
Conservation in Semi- Arid Areas. Unpublished Phd Thesis. Çukurova University
Department of Soil Science and Plant Nutrition. Adana, Turkey.
[16] Wang, Y., Xie, S., And Cecil, L. M. (2008)
Effects of Rainfall Harvesting and Mulching
Technologies On Water Use Efficiency and
Crop Yield in The Semi-Arid Loess Plateau,
China. Agricultural Water Management. Volume 96, (3); 374-382.
[17] Aydin, Y. (2004) Different Water And
Nitrogen Doses Effects On Yield And
Periodicity On Pistachio. Çukurova University.
Institute of Natural and Applied Sciences.
Ph.D. Thesis. Adana, Turkey.

effects of drought conditions.
At the end of this study, water harvesting and
organic fertilizer recommended to farmers. Irrigation is difficult and costly process. Water harvesting
can be applied easily and economically an agricultural practice for region farmers. Organic fertilizers
also easy applied and cheap than the other chemical
fertilizers for this region producers.
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A NEW SPECIES OF CYANUS (ASTERACEAE) FROM
TURKEY AND ITS GROWING ENVIRONMENT
CONDITIONS
Zafer Kaya, Halil Baris Ozel*
%DUWÕQ8QLYHUVLW\)DFXOW\RI)RUHVWU\'HSDUWPHQWRI)RUHVW(QJLQHHULQJ%DUWÕQ7urkey

ABSTRACT
A new species of Cyanus Mill. (Centaurea L.
p.p.) (Asteraceae), Cyanus banchevae Kaya, is
described and illustrated from Bolu province, Turkey. It belongs to section Napuliferae (Stef. &
Georgiev)
Bancheva
&
Raimondo
and
taxonomically its closest relative is C. thirkei Scultz
Bip. The habitat and conservation status of the
species are presented, and the geographical distribution of the new species and its closest relatives is
discussed.

KEYWORDS:
Asteraceae, Compositae, Cardueae, Centaureinae, Centaurea, Cyanus, IUCN Red List, Turkey.

of the genus Centaurea s.l. into several smaller
genera [6, 7, 8, 9]. The recent As a basis of the new
taxonomic scheme of the Centaurea s.l. and Centaureinae [10, 11] utilizes :DJHQLW]¶V SROOHQ W\SH
classification, base chromosome numbers [12], and
this newly accumulated molecular data. In this
scheme Cyanus is recognized at the generic status.
According to Hellwig [13], the genus Cyanus Mill.
comprises c. 25 species. In the Flora of Turkey, 15
species of Cyanus (as Centaurea sect. Cyanus)
were included [1]. Recently a new species ± Cyanus
eflanensis Kaya & Bancheva [14] from Karabük
province was found. With description of this taxon
the total number of Cyanus species known from
Turkey increases to 17.

MATERIAL AND METHOD
INTRODUCTION
Genus Cyanus Mill. belongs to the subtribe
Centaureinae and is among the most taxonomically
complicated genera of Compositae. Many taxonomists consider Cyanus as a subgenus or section into
genus Centaurea L. [1, 2, 3, 4, 5]. In the last 10
years they have been accumulated a lot of molecular data has been accumulated, confirming the split

There are nine endemic taxa of Cyanus in
Turkey; therefore over half of these taxa known
from Turkey are endemics. Cyanus species are
found on rocky and grassy slopes, stony calcareous
slopes (scree), montain and shrub steppes, alpine
and subalpine meadows and pastures, open pine and
oak forests, as well as shrubs, dry meadows, fields
and roadsides, between 500 and 3500 m in altitude.

FIGURE 1
General appearance of Cyanus banchevae Kaya, 
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Firstly the natural distribution area, the stand
dynamics and the environmental growing conditions were determined. Later, some morphological
characteristics of Cyanus banchevae were investigated comparatively in order to prove that it is a
different species. Within the scope of the research,
pollen properties have been examined to prove that
this species is a new species. For this purpose, Acetolysis and Wodehuse methods were used. SEM
(Scanning Electron Microscope) images were taken. Also pollen and detailed pollen measurements
were made on these images.
In addition, karyotype features have been determined to demonstrate the difference in the investigations. In this context chromosome counts were
made in the Institute of Botany, Bulgarian Academy of Sciences on somatic metaphases, using the
squash technique. Root tips were obtained from
three plants collected in the locus classicus. Samples were pretreated with 8-hydroxyquinoline for
30 min, then fixed in acetic alcohol (1:3) for 24 h at
4°C, hydrolyzed in 1 M HCl for 15 min at 60°C,
stained with haematoxylin after Gomori (Melander
& Wingstrand 1953) [15] for 30 min at 60°C,
squashed and mounted in 45% acetic acid.

RESULTS AND DISCUSSIONS
Habitat, natural distrubution and stand
dynamics. The new species is currenty known only
from one locality in the West Black Sea Region of
Turkey. Cyanus banchevae grows on dry grassy
places under the fairly in 3ÕQXVQLJUD forest, at 900
m in altitude. The accompanying species are: Pinus
nigra Arnold subsp. pallasiana (Lamb.) Holmboe,
&DUSLQXV RUÕHQWDOLV Mill. subsp. orientalis,
Juniperus oxycedrus L. subsp.oxycedrus, Quercus
pubescens Willd., Pyracantha coccinea Roemer.,
Cornus mas L., Cotinus coggyria Scop., Anthemis
tinctoria L.var. tinctoria., Briza media L.,

Fresenius Environmental Bulletin

Centaurea stenolepis Kerner., Dactylis glomerate
L. subsp. hispanica (Roth.) Nyman., Euphorbia
myrsinites L., Genista tinctoria L., Globularia
aphyllanthes Crantz. Helianthemum nummularium
(L.) Mill. subsp. nummularium, Hypericum
perforateum
L., Primula vulgaris Huds.
subsp.vulgaris, Pteridium aquilinum (L.) Kuhn.
IUCN Red List category. Cyanus banchevae is
endemic to the West Black Sea Region, Euxinian
element. The specimens were collected in Bolu
(A3) province in Turkey where the species is
apparently very rare and local (Fig. 2).
Cyanus banchevae is known only from one
population in the type locality and from an area of
1000 m2. The population is not in good condition
and numbers approximately 50 plants. It should be
regarded as belonging to the Critically Endangered
(CR) category [16], based on its local distribution
and small population size. Furthermore, the natural
forest stands where this small population is located
are one-layered, the evenaged and mixed forests,
and the stand canopy varied between 0,6-0,8 and
stand density varied between 0,5-0,7.
Relationships between other Cyanus
species. Cyanus banchevae belongs to sect.
Napuliferae (Stef. & Georgiev) Bancheva &
Raimondo. These plants are well distinguished by
their thickened fusiform or napiform roots, reduced
leaf size, often accompanied by deeply cut leaf
blade with white lanate pubescence [17]. Based on
morphological characters, the closest ally of C.
bancheave is C. thirkei Scultz Bip., which occurs in
Bulgaria, Moldavia and Turkey [2, 3, 17].
Morphology. Herbaceous perennial plants;
dimorphic roots, (1) 2 to 4 napiform or fusiform,
mostly fusiform in upper part, thickened root to 1.54.8 cm long, ca. 0.3-0.9 cm wide, abruptly narrowing in a short apex; stems one per plant, 21-38 cm,
excluding the single head. Leaves gray tomentose,

FIGURE 2
Area of collection of samples of C. banchevae (Bolu Provenance. (A3): Mengen-Pazarköy, Arak village, in
the mixed forest, 900 m, E 36 47 90 64D, N 45 78 789 K, 23 Jun. 2007. Z. Kaya s.n. (holotype, ISTE: isotype, SOM).
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in most cases partly undivided, lanceolate, sessile;
the lower leaves 5.3-14 cm x add the widths. Capitula terminal, one per plant, 16-20 x 10-15 cm; involucres 12-16 x 6-11 mm. Phyllaries prolonged and
triangular, glabrate; appendages, light to dark
brown, with cilia 2-2.2 mm. Florets whitish what
base color? Whitish green?; the marginal florets
sterile, radiate, divided into four to six narrowly
triangular lobes; hermaphroditic florets tubular,
tube and/or lobe lengths, contrast with this added
information for the marginal sterile florets too .
Achenes 3.5-4.5 x 1.5-2 mm, with a lateral elaiosome, the pappus about four times shorter than the
achene, 0.8-1 mm (Fig. 3). The author conducted a
thorough study of the pertinent specimens stored in
Turkish herbaria (cite the IH acronyms for all herbaria visited), and the Herbarium of the Institute of
Botany, Bulgarian Academy of Sciences (SOM), as
well as the literature [1, 3, 17]. It was determined
that C. banchevae and C. thirkei differ in several
morphological aspects. The two species are contrasted in the following key couplet:

Asetoliz

X100

Wodehuse

X100

FIGURE 4
Pollen images prepared according to two
different methods (The images are magnified
100 times.)
Key to two species of Cyanus in Turkey. 1a.
Plants with very short stems, 2.5-13 cm in height;
the lower leaves 2.5-5.5 cm long; capitula 12--16 X
10-15 cm. .................................C. thirkei.
1b. Plants with stems exceeding 13 cm, 21-38 cm
tall; the lower leaves 5.3-14 cm long; capitula 1620 X 10-15 cm. «««««««« C. banchevae.
Etymology. The species is named of Prof. Dr
Svetlana T. Bancheva at the Institute of Botany,
Bulgarian Academy of Sciences, Sofia (Bulgaria),
for her undeniable contributions to the taxonomy
and evolution of Cyanus and Centaurea in the Balkans and for her help with the description of this
new species.
TABLE 1
Pollen morphological parameters of C. Bancheva
Pollen morphological
parameters
P
E
Clg
Clt
Plg
Plt
Ex
t

FIGURE 3
Morphological characteristics of Cyanus bancheB. Outer phyllary. C.
vae Kaya. (A. Habit.
Median phyllary. D. Inner phyllary. E.
Radiate, marginal sterile floret F.
Hermaphroditic tubular floret. G. Achene.
Scale bars: A=1 cm; B-F=2 cm; H=0.5 cm.)

M

V

47.25
r 1.28
39.84
r 0.97
37.54
r 0.71
10.20
r 0.64
9.28
r 0.71
10.20
r 0.64
2.70
r 0.27
Non-measured

Pollen grains. The pollen grains are of WaJHQLW]¶V &\DQXV-type (1955), subprolate, sphaeroidea, with correlation polar axis/equatorial diameter
1.28(W),1.01 (E). The exine sculpture is reticule,
with density of the sculpture elements 7-9 to 9 um.
Equatorial diameter 32.64um + 1.25; polar axis
41.82um +1.36. Lenght of the colpus 32.64um +
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1.25 breadth of the colpus 9.18um +0.76. (Table 1,
Fig. 4 and Fig. 5)
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CONCLUSION
C. bancheva, which is examined in terms of its
all characteristics, shows definite different characteristics from C. thirkei species spreading in Turkey. It must be preserved in order to ensure the
continuity of this kind of generation found in mixed
black forests in Bolu-Mengen region. In this context, care should be taken to protect the C. bancheva species in the silvicultural interventions to be
carried out in the region. With a very small population, in-situ and ex-situ conservation methods must
be maintained and natural gene sources must be
conserved.
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Karyotype. The diploid chromosome count is
22 and was observed in somatic cells. The karyotype consists of small chromosomes. The chromosome number, established for the new species, 2n =
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FIGURE 6
The number and shape of choromosome of C.
Bancheva
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AN APPROACH TO QUANTIFY THE SHELL SHAPE OF
ABRA ALBA (BIVALVIA: SEMELIDAE)
Elif Can-Yilmaz*
Dokuz Eylul University, Institute of Marine Sciences and Technology, Izmir, 35340, Turkey

their relation with other variables have been utilized
in a wide range of studies across various disciplines
[7].
Abra alba is widely distributed and can be
found at any depth down to 80m. It is one of the
dominant species inhabiting shallow water sandy
communities [8]; is known for its tolerance to environmental changes in sediment [9] and has a rapid
demographic adaptability to variations in its environment [10].
Although the information about this species
from European waters is extensive, relatively limited publications have been reported on the species
from Mediterranean waters. The aim of this study is
to analyze and determine, if there are significant
variations on the shell shape of different sizes of the
A. alba population and which shape factors could
be best used for describing A. alba individuals.

ABSTRACT
This study presents a possible variation between size groups of Abra alba population and the
shape descriptor(s) to quantify the shell shape of the
population. Size measurements (the length, height,
area and the perimeter of the shells) and shape
descriptors (circularity, elongation, compactness
and convexity of the shells) were calculated using
ImageJ. The descriptive ability of shape parameters
was assessed by using Receiver Operating Characteristic (ROC) curves analysis. To be able to determine the describing power of the descriptors, evaluation was carried out in two steps. At the first step,
the descriptors were analyzed singly, which showed
a low accuracy with a smaller AUC (area under
curve), respectively. To increase the AUC, different
combinations of shape descriptors were generated
for the second step of the evaluation. The best descriptive combination was A (circularity+ elongation+ compactness+ convexity).

MATERIALS AND METHODS
Individuals were obtained from van Veen Grab
samples from +RPD/DJRRQLQ,]PLU%D\ ¶1
¶(  The shells of the collected animals were
photographed using an Olympus SZ60 stereomicroscope equipped with a camera for morphometric
analysis. To determine the possible variation in A.
alba population, specimens were subdivided into
four general size classes; individuals <3.5 mm (S:
small), individuals between 3.5 and 5.9 mm (MS:
medium-sized), individuals between 6.0 and 8.0
mm (L: large), and individuals >8.0 mm (VL: very
large) [10].
The morphological analysis of each shell was
performed using the software ImageJ 1.49p (Wayne
Rasband, National Institute of Health, USA) to
measure the shell area, perimeter, length and height
of the shells. Moreover, in order to characterize the
morphology of the individuals, shape descriptors
(circularity, elongation, compactness and convexity) were also quantified for each individual with
ImageJ. Multiple comparisons were carried out
with the help of Kruskal-Wallis H test to determine
the significant differences between shape descriptors among the four size classes. The Mann
Whitney U-test was applied to establish, which size
classes were statistically significantly different
from each other.

KEYWORDS:
Morphometry, shell size, shape, ROC analysis, AUC,
Abra alba

INTRODUCTION
Morphological variation is an easily measured
trait in marine mollusks, usually determined by
differences in shape, size, and structure of the calcified shell in response to environmental differences
[1]. The shell is the most prominent feature of the
molluscan body [2] and provides a capability to
enter into the substratum [3].
The quantitative evaluation of the morphological variation can be carried out with the help of the
shell shape studies. The results of those studies
indicate a large variation, not only between different species, but also within the individuals of the
species, themselves [2,4]. The purpose of morphological measurements is to quantify, analyze and
describe variation in biological forms [5]. Computer vision-based image processing methods have
been investigated as an alternative to conventional
methods to provide solutions regarding practical
measurement, identification, and size distribution
analysis [6]. The variation of biological shapes and
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6.79 ± 2.8mm, 4.71 ± 1.9mm, 27.45 ± 21.8mm2 and
21.97 ± 9.9mm, respectively. The mean values for
shape descriptors as circularity, elongation, compactness and convexity were 0.65 ± 0.13, 0.30 ±
0.03, 0.80 ± 0.02 and 0.86 ± 0.02, respectively
(Table 1).
According to the values obtained from the
Kruskal-Wallis H test, significant differences were
found among four size groups for all variables
LQFOXGLQJVL]HPHDVXUHPHQWVVKHOOOHQJWK Ȥ   
 S    VKHOO KHLJKW Ȥ2 (3) = 389.5, p <
 VKHOODUHD Ȥ   S DQGSeULPHWHU Ȥ   S 5HJDUGLQJVKDSH
GHVFULSWRUV FLUFXODULW\ Ȥ     S   
FRPSDFWQHVV Ȥ   7, p < 0.05) and convexiW\ Ȥ    S   ZHUe significantly difIHUHQW H[FHSW HORQJDWLRQ Ȥ     S  
Post-hoc Mann-Whitney U tests revealed statistically significant differences between the size groups,
except those for convexity (L/VL; U = 6719.5, p
=0.84), compactness (S/VL; U = 2956, p =0.14),
L/VL; (U = 6341, p =0.36), and circularity (MS/L;
(U = 6661.5, p=0.82) (Table 2). Non-significant
results were obtained from Kruskal-Wallis H test
for the elongation, except those MS/VL; (U =
9621.5, p<0.05) and L/VL; (U = 5660.5, p<0.05)
(Table 2).

Receiver Operating Characteristic (ROC)
curves analysis was utilized to assess the descriptive ability of shape parameters to predict the young
and old individuals of A. alba. The ROC plots the
true positive rate (sensitivity) versus the falsepositive rate (1-specificity); the descriptive value is
given by the area under the curve (AUC). Binary
logistic regression was performed with different
combinations of the shape descriptors to enhance
the possible success to increase the AUC.
Data processing and Statistical analysis were
performed using IBM SPSS Statistics for Windows
(version 24; IBM Corp., Portsmouth, Hampshire,
UK). Differences were considered statistically significant if p < 0.05.

RESULTS
The descriptive statistics of data for each size
group, calculated via ImageJ program, are shown in
Table 1. Furthermore, the results from KruskalWallis and post-hoc Mann-Whitney U tests for size
group comparisons are summarized in Table 2. A
total of 436 individuals were examined. The mean
values for size measurements (length, height, area
and perimeter of the shell) for all individuals were

TABLE 1
Shell size measurements and shape descriptors of A. alba. (N=436)
Mean (±SD)
Minimum
SL (mm)
6.79 (2.78)
1.84
SH (mm)
4.71 (1.94)
1.41
SA (mm2)
27.45(21.85)
1.88
SP (mm)
21.97 (9.97)
5.38
Circularity
0.65 (0.13)
0.22
Convexity
0.86 (0.02)
0.76
Elongation
0.30 (0.03)
0.18
Compactness
0.80 (0.02)
0.67
(SL: shell length, SH: shell height, SA: shell area, SP: shell perimeter)
SD: standard deviation

Maximum
15.56
10.60
118.94
54.62
0.83
0.94
0.45
0.89

TABLE 2.
Kruskal-Wallis H and Mann-Whitney U results for comparisons among the four sized groups
KW-H TEST
S /MS
S/L
S /VL
MS /L
MS/VL
L /VL
SL (mm)
393.5*
*
*
*
*
*
*
SH (mm)
389.5*
*
*
*
*
*
*
SA( mm2)
391.5*
*
*
*
*
*
*
SP ( mm)
379.9*
*
*
*
*
*
*
Circularity
37.9*
*
*
*
0.82
*
*
Convexity
30.0*
*
*
*
*
*
0.84
Elongation
6.5(0.09)
0.58
0.42
0.35
0.66
*
*
Compactness
22.4*
*
*
0.14
*
*
0.36
(S: small, MS: medium-sized, L: large, VL: very large) of A.alba individuals.
(degrees of freedom: 3, *p<0.05) (SL: shell length, SH: shell height, SA: shell area, SP: shell perimeter)
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FIGURE 1
ROC curves for the shape descriptors when applied singly.
(Shape descriptors with AUC values are shown at the legend)
TABLE 3
The results of ROC curve analysis for the combined shape descriptors.
95% CI
Lower Bound
Upper Bound
A (all shape descriptors)
0.794*
0.022
0.751
0.836
B (circularity +elongation +compactness)
0.674*
0.026
0.624
0.725
C (circularity +elongation+ convexity)
0.686*
0.026
0.635
0.736
0.794*
0.022
0.751
0.836
D (circularity+ compactness +convexity)
E (elongation+ compactness +convexity)
0.704*
0.025
0.655
0.753
(AUC: area under curve, SE: Standard error, 95%CI: Confidence Interval) *: p<0.05.
Test Result Variable(s)

AUC

SE

ly, five different combinations of shape descriptors
were evaluated. The best descriptive combinations
were as A (circularity+ elongation+ compactness+
convexity) and D (circularity+ compactness
+convexity), both with AUC of 0.794. The combination B (circularity +elongation +compactness)
and C (circularity +elongation+ convexity) were the
lowest with the AUC of 0.674 and 0.686, respectively (Table 3).

Regarding the A. alba community size classification, sensitivity and specificity analysis were
conducted using ROC curves to determine the describing power of the shape descriptors. For the
ROC curve analysis, the size groups were regrouped as younger and older individuals. At first,
the shape descriptors were evaluated individually to
observe the describing power. Based on Fig. 1, the
results were obtained from convexity with AUC of
0.650 and circularity with AUC of 0.621 indicating
low accuracy, as the AUC laid below 0.70. Second7536
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perfect model would correspond to an AUC of 1.0
[2]. In ecoORJLFDO VWXGLHV $8& YDOXHV  DUH
FRQVLGHUHG WR LQGLFDWH DQ H[FHOOHQW DQG  DQ
acceptable response [16, 20]. This ROC curve analysis showed an excellent performance for the combinations with an AUC around 0.80, while the single application had AUC values lying below 0.70.
These results showed that the combinations of
shape descriptors were more suitable to determine
the shape of the individuals of A. alba.
In the Mediterranean Sea, benthic mollusks
play important roles in the ecosystem structure and
biodiversity maintenance. Furthermore, some mollusks have been widely used in monitoring studies
due to their economic and ecological importance
[21, 22]. Consequently, the efficient and fast methods can also be required to make analyses with
important organisms as mollusks in monitoring
studies. The software like ImageJ are user friendly
and less time consuming than classical alternatives
to understand the patterns of shell shape variation
for the several studies.

DISCUSSION AND CONCLUSION
The goal of this study was to identify the
shape descriptors that are best suited for the evaluation of the shell morphometric data. In this study
analyzed A. alba population of 436 individuals
exhibits not a strong but a significant morphological variation among size groups. The present results
of the shape descriptors coincide with the view of
Selin [11] concerning ³the change in the shape of
mollusk shells is related with age´. In this sense,
the remarkable variation was observed in the circularity of the A. alba shells in the present study; the
circularity index was in a decreasing trend from
younger to older individuals, showing that the small
individuals were more circular.
In ImageJ, the elongation index value is quantified from aspect ratio with the formula 1-1/AR as
mentioned in Kröner and Doménech-Carbó [12].
The AR values take a numerical value from 1 to
infinity, while the elongation values take from 0 to
1, which is common range for the other shape descriptors. The circularity and AR value of a circle is
1. As a result of the 1/AR formula, the elongation
value is also 1 (extremely elongated), however the
elongation value would be 0 (not elongated) for the
circle [12]. In this study the formula 1-1/AR had
been used, instead of 1/AR as given by the formula
[13, 14]. Therefore, the elongation values in this
study showed differences from the elongation index
values for Tellinidae [14], which are closely related
to Semelidae [15].
The morphometric indices are useful to understand the adaptations of the bivalves in their habitats [1]. The relationship between shell morphology
and burrowing activities has long been recognized
[14, 15]. For instance, the characteristics, such as
the elongated, narrow, smooth and light shells, are
probably related to their active burrowing behavior
into sandy sediments, constituting an adaptive strategy to improve burrowing ability of the species
[14].
The elongate and pointed shells of a burrowing species provide the individuals a rapid burrowing habit. The species with circular shell penetrates
vertically downward in burrowing activity [15].
The analyzed A. alba individuals had shell shape
with less elongation, therefore the burrowing habit
may not be rapid as much as the elongated ones.
Besides, the individuals burrow vertically downward which differs from the very elongated forms
exhibiting parallel burrowing [15].
Receiver operating characteristic (ROC)
curves provide a visual tool for assessing the accuracy of an indicator, by plotting the probability of
the true positives (sensitivity) versus the probability
of the true negatives (specificity) [16]. Although the
medical literature is rich in the use of ROC to evaluate models, its use in ecological studies has only
recently occurred [16-20]. A model with no predictive power would have an AUC of 0.5, while a
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certain part of the ammonium nitrogen enters the
atmosphere through gas loss, and the other parts
were translated into NO3í±N. Therefore, nitrogen
loss occurs in several methods, such as ammonia
volatilization [3], denitrification losses [4], and the
leaching of NO3í±N [5]. The gas loss of nitrogen
occupied a substantial proportion, but the loss of a
part of NO3í±N would also not be disregarded [6]. A
total of 19% of NO3í±N was lost by leaching in
global agricultural system [7], but the
Intergovernmental Panel on Climate Change
suggests that the proportion was as high as 30% [8].
Excessive accumulation of nitrate nitrogen in the soil
would lead to excessive gas loss by denitrification
[9]. Moreover, NO3í±N could cause water pollution
by leaching and threaten the health of humans [10,
11]. Therefore, the research on the transformation of
soil nitrogen was significant for exploring the
mechanism of nitrogen transformation, improving
the nitrogen efficiency, and constructing ecological
friendly agriculture.
The transformation of soil urea was a complex
process, which is influenced by a series of factors. In
the stage of urea hydrolysis, it was affected by water
content [12], temperature [13], and pH [14]. In the
process of nitrification of ammonium nitrogen, it
was also affected by similar influencing factors as
the previous stage [15, 16]. The factors, which
affected nitrification microbial activity, could also
influence the intensity of nitrification. Nitrification
would carry out with appropriate conditions of
temperature and moisture. In the forest ecosystem,
soil nitrification rate increased significantly with the
increasing temperature and the value of Q10 was 4.13
under 5 °C to 25 °C [17]. When the soil moisture
tension was between 0.2 and 15 bar, soil water
content was positively correlated with nitrification
[18]. Soil nitrification rate increased with the
increasing moisture content [15]. Therefore,
temperature and moisture content play significant
roles in soil nitrogen transformation.
In the kinetics research, the zero-order and
first-order models were the most common
mathematical models of nitrification. Cai [19] noted
that zero-order or first-order kinetics model could
describe the process of nitrification. The process of
nitrification coincided with the zero-order kinetics

ABSTRACT
Soil temperature and moisture content play
critical roles in controlling nitrogen (N) cycling. This
study aimed to determine the effect of temperature,
moisture content, and the interaction between the
two on the kinetic and thermodynamic parameters
and reveal the key thermodynamic control
mechanism of ammonia volatilization. Laboratory
culture experiment was conducted under different
temperatures (15 °C, 25 °C, and 35 °C) and moisture
contents (60%, 80%, and 100% field capacities), and
the NO3í±N content was measured every two days.
Results showed that the increasing moisture content
and temperature would increase the activation
degree (lgN) and the percentage of activated
molecules. This result promoted the effective
collision frequency between the molecules,
increased the probability of achieving the transition
state (|ǻS|), and decreased the energy consumption
(ǻG) or the energy consumption per temperature
(ǻG/T) during the realization of transition state.
These conditions increased the amount and
accumulation rate (K) of NO3í±N. The interaction of
temperature and moisture content showed no
significant effect on the kinetic parameters and
WKHUPRG\QDPLFSDUDPHWHUV6LQFHǻ+!  ǻG >0,
and ǻS < 0, the accumulation process of NO3í±N
was an endothermic reaction controlled by enthalpy.
The results supplemented the control mechanism of
NO3í±N accumulation fertilized with urea.

KEYWORDS:
nitrogen fertilizer, urea, nitrification, kinetic parameters,
thermodynamic parameters

INTRODUCTION
Urea had several advantages, such as low price
[1], safety, and high nitrogen content [2], thus it had
become one of the most common nitrogen fertilizers
in agriculture. However, increasing attention had
been focused on the problem in fertilizer loss. After
the urea is applied into the soil, it would be catalyzed
by urease and translated into ammonium nitrogen;

7539

© by PSP

Volume 26 ± No. 12/2017 pages 7539-7546

Fresenius Environmental Bulletin

Agricultural Sciences, then the samples were airdried and crushed to pass a 10-mesh sieve. The soil
type is sandy loam, and pH is 8.84. The moisture
content and field capacity are 21.63 and 217.79 g
kgí1, respectively. The NO3í±N content and NH4+±
N content are 0.41 and 0.59 mg kgí1, respectively.
pH was measured using a pH meter at a soil±to-water
ratio of 1:5 [27]. The field capacity [28] and moisture
content [29] were determined by standard methods,
and NO3í±N and NH4+±N were detected using a
continuous flow analyzer (AA3, Bran Luebbe,
Germany). All chemicals used in the experiments
were of analytical reagent grade and obtained from
Sinopharm Chemical Reagent Beijing Co., Ltd
(Beijing, China).

equation, and the reaction rate was significantly
influenced by the quantity and activity of
nitrobacteria not by substrate concentration [20].
When the substrate (ammonium nitrogen)
concentration was between 0.5±2 mg/L, the process
of nitrification conforms to half-order model [21].
Most of these mathematical models were established
based on the nitrification experiment with
ammonium nitrogen as the matrix. The
transformation process of urea involves hydrolysis
process and nitrification process, which were distinct
from the transformation process of ammonium
nitrogen, and the research should be paid increasing
attention. In addition, several related mathematical
models were also established. For example, Gai [22]
developed an empirical model of nitrate nitrification,
which includes soil temperature, moisture, and
substrate concentration. Johnsson [23] also
developed an empirical model, which expressed the
relationship between temperature, moisture content,
and amount of nitrogen and the content ratio of NH4+
to NO3í. The factor of time was not controlled in
these models, thus these models could not provide
real-time dynamic prediction. Furthermore, a series
of kinetic parameters was obtained by several
previous kinetic models, but the effect of
multifactorial interaction on kinetic parameters
should be given further attention.
Thermodynamics was an important method for
analyzing the trend and extent of the chemical
reaction. It contributed to the analysis and
assessment of the complicated mechanism of
nitrogen transformation reaction. Currently, the
research of chemical reaction thermodynamics on
nitrogen transformation in the soil was relatively
large, mainly including the fixation of ammonium
nitrogen, the adsorption and desorption of
ammonium nitrogen [24], ammonia volatilization
[25], and the emission of N2O [26]. In the previous
study, the most common substrates were ammonium
sulfate, ammonium carbonate and ammonium
chloride, and a few of them were urea. After urea
was applied into the soil, kinetic and thermodynamic
effects of the coupling of temperature and moisture
content on soil nitrate nitrogen remain to be further
investigated.
Therefore, the objective of the paper was to
explore the characteristic of NO3í±N accumulation,
establish the kinetic model, obtain the relevant
kinetic and thermodynamic parameters, reveal the
kinetic and thermodynamic effects of the coupling of
temperature and moisture content on soil nitrate
nitrogen, and provide important theoretical basis for
soil nitrate transformation.

Treatment. To avoid the leaching, root
absorption, and denitrification effects, kinetics and
thermodynamics of NO3í±N accumulation were
investigated by incubation experiment. A total of
151 grams (oven-dry basis) of soil was separately
added to a series of 500-mL glass beakers. Half of
the beakers were treated with 0.1 gram of CO(NH2)2
solution containing 46.6 mg N (equal to the rate of
309 mg N kgí1), and deionized water was added to
these beakers to adjust the moisture content of the
soils to W60, W80, and W100 level (60%, 80%, and
100% field capacities), respectively. The remaining
beakers were only treated with three different levels
of deionized water as the blank control. The beakers
ZHUHFRYHUHGZLWKSRO\HWK\OHQH¿OPDQGLQFXEDWHG
at different temperatures (15 °C, 25 °C, 35 °C) in the
incubators, respectively. The loss of water through
evaporation was replenished with deionized water
every two days. On the odd days after the experiment
started, three beakers for each treatment were
obtained, 5 grams (oven-dry basis) of the soil and
100 mL KCL solution (1 mol Lí1) were poured into
the flasks, and then they were placed inside a
mechanical shaker for 0.5 hour where the agitation
speed was set at 300 rpm. The soils and solution were
separated by filtration through a filter paper, and the
NO3í±N and NH4+±N in the pellucid filtrate was
determined using a continuous flow analyzer (AA3,
Bran Luebbe, Germany).
Calculation of kinetic and thermodynamic
parameters. Based on kinetic theory, a power
function model [Equation (1)] is used to describe the
dynamic process of NO3í±N accumulation.
(0)
ln(Ct ) ln(C0 )  k ln(t )
í
where C0 and Ct are the amount of NO3 ±N (mg kgí1)
that are released at time 0 and t (d), k is reaction rate
constant.
The thermodynamic parameters mainly include
temperature coefficient, Q10, energy diơerential, Ea
(KJ molí1), activation enthalpy, ǻ+ .- PROí1),
activation free energy, ǻ* .-PROí1), and activation
entropy, ǻ6 .-PROí1). Thermodynamic parameters
can be calculated by the following equations.

MATERIALS AND METHODS
Soil sampling. Sandy loam was sampled from
Pomology Institute, Shanxi Academy of
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(0)
Q10 KT2 / KT1
where KT2 and KT1 are reaction rate constants under
the temperatures, T2 °C and T1 °C (T2=T1+10),
respectively. The temperature coefficient (Q10) is a
measure of the rate of change in soil system because
of increasing the temperature by 10 °C.
(0)
ln k  Ea / ( R  T )  ln A

'H
'G

Ea  R  T

R  T  ln(( R  T ) / ( N a  h  K ))

(0)
(0)

(0)
'S ('H  'G) / T
í1
where Ea is the energy diơerential (KJ mol ), T is
the thermodynamic temperature, and A is the preH[SRQHQWLDO IDFWRU ǻ+ ǻ* ǻ6 are activation
enthalpy, activation free energy, and activation
entropy, respectively. R is the gas constant (8.314 J
molí1 Kí1 1DLV$YRJDGUR¶VFRQVWDQW î í23
molí1), and KLV3ODQFN¶VFRQVWDQW îí34 J/S).
Statistical analysis. All the experiments were
performed in triplicate, and the average values were
reported. All data were processed using Microsoft
Excel 2013. The IBM SPSS Statistics 19 software
was used for statistical analysis. Statistically
significant analysis was identified using the paired
samples test. Figures were plotted using Origin 9.1
software.

RESULTS
FIGURE 1
Comparison of NO3í±N content under different
moisture contents and temperatures

Dynamic change of NO3í±N content under
different treatments. The NO3í±N content has
variation characteristics similar to three different
moisture content treatments (Figure 1). The process
of NO3í±N accumulation accorded with the Sshaped curve and it could be divided into three
stages. For example, the division of three stages is
VKRZQLQ)LJXUH8QGHUWKHșVWUHDWPHQWWKH
time ranges of the slowly increasing stage (stage I),
the rapidly increasing stage (stage 7541), and the
stable stage (stage 7541) were 1±21, 21±33, and 33±
49 day at 15 °C. Overall, the range of stage I with
different moisture contents was approximately
unchanged. When the moisture content increased,
the length of the rapidly increasing stage would
decrease. However, the stable stage would be
deferred a few days. The values of NO3í±N content
in the three treatments followed a descending order,
W60 > W80 > W100, over the whole stage. The
experimental data further revealed that W100 was the
excellent treatment for NO3í±N accumulation with a
mean of 103.24 mg kgí1, which was 1.14 times
higher than that of W80 and 1.62 times higher than
that of W60 at 15 °C [Figure1(a)]. Similarly, e result
was 1.16 times and 1.42 times at 25 °C [Figure 1(b)],
and 1.10 times and 1.35 times at 35 °C [Figure 1(c)],
respectively. A significant difference was observed
among the three treatments (W60, W80, W100) at any
one of the temperatures (P < 0.05).

Combined with Figs.1 (a)±(c), NO3í±N content
was relatively higher in the T 35 and T25 treatments
compared with the T15 treatment over the whole
growth stage, and the gap of NO3í±N content among
the three treatments was increasing with time.
Moreover, when the temperature increased, the
whole transformation period, as well as the length of
any stage would shorten. As shown in Fig.1, an
increase in temperature increases the steepness of the
growth curves of NO3í±N content, as well as the
initial rate. The growth rates of NO3í±N content
under different temperature treatments specifically
followed a descending order, T35 ˚ T25 ˚T15 at
same moisture content. A significant difference was
observed among the three treatments (T 35, T25, T15)
at any one of the moisture contents (p<0.05).
The kinetic parameters for NO3í±N content
were performed under different hydrothermal
treatments. The value of K was the key parameter in
chemical kinetics, which indicated the degree of
speed and difficulty of the chemical reaction. Figure
2 shows the accumulation rate (K) of NO3í±N under
different temperatures and moisture contents. As
shown in Figure 2, the values of K at different
temperature treatments were in the following order:
T35 > T25 > T15. The value of K at 35 °C was 3.98±
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0.60%±0.74%. The temperature coefficients in lowL
temperature area ( Q10 ) are 2.95, 2.65, and 2.59. The
L
values of Q10 were 2.01, 1.75, and 1.80 times those
H
at high-temperature area ( Q10 ) (Figure 3(e)). The
activation energies were 54.38, 51.56, and 48.74 KJ
molí1 at 60%, 80%, and 100% field capacities,
separately (Figure 3(f)). The difference of Q10 in
different temperature zones was significant (P <
0.05). Moreover, compared with W60 treatment,
when the moisture content increased to 100% of field
FDSDFLW\ǻ+DQGǻ*GHFUHDVHG±0.36 and 0.03±
0.39 KJ, and lgN and -ǻ6LQFUHDVHG±18.21 J.
The result of two-way analysis of the
thermodynamic parameters showed that the effects
RI WHPSHUDWXUH RQ ǻ+ UHDFKHG DQ H[WUHPHO\
significant level (P < 0.01). The effects of moisture
FRQWHQW RQ OJ1 DQG ǻ6 Dlso reached an extremely
significant level (P < 0.01). Both the temperature and
moisture content had no significant effect on the
other parameters. The interaction nearly made no
difference on all of the thermodynamic parameters.
Based on the sorted result of kinetic and
thermodynamic parameters, the minimum values of
. ǻ+, and -ǻ6 DSSHDUHG LQ :60T15 treatment.
According to the theory of kinetics and
thermodynamics, the nitrification under different
temperatures was controlled by enthalpy, and the
activation enthalpy was the dominant factor that
affects the nitrification process.

4.33 and 1.47±1.53 times that at 15 °C and 25 °C,
respectively. The value of K developed positive
correlations with soil temperature. As shown in
Figure 2, the values of K at different moisture
contents were in the following order: :!:!
: The values of K at W100 were 1.03±1.18 and
1.02±1.04 times than those at W60 and W80,
respectively. The value of K was positively
correlated with soil moisture content. The maximum
and minimum values of K appeared in the areas of
high moisture content and high temperature and low
moisture content and low temperature, respectively.
The result of the two-way analysis of K showed that
the effects of temperature on the value of K reached
an extremely significant level (P < 0.01), but no
obvious effects of moisture and interaction were
observed between the two on the value of K.

FIGURE 2
Accumulation rates (K) of NO3í±N under
different temperatures and moisture contents
Thermodynamic parameters for NO3í±N in
different
hydrothermal
treatments.
The
parameters, (D ǻ+ ǻ* ǻ6 410, and activation
degree (lgN) were the key factors in the
thermodynamic theory. Different parameters play
different roles in the chemical reaction. The
activation energy (Ea) was the energy barrier, in
which the reactant molecule had to transcend in the
chemical reaction. The DFWLYDWLRQHQWKDOS\ ǻ+ ZDV
the thermal energy, which the reactant molecule
absorbed or released in the chemical process.
$FWLYDWLRQIUHHHQHUJ\ ǻ* ZDVDPHDVXUHPHQWRI
free energy, which was necessary in the process of
the formation and decomposition of the activated
FRPSOH[ǻ6LQGLFDWHGWKHSUREDELOLW\RIWKHUHDFWDQW
molecule realizing the transition state. The analysis
of these parameters would conduce to revealing the
NO3í±N accumulation mechanism under different
temperatures and moisture contents.
Figure 3 shows the thermodynamic parameters
of NO3í±N under different temperatures and
moisture contents. As shown in Figure 3(a±d), the
YDOXHVRIOJ1ǻ*DQG_ǻ6_DWGLIIHUHQWWHPSHUDWXUHV
were in the following order: T 35 > T25 > T15. When
the temperature increased from 15 °C to 35 &ǻ+
decreased 10.85%±10.89%, whereas OJ1 ǻ* DQG
_ǻ6_ LQFUHDVHG ±4.60%, 2.23%±2.71%, and

FIGURE 3
Thermodynamic parameters under different
temperature and moisture content

DISCUSSION
Effect of soil water content on nitrate
accumulation. Soil moisture was a crucial factor
that affects the accumulation of nitrate nitrogen, and
the previous research results were innumerable.
Several researchers supported that the nitrification
rate would be significantly reduced with increasing
moisture content, because when the moisture content
increased, the soil porosity decreased and soil
aeration becomes poor, which was not conducive to
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°C, the rate would be accelerated by 2±4 times [7,
47, 48]; the result was 1.44±2.95 in this study, which
was consistent with the previous study.

nitrobacteria activity [15]. Meanwhile, several
researchers found that the moisture content had
positive effect on nitrification [30], which was
consistent with the results of this study. Soil
ammonia oxidizing bacteria played a significant role
in soil nitrification [31]. High soil water content
would increase the abundance of AOB [32, 33], soil
nitrification would be enhanced, and the amount of
nitration products would be increased [34].
Furthermore, ammonium nitrogen (NH4+),
which was the matrix of nitrification, also played a
vital role in nitrification. Figure 4 shows the dynamic
change course of the NH4+±N under different
moisture contents. When the urea was applied into
the soil, it would be hydrolyzed under the catalysis
of urease and generate NH4+±N, then the NH4+±N
would be translated into NO3í±N. The NH4+±N
content with different moisture contents followed a
descending order, W60!W80!W100, over the whole
stage. Under W60 treatment, the salt effect caused
by NH4+±N accumulation was strong and the
decreased degree of pH was obvious, which
contributed to the inhibition of nitrification [35, 36];
therefore, the NO3í±N content was positively
associated with moisture content.
Effects of soil temperature on nitrate
accumulation. Soil temperature also played a
significant role in soil nitrogen nitrification, and the
previous research results were numerous. Several
researchers supported that the effect of soil
temperature on nitrification was not obvious [37,
38]. However, several researchers had different
perspectives; in the temperate spruce forest
ecosystem, the nitrification rate increased with
increasing temperature at 5 °C±25 °C and the value
of Q10 was 4.13 at 15 °C±25 °C [17]. Soil
temperature had a significant promoting effect on
nitrification rate [39, 40, 41]. Wang [42] indicated
that temperature was positively associated with
NO3í±N content, and the results in this study agree
ZLWKWKRVHRI:DQJ¶VUHSRUWV$VVKRZQLQILJXUH
an increase in temperature decreases the NH4+±N
content and enhances the decreasing rate. One
probable reason was when the temperature
increased, it would affect the activity of AOB and
the structure of microbial population [43] and
change the nitrification intensity [44]. At 35 °C,
NH4+±N was transformed faster into NO3í±N, which
results in the rapid accumulation of NO3í±N.
Dynamics and thermodynamics analysis.
The nitrification process was generally fit to the
zero-order equation [45] and first-order equation
[23, 46]. In this study, when the urea was applied into
the soil, the accumulation process of NO3í±N could
be well described by power function model, and the
simulation effect was satisfactory. As shown in
figure 4, when both the temperature and moisture
content increased, the K of NO3í±N would be
accelerated. When the temperature increased by 10

FIGURE 4
The NH4+±N content under the coupling of water
and temperature
When the moisture content or the temperature
increased, the force, such as stretch and tortuosity, in
the process of the configuration change could
reduce. Furthermore, it reduced the energy
consumption, the change of configuration became
easier, which lead to the decrease in ǻ+ >@
Moreover, Ea decreased with increasing temperature
and moisture content, and the difficulty of molecule
activation would decrease, leading to an increase in
lgN.
According to the collision theory, when the
reactant molecule collides with each other and the
effective relative motion energy transcends the
threshold energy, the reaction would occur. On one
hand, as temperature increased, the complex reaction
system constantly absorbs energy and increased the
percentage of the activated molecules [50]. On the
other hand, the collision frequency between the
reactants would increase with increasing
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temperature, the difficulty of the nitrification
reaction would increase, and it contributed to the
increase in reaction rate, which was consistent with
experimental results.
Although effective collision was an important
factor that affects the rate of chemical reaction, but
not the only facWRU %HFDXVH ǻ+ ! 0, it was an
endothermic reaction (Figure 3); as temperature
increased, the complex reaction system absorbs
energy constantly and accelerated the low-energy
molecules to gain energy to become activated
molecules and promote the reaction. The Ea of
chemical reaction was between 10±400 KJ molí1
[51]; this study varied from 48.74 KJ molí1 to 54.38
KJ molí1 and supported the previous report.
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SOIL EROSION RESPONSE TO DEMOGRAPHIC AND LAND
USE CHANGES
,17+(1,âAVA RIVER BASIN, SERBIA
Sanja Manojlovic, Marija Antic, Mikica Sibinovic*, Slavoljub Dragicevic, Ivan Novkovic
University of Belgrade - Faculty of Geography, Studentski trg 3/3, 11000 Belgrade, Serbia

predominantly expressed in its eastern part, in the
1LãDYD River basin [7-12]. The reasons for the soil
intensity reduction in Serbia need to be analysed in
terms of direct (land management, erosion control
works and changes in land-use) and indirect anthropogenic influences (abandoning or ceasing to cultivate the land due to migration of the population from
rural into urban areas for economic reasons). Except
for the national, many researches on the regional [1315] and global scale [16-20] have reported that soil
erosion is significantly related to land-use changes
and extent of erosion control works in the river basin
area. Previous studies were usually focused on the
diversity of land cover within a river basin to explain
variations in runoff, soil erosion intensity and sediment yield [21-24]. However, this research is the first
attempt to investigate the effects of land use changes
on soil erosion intensity in Serbia.
One of the most widely accepted and applied
empirical models in Serbia and Balkan is the Erosion
Potential Model (EPM) also known as Gavrilovic
method [25]. By showing acceptable accuracy, EPM
model allows identification of the area which is the
most susceptible to erosion and degradation process,
with the analysis of the effects of natural factros and
anthropogenic activities. For the purposes of this research, the influence of the anthropogenic factor was
determined by the influence of depopulation processes on the change in the utilization of arable land
and the erosion intensity in the 1LãDYD basin. This
part of the research is based on the typological classification of the diversified rural area, which illustrates its physical-geographical, demographic and
agrarian-geographical heterogeneity.
The main aim of this research is to determine
the spatial-temporal change in the intensity of
erosion and determine the influence of the
anthropogenic factor on the observed soil erosion
trends in the 1LãDYD basin.The results are important
because they will illustrate in what degree anthropogenic factor manifested through human activities and
partly caused by depopulation is determination factor for changes in the soil erosion intensity and soil
erosion rate in the last 40 years. These results are basis for all integral soil and water management projects, and will be helpful in investigation the soil erosion rate under the land use changing at watershed
level in the Balkan region.

ABSTRACT
In this paper the relationship between
demographic and land use changes and their impact
on the intensity of erosion processes in the Niãava
River basin is examined by using quantitative typology. For the purposes of quantifying the erosion intensity changes, the erosion potential model (EPM)
was used to calculate the annual gross erosion and
spatial distribution of soil erosion in study area. The
value of the erosion coefficient was reduced from Z1
= 0.443 in 1971 to Z2 = 0.356 in 2011. Specific anQXDO JURVV HURVLRQ LQ WKH 1Lãava River basin was
765.3 m3/km2/year in 1971 while in 2011 it was
533.3 m3/km2/year. Therefore, due to changes in intensity of erosion processes the specific annual gross
erosion in study area was decreased for 232.3
m3/km2/year. In 40-year period, there were no significant changes in natural conditions, so the anthropogenic influences were responsible for the reduced
erosion intensity. Research results indicate three
types of population and land use changes with different scale and intensity of erosion process: progressive type with favourable demographic potentials,
huge land use transformation and intensive process
of soil erosion; stagnant type with advanced agricultural and demographic dimension which imposed
pressures to the environment and soil erosion; regressive type and dominant regressive sub-type with
depopulation and deagrarization have significant decereasing effect on soil erosion. These results are basis for all integral soil and water management projects, forest ecosystems and environmental protection, spatial planning, agriculture and other human
activities.
KEYWORDS:
Soil erosion rate, demographic and land use changes, EPM
model, 1LãDYD river, Serbia

INTRODUCTION
According to previous studies [1,2] about 86%
of the territory of Republic of Serbia is potentially at
soil erosion risk. The rate of soil erosion in Serbia
has decreased in the last few decades [3-6], which is
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Along with the industrial development of urban centers, the concentration of rural population in pre-urban, functionally developed and transportally wellpositioned settlements followed. Migration of the
population in the total decrease in the number of inhabitants participated with a significantly higher percentage than the natural increase until the early
1980s. At the end of the 20th and the beginning of the
21st century, due to the emigration of a predominantly young, labor-active population, the negative
natural increase has the most significant impact on
the decline of the rural population, and demographic
aging of the population becomes one of the key problems of rural areas.

STUDY AREA
The 1LãDYD basin covers an area of 4068 km2.
In the territory of the Republic of Serbia is 73%, and
in the territory of the Republic of Bulgaria 27% of
the area of its basin. The plain is distinguished by
high altitudinal gradients. The elevation ranges from
PDWWKHPRXWKRIWKHULYHU1LãDYDWRWKH6RXWK
Morava River to 2169 m at Stara SODQLQD 0LGåRU 
The average elevation of the basin is 757.5 m, with a
mean slope of 22.6% [10]. Up to 500 m of altitude is
26.7% of the surface of the basin, between 500-1000
m 50.9% and 1000 m 22.5% of the surface of the basin. There are three petroleum complexes in the basin. The limestone and dolomite are filled with
28.4% of the surface of the basin, 25.0% aluvium and
neogene sediments, and fissure walls 22.1%. Colorful and red sandstone have a distribution of 16.5% of
the surface of the basin, and metamorphs and magmatites 7.9% [26].
The basin is located in temperate-continental
climate. The average annual air temperature is
8.25oC. The average annual rainfall in the basin is
731 mm. A high degree of spatial variation is expressed in the basin. The lower humid space is one
of the most desirable in Serbia, with an average annual rainfall of 580 mm. It was found that the incidence of severe and extreme drought in this part of
Serbia is higher than in long parts of the country
[27.28]. On the other hand, the highest mountain
parts of the basin receive about 1200 mm precipitation per year [29]. The average annual swelling is
7.29 l/s/km2, and the highest climatic parts of the basin have 30 l/s/km2 [30]. According to maps of natural hazards, the 1LãDYD Plateau is characterized by a
significant distribution of potential floodable areas
and high and excessive erosion areas [2,9], and destructive torrential floods area [31,32].

MATERIALS AND METHODS
Erosion Potential Model (EPM). It is known
that many empirical equations can not be easily applied in different countries, despite many efforts to
bring true "universal" models. Inadequate application of globally recognized methods can be characterized by two: most often because of insufficiently
precise monitoring of all the parameters that are figuring in them, but also because of the lack of them.
This has led many countries or regions to develop
their own research methodology, that is, specialized
models that incorporate the data of available parameter monitoring and thus reflect the state and intensity of soil erosion. Although they only received limited attention in inter-national literature, some of the
methods have received scientific verification at the
regional level. They are based on the score system
and are known in the literature as scoring models
[33]. One of the most widely accepted and applied
empirical models in Serbia and the Balkans is the
Erosion Potential Model (EPM), also known as GavULORYLü method [25]. Numerous studies across Europe and the world have confirmed the scientific verification of the EPM model and its modifications
[34]. Taking into account the 11 selected methods
and models De Vente and Poesen [33], the EPM
model was characterized as being the most quantitative of all the regional methods and models they were
discussing. Studies of different authors in the alpine
basins [35-37], on the territory of the former Yugoslavia [15,38-41], the latest in Serbia [42] and Greece
[43] have shown that the results obtained by this
model are very reliable and in a professional and scientific practice acceptable.
The Erosion Potential Model (EPM), which is
used to evaluate soil erosion and investigate its spatial distribution, is calculated by equation 1:

FIGURE 1
Geographical position of the 1LãDYDRiver basin
There are 5 city centers and 233 rural settlements in the 1LãDYD Basin. The rural area includes
WKHPXQLFLSDOLWLHVRI1Lã%HOD%DODQND3LURW'LPL
WURYJUDG1LãND%DQMD*DGåLQ+DQDQG%DEXãQLFD
Once agrarianly overcrowded, this area was demographically emptied in a relatively short period of
time (1961 - 155,344; 2011 - 97,290 inhabitants).

(1)
: 7Â+ÂʌÂ¥Z3Â)
where, W is the total annual erosion (m3/year),
T is the temperature coefficient, H is the mean annual
precipitation (mm), Z is the erosion coefficient and
F is the basin area (km2)
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and demographic data are shown in Table 3. Data
and model implementation, digitalization and mapping done in the Geomedia 6.0 Intergraf and ARC
Gis 10.2.2.

The temperature coefficient (T) is calculated by
equation 2:
7 ¥ W
(2)
The soil erosion coefficient (Z) can be calculated from the following equation 3:
= <Â;Â(ĳ + ¥I)
(3)
where, X is the soil protection coefficient, Y is
the coefficient of soil resistanceĳLVWKHHURVLRQDQG
stream network development coefficient, I is the average slope of the watershed (%). The values of coeficient X, Y and ĳare shown in the table 1.

TABLE 3
Data sources of the EPM model parameters and
demographic database
Parameteres
Precipitation (P)

Temperature (T)

TABLE 1
Coefficient values EPM model
Coefficient of soil resistance
Fine sediments and soils without erosion resistance
Sediments, moraines, clay and other
rock with little resistance
Weak rock, schistose, stabilised
Rock with moderate erosion resistance
Hard rock, erosion resistant
Coefficient of soil protection
Areas without vegetal cover
Damaged pasture and cultivated land
Damaged forest and bushes, pasture
Coniferous forest with little grove,
scarce bushes, bushy prairie
Thin forest with grove
Mixed and dense forest
Coefficient of type and extent of erosion
Whole watershed affected by erosion
50±80% of catchment area affected
by surface erosion and landslides
Erosion in rivers, gullies and alluvial
deposits, karstic erosion
Erosion in waterways on 20±50% of
the catchment area
Little erosion on watershed

Y
0.80-1.00

Coefficient of
soil resistance
(Y)
Coefficient of
soil protection
(X)
Coefficient of
type and extent
of erosion (ĳ)

0.60-0.80
0.50-0.60
0.30-0.50
0.10-0.30
X
0.08-1.00
0.06-0.80
0.04-0.06
0.20-0.40

Morphometric
attributes, slope
(I)
Demographic
data base

0.05-0.20
0.05-0.20
ĳ

Erosion
tensity

I

Excessive
erosion
Intensive
erosion
Medium erosion
Weak erosion
Very weak
erosion

II
III
IV
V

In-

Range
of Z
1.011.50
0.711.00
0.410.70
0.210.40
0.010.20

Data sources
Atlas climate SFRY 1931-1960
(NHMO), 22 Precipitation stations
1961-2011 (NHMO)
Atlas climate SFRY 1931-1960
(NHMO), 7 temperature stations
1961-2011 (NHMO)
Geological map of the situation
OLVWRYL1Lã3LURW%HOD
3DODQNDL%HORJUDGþLN
Airplane and topograpg.maps
1:25000 and Map of soil erosion
1:500,000 (1) for 1971; CORINE
Land Cover 2011 database, Google
satelite images and the reconnaissance of the erosion state by methods of field geomorphological mapping for 2011
Digital elevation model (DEM)
greed cell 90×90 m; topographic
map 1:25,000
Statistical year books 1961-2012
(SORS), municipalities archive material, field work

Typology of changes in population dynamics
and arable land surfaces. Changes in the total
number of inhabitants, on one side, and arable
surfaces in settlements, on the other, for the period
1961-2011. Viwed based on analysis of proprtional
changes with which was defined the regional
configuration of the process of depopulation and
deagrarization in the rural area [44-47]. In this way,
the types of changes in the population dynamics of
rural settlements and types of changes of the arable
land for the period from 1961 to 2011 were
determined.
Determining the different types of changes in
population dynamics / arable land surfaces can be
made on the basis of the following equation:
Determining the different types of change in
population dynamics/arable land surfaces can be
made on the basis of the following equation:
ACj = Ej1 - Ej0
(4)
Nj = Ej0Â (T1/T0) - Ej0
(5)
Rj = Ej1 - Ej0Â (T1/T0)
(6)
where ACj represents spatial changes; Ej1 population/ arable land surfaces in rural settlements in
2011; Ej0 population/ arable land surfaces in rural
settlements in 1961; Nj ± regional development
component; T1 - total rural population/ arable land
surfaces in 2011; T0 - total rural population/ arable
land surfaces in 1961; Rj - net of relative component.

0.90-1.00
0.80-0.90
0.60-0.70
0.30-0.50
0.10-0.20

TABLE 2
Classification of erosion coefficiente (Z) and specific annual gross erosion (W0)
Erosion
category
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Range of
W0 (m3/km2/
year)
ޓ
1200-3000
800-1200
400-800
100-400

Climatic, geological, land use data and morphometrics attributes for the application of EPM models
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FIGURE 2
Map of coefficient erosion (Z) 1971 (above) and 2011 (below).

full reflection to the significant changes in the
intensity of erosion have taken place since the early
70s of the 20th century.

The typological classification was made on the
basis of a net relative change, which represents the
difference between the number of inhabitants /
arrable land areas in each settlement at the end of the
studied period (2011) and the hypothetical number
of inhabitants / areas under the arable land that the
settlement would have if the population / arable land
(1961), was proportionally changed in the total
population / total area under the arable land in the
UXUDOVHWWOHPHQWVRIWKH1LãDYD basin. On the basis of
the net relative change (Rj), three basic types of
population dynamics of settlements and changes of
the arable land surfaces were identified: progressive
(P), stagnant (S) and regressive type (R).
The typology of population dynamics and
changes of the arable land was analyzed for the
period from 1961 to 2011 and the analysis of the
change in the erosion intensity covers the period
from 1971 to 2011. The reason for this time coverage
is the fact that the consequences of demographic
(population decline, emigration, demographic
aging), and agrarian-geographical transformations
(the decline in the number of agricultural holdings,
the abandonment of previously cultivated
agricultural land), which began in the 1960s, their

RESULTS AND DISCUSSION
Changes in the intensity of erosion in the period 1971-2011. The spatial and temporal distribution of the erosion coefficient (Z) and the annual
gross erosion (W) are shown in Figures 2 and 3, as
well as Tables 4 and 5. According to the mapping in
1971, the erosion coefficient was Z1 = 0.443, so, according to the strength of the erosive process, the basin in general was in the category of medium erosion.
Very weak erosion affected 22.3% of the basin area,
27.3% weak, medium 24.4%, strong and excessive
erosion 22.3%. The erosion coefficient in the basin
in 2011 was Z2 = 0.356, which means that the
changes occurred during the analyzed period caused
the reduction in the intensity of the erosive process
for one category. The biggest changes occurred in
the category of strong and excessive erosion whose
area decreased by 2.3 times and is now
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FIGURE 3
Map of annual gross erosion (W) 1971 (above) and 2011 (below).
TABLE 4
Distribution of the annual gross erosion (W) and the coefficient erosion (Z) in the basin area (F)
according to the erosion categories.
Erosion
Category
I
II
III
IV
V
Ȉ

W (m3/year) 1971
W (m3/year)
W (%)
113273.5
5.1
1170588.4
52.7
331657.3
14.9
365071.5
16.4
239864.4
10.8
2220455.1
100

F (%)
1.0
21.7
11.3
20.8
45.2
100

W (m3/year) 2011
W (m3/year)
W (%)
3588.6
0.2
499039.5
32.3
376429.5
24.3
398068.6
25.7
269876.6
17.4
1547002.8
100

F (%)
0.05
11.1
13.0
23.5
52.4
100

Z 1971
F (%)
5.8
16.1
24.4
27.3
22.3

Z 2011
F (%)
0.6
9.0
26.9
32.1
27.3

TABLE 5
6XPPDU\VWDWLVWLFRIWKH(33PRGHOSDUDPHWHUVLQ1LãDYDULYHUEDVLQ
Parameter
T (oC) - Average annual temperature
P (mm) - Average annual precipitation
Z - Erosion coefficient
Erosion Category
W (m3/year) - Annual gross erosion
W0 (m3/km2/year) - Specific annual gross erosion

represented on approximately 10% of the surface of
the basin. Territories under medium erosion occupy
26.9%, weak 32.1%, and very weak 27.3% of the total area of the basin. It can be concluded that in the
period of 40 years, areas under categories I and II
have been reduced, and the areas of III, IV and V
have been increased in the category of erosion.

1971
8.25
758.2
0.443
III
2220455.1
765.3

2011
8.26
731.3
0.356
II
1547002.8
533.3

Based on the applied methodology, the total annual erosion in the 1LãDYD Basin was determined for
both periods. It was determined that during the period 1971-2011, the production of the application
was reduced by 30.3%. The annual gross erosion of
WKHVHGLPHQWLQWKH1LãDYDEDVLQLQwas W1 =
2220455.1 m3 / year, and in 2011 W2 = 1547002.8
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m3 / year, which gives the value of specific annual
erosion W01 = 765.3 m3 / km2 / year, respectively W02
= 533.3 m3 / km2 / year. The biggest changes occurred in the second category of erosion (1200-3000
m3 / km2 / year). The area under this category have
been reduced by 2 times: 1971 to 21.7% of the surface forms 52.7% of the total annual gross erosion,
in 2011 to 11.1% of the basin area is 32.3% of the
total annual gross erosion. On the other hand, the
share of annual gross erosion in the IV category
(400-800 m3 / km2 / year) has significantly increased.
So, in 1971 this category was 16.4%, and in 2011
25.7% of the total annual gross erosion.The increase
in the amount of coating in the V category (0-400 m3
/ km2 / year) is also evident. With 10.8% in 1971, the
share in total annual gross erosion increased to
17.4% in 2011, so that the largest distribution
(52.4%) has the application in the category up to 400
m3 / km2 / year.

Fresenius Environmental Bulletin

significance of each factor on the total annual gross
erosion was determined. Values of correlations suggest that by the significance of the physical-geographical factors (air temperature, precipitation and
slope of the topographic surface) that are represented
in the formula are not primary. The significance is
coefficient erosion Z (r = 0.55) and basin area F (r =
 &RHIILFLHQW; U  DQGWKHFRHIILFLHQWĳ
(r = 0.77) are distinguished from the four integral
factors involved in determining the strength of the
erosive process by the degree of significance. As coefficient X implies different ways of using land, and
WKHFRHIILFLHQWĳRIFRPELQDWLRQRIODQGXVHPHWKRGV
and geomorphologic characteristics of the terrain
(which are reflected in the inclination of the topographic surface and the presence of certain fluviodenudation forms of the relief), it can be concluded
that the coefficient X expires as the primary factor of
the strength of the erosive process. The high positive
correlation of r = 0.82 at the dependence level Z = f
(X), as well as the coefficient of correlation r = 0.55
for the connection W = f (Z) indicates the indisputable significance of the anthropogenic influence on
the strength and intensity of the erosive process as
well as on the annual gross erosion. Also, the results
of the correlation matrix indicate that the influence
of elevation (h) on the reduction of the coefficient X
DQGWKHFRHIILFLHQWĳUHVSHFWLYHO\WKHFRHIILFLHQWRI
erosion Z, is distinguished. In this context, the next
aspects of anthropogenic impact on changes in the
strength of the erosive process in the basin will be
determined during further analysis.

Determination of the controlling factors of
erosion. A comparative quantitative analysis
showed that the drainage erosion intensity in the
1LãDYDEDVLQZDVVLJQLILFDQWO\UHGXFHG7KHDQDO\VLV
RIQDWXUDOFRQGLWLRQVLQWKH1LãDYDEDVLQVKRZVWKH
potential for the development of erosive processes.
However, in the basin, no significant changes were
noted that would affect erosion reduction. Thus, the
DQDO\VLVRIFOLPDWLF SDUDPHWHUVLQWKH 1LãDYD EDVLQ
showed that there was a certain decrease in precipitation, but that the observed trends were not statistically significant [48]. This indicates that in the 40year period various human imapcts are most responsible for reducing the erosion intensity.
Using different empirical methods and models,
the results of previous studies have shown that land
use and land cover is a very important factor determining sediment yields and soil loss rates [42,49,50].
Mathematical interactions between different variables using the EPM model are described in the correlation matrix (Table 6).
By examining the relationships between the
given variables through the correlation matrix, the

Settlement-demographic and agro-geographical types of transformation of rural areas.
With the aim of a comprehensive analysis of the process of depopulation and deagrarization, typological
classification of settlements was carried out according to the changes in demographic development and
the method of land use. On the basis of proportional
changes in the number of inhabitants and arable areas in rural settlements of the 1LãDYDEDVLQLQ
and 2011, the following types of

TABLE 6
Results correlation matrix for function W=f K+7=;<ĳ,) &RUUHODWLRQFRHIILFLHQWVFORVHWRRU
íVKRZUHVSHFWLYHO\DVWURQJSRVLWLYHRUQHJDWLYHFRUUHODWLRQEHWZHHQYDULDEOHs. Values in bold are
different from 0.
Parameters
h
I
T
H
Y
X
ĳ
Z
F
W

h
1
0,31
-1
1
-0,13
-0,34
-0,40
-0,33
0,06
-0,21

I

T

H

Y

X

ĳ

Z

F

W

1
-0,31
0,31
-0,10
-0,18
-0,14
0,12
-0,01
0,00

1
-1
0,13
0,34
0,40
0,33
-0,06
0,21

1
-0,13
-0,34
-0,40
-0,33
0,06
-0,21

1
0,11
0,09
0,39
0,02
0,25

1
0,74
0,82
-0,03
0,45

1
0,77
-0,03
0,41

1
0,00
0,55

1
0,61

1
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the total population (1961 - 17,358, 2011 - 14,144
inhabitants). This type belongs to 16 villages or 6.9%
of the total number of settlements in which in 2011
there lived 14.5% of the rural population of the
1LãDYD basin. Village settlements of stagnant type
span in the hypsometrc zone up to 500 m in the
settlements that surround the progressive type of
UXUDODUHDVLQWKHVXEXUEDQ]RQHVRI1LãDVZHOODQG
much less Pirot and Dimitrovgrad. This group of
settlements represents secondary functional centers.
They are characterized by moderate changes in the
total population with a mild tendency of decline
since the 90s of the 20th century. In the stagnant type
of rural areas there were no significant changes in the
way agricultural land was used, and for this reason,
the positive net relative changes of the arable land
(stagnant type - Sf) were mainly recorded.
The regression type (Rp) has a negative value
of a net relative change. 190 villages belong to this
type or 81.5% of the total number of settlements in
the 1LãDYD basin, where in 2011 there were 29.1% of
the rural population. This type of settlement is
characterized by an intensive multi-decade decline
of the total population, which was reduced 2.3 times
in the studied period (1961 - 112,393; 2011 - 28,334
inhabitants). Two thirds of the regressive type of
rural settlements belong to mountain settlements,
which make their spatial development at altitudes
above 500 m. Negligent negative development
tendencies recorded 56 village settlements with a net
relative change that is higher than the negative
average of the regional development component (0>
Rj> -37.4%). In the conditions of pronounced
depopulation, the total population decreased from
48,479 to 21,006 inhabitants from 1961 to 2011. It is
important to point out that two thirds of the
settlements of this group achieved a positive net
relative change in the arable land surfaces, which
nevertheless records the real "loss" (stagnant arable
land type - Sf), while the other settlement is
characterized by a negative net relative change, and
belong to the regressive arable land type.
On the other hand, regressive type settlements
with values of net relative changes less than the
negative average of the regional development
component (Rj <-37.4%) can be identified as the
dominantly regressive subtype (dR). Namely,
dominantly regressive settlements make up 70.5% of
the total number of settlements of the regressive type
of rural space. They are located in the mountain
]RQHV RI 6XYD SODQLQD 6YUOMLãND SODQLQD 6WDUa
planina and others, at a great distance from urban
centers and main traffic routes. In the conditions of
extreme depopulation (1961 - 63,914; 2011 - 7,328
inhabitants), which has characteristics of rural
exodus, the demographic existence of a large number
of villages of the dominant regressive subtype is
questioned. This group of settlements is also
characterized by an intensive decline in the share of
arable land, and 91% of the settlements of the

changes in the demographic and agrarian development of the settlement were identified: progressive,
stagnant and regressive types (with dominantly regressive subtype). The types of settlements are given
on map 4. According to the net relative change in the
number of inhabitants, the deficit in relation to the
expected hypothetical change had as many as 190
village settlements (81.5% of the total number of settlements).
The progressive type (Pp) has a positive value
of a net relative demographic change (Rj> 37.4%).
This type belongs to 27 village settlements or 11.6%
of the total number of settlements in the study area.
The rural settlements of the progressive type are
recorded by a continuous increase in the total
population (1961 - 25,593; 2011 - 54,812
inhabitants). They are characterized by a pronounced
concentration of rural population - in 2011, 56.3% of
the total population of rural settlements in the 1LãDYD
basin lived in progressive settlements. The
progressive type of settlement is mainly located in
the suburban area of 1Lã (18 villages), the
macroregional center of South Serbia, in the vicinity
of Pirot and Dimitrovgrad, in the hypsometrc zone
up to 500 m (the largest number of settlements 70.4% is at an altitude of 300 m) , Along the corridor
X - E75 (1Lã - Sofia - to Corridor IV in the direction
of Istanbul). The development of a progressive type
of settlement stands in close connection with
centralized industrialization and urbanization, which
has affected the immigration of the population since
the 1960s, making the total population of this type of
rural area doubled. Settlements develop under strong
urban influence in the conditions of intensive
transmission of urban elements and contents, which
affected
spatial-demographic,
physiognomic,
functional and social changes, which drastically
reduced the differences between rural and urban
spaces. In addition, the deagrarization process
followed by socioeconomic transformation of the
population, leaving the agriculture and starting
employment in economic activities, resulted in
intensive reduction of arable land in favor of
residential and working areas in suburban
settlements. In accordance with these changes, this
group of settlements corresponds with the stagnant
(Sf) and regressive (Rf) type of changes in the arable
land. A smaller number of progressive-type
settlements retained significant areas under the
arable land, which is explained by the development
of market-oriented suburban agriculture. Favuorable
natural conditions, optimal work contingent and
traffic access enabled this group of settlements
(progressive demographic-Pp and progressive arable
land type-Pf) to resist the aforementioned rural-urban
conflicts [51].
Stagnant type (Sp) settlements despite the
positive demographic net relative change (0 <Rj
<37.4%) and relatively stable demographic and
socioeconomic development, recorded a decline in
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development belong to the regressive arable land
type.
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According ot the census from 1961 in 116
settlements lived 65% of the rural old-age population
that had more than 500 ha of agricultural land.
According to the population census in 2011, in the
UXUDODUHDRIWKH1LãDYDEDVLQYLOODJHVKDGIHZHU
than 100 inhabitants (48.7% of the total number of
settlements). At the same time, the agricultural
census from 2012 recorded the least agricultural
area, and as many as 175 settlements (75.1% of the
total number of settlements) had less than 100 ha of
agricultural surfaces.
Changes in the intensity of erosion and spatial
distribution of settlement types from the aspect of
hypsometric zone are given in Table 7. According to
the 1971 situation, the areas with the most extreme
erosion intensity (Zޓ0.4) occupied the area up to 800
m, that is, the territory that cumulatively covers 60%
of the total area of the basin. In this area, the strongest erosion intensity was in the hypsometric zone
400-500 m (Z1 = 0.606) and 300-500 m (Z1 = 0.605).
In addition, the average specific annual gross erosion
was recorded in W01 = 1354.6 m3 / km2 / year and
W01 = 1306.4 m3 / km2 / year, respectively. It can be
concluded that as much as 20.1% of the surface of
the basin was affected by

Anthropogenic effects on changes in erosion
intensity. The determined decrease in the erosion inWHQVLW\LQWKH 1LãDYD EDVLQLVSULPDULO\UHIOHFWHGLQ
the reduced value of the coefficient X, and to a certain exWHQWWKHFRHIILFLHQWĳ7KLVPHDQVWKDWIRUWKH
period of forty years the purpose of using land has
changed. The main cause of this phenomenon is reflected in the demographic and socioeconomic
changes that have affected this area. The changes in
the erosive course will be considered from the aspect
of comparative analysis of the presence of the type
of settlement and the type of arable land surfaces,
population, erosion coefficient and annual gross
erosion to the criteria of hypsometric differentiation.
The choice of analysis through hyperometric differentiation best identifies and emphasizes the impact
of the anthropogenic factor on the character and tendency of changes in soil erosion in individual parts
of the basin.
In the last five decades in the rural area of the
1LãDYDEDVLQWKHUHKDVEHHQDFRQWLQXRXVGHFOLQHLQ
the total population and agricultural areas.

FIGURE 4
Types of settlement according to the change in the number of inhabitants and arable
land areas (1961-2011)
TABLE 7
The hypsometric differentiation of the types of settlements by the erosion coefficient (Z)
and specific annual gross erosion (W0)
hz (m)

200-300
300-400
400-500
500-600
600-700
700-800
800-900
900-1000
10001100
ޓ

F
(%)
2.0
4.6
8.6
11.5
10.9
11.1
11.9
9.4
7.5

cum
F (%)
2.0
6.6
15.2
26.7
37.6
48.7
60.6
70.0
77.6

5.8
16.6

83.4
100.0

n

Tp

Tf

Z1

10
14
40
54
34
24
32
17
6
/

Pp- 8, Sp-2, Rp- /, dR- /
Pp-11, Sp-1, Rp- / ,dR- 2
Pp- 3, Sp-9, Rp-18,dR-10
Pp- 5, Sp-4, Rp-20,dR-25
Pp- /, Sp- /, Rp-15, dR-19
Pp- /, Sp- /, Rp- 1, dR-23
Pp- /, Sp- /, Rp- 1, dR-31
Pp- /, Sp- /, Rp- /, dR-17
Pp- /, Sp- /, Rp- 1, dR- 5
/

Pf-2, Sf- 7, Rf- 1
Pf-/, Sf- 8, Rf- 6
Pf-3, Sf-15, Rf-22
Pf-/, S-20, Rf-34
Pf-/, Sf-10, Rf-24
Pf-/, Sf- 2, Rf-22
Pf-/, Sf- 5, Rf-27
Pf-/, Sf- 2, Rf-15
Pf-/, Sf- 1, Rf- 5
/

0.234
0.546
0.605
0.606
0.505
0.441
0.406
0.393
0.356

2

Pp- /, Sp-/, Rp- /, dR - 2

Pf-/, Sf- /, Rf-2

Z2
į
į254)
į279)
į316)
į±0.317)
į±0.306)
į±0.269)
į±0.246)
į±0.241)

0.336 į±0.237)
0.245 į±0.191)

0.207
0.491
0.489
0.472
0.389
0.346
0.331
0.324
0.301

į±0.080)
į±0.229)
į±0.224)
į±0.236)
į±0.222)
į±0.205)
į±0.185)
į±0.183)
į±0.182)

0.276 į±0.169)
0.175 į±0.146)

W01

W02

311.3
988.9
1306.4
1354.6
1039.2
753.4
595.1
555.8
493.5

246.3
844.7
946.3
901.8
652.0
498.4
427.5
403.0
364.3

454.7
275.7

325.8
175.8

Legend: h - hypsometric zone, F- basin area, cum F - cumulative basin area, n - number of settlements, Tp - type settlements by population
dynamics; Tf - type of settlement according to the change of arable land surfaces; Z1- erosion coefficient 1971, Z2- erosion coefficient 2011,
W01- specific annual gross erosion 1971, W02- specific annual gross erosion į-standard deviation
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Reduction of the erosion intensity is a direct consequence of the reduction of the arable land. Changes
of the arable land for the period 1961-2011 according to the hypsometric distribution are given in Table
8.
In the studied period, agricultural areas
decreased by 73.2% (1961-131,343 ha, 2011-35,167
ha). In the structure of agricultural areas, the
category of plowed land dominated with an average
share of 47.5% in 1961, and in 2011 with 53.7% of
the total agricultural area. However, it is important
to emphasize that the total area under the arable land
during the study period decreased by 69.7%. The
EDVLFDJULFXOWXUDOFKDUDFWHULVWLFRIWKH1LãDYDEDVLQ
is the intensive and unplanned reduction of the arable
land, its redistribution along the height zones and the
types of settlements.
Evident changes in the trend of decreasing the
erosion intensity can be directly related to the
redistribution of arable land surfaces. Namely, in
1961, 55.4% of the total arable land was related to
the area of the settlements in the zone up to 500 m.
The processes of extreme depopulation and
deagrarization in mountain parts of the basin led to
higher concentration of the population in the lower
hypsometric zones, which in 2011 resulted in a
higher share of arable land in the area of up to 500 m
(71.2%). In this context, the smallest reduction of the
arable land (20-66%) is related to the area of
settlements located in the hypsometric zone up to
500 m. On the other hand, the average share of arable
land in the structure of agricultural land in the area
of these settlements is the largest and ranges from
55.7-89.8%. This is also logical, because all the
settlements belonging to the progressive
demographic (Pp) and stagnantly demographic type
(Sp), as well as all 5 settlements of the progressive
arable land type (Tf) and 50 settlements of stagnantly
marginal type (Sf) (Table 7).

the process of intense erosion (II category). Also, the
very high specific annual gross erosion of the application was in the hypsometric zone of 200-300 m
(W01 = 1039.2 m3 / km2 / year) and 500-600 m (W01
= 988.9 m3 / km2 / year). This indicates that under the
second and third categories of erosion 49% of the
surface area was generally affected. With an increase
in elevation, the intensity of the erosion process is
gradually decreasing, so the category of weak erosion is in the hypsometric zones above 800 m, and
the highest parts of the basin area were under the category of very weak erosion.
Recognizing the magnitude of the erosive start
of 2011, anthropopression was withdrawn to the land
toward lower hypsometric zones. The erosion coefILFLHQW =  ޓLV SUHVHQW LQ WKH DUHD EHORZ  P
with the mean erosion coefficient in none of the
zones exceeding Z2 = 0.491. Therefore, the most endangered areas with erosive processes now absorb
26.7% of the surface of the basin. Specific production of the layer above 1000 m3 / km2 / year is not
present in any hypsometric zone. The highest erosion
intensity is in the hypsometric zone 300-400 m,
where the specific annual gross erosion is W02 =
946.3 m3 / km2 / year.
A comparative analysis of the presence of settlements, population and production of the application according to the criterion of hypsometric differentiation (Figure 5) shows that the highest annual
gross erosion is achieved in the zones of the greatest
strength of the erosive process, which is in accordance with the demographic and agrarian image of the
space. The share of the annual gross erosion, in its
total amount is highest in the area of the largest population, that is, up to 500 m. In this area, which covers only 26.7% of the surface of the basin, 56.3%
the total annual gross erosion is achieved. However,
it must be emphasized that for 40 years the annual
gross erosion has nevertheless been reduced by 24%.
30

F
settlements

25

populations 1961
populations 2011

%

20

W

15

10

5

0


200-300

300-400

400-500

500-600

600-700

700-800

800-900

900-1000

ޓ

hypsometric zone (m)

FIGURE 5
The percentage share of the settlement, populations, annual gross erosion (W) and basin area (F) determinated by hypsometric zones (W- expressed through a percentage share in total annual gross erosion 2011)
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TABLE 8
Differentiation of the share of the arable land towards the settlements of the boundary type (Tf) .
h (m)

200-300
300-400
400-500
500-600
600-700
700-800
800-900
900-1000
ޓ
Ȉ

1961
Fa ( ha)
3865
2278
12322
16112
9533
4574
7816
4208
1407
269
62384

Tf
Pf
0.3
1.4
1.6

Sf
5.7
2.1
7.4
10.4
4.6
0.8
2.7
0.9
0.5
35.0

Rf
0.3
1.6
11.0
15.4
10.7
6.5
9.8
5.9
1.8
0.4
63.4

Fa (%)
6.2
3.7
19.8
25.8
15.3
7.3
12.5
6.7
2.3
0.4
100.0

Fa /A (%)
79.2
55.8
52.3
48.6
47.6
43.3
38.0
41.1
41.9
28.2
47.5

2011
Fa ( ha)
3062.9
880.8
4043.3
5454.9
2567.1
462.5
1679.2
498.6
219.0
7.0
18875

Tf
Pf
1.4
4.7
6.2

Sf
14.6
3.7
10.9
19.0
8.2
0.8
5.2
1.3
0.7
64.4

Rf
0.2
1.0
5.7
9.9
5.4
1.7
3.7
1.4
0.4
0.04
29.5

Fa (%)
16.2
4.7
21.4
28.9
13.6
2.5
8.9
2.6
1.2
0.04
100.0

Fa /A (%)
89.8
64.0
54.0
55.7
59.2
32.5
45.2
17.0
34.0
14.5
53.7

1961/2011
Fa ( %)
20.8
61.3
67.2
66.1
73.1
89.9
78.5
88.2
84.4
97.4
69.7

h - hypsometric zone, Fa - arable land, A - agricultural area, Tf - type of settlement according to the change of arable
land surfaces, Pf - progressive arable land type, Sf - stagnant arable land type, Rf - regressive arable land type

Despite the evident reduction of the erosion
intensity in the elevation up to 500 m, the largest
anthropopression of the land in the rural settlements
is located in this part of the basin occurs. The
resulting changes can best be seen through the
proportion of arable land surfaces in settlements
differentiated according to the type of change of
arable land surfaces (Tf) (Table 8). The major
changes are related to the redistribution of the arable
land from the settlement of the regressive arable land
type (Rf) into the settlements of stagnant (Sf) and the
progressive arable land type (Pf). Thus, the 1961
percentage share of arable land of 27.2% was
represented in 55 settlements Sf and Pf types located
in the altitude zone up to 500 m, and in 2011 this
share increased by two times, amounting to 54.4%.
This anthropopression directly influenced intense
and excessive erosion (Z) in the height zones of 200300 m and 300-400 m, even on 29% and 24.6% of
their surface, intense and excessive erosion is present
= 
The largest reduction in the annual gross erosion (33-37%) is between hypsometric zone 6001000 m, that is, on the part of the basin where the
most severe agro-demographic imbalance is most
pronounced. The exclusive presence of regressive
(Rp) and dominantly regressive (dR) settlement type
describes a zone of strong deagrarization. The rural
population was reduced by 6 times and the share of
arable land by 85%.
The highest areas above 1000 m of elevation,
although positively least loaded and representing the
least in the annual gross erosion, have also suffered
some changes in terms of erosion intensity. During a
given period erosion has decreased by 27% (although generally this area was in the category of
weak erosion). The reason lies in the fact that the anthropogenic influence in some mountain areas of the
basin in the middle of the 20th century was related to
the intensive degradation of pastures and wood cuttings in the function of cattle breeding [52]. Today,
these are completely demographically abandoned areas.

Spatial determination of the strength of the
erosive process and the concentration zone of the
population. In general, the spatial determination of
the change in the intensity of erosion from the aspect
of spatial distribution of the population can best be
seen through the Lorenz curve (Figure 6). The largest
deviation from the ideal distribution is the cumulative curve of the population for 2011. The largest difference in the cumulative share of the population relative to the surface of the basin is seen in the following example. At 45% of the basin area in 2011, the
cumulative share of the population is 9.1%, while in
1961, 28.6% of the population lived on the same surface. The cumulative production of the aoolication
was 33.8% of the total value, and for four decades on
the same surface it decreased by 27.9%. The conclusion that can be derived is that 45% of the cumulative basin area of the basin has occurred in the distribution of the population, that is, that its cumulative decrease of 19.3% led to a cumulative decrease
od the annual gross erosion by 27.9%.
In order to examine the general determination
of the area according to the strength of the erosive
process and the population influence on the same, in
WKHEDVLQRI1LãDYDWKUHHareas can be distinguished:
x The lowest parts of the basin of 200-500 m
- marked anthropopression on the soil (III erosion
category; average erosion coefficient Z2 = 0.489). It
takes 26.7% of the basin area and 71.2% of the arable
land.
x Middle parts of the basin of 500-1100 m partial anthropopression on the soil (II erosion category, average erosion coefficient Z2 = 0.328). It accounts for 56.7% of the basin area and 28.7% of the
arable land.
x Highest parts of the basin > 1100 m - normal (geological) erosion (I erosion category; average
erosion coefficient Z2 = 0.175). It accounts for 16.6%
of the basin area.
The separation of these areas is determined by
the relationship between the annual gross erosion
and the coefficient of erosion on one side, and their
height distribution on the other (Figure 7). W and Z
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The falling branch of the production of the application and the coefficient of erosion starts from
500 m. With an increase in elevation, the values of
W and Z are constantly decreasing. In the hypsometric zone 1000-1100 m there is a point of their crosssection. It is a space that occupies more than half of
the basin area, where the process of depopulation and
deagrarization was most pronounced. The dynamics
of population movements show that the number of
inhabitants has decreased by 6.6 times in the past
forty years (1961-58,079; 2011 - 8,759 of the total
rural population). As a consequence, there was a reduced agrarian pressure on the land, and thus the erosion process's strength has a declining trend line.
Above the point of intersection W and Z, that is,
above 1100 m elevation in a settlement-population
view, this is an empty space. In that sense, it can be
concluded that the influence of man on the erosion
process is minimized.

are shown modulally (mean value Z or W of the hypsometric zone / mean value Z or W of the basin). The
growing branch of the annual gross erosion and the
erosion coefficient starts at elevation on the 200 m
and ends at 500 m. This is the area of the largest concentration of population (90.9% of the total population), the highest concentrations of arable land
(71.2%) and therefore a great anthropogenic impact
on the intensity of the erosion process.
100
W

90

Wa
popula tions 1961

80

populations 2011
70

60

%
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40

30

CONCLUSION

20

10

In the period 1971-2011, in 1Lãava Basin, erosion was reduced by 30.3%, that is, specific annual
gross erosion was reduced for 232.3 m3/ km2/year.
No significant changes in natural conditions as the
determinants of the change in the erosion intensity in
the basin. The results of this study suggest that human imapcts are most responsible for reducing the
erosion intensity. Depopulation of rural areas is the
basic demographic characteristic of the basin, followed by a process of extreme deagrarization. The
abandonment of agriculture, which by then had been
the most important economic activity and source of
income of the population, and their restructuring into
non-agrarian activities, significantly affected the
changes in the way land use was used. During the
studied period, the land area was significantly reduced, which, along with the mentioned demographic changes, significantly affected the erosion
intensity in the 1LãDYD basin.
The rural area of WKH1LãDYDEDVLQLQWKHSHULRG
of 1961-2011 reduced the agricultural area by
73.2%, that is, by slightly more than 96,000 ha. In
addition, in the structure of agricultural land, the
share of arable land was reduced by 69.7%, ie 43,500
ha, which is about 870 ha per year. The current trend
of reducing agricultural and arable land is a consequence of the continuous decline of the population.
The highest intensity of deagrarization was recorded
in the mountainous areas of the basin where the largest depopulation was recorded, which resulted in a
marked decrease in erosion. The largest anthropopression on the land is in the elevation up to 500 m,
which spately covers 26.7% of the basin area. The
reason lies in the fact that in this hypsometric zone,
all settlements belonging to the progressive and stagnant demographic type (Pp and Sp), as well as all five
settlements of the progressive arable land type (Tf)
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FIGURE 6
Lorenz's curve of spatial distribution of the tendency of population distribution and annual
JURVVHURVLRQLQ1LãDYDULYHUEDVLQ/HJHQGFXP
F (%) - cumulative percentage of basin area, W1
- cumulative percentage of specific annual gross
erosion in 1971 determined at the hypsometric
zone; Wa - the cumulative percentage of specific
annual gross erosion in the period 1971-2001 determined at the hypsometric zone
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FIGURE 7
The modulus values W and Z (mean value of the
hypsometric zone / mean value of the basin) are
determined according to the hypsometric zone

7557

© by PSP

Volume 26 ± No. 12/2017 pages 7547-7560

Fresenius Environmental Bulletin

[10] äLYRWLü /M Peroviü 9 -DUDPD] '
'MRUGMHYLü$3HWURYLü5DQG7RGRURYLü0
(2012). Application of USLE, GIS, and Remote
Sensing in the Assessment of Soil Erosion Rates
in Southeastern Serbia. Polish Journal of Environmental Studies. 21(6), 1929-1935.
[11] 3HURYLü 9 äLYRWLü / .DGRYLü 5
ĈRUÿHYLü $ -DUDPD] ' 0UYLü 9 DQG
7RGRURYLü 0   Spatial modelling of
soil erosion potential in a mountainous watershed of South-eastern Serbia. Environmental
Earth Sciences. 68(1), 115-128.
[12] 3HURYLü9-DUDPD]'=LYRWLü/ýDNPDN
' 0UYLü 0 0LODQRYLü 0 DQG 6DOMQLNRY
E. (2016). Design and implementation of
WebGIS technologies in evaluation of erosion
LQWHQVLW\ LQ WKH PXQLFLSDOLW\ RI 1Lã Environmental Earth Sciences. 75(3), 1-12.
[13] 'UDJLüHYLü6DQG0LOHYski, I. (2010). Human
Impact on the Landscape ± Examples from SerELDDQG0DFHGRQLD,Q=ODWLü0 (G *OREDO
Change ± Challenges for soil management. Advances in GeoEcology. 41, Catena Verlag, Germany. 298-309.
[14] Zorn, M. and Komac, B. (2008). Response of
soil erosion to land use change with particular
reference to the last 200 years (Julian Alps,
Western Slovenia). IAG Regional Conference
on Geomorphology: Landslides, Floods and
Global environ-mental change in mountian regions, Brasov, Romania. 39-47.
[15] 7RãLü5'UDJLüHYLü6DQG/RYULü1  
Assessment of Soil Erosion and Sediment Yield
Changes Using Erosion Potential Model ± Case
Study: Republic of Srpska (BiH). Carpathian
Journal of Earth and Environmental Sciences.
7(4), 147-154.
[16] Ananda, J. and Herath, G. (2003). Soil erosion
in developing countries: a socio-economic
appraisal.
Journal
of
Environmental
Management. 68, 343-353.
[17] Bakker, M., Govers, G., Kosmas, C., et al.
(2005). Soil erosion as a driver of land use
change. Agriculture, Ecosystems and Environment. 105, 467-481.
[18] López-Vicente, M., Poesen, J., Navas A. (2013).
Predicting runoff and sediment connectivity and
soil erosion by water for different land use scenarios in the Spanish Pre-Pyrenees. Catena Verlag, Germany. 62-73.
[19] Ahmad, Z., Ashraf, A., Zaheer, M., (2015). Hydrological response to environment change in
Himalayan watersheds: assessment from
inregrated modeling approach. Journal of
Mountain Science. 12(4), 972-982.
[20] Khaledian, Y., Kiani, F., Ebrahimi, S. (2017).
Assessment and monitoring of soil degradation
during land use change using multivariate analysis. Land Degradation & Development. 28,
128-141.

and 50 settlements of stagnant arable land type (Sf)
in which the arable land use still dominates.

ACKNOWLEDGEMENTS
This paper is part of the project 43007 (subproject No. 9) and project 176017, both financed by
Ministry of Education, Science and Technological
Development of the Republic of Serbia as part of the
Integrated and Interdisciplinary Researches programme for the period from 2011 to 2017.
The authors have declared no conflict of interest.

REFERENCES
[1] /D]DUHYLü5  7KH(URVLRQ0DSRI6HU
bia. Scale 1:500000. Institute of Forestry, Belgrade.
[2] 'UDJLüHYLü 6 )LOLSRYLü ', Kostadinov, S.,
5LVWLü 5 1RYNRYLü , äLYNRYLü 1
$QÿHONRYLü * $EROPDVRY % âHüHURY 9
DQGĈXUÿLü6  1DWXUDO+D]DUG$VVHVV
ment for Land-use planning in Serbia. Int. J. Environ. Res. 5(2), 371-380.
[3] =ODWLü0DQG9XNHOLü*  (conomic and
Social Revival of a Degraded Region in Serbia.
Mountain Research and Development. 22(1),
26-28.
[4] 'UDJLüHYLü6DQG6WHSLü0  &KDQJHV
of the erosion intensity in the Ljig river basin ±
the influence of the antropogenic factor. Bull.
Serbian Geogr. Soc. 86(2), 37-44 (in Serbian
with English abstract).
[5] Kostadinov, S., 'UDJRYLü 1 =ODWLü 0 DQG
7RGRVLMHYLü0  1DWXUDO(IIHFWRI&ODV
sical Check Dams in the Torrents of the River
Toplica Drainage Basin. Fresen. Environ. Bull.
20(4), 1102-1108.
[6] Kostadinov, 6=ODWLü0'UDJLüHYLü61RY
NRYLü , .RãDQLQ 2 %RULVDYOMHYLü $
/DNLüHYLü0DQG0ODGMDQ'  Anthropogenic influence on erosion intensity changes
in the Rasina river watershed - Central Serbia.
Fresen. Environ. Bull. 23(1a), 254-263.
[7] ɆXVWDILü6  &HUWDLQDVSHFWVRIDQWKUR
pogenic influence on the intensity of the erosive
process in Temstica watershed. Bull. Serbian
Geogr. Soc. 87(1), 23-30.
[8] 'UDJLüHYLü 6 1RYNRYLü , DQG 0LOXWLQRYLü
M. (2009). The erosion intensity changes in
=DMHþDUPXQLFLSDOLW\%XOO6HUELDQ*HRJU6RF
89(4), 3-10.
[9] 'UDJLüHYLü61RYNRYLü,&DUHYLü,äLYNRYLü
1 DQG 7RãLü 5   *HRKD]DUG $VVHVV
menth in the Eastern Serbia. Forum Geografic.
10(1), 10-19.

7558

© by PSP

Volume 26 ± No. 12/2017 pages 7547-7560

Fresenius Environmental Bulletin

[34] /D]DUHYLü5  7KHQHZPHWKRGIRUHUR
sion coefficient determination ± Z. Erosion. 13.
54-61
[35] Bazzoffi, P. (1985). Methods for net erosion
measurement in watersheds as a tool for the validation of models in central Italy, Workshop on
soil erosion and hillslope hydrology with emphasis on higher magnitude events, Leuven.
[36] Beyer, P., N. (1998). Erosion des bassins versant
alpins suisses par ruissellement de surface. PhD
Thesis, Laboratoire de Constructions Hydrauliques-LCH, No. 1815, University of
Laussanne, Switzerland.
[37] Fannetti, D. and Vezzoli, L. (2007). Sediment
input and evolution of lacustrine deltas: The
Breggia and Greggio rivers case study (Lake
Como, Italy). Quaternary International. 173-174
(SUPPL.), 113-124
[38] *OREHYQLN/+ROMHYLü'3HWNRYVHN*DQG
5XELQLü-  $SSOLFDELOLW\RIWKH*DYULOR
vic method in erosion calculation using spatial
data manipulation techniques. In: De Boer, D.,
Froehlich, W., Mizuyama, T. and Pietroniro, A.
(Eds.) Erosion Prediction in Ungauged Basins:
Integrating Methods and Techniques. IAHS
Publication. 279, 224±233.
[39] 3HWUDV-.XVSLOLü1DQG.XQVWHN'  
Some experience on the prediction of suspended
sediment concentrations and fluxes in Croatia.
Proceedings of Symposium SI held during the
Seventh IAHS Scientific Assembly at Foz do
Igacu, Brazil. IAHS, 292, 179±184.
[40] Blinkov, I. (2014). An Approach for Conversion
of Erosion Data Produced by EPM Method in
:HLJKW0HDVXUH,Q=ODWLü0DQG.RVWDGLQRY
S. (Eds). Challenges: Sustainable Land Management - Climate Change. Advance in Geoecology. 43, Catena Verlag, Germany. 109-119.
[41] 7RãLü 5 'UDJLFHYLü 6 .RVWDGLQov, S. and
'UDJRYLü1  $VVHVVPHQWRIVRLOHURVLRQ
potential by the USLE method: case study Republic of Srpska ± BiH. Fresen. Environ. Bull.
20(8), 1910-1917.
[42] 3HURYLü9   Assessment of soil erosion
potential by application of USLE and PESERA
models on the territory of Prvonek catchment.
PhD Thesis, University of Belgrade-Faculty of
Forestry, Belgrade. 1-177
[43] Efthimiou, N., Lykoudi, E., Panagoulia, D. and
Karavitis, C. (2016). Assessment of soil susceptibility to erosion using the EPM and RUSLE
MODELS: The case of Venetikos River Catchment. Global NEST Journal. 18(1), 164-179.
[44] Esteban-Marquillas, J.M. (1972). A Reinterpretation of Shift-Share Analysis. In: Regional and
Urban Economics. 2(3), 249±261.
[45] Darryl, R. H., Alasdair, G. M. and Swales, J. K.
(1989). Shift-share analysis of regional growth
and policy: a critique. In: Oxford Bulletin of
Economics and Statistics. 51(1). 15±34.

[21] Casali, J., Gimenez, R., Diez, J., AlvarezMozos, J., de Lersundi, J.D., Goni, M., Campo,
M.A., Chahor, Y., Gastesi, R. and Lopez, J.
(2010). Sediment production and water quality
of watersheds with contrasting land use in Navarre (Spain). Agricultural Water Management.
97, 1683±1694.
[22] Feng, X.M., Wang, Y.F., Chen, L.D., Fu, B.J.
and Bai, G.S. (2010). Modeling soil erosion and
its response to land-use change in hilly catchments of the Chinese Loess Plateau. Geomorphology. 118, 239±248.
[23] Nie, W.M., Yuan, Y.P., Kepner, W., Nash,
M.S., Jackson, M. and Erickson, C. (2011). Assessing impacts of landuse changes on hydrology for the upper San Pedro watershed. Journal
of Hydrology. 407, 105±114.
[24] äLYNRYLü 1 'UDJLüHYLü 6 5LVWLü R., NovNRYLüI.'MXUGMLüS., /XNRYLüJ., äLYNRYLüLj.
DQG-RYDQRYLüS. (2015). Effects of vegetation
on runoff in small river basins in Serbia. Fresen.
Environ. Bull. 24(6): 2082 - 2089.
[25] *DYULORYLü 6   (QJLQHHULQJ RI 7RUUHQWV
Flows and Erosion. Journal "Izgradnja", Spec.
Edition. pp. 292 (in Serbian)
[26] 0XVWDILü60DQRMORYLü3DQG0LORãHYLü0
(2013). Extreme Erosion Rates in the Nisava
River Basin (Eastern Serbia) in 2010. In: Loczy,
D. (Eds). 'Geomorphological Impacts off
Ekstreme Weather. Case Studies from Central
and Eastern Europe. Springer. 171-187
[27] 7RãLü,DQG8QNDãHYLü0   Analysis of
wet and dry periods in Serbia. International
Journal of Climatology, 34, 1357±1368
[28] *RFLü0DQG7UDMNRYLü6   Spatiotemporal characteristics of drought in Serbia. Journal of Hydrology. 510 110±123
[29] %DMDW%3HMRYLü0/XNRYLü-0DQRMORYLü3
'XFLü9DQG0XVWDILü6  0DSSLQJDY
erage annual precipitation in Serbia (19611990) by regression kriging. Theoretical and
Applied Climatology. 112, 1-13
[30] 0XVWDILü6  6SDWLDO'LVWULEXWLRQRI5XQ
off in Temstica River Basin. Bull. Serbian Geogr. Soc. 86(2), 45-52.
[31] 5LVWLü 5 Kostadinov, S., Abolmasov, B.,
'UDJLüHYLü 6 7ULYDQ * 5DGLü % 7UL
IXQRYLü0DQG5DGRVDYOMHYLü= 2012). Torrential floods and town and country planning in
Serbia. Natural Hazards and Earth System Sciences. 12, 23-35.
[32] 3HWURYLü$.RVWDGLQRY6DQG'UDJLüHYLü6
(2014). The Inventory and Characterization of
Torrential Flood Phenomenon in Serbia. Polysh
Journal of Environmental Studies. 23(3), 823830.
[33] De Vente, J. and Poesen, J. (2005). Predicting
soil erosion and sediment yield at the basin
scale: Scale issue and semi-quantitative models.
Earth - Science Reviews. 71, 95-125.

7559

© by PSP

Volume 26 ± No. 12/2017 pages 7547-7560

[46] 6LELQRYLü 0 :LQNOHU $ DQG *UþLü 0
(2014). Agriculture in a Transitional Crisis Period: Crop Production in the Administrative Region of Belgrade from 1991 to 2002. Mitteilungen der Österreichischen Geographischen
Gesellschaft. 156, 293-310.
[47] $QWLü0âDQWLü'.DãDQLQ-Grubin, M. and
0DOLü $   Sustainable Rural Development in Serbia ± Relationship between Population Dynamicss and Environment. Journal of
Environmental Protection and Ecology. 18(1),
323-331.
[48] /XNRYLü - %DMDW % %ODJRMHYLü ' DQG
Kilibarda, M. (2014). Spatial pattern of rainfall
trends in Serbia (1961-2009). Regional Environmental Change. 14, 1789-1799.
[49] Erskine, W.D., Mahmoudzsdeh, A. and Myers,
C. (2002). Land use effects on sediment yields
and soil loss rates in smanll basins of Triassic
sandstone near Sydnay, NSW, Australia. Catena
Verlag. 49, 271± 287
[50] Cebecauer, T. and Hofierka, J. (2008). The consequences of land-cover changes on soil erosion
distribution in Slovakia. Geomorphology. 98,
187±198
[51] Antrop, M. (2004). Rural-urban conflicts and
opportunities. In: Jongman, G. (Ed.) The New
Dimensions of the European Landscape,
Springer. 83-91.
[52] 9LGDQRYLü-Sazda, G. (1955). Visok - economicgeographical researching. Geographical instiWXWH Ä-RYDQ &YLMLü´ 6HUELDQ $FDGHP\ RI 6FL
ence and Arts, Belgrade. 1-195 (in Serbian).

Fresenius Environmental Bulletin

Received:
Accepted:

11.08.2017
21.09.2017

CORRESPONDING AUTHOR
Mikica Sibinovic
University of Belgrade - Faculty of Geography, Studentski trg 3/3, 11000 Belgrade, Serbia
e-mail: msibinovic@gef.bg.ac.rs

7560

© by PSP

Volume 26 ± No. 12/2017 pages 7561-7567

Fresenius Environmental Bulletin

STUDY ON BIODEGRADATION MECHANISM OF
TRICLOPYR BUTOXYETHYL ESTER AND UTILIZATION
OF A TRICLOPYR BUTOXYETHYL ESTER DEGRADING
BACTERIUM,BACILLUS COAGULANS TBE-9
-LDQJZHL=KX/HL'DL1LQJ<DQJ ;LDRORX/L<DQ=KDR


&ROODERUDWLYH,QQRYDWLRQ&HQWHURI6XVWDLQDEOH)RUHVWU\LQ6RXWKHUQ&KLQDRI-LDQJVX3URYLQFH1DQMLQJ)RUHVWU\8QLYHUVLW\1DQMLQJ
&KLQD

-L QDQILUVW6SULQJ6FHQLF$UHD0DQDJHPHQW&HQWHU-LQDQ&KLQD

-L QDQ/DQGVFDSH)ORZHUDQG3ODQWOHW%UHHGLQJ&HQWHU-LQDQ&KLQD

$UFKLWHFWXUHDQG(QYLURQPHQWDO(QJLQHHULQJ'HSDUWPHQW6LFKXDQ9RFDWLRQDODQG7HFKQRORJLFDO&ROOHJH6XLQLQJ&KLQD

6KDQJKDL,QVWLWXWHRI4XDOLW\,QVSHFWLRQDQG7HFKQLFDO5HVHDUFK6KDQJKDL&KLQD

ABSTRACT
$ VWUDLQ 7EH FDSDEOH RI KLJKO\ GHJUDGLQJ
WULFORS\U EXWR[\HWK\O HVWHU 7%((  ZDV LVRODWHG
IURPIDUPODQGVRLO7EHZDVLGHQWLILHGDV%DFLOOXV
FRDJXODQVEDVHGRQ16S U51$DQGDQDO\VLVRIPRU
SKRORJ\SK\VLRORJLFDO DQGELRFKHPLFDOFKDUDFWHUV
7KHRSWLPDOS+DQGWHPSHUDWXUHZHUHDQGΥ
UHVSHFWLYHO\ 7KH GHJUDGDWLRQ UDWH RI  PJ/ 7
%((E\VWUDLQ7EHFRXOGUHDFKLQG7KH
VWUDLQ7EHFRXOGWROHUDWHDWOHDVWPJ/T-BEE
XQGHU WKH H[SHULPHQWDO FRQGLWLRQV DQG VKRZHG D
KLJKWROHUDQFHWRT-BEE,QDGGLWLRQWKHVWUDLQ7EH
 FRXOG GHJUDGH 7%(( VWHS E\ VWHS LQWR WULFORS\U
DQGWULFKORURS\ULGLQRO 7&3 ZKLFKKDGWKH
DELOLW\WRGHJUDGH7%((WULFORS\UDQG7&3
,WZDVFRQFOXGHGWKDWWKHELRGHJUDGDWLRQSDWK
ZD\ RI 7%(( E\ VWUDLQ 7EH ZDV DV IROORZV 7
%((ĺWULFORS\Uĺ7&3ĺ«ĺ&2+2
.(<:25'6
7ULFORS\U EXWR[\HWK\O HVWHU ELRGHJUDGDWLRQ %DFLOOXV FR
DJXODQV

INTRODUCTION
7ULFORS\U EXWR[\HWK\O HVWHU EXWR[\HWK\O 
WULFKORURS\ULGLQ\O  R[\DFHWDWH LW DOVR
FRXOGEHFDOOHGDV7%(( ZDVWKHDFWLYHLQJUHGLHQW
LQ *DUORQ KHUELFLGH PDQXIDFWXUHG E\ WKH 'RZ
&KHPLFDO &RPSDQ\  >@ ,W ZDV D UHJLVWHUHG KHUEL
FLGHXVHGH[WHQVLYHO\LQWKHFRQWURORIZRRG\SODQWV
DQGEURDGOHDIZHHGVRQIRUHVWVUDLOZD\VUDQJHODQG
DQGSODQWDWLRQFURSVVXFKDVRLOSDOP>@,QVXFK
DSSOLFDWLRQVWKH7%((FRXOGSRWHQWLDOO\UHDFKVXU
IDFH ZDWHU DQG VRLOV WKURXJK GULIW RU LQDGYHUWHQW
RYHUVSUD\ ZKLFK UDLVHV FRQFHUQV DERXW SRWHQWLDO
KD]DUGV WR HFRV\VWHP SDUWLFXODUO\ DTXDWLF OLIH DQG
VRLOPLFUREHV>@7KHUHIRUH7%((GHJUDGDWLRQ
DQGHQYLURQPHQWDOIDWHLQHFRV\VWHPZHUHSDLGFORVH

DWWHQWLRQ3RWHQWLDOHQYLURQPHQWDOURXWHVRIUHPRYDO
RI 7%(( ZHUH K\GURO\VLV SKRWRO\VLV VRUSWLRQ WR
VHGLPHQW DQG ELRGHJUDGDWLRQ HVSHFLDOO\ PLFURELDO
GHJUDGDWLRQ>@
7KHPRVWFRPPRQGHJUDGDWLRQSDWKZD\RI7
%(( LQYROYHV IRUPDWLRQ RI WULFORS\U DQG WUL
FKORURS\ULGLQRO 7&3 >@3DUWLFXODUO\7&3
ZDV D FKDUJHG PROHFXOH DW QHXWUDO S+ DQG PRUH
OHDFKDEOH LQWR JURXQGZDWHU DQG VXUIDFH ZDWHU WKDQ
WKH SDUHQW FRPSRXQG 7%(( RU WULFORS\U >@. ,W
ZDVPRGHUDWHO\PRELOHGXHWRLWVJUHDWHUZDWHUVROX
ELOLW\ZKLFKFRXOGFDXVHWKHZLGHVSUHDGFRQWDPLQD
WLRQLQVRLODQGDTXDWLFHQYLURQPHQW>@. It was considered that TCPwas more hazardous pollutants than
the parent. 7KHUHIRUHLQWKHGHJUDGDWLRQSURFHVVRI
RUJDQLF SROOXWDQWV QRW RQO\ QHHG WR IRFXV RQ WKH
QXPEHURISDUHQWSROOXWDQWVEXWDOVRPXVWSD\DWWHQ
WLRQWRLQWHUPHGLDWHSURGXFWV
$WSUHVHQWDORWRIDWWHQWLRQKDVEHHQJLYHQWR
WKH UHVLGXH DQG SROOXWLRQ RI 7%(( DQG WULFORS\U
+RZHYHUWKHUHZHUHRQO\DYHU\IHZVWXGLHVRQWKH
GHJUDGDWLRQRI7%(( RUWULFORS\U E\PLFURRUJDQ
LVP>@1RUHSRUWVRQLVRODWLRQRIWKH7%((GH
JUDGLQJEDFWHULXPKDYHEHHQSXEOLVKHG,QWKLVVWXG\
%DFLOOXVFRDJXODQV7EHDVWUDLQWKDWFRXOGHIIHF
WLYHO\ GHJUDGH7%(( ZDV LVRODWHG LWV GHJUDGDWLRQ
SRWHQWLDODQGWKHDSSOLFDWLRQIRUHQYLURQPHQWSURWHF
WLRQZHUHVWXGLHG7KHVWUDLQ7EHFRXOGK\GURO\]H
7%(( DQG WULFORS\U WR 7&3 FRXOG DOVR HIILFLHQWO\
GHJUDGH7&3,WZDVFRQVLGHUHGWKDWWKHVWUDLQ7EH
FRXOG EH DSSOLHG IRU ELRUHPHGLDWLRQ RI 7%((
WULFORS\URU7&3SROOXWLRQ

MATERIALS AND METHODS
&KHPLFDOV DQG 0HGLD &KHPLFDOV WULFORS\U
EXWR[\HWK\OHVWHU 7%(( ZDVVXSSOLHGE\WKH'RZ
&KHPLFDO &RPSDQ\ LW ZDV DQ DPEHU OLTXLG FRP
SULVHG RI  7%(($OO RWKHU FKHPLFDOV XVHG
ZHUHRIDQDO\WLFDOJUDGHDQGFRPPHUFLDOO\DYDLODEOH
&XOWXUH PHGLD   ,QRUJDQLF VDOW PHGLXP
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Fresenius Environmental Bulletin

'HJUDGDWLRQRIWULFORS\UDQG7&3E\VWUDLQ
7EH 7KH LQRUJDQLF VDOW PHGLXP FRQWDLQLQJ
PJ/WULFORS\U RU7&3 ZDVLQRFXODWHGZLWK
VWUDLQ7EHLQRFXOXPDQGWKHQSXWLWLQWRWKHVKDNHU
USP Υ 7KH FRQFHQWUDWLRQ RI WULFORS\U RU
7&3 ZDVGHWHUPLQHGUHJXODUO\>@

RESULTS AND DISCUSSION

,VRODWLRQ DQG LGHQWLILFDWLRQ RI 7%(( GH
JUDGLQJ EDFWHULD 7KH VRLO VDPSOH ZDV FROOHFWHG
IURPWKHZRRGODQGLQ-XURQJ&LW\&KLQDLQZKLFK
WULFORS\U EXWR[\HWK\O HVWHU KDV EHHQ XVHG IRU PRUH
WKDQ  \HDUV  J RI VRLO VDPSOHV ZHUH SODFHG LQ
POLQRUJDQLFVDOW PHGLXPFRQWDLQLQJPJ/
7%((IRUVKDNLQJFXOWXUHDWΥDQGWKHUHVLGXDO
7%(( LQ PHGLXP ZDV GHWHUPLQHG HYHU\ K >
@ 7KH FXOWXUH VROXWLRQ ZLWK G GHJUDGDWLRQ UDWH
ZDVVZLWFKHGWRHQULFKPHQWPHGLXPFRQWDLQ
LQJ VDPH FRQFHQWUDWLRQ 7%(( DQG FRQWLQXRXVO\
VZLWFKHGIRUPRUH WKDQWLPHV$IWHUWKH GHJUDGD
WLRQHIIHFWZDVYHULILHGDJDLQWKHDERYHHQULFKPHQW
PHGLXP ZDV FRDWHG RQ LQRUJDQLF VDOW FXOWXUH SODWH
FRQWDLQLQJ7%((IRULQYHUWHGFXOWXUHDWΥ7KH
HXJRQLFEDFWHULDOFRORQLHVZHUHVHOHFWHGDQGUHSHDW
HGO\VWUHDNHGRQWKHFXOWXUHSODWHWRREWDLQWKHSXUH
FXOWXUH 7KH QHZ LVRODWHV ZHUH LGHQWLILHG E\ XVLQJ
6U51$VHTXHQFHDQDO\VLV

,GHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ RI 7
%((GHJUDGLQJEDFWHULD$VWUDLQFDSDEOHRIXVLQJ
7%((DVWKHVROHFDUERQVRXUFHVDQGHQHUJ\VRXUFH
ZDVLVRODWHGIURPVRLOQDPHG7EH7KLVEDFWHULXP
ZDV JUDPSRVLWLYH IDFXOWDWLYH DQDHURELF PRWLOH
VWUDLJKW EDFLOOXV î XP LQ VL]H7KHUH
ZDVRYDOVSRUHVLQWKHWHUPLQDORIWKDOOXV,WIRUPV
VPRRWKRSDOHVFHQWDQGRSDTXHFRORQLHVRQWKHQX
WULHQWDJDUSODWH,WZDVSRVLWLYHLQWHVWVIRUFDWDODVH
93 WHVW DP\ORO\VLV JOXFRVH IHUPHQWDWLRQ EXW WKH
LQGROHWHVW ZDVQHJDWLYH >@7KH VWUDLQ7EH
ZDV LGHQWLILHG DV %DFLOOXV FRDJXODQV DFFRUGLQJ WR
6VHTXHQFHDQDO\VLV 6VHTXHQFH*HQ%DQNDF
FHVVLRQQXPEHU0) 
(IIHFWVRIWHPSHUDWXUHDQGS+RQJURZWKRI
WKHVWUDLQ7EH7KH VWUDLQ7EHKDVWKH KLJKHVW
JURZWK OHYHO DW Υ KLJKHU RU ORZHU WHPSHUD
WXUHVZLOODIIHFWLWVJURZWK )LJ 7KHH[SHULPHQWDO
UHVXOWV VKRZ WKDW VWUDLQ Tbe-9 ZDV VXLWDEOH IRU
JURZWK DW KLJKHU WHPSHUDWXUHV DQG KDG D VWURQJ TBEE GHJUDGLQJ DELOLW\ 7KH GHJUDGDWLRQ UDWH RI TBEE LQLWLDOFRQFHQWUDWLRQZDVPJ/ ZDV
DIWHUGD\VRILQFXEDWLRQDQGFRXOGUHDFKPRUHWKDQ
DIWHUGDWΥ )LJ ,QJHQHUDOWKHWHPSHU
DWXUHRQWKHRQHKDQGFRXOGDIIHFWWKHJURZWKRIPL
FURRUJDQLVPVDQGHQ]\PHDFWLYLW\RQWKHRWKHUKDQG
WKHWHPSHUDWXUHFRXOGDOVRGLUHFWO\DIIHFWWKHGHJUD
GDWLRQ UDWH RI RUJDQLF FRPSRXQGV7KH LQFUHDVH RI
WKHWHPSHUDWXUHZRXOGFDXVHWKHDFFHOHUDWLRQRIHQ
]\PDWLF GHJUDGDWLRQ UHDFWLRQ EXW WKH H[FHVVLYHO\
KLJK WHPSHUDWXUH ZRXOG OHDG WR WKH LQDFWLYDWLRQ RI
GHJUDGLQJ HQ]\PHV DQG RWKHU HQ]\PHV > @
%DVHGRQWKHDERYHIDFWRUVΥZDVFRQVLGHUHG
DVWKHRSWLPXPWHPSHUDWXUHRIWKHVWUDLQV7EHIRU
JURZWKDQGGHJUDGLQJT-BEE
7KH JURZWK VWDWXV DQG GHJUDGDWLRQ DELOLW\ RI
PLFURRUJDQLVP ZHUH XVXDOO\ DIIHFWHG E\ HQYLURQ
PHQWS+7KHH[SHULPHQWDOUHVXOWVVKRZHGWKDWWKH
JURZWKVWDWHRIVWUDLQTbe-9DWS+ZDVEHWWHUWKDQ
WKDWXQGHURWKHUS+FRQGLWLRQV )LJ DQGWKHRSWL
PXPS+RIWKHVWUDLQ7EHZDVS+*HQHUDOO\
S+FRXOGQRWRQO\FDXVHWKHFKDQJHRIWKHGHJUDGLQJ
DELOLW\ WKURXJK LQIOXHQFLQJ PLFURELDO JURZWK EXW
DOVRFRXOGGLUHFWO\LQIOXHQFHWKHDFWLYLWLHVRIUHOHYDQW
GHJUDGLQJHQ]\PHV

(IIHFWRIWHPSHUDWXUHDQGS+RQWKHJURZWK
RIVWUDLQ7EHGXULQJWKHGHJUDGDWLRQRI7%((
E\ VWUDLQ 7EH ,QRFXOXPV RI 7%(( GHJUDGLQJ
EDFWHULD ZHUH SUHSDUHG LQ DGYDQFH >@  VWUDLQ
7EHLQRFXOXPZDVLQFXEDWHGLQLQRUJDQLFVDOWPH
GLXPFRQWDLQLQJPJ/7%((7KHQWKHVKDNLQJ
FXOWXUHZDVSHUIRUPHGXQGHUGLIIHUHQWWHPSHUDWXUHV
2'ZDVGHWHUPLQHGUHJXODUO\
S+ RI LQRUJDQLF VDOW PHGLXP FRQWDLQLQJ
PJ/WULFORS\U ZDVDGMXVWHGWR
DQG7KHQWKH\ZHUHLQRFXODWHGZLWKLQRFX
OXPUHVSHFWLYHO\7KHVKDNLQJFXOWXUHZDVSHUIRUPHG
DWΥ2'ZDVGHWHUPLQHGHYHU\K
7ROHUDQFH RIWKHVWUDLQ7EHRQ7%((7
%(( ZDV DGGHG WR WKH LQRUJDQLF VDOW PHGLXP DQG
WKHFRQFHQWUDWLRQRI7%((ZHUHPJ/PJ/
PJ/PJ/DQGPJ/UHVSHFWLYHO\7KH
VWUDLQ7EHZDVLQRFXODWHGUHVSHFWLYHO\IRUVKDNLQJ
FXOWLYDWLRQDW45Υ2'ZDVGHWHUPLQHGUHJXODUO\
VRDVWRHYDOXDWHWKHWROHUDQFHRIVWUDLQ7EHRQ7
%((
'HJUDGDWLRQRI7%((E\VWUDLQ7EH
VWUDLQ 7EH LQRFXOXP ZDV LQRFXODWHG LQ LQRUJDQLF
VDOW PHGLXP FRQWDLQLQJ PJ/ 7%(( DQG WKHQ
SODFHG LQ D VKDNHU WR FXOWXUH USP Υ  7KH
FRQFHQWUDWLRQ RI 7%(( DQG WULFORS\U ZHUH GHWHU
PLQHGHYHU\K>@
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(IIHFWRIS+RQWKHJURZWKRIVWUDLQ7EH
ZKLFKFRXOGEHXVHGLQDZLGHUUDQJHRIT-BEEFRQ
FHQWUDWLRQV,QDGGLWLRQLWZDVSRVVLEOHWKDWWKHVWUDLQ
7EHZDVXVHGLQWKHELRUHPHGLDWLRQRIT-BEESRO
OXWLRQ 7KH GHJUDGDWLRQ DELOLW\ RI WKH VWUDLQ 7EH
PLJKWEHFORVHO\UHODWHGZLWKWKHORQJWHUPXVHRITBEELQWKHVDPSOLQJDUHD*HQHUDOO\VRLOPLFURRU
JDQLVP WKDW FRQWLQXRXVO\ HQFRXQWHU WKH DUWLILFLDOO\
V\QWKHVL]HG FRPSRXQG PLJKW LQGXFH WKH DELOLW\ WR
GHJUDGHWKHFRPSRXQG>@

7ROHUDQFHRIWKHVWUDLQ7EHRQ7%((7KH
FRQFHQWUDWLRQ RI T-BEE LQFUHDVHG IURP 50mg/L to
200mg/L DQG WKH JURZWK RI VWUDLQ Tbe-9 GLG QRW
FKDQJH VLJQLILFDQWO\ 3!  +RZHYHU LI WKH FRQ
FHQWUDWLRQ ZDV IXUWKHU LQFUHDVHG WR 400mg/L or
800mg/LWKHJURZWKRIVWUDLQTbe-9ZRXOGGHFUHDVH
JUDGXDOO\ )LJ 7KHUHVXOWVVKRZHGWKDWWKHJURZWK
RIWKH VWUDLQ7EHKDGEHHQLQKLELWHGE\400mg/L
or 800mg/LT-BEEEXWLWZDVVWLOOJURZLQJ7KHUH
IRUHLW ZDVSUHOLPLQDULO\FRQVLGHUHGWKDWWKH VWUDLQ
7EHFRXOGWROHUDWHDWOHDVWPJ/T-BEEXQGHU
WKH H[SHULPHQWDO FRQGLWLRQV $OWKRXJK WKH VWUDLQ
7EHZRXOGEHVLJQLILFDQWO\LQKLELWHGE\PJ/
T-BEELWVWLOOFRXOGHIIHFWLYHO\GHJUDGHT-BEE (TBEE was the only carbon source)$FFRUGLQJWRWKH
H[SHULPHQWDO UHVXOWV LW ZDV LQIHUUHG WKDW WKH VWUDLQ
7EHKDGH[FHOOHQWGHJUDGDWLRQDELOLW\RQ T-BEE

'HJUDGDWLRQRI7%((E\WKHVWUDLQ7EH
7KH UHVXOWV LQ )LJ  VKRZHG WKDW 7%(( FRXOG EH
UDSLGO\ GHJUDGHG E\ WKH VWUDLQ 7EH7R LQRFXODWH
WKHVWUDLQ7EHLQLQRUJDQLFVDOWPHGLXPFRQWDLQHG
7%((FRXOGVXEVWDQWLDOO\LPSURYHWKHGHJUDGDWLRQ
UDWH RI 7%(( 7KH GHJUDGDWLRQ UDWH RI 7%((
PJ/ E\WKHVWUDLQ7EHFRXOGUHDFKLQ
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SURGXFW IRU7%((GHJUDGDWLRQ:KHWKHU WKH VWUDLQ
7EH FRXOG GHJUDGH WULFORS\U DQG LWV GHJUDGDWLRQ
UDWHZHUHWKHLPSRUWDQWSDUWRIWKLVVWXG\7KHUHVXOWV
LQ)LJVKRZHGWKDWWKHVWUDLQ7EHFRXOGGHJUDGH
UDSLGO\WULFORS\UDQGLWVGHJUDGDWLRQUDWHFRXOGUHDFK
LQG,QDGGLWLRQ7&3KDGEHHQLGHQWLILHGDV
DQLPSRUWDQWLQWHUPHGLDWHSURGXFWIRUWULFORS\UGHJ
UDGDWLRQ'XULQJWKHSURFHVVRIWULFORS\UGHJUDGDWLRQ
WKH FRQFHQWUDWLRQ RI 7&3 ILUVW LQFUHDVH DQG WKHQ
JUDGXDOO\UHGXFHGLQGLFDWLQJWKDWWKH7&3SURGXFHG
LQ WKLV SURFHVV FRXOG EH GHJUDGHG E\ VWUDLQ 7EH
7KHH[SHULPHQWDOUHVXOWVVKRZQLQ)LJDOVRFRQ
ILUPHG WKDW WKH VWUDLQ 7EH FRXOG HIIHFWLYHO\ GH
JUDGH7&3DQGWKHGHJUDGDWLRQUDWHZDVLQG
G GHJUDGDWLRQ UDWH FRXOG UHDFK PRUH WKDQ 
%DVHG RQ WKH UHVXOWV REWDLQHG LQ WKLV VWXG\ LW ZDV
FRQFOXGHG WKDW WKH ELRGHJUDGDWLRQ SDWKZD\ RI 7
%(( E\ VWUDLQ 7EH ZDV DV IROORZV 7%(( ĺ
WULFORS\Uĺ7&3ĺ«ĺ&2+2 )LJ 

G$WWKHVDPHWLPHLWZDVIRXQGWKDWWKHFRQFHQ
WUDWLRQRIWULFORS\UZDVLQFUHDVLQJLQWKHGHJUDGDWLRQ
SURFHVVRI7%((7KHUHIRUHLWZDVFRQVLGHUHGWKDW
WULFORS\UZDVGHULYHGIURPWKHGHJUDGDWLRQRI7%((
,QDGGLWLRQLQWKHSURFHVVRIGHJUDGDWLRQRI7%((
WR WULFORS\U SDUW RI WULFORS\U ZRXOG EH IXUWKHU GH
JUDGHGWKHRWKHUSDUWZDVWHPSRUDULO\DFFXPXODWHG
)RUH[DPSOHRQWKHILIWKGD\WKHFRQFHQWUDWLRQRI7
%((ZDVPJ/ PJ/7%((KDGEHHQGH
JUDGHG  WKH WKHRUHWLFDO FRQFHQWUDWLRQ RI WULFORS\U
VKRXOGEHPJ/EXWWKHPHDVXUHGFRQFHQWUDWLRQ
ZDV  PJ/ ,W LQGLFDWHG WKDW VRPH RI WULFORS\U
KDGEHHQGHJUDGHGRUWKHUHZHUHRWKHUGHJUDGDWLRQ
SDWKZD\VRI7%((LQZKLFKWKHWULFORS\UZDVQRWLWV
LQWHUPHGLDWHSURGXFW
'HJUDGDWLRQ RI WULFORS\U DQG 7&3 E\ WKH
VWUDLQ 7EH 7KH DERYH H[SHULPHQWDO UHVXOWV KDG
VKRZQWKDWWULFORS\UZDVDQLPSRUWDQWLQWHUPHGLDWH
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without any treatment [2]. Due to domestic and industrial waste, the pollution in the water which is
used for the irrigation of rice is at fearful rates. Taking into consideration the fact that in the wetlands of
paddy farming, when water used in irrigation with
high concentration of heavy metals remains on the
soil surface, accumulates, and causes accumulation
in paddy plant itself, and it seems inevitable that the
toxic effect causes great health problems to people
[3]. Also, factors such as local climate, atmospheric
dry depositions, physicochemical properties of soil
including pH, cation exchange capacity (CEC), soil
texture, organic matter content, degree of maturity of
plants at the time of harvest and metal species exhibit
noticeable effect on bio-available fraction of heavy
metals from soil to crops [4].
The main objective of this study is to conduct a
risk assessment of seven heavy metals (Cd, Cr, Cu,
Ni, Pb, Mn and Zn). The concentrations of these
heavy metals were determined in soil and brown rice
grain from Evros-Ergene river basin to assess to pollution levels and potential health risks based on the
national/international standard limits.

ABSTRACT
In this study, various concentrations of nonessential toxic heavy metals (Cd, Cr, Ni and Pb) and
the micronutrients (Cu, Zn, Mn) in twenty brown
rice (O.sativa) and relevant paddy soil samples were
investigated. The soil and brown rice samples from
Evros-Ergene river basin were extracted for their total heavy metals content by dry digestion method and
then determined by using ICP OES. The results of
this study reveal that the concentrations of Cd, Cr
and Ni in the soil of the studied sites are above the
maximum permissible levels. The average concentration of all metals in brown rice samples is below
the maximum permissible levels of the WHO guideline. The ranking order of bioaccumulation factor
(BAF) for heavy metals is Zn > Cu > Mn > Ni> Cr =
Cd = Pb, which indicaties that the accumulation of
micronutrients was more than that of nonessential
toxic heavy metals. It can be concluded that these
rice samples cannot be regarded as a complete source
to determine all metals posing threat to human
health.

MATERIALS AND METHODS

KEYWORDS:
Heavy metals, rice, paddy soil pollution, Bioaccumulation
Factor (BAF), Ergene-Evros Basin

This study was carried out in Evros-Ergene
River Basin. Soil and rice samples were collected
from farms in wetlands located closer to Ergene
River within the area from 40o 54´ to 41o 17´ north
latitude and from 26o 21´ to 26o 41´ east longitude.
All sample sites were recorded using a handheld
Global Position System (GPS). For convenience, the
stations were grouped into three main sites, namely
Ipsala (IP), Meriç (MR) and Uzunköprü (UK).
A total of 20 rice samples and 20 soil samples
were collected directly in the study area during the
2015 harvest season. Twenty top soil samples from
root zone at 0-30 cm depth were taken from this
paddy field using the Ponar Grab sampler. Rice grain
was grown in the corresponding soil sampling site
and bought from local peasants. Each individual rice
sample was composed of at least five sub-samples
which were taken from the same rice paddy. Each

INTRODUCTION
Trakya region, with its soil and water resources,
is one of the most important agricultural regions in
Turkey. Ergene Basin is located in East Trakya, and
is surrounded by North Marmara Basin, Evros
(Maritza) Basin, and Bulgaria. The increasing industrialisation and the agricultural activities in Trakya
region cause threat to water resources. The use of
this water, even indirectly, for irrigation of paddy
fields causes salinization, contamination in terms of
heavy metals, and also desertification [1]. Heavy
metals such as cadmium, lead, chrome, cobalt,
nickel, and copper, which are widely used in industry, are dumped into the ecological environment
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standard solutions were used to calibrate the instrutopsoil sample was obtained by mixing at least five
ment. Data obtained from the experiment were subadjacent sub-samples from one paddy field. At least
jected to statistical analysis ANOVA and correlation
2 kg of soil was collected for each soil sample and 1
by using EXCEL. All samples were measured in dukg rice grain for each rice sample. The paddy plants
plicate. The recoveries of reference elements were
and soil samples were inserted into labelled plastic
within 15% of the actual values. The limits of Detecbags and placed on ice while transported to the laboratory, then kept in the refrigerator at 4 0C for
tion (LODs) were defined as 3 times the standard depreservation before analysis.
viation of 10 runs of blank measurements. LODs of
Soil samples were air-dried in the laboratory for
Cd, Cr, Cu, Mn, Ni, Zn and Pb were of 0.07, 0.65,
several days at ambient temperature. They were
0.66, 0.09, 0.91, 0.50 and 0.75 mgkg-1, respectively.
sieved through a 0.149 mm (100 mesh) nylon screen
The concentrations of heavy metals were expressed
in terms of mgkg-1 on dry weight basis. In this study,
for digestion. Rice grain samples were oven-dried at
o
o
the concentrations of Cd, Cr and Pb in the extracted
105 C for 1 h, and later at 70 C to constant weight.
Husks were removed. Then, brown rice grain samsolution of rice were below the limit of detection.
ples were ground in agate mortar until it could pass
Consequently, the concentration of Cd, Cr and Pb in
through a 63-micron mesh sieve and stored in closed
rice was not detected.
polyethylene bags for digestion.
Well homogenized soil and brown rice samples
Assessment Bioaccumulation Effect of Rice
were weighed (0.5 g) into separate teflon acid digeson the Uptake of Heavy Metals from the Soil. The
tion tubes, then 8 ml % 65 HNO3 and 2 ml 30% H2O2
BAF (bioaccumulation factor, the ratio of the concentration of the element in the grain to that in the
were added in each digestion tube and were tightly
corresponding soil) was calculated for each rice samclosed with screw caps. The samples were placed in
ple to quantify the bioaccumulation effect of rice on
a CEM microwave system Model Mars 907511
the uptake of heavy metals from the soil (1). The
(CEM Cooperation, Mathews, North Carolina,
BAF was computed as
USA) and digested at 200 oC for 30 min. with a miBAF = Cr / Cs
(1)
crowave power of 1000 W [5]. The digested samples
where heavy metal concentration in the edible
were diluted to 100 ml with deionised water. Samparts of the plant and soil are represented by Crice and
ples were kept in 40C refrigerator until heavy metal
Csoil, respectively. When the BCF is ޒ1 or the
analysis was done.
Heavy metal concentrations were determined
BAF=1, it indicates that the plant only absorbs but
by using ICP-OES Spectrometer machine Agillent
does not accumulate any heavy metals; when the
%&)LVޓLWLVDQLQGLFDWLRQWKDWWKHSODQWDFFXPX
700 series for lead, cadmium, chromium, copper,
lates metals [6].
manganese, nickel, and zinc elements. Internal
TABLE 1
The concentration of the heavy metals (mgkg-1 dry matter) in brown rice grain
across the sampling sites.
Brown rice samples
R-IP1
R-IP2
R-IP3
R-IP4
R-MR1
R-MR2
R-MR3
R-MR4
R-MR5
R-MR6
R-MR7
R-UK1
R-UK2
R-UK3
R-UK4
R-UK5
R-UK6
R-UK7
R-UK8
R-UK9
WHO/FAO (2007)
WHO (1996)
TFC (2011)
Kabata-Pendias (1992)
Normal Range
Toxic Range

Cu
2.4±0.45
3.3±0.5
3.6±0.62
2.2±0.52
3.1±0.25
3.0±0.41
4.1±0.43
3.86±0.21
3.8±0.26
2.2±.0.42
1.7±0.45
2.2±0.51
3.4±0.42
3.6±0.9
3.3±0.42
2.4±0.52
2.5±0.62
2.9±0.78
3.8±0.25
3.7±0.46
20
-

Zn
22.7±0.41
20.0±0.33
21.3±0.42
23.5±0.24
17.1±0.48
17.7±0.42
23.0±0.74
24.8±0.34
20.2±0.34
13.4±0.75
12.5±0.23
13.1±0.34
17.9±0.36
17.4±0.42
19.6±0.24
19.4±0.52
16.2±0.34
15.8±0.53
19.5±0.21
17.6±0.34
50
-

Cd
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
0.2
0.2

Cr
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
-

Pb
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
0.2
0.2

Mn
17.8±0.61
15.9±0.3
24.7±0.31
15.3±0.6
19.7±0.34
20.5±0.52
15.1±0.33
28.0±0.24
21.6±0.53
18.1±0.1
21.9±0.42
21.0±0.51
24.9±0.45
16.1±0.24
16.7±0.42
16.0±0.45
16.0±0.42
16.0±0.34
23.6±0.43
21.2±0.45
-

Ni
BDL
BDL
BDL
BDL
BDL
BDL
3.6±0.03
1.7±0.05
1.5±0.1
BDL
1.0±0.0.1
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
10
-

5-20
20-100

1-400
100-400

0.1-2.4
5-30

0.03-14
5-30

-

-

0.02-5
10-100

BDL: Below detection limit
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these variables. Most of the previous studies considered the total content of the trace elements to be a
reliable indication for their toxicity; however, their
available indices are more important than their total
contents in determining their uptake and distribution
in different plant parts [13]. Many studies carried out
on parts of paddy plants (root, shoot, husks and
grains) show that most of the metals accumulate in
the root of the plant. When the results of this study
are compared to those of the previous studies, it can
be said that heavy metals may accumulate in the
roots as well as other parts of the plants [1,14].

RESULTS AND DISCUSSION
The Heavy Metal Concentration in Brown
Rice Grains. In brown rice grains, among all metals,
Mn and Zn are in more elevated concentrations than
Cu and Ni. The concentration of Mn and Zn ranges
between 7.89 mg kgí DQGௗPJNJí, 7.47 mg
kgí DQG ௗPJ NJí, respectively, among the
sixty sites, which does not exceed the maximum permissible limit by WHO/FAO (2007) for human consumption [7].
In addition, the concentrations of Cu and Ni
range between 1.09 mg kgí DQGௗPJNJíௗ
mg kgí DQGௗPJNJí, respectively, among the
sixty sites, which does not exceed the values defined
by the WHO/FAO (2007), WHO (1996), TFC
(2011) and the critical concentration in plants based
on Kabata-Pendias and Pendias (1992) (Table 1)[810]. The Cd, Pb and Cr concentrations haven't been
found in any of the stations.
When brown rice samples are compared according to their region, there is a difference only in
terms of Ni among regions, which is statistically significant (p<0.05). Among these three regions, mean
of Ni concentration is found out to be higher in the
MR region. There has been no Ni concentration detected in the IP region. The permissible limit of
Nickel in plants as recommended by the WHO
(1996) is of 10 mgkg-1. The Ni concentration has
been detected in the MR and IP regions; however,
these measurements are below the limit level. Kocaman et al. (2015) have reported that Cd and Co accumulate only in the roots. Fe and Mn were the most
accumulates elements in all parts of the plants. These
are followed by Zn and Cu. Ni accumulated in all
parts of the plants from Ergene area whereas it accumulates only in roots, stems, and grain with husk in
other locations [1].
7KH UHODWLRQ EHWZHHQ ³=Q-&X´ ³0Q±&X´ YH
³0Q±=Q´ FRQFHQWUDWLRQV LQ EURZQ ULFH VDPSOHV LQ
the IP region is found out to be significant (p<0.01).
Accordingly, there is a positively linear relation beWZHHQ³=Q-&X´FRQFHQWUDWLRQV7KHUHODWLRQVDPRQJ
FRQFHQWUDWLRQRI³=Q-&X´³0Q-&X´1L-&X´³0Q=Q´DQG³1L-=Q´YDULDEOHVRIEURZQULFHVDPSOHVLQ
MR region have been found out to be significant
(p<0.05 and p<0.01). Accordingly, there is a positively linear relation among these variables. The
highest relation has been determined to be between
³=Q-&X´  $OVRDVLWLVUHSRUWHGE\0RKDP
med et.al. (2015), the strongest correlation has been
found between Cu and Zn, which indicaties a common source in Zanzibar [11], while a moderate negative relationship between these two elements has
EHHQ IRXQG LQ ULFH í  LQ QRUWK-western Italy
[12]. In brown rice samples of the UK region, the
UHODWLRQ RI FRQFHQWUDWLRQ RI ³=Q-&X´ DQG ³1L-0Q´
variables are determined to be significant. Accordingly, there is a positively linear relation among

Heavy Metal Concentration In Soil. It have
been revealed found that, with regard to the essential
heavy metals in the paddy soil, the Mn concentration
ranges from 27.69 to 882.14 mg kgí1; Zn concentration ranges from 29.1 to 169.15 mg kgí1; Cu concentration ranges from 7.25 to 29.81 mg kg í1 in the
paddy field soils. In relation to the concentrations of
nonessential toxic metals, the the Pb ranges from
7.25 to 27.44 mg kgí1; Cr ranges from 16.15 to
105.31 mg kgí1; Ni ranges from 7.03 to 134.86 mg
kgí1; and Cd from 0.68 to 2.65 mg kg í1.
The paddy soil is acidic (pH 5.01), which can
be attributed to the continuous irrigation of paddy
soils with contaminated river water. The ranking order of occurrences of the heavy metals in the paddy
field soils is Mn > Zn > Ni > Cr > Cu > Pb > Cd,
which indicaties that Mn followed by Zn was at maximum concentration and Cd was at minimum concentration. Most of these metals arise from agrochemicals like fertilizers and pesticides, which have
been used over a long period at the farms. It is known
that the phosphate fertilizers are manufactured from
phosphate ore, which are contaminated by metals
such as Pb, Mn, and Cr [15,16]. When soil sample
concentrations have been compared, there are differences determined in terms of Cu, Cd, Cr, Pb, and Ni,
and these differences are found out to be significant
(p<0.05). As reported by Wang et.al. (2016), except
no correlations having been found between Cd, Cu,
Ni, and Hg, all the other heavy metals (As, Cr, Pb,
Zn) are significantly correlated with each other at p
< 0.01 level [17]. Liu et al. (2011) have reported
strong correlations among Cu, Ni, and Cr in soil
around an electroplating plant, and it has been implied that the metals have the same pollution source
[18]. Considering the mean of Cu variable, the group
revealing difference is the UK region. Cu concentration detected in soil samples of the UK region is
found to be high according to the permissible limits
as stated in the Regulation of Soil Pollution Control
(RSCP). There is no significant difference of Cu values as observed between the IP and MR regions. The
difference between the regions in terms of Ni variable is also statistically at significant level (p<0.05).
Accordingly, the group revealing difference is the
UK region. There is no significant difference observed between the other regions (IP and MR). In all
7570
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regions, Ni concentration is found above the limit
TABLE 2
The concentration of the heavy metals (mgkg -1 dry matter) in soil samples across the sampling sites.
Soil
Samples
S-IP1
S-IP2
S-IP3
S-1P4
S-MR1
S-MR2
S-MR3
S-MR4
S-MR5
S-MR6
S-MR7
S-UK1
S-UK2
S-UK3
S-UK4
S-UK5
S-UK6
S-UK7
S-UK8
S-UK9
RSCP
2001
KabataPendias
1992

Cu

Zn

Cd

Cr

Pb

Mn

Ni

7.2±0.66
17.9±0.51
18.4±0.21
11.5±0.33
9.7±0.31
10.9±0.52
11.6±0.26
16.0±0.41
8.3±0.47
16.9±0.63
20.0±0.33
20.1±0.24
18.5±0.21
27.9±0.15
29.8±0.24
20.1±0.41
19.5±0.54
18.0±0.32
28.9±0.45
27.1±0.54
50

45.9±0.5
137.8±0.24
64.9±0.12
35.5±0.3
29.1±0.42
36.8±0.5
42.8±0.1
53.1±0.21
34.1±0.6
55.1±0.3
67.1±0.54
169.1±0.21
29.3±0.1
64.9±0.43
67.7±0.25
52.3±0.33
52.6±0.35
50.6±0.22
74.4±0.34
69.9±0.44
150

BDL
1.0±0.07
1.3±0.11
0.9±0.02
0.7±0.09
0.6±0.12
1.14±0.21
1.0±0.18
BDL
1.9±0.15
2.1±0.11
1.6±0.02
1.1±0.03
2.5±0.04
2.6±0.01
1.9±0.01
2.1±0.06
1.8±0.05
2.4±0.07
2.4±0.06
1

BDL
29.0±0.65
30.6±0.2
32.5±0.52
31.8±0.41
16.1±0.31
45.9±0.33
33.8±0.55
BDL
81.76±0.24
94.4±0.49
65.8±0.24
34.1±0.32
68.3±0.41
74.7±0.24
82.2±0.34
95.6±0.41
76.7±0.62
96.4±0.14
105.3±0.52
100

23.5±0.75
12.2±0.55
27.4±0.62
10.2±0.53
9.1±0.24
10.3±0.72
8.7±0.62
9.9±0.45
7.7±0.2
16.5±0.33
18.1±0.59
17.6±0.6
10.1±0.41
10.5±0.53
11.2±0.22
8.7±0.5
9.3±0.22
9.4±0.63
10.7±0.54
10.9±0.21
50

27.6±0.09
391.8±0.02
440.5±0.03
250.0±0.07
252.0±0.03
418.7±0.09
328.7±0.08
418.0±0.01
89.7±0.12
615.0±0.09
882.1±0.01
436.2±0.01
589.6±0.05
564.9±0.04
430.1±0.12
522.2±0.2
642.3±0.03
662.6±0.01
499.5±0.01
523.2±0.1
-

7.03±0.91
35.8±0.47
30.2±0.54
37.4±0.65
30.6±0.85
27.9±0.41
32.3±0.51
71.2±0.62
25.5±0.84
68.3±0.9
83.0±0.54
63.3±0.62
39.3±0.85
51.3±0.45
56.1±0.53
106.1±0.81
119.6±0.23
106.4±0.61
117.5±0.48
134.8±0.62
30

2-100
(normal
range)

-

-

-

-

850
(toxic level)

-

BDL:Below detection limit

value as stated by RSCP. Domingo and Kyuma
(1983) showed to be that the Cheju rice contains
lower mean levels of Cu, Zn, V, Co, and Cr, and
higher mean level of Ni than paddy soil of some 12
countries [19]. The determined concentrations of Cr,
which is another variable, reveal a significant difference among regions, and the region that cause this
difference is again UK. In the soil samples of UK,
MR, and IP, Cr concentration was found out to be
high according to permissible limits as stated in the
RSCP, and the UK region is found out to have the
highest level among the groups. Similarly, when Cd
concentrations are taken into consideration, the difference detected among the 3 groups is determined
to be significant (p=0.03). The UK region with the
highest mean of Cd concentration in soil samples deviates from the other regions by causing the difference. The Cd concentration detected in soil samples
in the UK region is found to be high according to the
permissible limits as stated in the RSCP [20]. However, there is no difference detected in the IP and MR
regions. Wang et al. (2015) have reported that the
continuous application of wastewater has led to an
accumulation of the heavy metals in the soil, where
Cd, Zn, and Hg are the main pollutants [21]. Zn and
Cd were more mobile than other metals. In the area,
the use of contaminated irrigation water is an important source which results in the increase of metal
levels observed in soil. Especially in the UK region,
the paddy fields which are irrigated with water from
Ergene River, cause concentrations of toxic heavy
metals to be at a high level. Even though the heavy

metal concentrations do not exceed the permissible
limits of the Turkish standards, their concentrations
found in soil are at fearful rates (RSCP 2001) [20],
and their concentration in soil is critical as based on
Kabata-Pendias and Pendias (1992) [10]. The determined concentration of Pb variable was at highest
level in IP region and the difference is found out to
be statistically significant (p<0.05). However, there
is no significant difference detected between the Pb
concentrations in the MR and UK regions. Pb concentration in soil samples is found out to be below
the permissible limits of the Turkish standards.
There is statistically no significant difference among
the regions in terms of other variables (Zn and Mn)
(p>0.05). Samples of highest Zn concentration are
detected in the UK region; the Mn concentration is
determined to be at toxic level in the MR region in
only one sample. In this study, the concentration of
Mn and Zn are lower than the toxic level. Moradi et
al. (2013) reported a positive correlation (p < 0.01)
between the levels of Zn in agricultural soil and in
rice collected in industrial sites in Iran [22].
In the MR region, the concentrations of all bilateral variables in soil samples have been determined to be significantly in relation (p<0.05 and
p<0.01). Accordingly, there is a positively linear relation among these variables. The highest relation is
IRXQGRXWWREHEHWZHHQ³=Q-&X´  7KHGH
gree of relation (Pearson correlation coefficient) was
detected to be at 1% and 5% levels, and was determined to be significant. There is no variable detected
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pesticides, yet these concentrations are transmitted
to brown rice grains at such levels which do not
cause any acute health risk.

without mutual relation. There is a positive correlation coefficient (r) between both micronutrients, Cu
and Zn. A significant correlation is found between
pH and soil available Cu and Zn from the samples
which have been taken from the surface depth. The
soil acidity influences micronutrient content, with
slightly acidic soil series containing more Cu and Zn
as compared to the strongly acidic soils [23]. The
spatial distribution of Cu and Zn correlates to the soil
organic matter distribution.
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The bioaccumulation Factor. The BAF is a
key process for human exposure to toxic heavy metals through the food chain [24]. The bioaccumulation
factors (BAFs) have been calculated for the transmission of the heavy metals from soil to the brown
rice plants. The BAF values of the heavy metals,
such as Zn, Mn, Cu, and Ni, are found out to be in a
range from 0.07 to 0.6, 0.02 to 0.6, 0.08 to 0.4, and
0.01 to 0.5, respectively. The trend in the BAF for
heavy metals in the study sites is in the ranking order
of Zn > Cu > Mn > Ni. The BAF is an index for evaluating the transfer potential of a metal from soil to
plant [25]. The results of this study suggest that Zn
and Cu have a relatively higher mobility from soil to
rice, followed by Mn and Ni. Abdul Aziz et al.
(2015) obtained similar findings [26]. Also, the studies by Saphaty et al. (2014) indicate that the trend in
the BAF for heavy metals in the study sites is in the
ranking order of Zn > Mn > Cu [27]. Among the
heavy metals, the BAF values are found to be higher
for Zn and Mn whereas the relatively lower BAF values were found in Cu. The BAF values of less than 1
are obtained for Cu, Zn, Mn, and Ni in brown rice
grains. Although Cu, Zn, Mn, and Ni concentrations
have been detected to be above Turkish and international limits in soil, the BCF results show that the
bioavailability of metals is low in the study area. Abdul Aziz et al. (2015) obtained similar findings, and
they found that the heavy metals do not accumulate
in the rice grain even though the concentrations of
heavy metals are high in the soils.
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  SRSXODUO\ NQRZQ DV ³5HG &KHUU\ 6KULPS
5&6 ´LVDVPDOOVL]HIUHVKZDWHUVKULPSGLVWULEXWHG
throughout Taiwan, Vietnam, Korea, Japan, Russia
and China [2, 4, 5, 6] and it is able to tolerate much
colder temperature regimes [7].
RCS is also a popular species for fresh water
aquariums in Turkey [8]. It is very adaptable and
easy to culture but the sex ratio is an important factor
to consider because of a certain ratio, as in other
aquatic animals, is necessary for the continuity of the
generation [9].
Sex-determining mechanisms are broadly divided into two major categories: genetic and environmental [10]. The most important environmental
sex determining factors are temperature and photoperiod. These environmental parameters stimulate
and maintain gametogenesis and other reproductive
processes in freshwater invertebrates [1].
Aquatic animals adapt to the conditions they
are living in. If they cannot achieve this, growth disturbances, physiological disorders, and stopping of
the ureamia, as well as disorders of egg development
and embryo development, are antagonistic.
According to climate forecasting models, it is
estimated the global mean temperature will increase
3 degree by 2050 and 6 degree by 2100 [11], this
may lead to major changes in biodiversity. In this
process, the tolerance to upper temperature limits of
aquatic animals will be determinant for their survival. In this study, female/male ratios, survival rates
and embryonic development times of the N. davidi
species, which is an important species for aquatic environment, were determined at three different (20,
23, 26°C) temperatures.

INTRODUCTION

MATERIALS AND METHODS

Meiofauna including shrimps has an important
ecological role in aquatic ecosystems by transferring
planktonic production into higher trophic levels [1,
2]. In addition, shrimps have a potential economic
importance both in aquaculture and in aquarium sector as an ornamental species [3].
The Atyid shrimp Neocaridina davidi (Bouvier

Red cherry shrimp (N. davidi), about 1.5-2.0
cm, were supplied from local producers. The
shrimps were selected from 1.5-2.0 cm adult individuals. They were evenly distributed to nine glass
aquaria. Java moss (Vesicularia dubiana) was added
in equal amounts to aquariums which have 5 cm of
basalt sand on the bottom. The study was conducted

ABSTRACT
An invasive freshwater shrimp, Red Cherry
Shrimp (Decapoda: Caridea: Atyidae), is naturally
distributed in fresh water habitats of Asia. This forage species has an important role in aquatic ecosystems by transferring planktonic production into
higher trophic levels mainly including fish and
aquatic animals. However, temperature strongly
affects sex ratio and in turn offspring quantity. In order to determine the effect of temperature on incubation period, egg yield, offspring sex ratio as well as
survival, a comprehensive experiment was conducted at three temperatures (20, 23 and 26ºC). Significant differences among temperatures for hatching period were an expected result. Higher survival
and more eggs were achieved at 26ºC comparing the
lower experimental temperatures. The female/male
ratio, which was 80% at 20°C and approximately
50% at 23ºC, drastically dropped to 18% at 26°C.
This ratio may drop to 0% at higher temperatures,
which are tolerance limits for Red Cherry Shrimp.
Therefore, in sex-dependent selective breeding, the
temperature should be taken into consideration. Consequently, as temperature increases the sex ratio of
the offspring increases in favour of the male. The
continuation of global warming and rising above
26°C may be an important source of stress on the
natural sustainability of Red Cherry Shrimp stocks.

7575



© by PSP

Volume 26 ± No. 12/2017 pages 7575-7579

were fertilized by the fact that the eggs on the back
of the mating females passed through the abdomen,
was visually inspected. After three months, the sex
of the offspring can be clearly determined. Thirty
different offspring from each experimental group
were taken at the same temperature. Duration of egg
incubation, the number of offspring, the percentage
of female and male of offspring and survival rates
were determined.
The experiment conducted at three different
temperatures, it was observed that as the temperature
dropped, the number of eggs decreased. At 20, 23,
and 26°C, the fecundity are; 24.21±0.67,
32.31±0.70, and 34.44±0.60, respectively. It has
been seen that female produced a maximum of 45
eggs (Fig. 1).

as three replicates for each experimental temperature. Water temperatures were provided by aquarium
heaters (Atman-100 W) with ±0.5°C precision. Females with eggs in the dorsal were taken into 0.8 liter
containers individually after mating and observed
twice a day. After hatching, females are not paired
again. The dead larvae were immediately removed
and noted.
In the study, filtered and UV-treated tap water
was used and half of the rearing water was exchanged per week. Brood shrimp and their larvae
were fed ad libitum with commercial shrimp feed
(containing 40% crude protein) twice a day (09:00
and 18:00). Females were removed after the larvae
hatched separately, and number of larvae produced
by each female was recorded. Sex differentiation
was determined approximately after 3 months, males
identified as they are smaller and there are no
longitudinal stripe on dorsal females identified as
they have the formation of curves in the bellies, they
are bigger and have longitudinal stripe on dorsal.
The pH was 7.5-8.0, the conductivity was 200-400
ȝ6WKH7'6 WRWDOGLVVROYHGPDWWHU YDOXHVZHUHLQ
the range of 100-200 ppm and oxygen >4 ppm.
Lighting was provided for 12 hours by using automatic timer.
Sex determination of the Red Cherry Shrimp is
quite obvious. Females are larger than the males,
have a much darker red coloration and also have a
curved underbelly. Male shrimp have very little red
coloration and has a straight lateral line with no
curved shape.

FIGURE 1
The number of eggs produced by adult N. davidi
at 20, 23 and 26ºC. Vertical bars indicate standard error of the mean. Significant difference at
20 ºC (**P <0.01).

Statistical Analysis. All statistical analysis
was performed using SigmaPlot (SigmaPlot 14.0,
Systat Software Inc., San Jose, CA, USA). Differences were deemed to be significant at P<0.05 and
P<0.01. To assess normality of distributions a Kolmogorov-Smirnov test was used and homogeneity of
variances was tested using F test. The data without
equal variance and/or normal distribution was tested
using Kruskal-Wallis whereas data with normal distribution and equal variance was subjected to a oneway ANOVA. The significance of the difference between means was tested using Holm-Sidak and
Tukey All Pairwise Multiple Comparison ProceGXUHV9DOXHVDUHH[SUHVVHGDVPHDQPHDQ¶VVWDQG
ard error. The chi-square test (w2) was used to determine whether the observed sex ratio differed from
the expected 1:1.

FIGURE 2
The hatching duration of N. davidi reared at 20,
23 and 26ºC. Kruskal-Wallis One Way Analysis
of Variance and Tukey All Pairwise Multiple
Comparison procedure. Vertical bars indicate
standard error of the mean. Different letters indicate significant difference (P < 0.01).

RESULTS
Red cherry shrimps were kept for 180 days at
three different temperatures. Egg development and
larval output were monitored at 20, 23 and 26°C during the experiment. After egg formation at the dorsal
(also called as saddle), once shell changes and then
mating was observed. It was decided that the eggs

Egg development is accelerated with increasing
temperature, increasing temperature decreases the
output time of the eggs. Eggs were hatched at
32.47±0.23 days at 20°C, 29.39±0.20 days at 23°C,
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28.22±0.16 days at 26°C. The incubation period was
determined to be between 25 and 37 days, depending
on the water temperature (Fig. 2).
In three experimental groups (20, 23, 26°C), the
ratios of the females were; 82.76±0.37, 52.15±0.41,
and 20.73±0.33, respectively (Fig. 3).

DISCUSSION
Temperature and photoperiod are the two most
important factors affecting gametogenesis. The temperature is also effective in the formation of gametes
sex. Studies of different species on the effect of temperature on gender formation exist [12, 13, 14]. In
these studies, the sex ratio changes depending on the
temperature and the effects of different temperatures
on the female/male ratio were investigated. However, there is very little information available on red
cherry shrimp N. davidi. Tropea et al. [5] determined
growth, development and sex ratios at three different
temperatures (24, 28, 32°C) in their study of red
cherry shrimp. As the temperature increases, the
number of males increases similarly to our study.
However, 28 and 32ºC are risky for the growth and
development of this type. Weber and Traunspurger
[2] conducted experiments with N. davidi at 1920ºC. According to our observation, it is appropriate
to grow these shrimps in the range of 20-23ºC.
Many researchers have studied the effect of
temperature on fish sex ratio [12-15]. In these studies, it is reported that the decrease in the male ratio
is generally caused by the increase in temperature.
Luckenbach et al. [13], conducted a study on
southern flounder (Paralichthys lethostigma) and
found that the female ratio was low (18°C) and high
(28°C) temperatures, so temperature affects the sex
ratio.
When it comes to cultivation, sometimes female and sometimes male raising may be required.
For example, male guppies are demanding more because they have attractive colors. On the other hand,
females are preferred for fish breeding, while males
are preferred for tilapia breeding [14].
External differentiation between female and
male takes place during the second month after post
larval transformation as mentioned before [16].
Compos-Ramos et al. [16] studied the Litopenaeus vannamei and found that the female/male
ratio did not change and was it was 50% at 18 and
32°C.
It was determined the embryonic development
of N. denticulata sinensis that lasted for 15 days at
27°C water temperature, and each brood produced
21-51 larvae, large brood produced more larvae, and
larvae became an adult after 75 days [3]. We have
determined that the duration of the larvae output is
between 26 and 33 days, depending on the temperature. This difference may be due to species variation
or from the following phases. In our study, we calculate time length between eggs transferred to females abdominal to grow as larvae. The female/male
ratio is important to keep the natural balance and
generation. Nowadays, when the global warming
problem is on the rise, it is necessary to continue to
study how this affects the generation of the living
things. As the female/male ratios of natural popula-

FIGURE 3
The sex ratio (female/male) of N. davidi reared at
20, 23 and 26ºC. One Way Analysis of Variance
and Holm-Sidak All Pairwise Multiple Comparison Procedure. Error bars indicate ±SD. Different letters indicate significant difference (P <
0.05).
Survival rates were not related to temperature.
The survival rates in the three groups (20, 23, 26°C)
were; 86.15±0.81, 89.78±0.46, 90.13±0.30 respectively (Fig. 4).

FIGURE 4
The mean survival of N. davidi reared at 20, 23
and 26ºC. Kruskal-Wallis One Way Analysis of
Variance and Tukey All Pairwise Multiple Comparison procedure. Vertical bars indicate standard error of the mean. Significant difference at
20ºC (**P <0.01).
It is also an important finding that cherry
shrimp eggs are fertilized after each pairing, not
paired females throw out the not fertilized eggs, and
that they do not carry eggs from the dorsal (saddle)
part to the abdomen.
7577



Fresenius Environmental Bulletin

© by PSP

Volume 26 ± No. 12/2017 pages 7575-7579

[6] Pantaleao, J.A.F., Gregati, R.A., da Costa, R.C.,
Lopez-Greco, L.S., Negreiros-Fransozo, M.L.
(2017) Post-hatching development of the ornaPHQWDO³UHGFKHUU\VKULPS´Neocaridina davidi
(Bouvier, 1904) (Crustacea Caridae, Atyidae)
under labboratorial conditions. Aquaculture Research 48, 553-569.
[7] Klotz, W., Wilhelm Miesen, F.W., Hullen, S.,
Herder, F. (2013) Two Asian fresh water shrimp
species found in a thermally polluted stream
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E., Adachi, S., Yamauchi, K. (2006) Temperature-dependent sex differentiation in goldfish:
Establishing the temperature-sensitive period
and effect of constant and fluctuating water temperatures. Aquaculture 254, 617-624.
[11] Hayhoe, K., Wake, C., Anderson, B., Liang,
X.Z., Maurer, E., Zhu, J., Bradbury, J., De
Gaetano, A., Stoner, A.M., Wuebbles, D. (2008)
Regional climate change projections for the
Northeast USA. Mitigation and Adaptation
Strategies for Global Change 13, 425-436.
[12] Wang, H.P., Gao, Z.X., Rapp, D.2¶%U\DQW, P.,
Yao, H., Cao, X.J. (2014) Effects of temperature
and genotype on sex determination and sexual
size dimorphism of bluegill sunfish Lepomis
macrochirus. Aquaculture International Symposium on Genetics in Aquaculture XI, 420±421,
Supplement 1, S64-S71.
[13] Luckenbach, J.A., Godwin, J., Daniels, H.V.,
Borski, R.J. (2003) Gonadal differentiation and
effects of temperature on sex determination in
southern flounder (Paralichthys lethostigma).
Aquaculture 216, 315-327.
[14] Azaza, M.S., Dhraief, M.N., Kraiem, M.M.
(2008). Effect of water temperature on growth
and sex ratio of juvenile Nile Tilapia Oreochromis niloticus (Linnaeus) reared in geothermal water in the south of Tunisia. J. Thermal Biology 33, 98-105.
[15] Cheung, W.W.L., Sarmiento, J.L., Dunne, J.,
Frölicher, T.L., Lam, V.W.Y., Palomares,
M.L.D., Watson, R., Pauly, D. (2012) Shrinking
of fishes exacerbates impacts of global ocean
changes on marine ecosystems. Nature Climate
Change 3, 254-258.

tions are affected by temperature changes [17], future generations can be affected by extinction or genetic disorders. In this study, it was determined that
the female ratio at temperatures of below 23°C and
the male ratio at temperatures between 23 and 26°C
increase. Increase or decrease of temperature affects
female/male ratio in N. davidi.
Sex determination mechanisms produce the sex
ratio, a key demographic parameter crucial for population viability [18]. As a conclusion, red cherry
shrimp (N. davidi) stock f/m ratio rate dramatically
changed in favour of female subjects, and survival
rate in favour of female subjects with increasing water temperature from 23 to 26°C. These findings provide an important clue to the sustainability of natural
ecosystems as well as a result for aquarium hobbyists. The radical increase in global warming will also
affect the aquatic ecosystem mean, minimum and
maximum water temperature values. Similar studies
on ecosystem indicator species will allow valuable
information about the sustainability of these species.
By correlating these data with global warming, an
opportunity will be provided for future projections
on ecosystem sustainability.
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Moreover, global vegetation models cannot take into
consideration individual plant species, and the theoretical base of those models neglects the migrating
characteristics of individual species and succession
processes within the ecosystems [4]. The research on
the influence of climate changes on species distribution and succession processes within ecosystems is
the most appropriate when focused on a regional
scale [5]. On the regional scale, the consequences of
climate changes for ecosystems are mainly manifested by the shift of the vegetation zones into higher
altitudes [6]. Changes in regional models of vegetation represent an important foundation to understanding the significance of climate changes for ecosystems, which are important especially against the
backdrop of the international effort concentrated on
biodiversity conservation [7, 8]. However, there are
many uncertainties in the vegetation shift models, introduced by the processes of disturbance, interspecies competition, varied phenotype plasticity and
different local adaptations of the dominant species in
the particular ecosystems [9]. The growth response
of tree species to climate changes manifests in a long
timeframe [10] and has probably been best recorded
as shifts of the upper forest limits in the European
mountains [11].
Understanding ongoing and potential shifts of
vegetation zones is important for the development of
strategies involving sustainable agricultural management in the context of predicted climate changes [12].
The vegetation zones represent fundamental frames
of climate conditions for growing agricultural crops
[13]. The results indicated a significant increase in
the occurrence of species requiring warmer climatic
conditions. Aside from the alpine region, there are
only a few published studies about the influence of
climate changes on the shifts of the vegetation zones.
[14] studied the altitudinal shift of dwarf pine vegetation within the upper forest limit in the High Tatras
(Slovakia). [15] published their prediction of
changes in the vegetation zones under climate
changes in Slovenia. The prediction of influence of
shift of the vegetation zones on tree species in Po-

ABSTRACT
Climate changes can affect both agriculture and
forestry in Europe. This study deals with the results
of the biogeographical model of predicted climate
change impacts on agriculture in the Czech Republic.
The results presented can be used to develop strategies for sustainable agriculture management. The
model applied is based on the algorithmization of
growing ecological conditions of some agricultural
crops to the climate conditions of vegetation zones
in the study area of the Czech Republic. The model
involves a set of a special applications in the GIS.
The modelling outputs suggest main trends in
changes of climate conditions of vegetation zones of
the landscape (gradual shift to higher altitudes and
an increase of the area with the climate conditions of
lower vegetation zones and a decrease of climate
conditions of submontane and montane vegetation
zones). These trends are discussed in the frame of
sustainable agricultural management practice. The
results can be applied not only for regional scenarios
of climate change impacts, but also as a support tools
for sustainable agriculture strategies on the regional
level.

KEYWORDS:
Agriculture management, biogeographic model, landscape,
sustainable development, vegetation zones.

INTRODUCTION
An increase in the average global temperature
and changes in the amount of precipitation over the
last 100 years have induced changes in the vegetation and ecosystems across the globe [1]. The modelling of vegetation has changed using General Circulation Models [2], providing a clear overview of
global changes in the distribution of vegetation types.
However, the estimates of the changes in the climate
parameters vary significantly among global climate
models, particularly for the upcoming decades [3].
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characterising the current state and anthropogenic
pressure on the landscape. Census data and utilization of soil resources are of particular interest and
both of them use cadastre as a basic unit. The cadastres are historic landscape units originally established to document land tenure and estates, and, as
such, are homogeneous in their natural conditions.
Nevertheless, on the regional scale (all of the CR),
the cadastre polygons capture the heterogeneity of
the natural condition of the whole CR, because the
original cadastre system, (in existence without many
changes since the 18th century), used natural boundaries such as streams, forest edges, and main geomorphological formations in the landscape to delineate its units [24]. The present vegetation zones in
the CR were defined by the method of bio-indication
and their boundaries are refined over time. The detailed characteristics of ecotopes, natural conditions
of ecosystems and the present status of the landscape
in the vegetation zones, form a part of the characteristics of habitat typology units of the landscape in the
CR. The detailed climate characteristics of the vegetation zones are based on [25].
The biogeographical model of changes of climatic conditions in the vegetation zones is implemented by a collection of specific software applications (FORTRAN programming language) and GIS
application (Esri products). This model does not facilitate predictions of the rate of vegetation change.
The climate characteristics were assigned to the
points of the Register of Biogeography using an analytical-geometric method by constructing a network
of points with a finer resolution of 250 m. The climatic data of these new points is calculated by a gradient method [26], from the climatic variable of their
four closest neighbours. The projected climate characteristics of defining points, their corresponding potential vegetation zone and characteristics of natural
climate conditions are expressed in algorithms in the
model. The algorithms are developed by the method
of spatio-WHPSRUDO DQDORJLHV ZLWK /DQJ¶V 5DLQIDOO
Factor used as the relationship coefficient (combining the total annual precipitation and average annual
temperature into one value). The model outputs for
the defined scenario combinations (time period, climate scenario, geographic area, ecological requirements of a particular plant species) provide a regional scenario of predicted future climate conditions of landscape vegetation zones.

land was elaborated by [16]. [17] dealt with the landscape-ecological context of the shift of vegetation
zones in the Bavarian Alps.
In the Czech Republic (CR), the first model
outputs of changes of the vegetation zones influenced by predicted climate changes were produced
by [18]. The aim of this study is to show how the
application of the biogeographical model of climate
conditions of the vegetation zones can act as a support tool for sustainable agricultural management
strategies. The study presents the results of the
model application in the landscape of the CR for two
projection time forecasts: 2030 and 2050.

MATERIALS AND METHODS
Applied biogeographical model. The model is
based on the relationship between the present climate and distribution of the vegetation zones in the
landscape [19]. The model builds on a fundamental
assumption that the general ecological relationship
between the climate conditions and the vegetation
zonation are maintained in the future [20] and that
the predicted climate changes are manifested in
modified climate conditions of the present vegetation zones on the regional level, and that this process
can be predicted [21]. It does not imply that the present vegetation zones within the cultural landscape
will simply shift to higher altitudes. The model outlines projections of changes of climate conditions of
vegetation zonation, not changes of the vegetation
zones as such. This is a guiding principle behind the
implementation of the model; vegetation zones are
used as a reference framework for climate predictions of growing conditions for agricultural crops
and forest tree species, the occurrence of which in a
particular landscape segment is influenced by human
socio-economic preferences and activities.
A predictive climate database of the Czech Hydrometeorological Institute called CLIDATA is the
source of climate data for the model. It assigns the
climate data with the set of 131 points regularly distributed throughout the Czech Republic in the form
of regular trapezia network. It contains a large validated database of climate parameters calculated for
the period 2010-2100 under the climate scenario
SRES A1B [22].
Register of Biogeography. An ecological database, Register of Biogeography [23], is the source
of biogeographical data. It contains detailed ecosystem characteristics of the landscape in the CR (i.e.
vegetation zonation, trophic and hydric series)
matched with individual cadastre areas. The CR consists of 13,000 cadastres (polygons with an average
area of 6 km2). The cadastres were selected as a
basic spatial unit for the Register because it facilitates the evaluation of the changes in the landscape,
utilizing periodically updated databases of the AIIS

RESULTS
The extent of the climate conditions of the first
vegetation zone will significantly increase in the CR
by up to 12.8% of the area covering the CR in 2050
(Figure 1). This trend supports the spread of xerothermic biota from the Pannonian biogeographic
province northwards. The area with climate conditions suitable for growing thermophilic agricultural
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season caused by higher soil water content. Ecosystems associated with these specific climate conditions, possessing characteristics of so-called central
European taiga, will be adversely affected by future
climate changes according to the model scenario to
2050 (Figure 2).
The area with the climate conditions of the fifth,
sixth, seventh and eighth vegetation zones, i.e.
mountain zones, has presently only a small spatial
extent and the scenario indicates a further dramatic
decrease of the area. The area with the conditions of
the fifth vegetation zone (fir-beech) will decrease by
14 % compared to the present state (Figure 2). It is
the highest vegetation zone which still enables intensive growing of agricultural crops (potatoes, rye and
oats). This zone does not provide suitable growing
conditions for fruit trees with the exception of the
most resistant varieties of pear and apple trees. Overall, the shift of the vegetation zone towards the
higher altitudes will mean an improvement of climate condition for agricultural production.
The extent of the area with conditions supporting mountain species dependent on cooler and wetter
mountain climates will decrease because the area
with climate conditions of the sixth, seventh and
eight vegetation zones will be significantly reduced
in 2050 (Figure 2). The scenario projects a deterioration of the climate condition for the unique ecosystem of mountain peatlands. The predicted loss of climate conditions of the eighth vegetation zone will
considerably affect the biodiversity of the highest
PRXQWDLQ UDQJHV LQ WKH &5 .UNRQRãH .UDOLFNê
6QČåQtN DQG +UXEê -HVHQtN  7KH FOLPDWH FKDQJHV
will cause a shift of alpine timberline ecotone to
higher altitudes, considerably worsening the conditions for island ecosystems of alpine grasslands.

crops, associated with the first vegetation zone, such
as the common grapevine (Vitis vinifera L.) will increase (see also [27]). The positive effect of the increased area with climate conditions suitable for agricultural crops associated with the first, second and
third vegetation zone, such as corn, wheat, barley,
sugar beet, hops, apricots and peaches, can be offset
by an increased risk of drought, which appears most
limiting. This will occur in the expanding first vegetation zone. The measures undertaken to adapt to the
effects of climate change in the agricultural landscape should focus on erosion control, enhancing
landscape water retention capacity and maintenance
of organic matter in agricultural soils in the first, second and third vegetation zones.
The area of the fourth vegetation zone will continue to dominate the landscape in the CR also in the
context of the climate changes. It means sustaining,
and even potentially slightly increasing, an area suitable for growing potatoes, flax, rye and oats. In orchards cherry, plum, pear trees and apple trees dominate in climate conditions of the fourth vegetation
zone, and their production will not be significantly
affected by the climate changes predicted. This continuity of the current conditions supports a focus on
sustainability with regards to growing and preserving local varieties of fruit trees. However, the conditions of the oak-coniferous variety of the fourth vegetation zone will disappear from the landscape, according to the scenario for 2050 (Figure 2). In comparison to the climate of the zonal variety of the
fourth vegetation zone (beech zone), the climate of
the oak-coniferous variety is characterized by higher
continentality, frequent temperature inversions with
late frosts and cooler soil profiles during the growing

FIGURE 1
Main trends in climate condition changes for vegetation zones in the Czech Republic
up to the years 2030 and 2050.
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FIGURE 2
Visualization of the predicted distribution of climate conditions for vegetation zones
in the Czech Republic in 2050.
for the CR, therefore we applied the scenario SRES
A1B in the biogeographical model in our study,
which is based on a validated climate regional database. One of the most important current research
projects on the modelling of regional climate change
and the effect on organisms is the CORDEX project
(www.wcrp-cordex.ipsl.jussieu.fr) with its Europespecific section EURO-CORDEX (www.eurocordex.net). The outputs of regional modelling
CORDEX, suitable for regional adaptation studies,
should be available in the 500 x 500 m grid in the
future.
The modelling of spatial aspects of occurrence,
development and implications of the vegetation zonation generates material for further research activities [33]. [34] assessed the impact of altitude and terrain on various species of alpine herbaceous assemblages in the area of Picos de Europa in Spain by
modelling in the 15x15 m grid. Altitude has the biggest effect on the overall floristic diversity of the
community, supporting the close association of altitudinal climate and vegetation zones; however the
occurrence of individual species was influenced
more strongly by slope aspect, topographic index,
soil-water content and sun radiation. The existing
models of future distribution of flora and fauna
mostly concentrate on individual target species or
groups of species, whereas organisms interact in the

DISCUSSION AND CONCLUSION
The projected changes of climate characteristics of vegetation zonation in the CR based on our
study scenario correspond to the expected trends of
vegetation developments in Europe under climate
changes according to the model of European vegetation EUROMOVE [28]. The main trends of changes
are also in agreement with the observed trends of distribution of wild animals, explained by climate
changes, such as an expanding species range to
higher altitudes for certain butterfly species [29]. [30]
demonstrated that the trend of ongoing changes in
bird population sizes and shifts of nesting areas in
the CR in the context of climate changes is caused
by a decline in species adapted to colder climates in
mountain areas and an increase in the ranges of
lower-altitude species, confirming the scenario of
climate characteristics of vegetation zonation in the
CR. This is also corroborated by the evidence of the
forest tree-line movement to higher altitudes at the
expense of alpine grasslands in the highest mountains of the CR [31, 32].
The Fifth Assessment Report for IPCC defined
a set of four new scenarios±called Representative
Concentration Pathways. The predictive climate regional data for these scenarios are not yet available
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ecosystem processes within their ecological niches,
and thus the responses of biota to climate changes
will be more likely identified at the level of ecosystem diversity [35]. The biogeographical regional
models are particularly useful from this point of view
[36].
The biogeographical model of shift of the vegetation zonation caused by the predicted climate
changes [37] belongs to the groups of process-based
biogeographical models, used to predict equilibrium
reactions of vegetation to potential climate change
on the regional scale [38]. This model type identifies
the ecological limitations of vegetation formation
distributions (vegetation zones), different equilibrium climate conditions [39]. The majority of proposed models are correlational models based on mutual dependence among certain environmental bioclimatic variables (average temperature and total
precipitation) and the present area of species distribution or characteristics of the ecological niches of
species [40]. When the predictions based on climate
scenarios demonstrate how the climate can change in
the future, corresponding biological species or their
communities with zonal distribution are assigned to
the new parameters, whereas in our study it is the
vegetation zones. This method is called a climate envelope method [41]. The biogeography climate models can, however, underestimate local climate variability, as shown by historical climate data [42] or local soil conditions as crop models for agricultural
crops show [43].
The first study analysing the continual fluctuations of agro-climatic conditions during the last 200
years as well as the expected shifts in the future decades [44] exhibited an expansion of warmer and
dryer agro-climatic conditions in the most fertile regions and indicated that the development of the climate in Europe could lead to the largest shift of agroclimatic conditions since the onset of agricultural activity, far beyond our historic experience. Any mitigation and adaptation measures in agriculture responding to the predicted climate changes [45] must
be fairly flexible [46, 47], especially in landscapes
sensitive to climate change such as lowland floodplains [48, 49].
The results from the model presented show that
the predicted trends of the climate conditions of vegetation zones will differentially affect the growing
conditions of agricultural crops and forest tree species. This should play a key role in the regional strategies of mitigation and adaptation measures in agriculture and forestry. Thus, the model of the climate
conditions of the vegetation zones can be used not
only to create scenarios involving the potential impacts of the predicted climate changes on the landscape, but also as a support tool for the strategies of
sustainable agriculture management and forest management.
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VROLGLWVVDSZRRGVKRZVIDZQFRORUDQGWKHKHDUW
ZRRGVKRZVDFRORURIPXOEHUU\WRYLROHWEODFNZLWK
WKH VPDOO VKULQNDJH7KH WH[WXUH RI WKH ZRRG IURP
2UPRVLDPLFURSK\OOD LV VWUDLJKW DQG JORVV\ ZKLFK
ZLOOWXUQLQWRWKHGHHSUHGRUSXUSOHFRORULIH[SRVHG
WRDLUIRUDORQJGXUDWLRQWKHUHIRUHWKH2UPRVLDPL
FURSK\OOD DOVR KDV D UHSXWDWLRQ RI SXUSOH VDQGDO
ZRRGDQGLVDGRSWHGWRFUHDWHDGYDQFHGIXUQLWXUH
PXVLFDOLQVWUXPHQWDQGZRRG FDUYLQJ>@,QDGGL
WLRQWKHWUHHSODQWRI2UPRVLDPLFURSK\OODLVWDOODQG
JUDFHIXO DQG WKH URRW FDQ EH PDGH LQWR PHGLFLQH
WKHVH FKDUDFWHUV RI 2UPRVLDPLFURSK\OOD JDWKHUV
JUHDW SUHFLRXV YDOXH PHGLFLQH YDOXH ODQGVFDSH
YDOXHIRUHVWFXOWXUHYDOXHFRQWDLQLQJH[FHOOHQWSUR
VSHFWVLQWHUPVRIHFRQRPLFDQGXWLOL]HGEHQHILWV>@
+RZHYHUEHFDXVHWKHGLVWULEXWLRQUDQJHRI2UPRVL
DPLFURSK\OODLVQDUURZWKHSRSXODWLRQJHQHWLFGLYHU
VLW\ LV SRRU WKH VHOIUHQHZLQJ LV GLIILFXOW DQG WKH
VHHG JHUPLQDWLRQ UDWH LV ORZ 2UPRVLDPLFURSK\OOD
KDVEHFDPHDQHQGDQJHUHGVSHFLHVWKDWQHHGVWREH
SURWHFWHGZLWKRXWDQ\GHOD\
8VLQJ WLVVXH FXOWXUH WHFKQRORJ\ WR UDSLGO\
SURSDJDWH WKH UDUHSODQWDQGSURWHFWJHUPSODVPUH
VRXUFHV KDV VXFFHHGHG LQ PDQ\ SODQWV >@ 7KLV
VWXG\ DGRSWHG WKH PDWXUH VHHGV RI 2UPRVLDPLFUR
SK\OOD DV WKH H[SODQWV LQ RUGHU WR LQYHVWLJDWH WKH
UDSLGSURSDJDWLRQWHFKQLTXHLQFOXGLQJWKHWXEHJHU
PLQDWLRQRIVHHGVDQGWKH PXOWLSO\LQJLQGXFWLRQRI
VWHP VHJPHQWV 2XU VWXG\ FRQFOXVLRQV ZHUH H[
SHFWHGWRSURYLGHWHFKQLFDOIRXQGDWLRQIRUWKHVHHGV
EUHHGLQJRI2UPRVLDPLFURSK\OODDQGWKHSURWHFWLRQ
RIJHUPSODVPUHVRXUFHVDQGWRSURPRWHWKHGHYHO
RSPHQW DQG XWLOL]DWLRQ RI WKLV LPSRUWDQW SODQW UH
VRXUFH

ABSTRACT
2UPRVLDPLFURSK\OOD LV SUHFLRXV WUHH VSHFLHV
ZLWK YDULRXV XVHV ZKLOH GXH WR WKH H[WUHPHO\ ORZ
VHHG JHUPLQDWLRQ UDWH WKH ODUJHDUHD FXOWLYDWLRQ RI
2UPRVLDPLFURSK\OODLV OLPLWHG 7KHUHIRUH LW LV RI
JUHDWVLJQLILFDQFHWRILQGRXWWKHRSWLPDOWLVVXHFXO
WXUH HQYLURQPHQW IRU UDSLG SURSDJDWLRQ RI 2UPRVL
DPLFURSK\OOD,QWKLVVWXG\WKHPDWXUHVHHGVRI2U
PRVLDPLFURSK\OOD ZHUH DGRSWHG DV SODQW PDWHULDO
WKH UDSLG SURSDJDWLRQ WHFKQLTXH LQFOXGLQJ WKH WXEH
JHUPLQDWLRQRIVHHGVDQGWKHPXOWLSO\LQJLQGXFWLRQ
RIVWHPVHJPHQWVZDVVWXGLHG5HVXOWVVKRZHGWKDW
&WHPSHUDWXUHFRPELQHGZLWKKVHHGVRDNLQJ
GXUDWLRQ ZDV PRVWEHQHILFLDO IRUVHHGJHUPLQDWLRQ
DQG WKH JHUPLQDWLRQ UDWH FRXOG UHDFK 7KH
PRVWVXLWDEOHHQYLURQPHQWIRUVHHGVJHUPLQDWLRQDQG
EUHHGLQJZDV%%$mg·L1$$mg·L

 VXFURVH  DJDU  DFWLYDWHG FDUERQ
7KHPRVWVXLWDEOHHQYLURQPHQWIRUWKHSUROLI
HUDWLRQRIEXGDQGVWHPVHJPHQWZDV%%$
mg·L 1$$  mg·L 7'=  mg·L VX
FURVH DJDUDFWLYDWHGFDUERQ
7KHPRVWVXLWDEOHHQYLURQPHQWIRUURRWOHVVVHHGOLQJ
VWUHQJWKZDV%1$$mg·L,%$mg·L

 VXFURVH  DJDU  DFWLYDWHG FDUERQ
7KH PRVW VXLWDEOHHQYLURQPHQWIRUWKH URRW
JURZWK ZDV  % ,%$  mg·L 1$$ 
mg·L$%7URRWJURZWKSRZGHUmg·LVX
FURVH DJDUDFWLYDWHGFDUERQ
2XUFRQFOXVLRQFRXOGSURYLGHEHQHILFLDOLQIRUPDWLRQ
IRULPSURYLQJWKHWLVVXHFXOWXUHHQYLURQPHQWIRU2U
PRVLDPLFURSK\OOD
.(<:25'6
(QYLURQPHQW 2UPRVLDPLFURSK\OOD WLVVXHFXOWXUH UDSLG
SURSDJDWLRQDGYHQWLWLRXVEXG

MATERIALS AND METHODS
([SHULPHQWDOVLWH7KHH[SHULPHQWVZHUHFDU
ULHGRXWLQ)XMLDQ$JULFXOWXUHDQG)RUHVWU\8QLYHU
VLW\7KHODWLWXGHDQGORQJLWXGHRI)X]KRXDUH
DQG  UHVSHFWLYHO\ )X]KRX EHORQJV WR WKH
VXEWURSLFDO PRQVRRQ FOLPDWH ZLWK GLVWLQFW VHDVRQV
DQGDGHTXDWHUDLQIDOOV7KHIURVWIUHHGXUDWLRQLV
GD\V 7KH \HDUO\ VXQVKLQH KRXUV DUH 
KRXUV7KHDYHUDJHDQQXDOWHPSHUDWXUHRI)X]KRXLV
&WKHFROGHVWPRQWKVDUH-DQXDU\DQG)HEUX

INTRODUCTION
2UPRVLDPLFURSK\OODDOVRFDOOHGUHGEHDQUHG
VDQGDOZRRGHWFLVWKHQDWLRQDO VHFRQGFODVVSURWHF
WLYH SODQW DQG LV WKH XQLTXH QDWLYH WUHH VSHFLHV LQ
&KLQD >@ 7KH WLPEHU VWUXFWXUH RI 2UPRVLDPLFUR
SK\OOD LV WLJKW DQG HYHQ DQG WKH ZRRG PDWHULDO LV



© by PSP

Volume 26 ± No. 12/2017 pages 7587-7594

Fresenius Environmental Bulletin

PRYHGLQWRWKHEXGLQGXFWLRQPHGLXP7KH%ZDV
XVHG DV EDVLF PHGLXP WR LQYHVWLJDWH WKH HIIHFWV RI
SODQWJURZWKUHJXODWRUVZLWKGLIIHUHQWFRQFHQWUDWLRQV
RQWKHEXGJURZWK7HQWUHDWPHQWVZHUHXVHGDVZDV
VKRZQLQ7DEOH)RUHDFKWUHDWPHQWERWWOHVZHUH
DGRSWHGZLWKHDFKERWWOHLQRFXODWLQJHSLFRW\OSDUWV
(DFKWUHDWPHQWUHSOLFDWHGWLPHV$WGD\VDIWHU
LQRFXODWLQJWKHVWDWXVRIEXGJURZWKZDVREVHUYHG

DU\ZLWKDYHUDJHWHPSHUDWXUHRIRQO\&WKHKRW
WHVWPRQWKVDUH-XO\DQG$XJXVWZLWKDYHUDJHWHP
SHUDWXUH RI&7KH \HDUO\SUHFLSLWDWLRQDPRXQW
RI)X]KRXLVPP
([SHULPHQWDO GHVLJQ 3ODQW PDWHULDO 7KH
SODQWPDWHULDOZDVFROOHFWHGIURPZLOGDQGKHDOWK\
PRWKHUWUHH LQ<DQJVKXRJXLOLQ*XDQJ[LSURYLQFH
RI&KLQD7KHLQVHDVRQVROLGPDWXUHDQGIUHVKVHHGV
RIWKHWUHHZHUHSLFNHGDQGWDNHQEDFNWKDQSXWLQWR
WKHUHIULJHUDWRUZLWKD&FRQVWDQWWHPSHUDWXUHIRU
UHVHUYDWLRQ

%XG DQG VWHP SUROLIHUDWLRQ 7KH VWHP VHF
WLRQV ZLWKFPOHQJWKWKDWLQFOXGHGRQH D[LOOD
DQGRQHEXGZHUHFXWIURPWKHLQGXFHGSODQW VVWDON
QRGHSRVLWLRQDQGPRYHGLQWRWKHSUROLIHUDWLRQPH
GLXPIRUFXOWLYDWLRQ7KHHIIHFWVRIGLIIHUHQWFRPEL
QDWLRQVRIJURZWKUHJXODWRUV 6-BA, TDZ, NAA RQ
SUROLIHUDWLRQRIVWHPZLWKDEXGZHUHVWXGLHG7KHUH
ZHUH QLQH WUHDWPHQWV DV ZDV GLVSOD\HG LQ7DEOH 
)RU HDFK WUHDWPHQW  ERWWOHV ZHUH DGRSWHG ZLWK
HDFKERWWOHLQRFXODWLQJEXGV(DFKWUHDWPHQWUHSOL
FDWHGWLPHV$WGD\VDIWHULQRFXODWLQJWKHPXO
WLSOLFDWLRQFRHIILFLHQWZDVUHFRUGHG

0HGLXPDQGFXOWXUHHQYLURQPHQW7KHEDVLF
FXOWXUH PHGLXP XVHG % DQG  %$FFRUGLQJ WR
GLIIHUHQW H[SHULPHQWDO SXUSRVHV DQG YDULRXV SODQW
JURZWK VWDJHV WKH SODQW KRUPRQHV ZLWK GLIIHUHQW
W\SHVDQGFRQFHQWUDWLRQVLQFOXGLQJEHQ]\ODGHQLQH
%$  DOSKD URRWRQH 1$$  LQGROH DFHWLF DFLG
,%$ 7KLD]ROHSKHQ\OXUHD 7'= HWFZHUHDGGHG
$OOPHGLXPVZHUHDGGHGZLWKVXFURVH
DJDUDFWLYDWHGFDUERQ7KH FXOWXUH HQYLURQ
PHQWZDVS+RIWHPSHUDWXUHRI&OLJKW
LQJLQWHQVLW\RI1000-2000 xDQGOLJKWLQJKRXUVRI
KG

6HHGOLQJVWUHQJWKFXOWLYDWLRQ$IWHUSUROLIHUD
WLRQ WKH SODQWV FRQWDLQLQJ  OHDYHV ZLWK  FP
KHLJKW ZHUH VHSDUDWHG DQG FXOWLYDWHG 7KH URRWOHVV
SODQWVZLWKRXWURRWLQGXFWLRQZHUHFXWRIIDQGPRYHG
LQWRWKHPHGLXPIRUWKHVHHGOLQJVWUHQJWKFXOWLYDWLRQ
7KH % ZDV DGRSWHG DV EDVLF PHGLXP ZKLFK ZDV
DGGHGZLWKGLIIHUHQWFRQFHQWUDWLRQVRI1$$ 
PJ/ DQG,%$ PJ/  7DEOH 
(DFK FRPELQDWLRQ XVHG  ERWWOHV DQG HDFK ERWWOH
LQRFXODWHGSODQWV(DFKFRPELQDWLRQUHSOLFDWHG
WLPHV$WGD\VDIWHUFXOWLYDWLRQWKHJURZWKVWDWXV
RIWKHVHHGOLQJVZDVPRQLWRUHG

6HHGV VRDNLQJ DQG JHUPLQDWLRQ 7KH VHHGV
ZLWKRXWSODQWGLVHDVHVDQGLQVHFWSHVWVZHUHFOHDQHG
XVLQJ GHWHUJHQW DQG ULQVHG ZLWK UXQQLQJ ZDWHU IRU
K$FOHDYDJHZDVRSHQHGLQWKHKLOXPSR
VLWLRQRIHDFKVHHG$IWHUVRDNLQJLQWRWKHZDWHUZLWK
QRUPDOWHPSHUDWXUHIRUPLQWKHVHHGVZHUHODLG
LQWRWKHFRQVWDQWWHPSHUDWXUHLQFXEDWRUVZLWKGLIIHU
HQWWHPSHUDWXUHVRI&&&DQG&
IRUWKHVDPHGXUDWLRQRIK7KHQWKHVHHGVZHUH
GLVLQIHFWHGIRUVZLWKDOFRKRODQGIRUPLQ
ZLWK  PHUFXULF FKORULGH +J&O  7KH VWHULOH
ZDWHUZDVXVHGWRZDVKWKHVHHGVIRUWRWLPHV
DQGWKHGLVLQIHFWLRQILOWHUSDSHUZDVXVHGWRVRDNXS
WKHPRLVWXUHLQWKHVXUIDFHRIWKHVHHGV7KHVHHGJHU
PLQDWLRQH[SHULPHQWZDVFDUULHGRXWE\LQRFXODWLQJ
WKHVHHGVLQWRWKHPHGLXPVWKDWZHUHKLJKSUHVVXUH
VWHULOL]HG 7KH PHGLXP IRU VHHG JHUPLQDWLRQ ZDV
% %$  mg·L1$$  mg·L VXFURVH
 DJDU  DFWLYDWHG FDUERQ  )RU
HDFKERWWOHWZRVHHGVZHUHLQRFXODWHGDQGIRUHDFK
WUHDWPHQWERWWOHVZHUHSUHSDUHG$IWHUWKHLQRFX
ODWLQJWKHVHHGVZHUHFXOWLYDWHGLQWKHGDUNQHVVIRU
GD\VWKHQODLGLQWRDFRQGLWLRQZLWKOLJKWLQJLQ
WHQVLW\RIO[IRUKGGXUDWLRQZKHQ
GHWHFWLQJ VHHGV JHQHUDWLQJ 7KH WHPSHUDWXUH LQ WKH
FRQGLWLRQZDV&$WGD\VDIWHULQRFXODWLQJ
WKHVHHGJHUPLQDWLRQZDVREVHUYHG$WGD\VDIWHU
LQRFXODWLQJ WKH VHHG JHUPLQDWLRQ UDWH RI ZDV UHF
RUGHG

5RRWLQJ FXOWLYDWLRQ 7KH KHDOWK\ DQG ZHOO
QRXULVKHGURRWOHVVSODQWVZLWKWKHVHHGOLQJKHLJKWRI
FPZHUHLQRFXODWHGLQWRWKH%PHGLXPIRU
WKHURRWLQGXFWLRQLQRUGHUWRVWXG\WKHHIIHFWVRIGLI
IHUHQW FRPELQDWLRQV RI ,%$ 1$$ DQG $%7 URRW
JURZWK SRZGHU RQ WKH URRW LQGXFWLRQ RI URRWOHVV
SODQWV7KHUHZHUHQLQHWUHDWPHQWVLQWRWDO)RUHDFK
WUHDWPHQWERWWOHVZHUHDGRSWHGZLWKHDFKERWWOH
LQRFXODWLQJ  URRWOHVV SODQWV (DFK WUHDWPHQW UHSOL
FDWHGWLPHV$WGD\VDIWHULQRFXODWLQJWKHURRW
LQJUDWHZDVUHFRUGHG
6WDWLVWLFDODQDO\VLV7KHFDOFXODWLRQVRIWKHLQ
GLFDWRUVZHUHDVIROORZV
*HUPLQDWLRQUDWH JHUPLQDWLRQQXPEHULQRFXODWLRQ
QXPEHUî
3UROLIHUDWLRQFRHIILFLHQW SUROLIHUDWLYHEXGQXPEHU
LQRFXODWLRQQXPEHU
5RRWLQJUDWH URRWLQJVHHGOLQJQXPEHULQRFXODWLRQ
VHHGOLQJQXPEHUî
6XUYLYDO UDWH  QXPEHU RI OLYH SODQWVQXPEHU RI
WUDQVSODQWLQJî
7KHGDWDZHUHVXEPLWWHGWR6366WRFRP
SDUHWKHVWDWLVWLFDOGLIIHUHQFHV>@

*HUP JURZWK DQG UHSURGXFWLRQ :KHQ WKH
VWHPVDQGOHDYHVJUHZRXWIURPWKHJHUPLQDWHGVHHGV
DQGWKHOHQJWKRIHPEU\RZDVFPWKHHSLFRW\O
SDUWVRIWKHEXGZLWKFPOHQJWKZHUHFXWRIIDQG
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7$%/(
Design of different plant growth regulators on induction of germ
Group number
A1
A2
A3
A4
A5
A6
A7
A8
A9
A10

BA (mg·L)
0.5
1
2
0
0
0
0.5
0.5
0
0

TDZ (mg·L)
0
0
0
0.01
0.02
0.04
0
0
0.01
0.01

NAA (mg·L)
0
0
0
0
0
0
0.1
0.5
0.1
0.5

7$%/(
'HVLJQIRUWKHHIIHFWVRIGLIIHUHQWFRPELQDWLRQVRIJURZWKUHJXODWRUVRQSUROLIHUDWLRQRIVWHPZLWKDEXG
Group number
B1
B2
B3
B4
B5
B6
B7
B8
B9

BA (mg·L)
1
1
1
1.5
1.5
1.5
2
2
2

NAA (mg·L)
0.1
0.3
0.5
0.1
0.3
0.5
0.1
0.3
0.5

TDZ (mg·L)
0
0.02
0.04
0.02
0.04
0
0.04
0
0.02

7$%/(
'HVLJQRIGLIIHUHQWFRPELQDWLRQVRIJURZWKUHJXODWRUVRQVHHGOLQJVWUHQJWKFXOWLYDWLRQ
IBA (mg·L)
0
1.0
0.5
1.0
0.5
1.0

Group number
C1
C2
C3
C4
C5
C6

NAA (mg·L)
1
0
0.5
0.5
1.0
1.0

7$%/(
'HVLJQIRUURRWLQJPHGLXP
Group number
D1
D2
D3
D4
D5
D6
D7
D8
D9

IBA (mg·L)
0.5
0.5
0.5
1
1
1
1.5
1.5
1.5

NAA (mg·L)
0.1
0.3
0.5
0.1
0.3
0.5
0.1
0.3
0.5

ABT powder (mg·L)
0.01
0.03
0.05
0.05
0.01
0.03
0.03
0.05
0.01

7$%/(
(IIHFWVRIGLIIHUHQWWHPSHUDWXUHWUHDWPHQWVRQVHHGJHUPLQDWLRQ
Temperature
(&)
25
35
45
55

Duration
(h)
22
22
22
22

Number of
inoculation
112
103
124
107

Suction
degree
non
slightly
fully
non



Number of
germination
50
82
112
33

Rate of
germination (%)
44.64c
79.61b
90.32a
30.84d
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),*85(
6RDNLQJDQGJHUPLQDWLRQ
$6RDNHGDWFRQVWDQWWHPSHUDWXUH%6HHGJHUPLQDWLRQIRUKRXUVDW&
7$%/(
(IIHFWVRIGLIIHUHQWSODQWJURZWKUHJXODWRUVRQWKHJURZWKRIJHUPV
Group number
A1

Bud number
60

Inductivity rate (%)
83.1c

A2

60

85.2bc

A3

60

76.5e

A4

60

87.9b

A5

60

86.1b

A6

60

80.1d

A7

60

92.3a

A8

60

90.5a

A9
A10

60
60

85.4bc
89.7b

Bud growth status
Hypocotyl had a small number of axillary buds
The germs germinated, the leaves turned yellow slowly,
and the whole plants grew slowly
The germs did not grow, and browned severely
The germs germinated, the axillary buds grew, and stem
leaves growth was obvious inhibition
The germs grew slowly, and the axillary buds did not
germinate
The germs did not grow
The stems and leaves grew and there were two to three
hypocotyls
The seedlings were relatively tall, and there were three
to four hypocotyls
The germs grew
Stems and leaves expanded, showing healthy green

WKHXQVWLUUHGVHHGVFRQWDLQHGUHODWLYHO\KLJKHUFRQ
WHQWRI VHHGJHUPLQDWLRQLQKLELWRUWKLVORZHUHGWKH
JHUPLQDWLRQUDWHVLJQLILFDQWO\

RESULT AND DISCUSSION
(IIHFWVRIGLIIHUHQWWHPSHUDWXUHVRQWKHJHU
PLQDWLRQUDWHRIVHHGV7KHHIIHFWRIGLIIHUHQWWHP
SHUDWXUHVRQWKHJHUPLQDWLRQUDWHRIVHHGVZDVVKRZQ
LQ7DEOH$VZDVVKRZQLQ)LJ%ZKHQWKHWHP
SHUDWXUHZDVDW&DQGWKHSURFHVVGXUDWLRQZDV
KWKHVHHGVZHOOHGDQGWKHVHHGFRDWZDVFUDFNHG
VKRZLQJ D VDWLVIDFWRU\ JHUPLQDWLRQ HIIHFW $W RQH
PRQWK DIWHU LQRFXODWLQJ WKH JHUPLQDWLRQ UDWH
UHDFKHG  )ROORZHG E\ WKRVH VHHGV WUHDWHG
ZLWK&WHPSHUDWXUHDQGKGXUDWLRQWKHVHHGV
VKRZHG PLOG ZDWHU DEVRUSWLRQ DQG VOLJKW HQODUJH
PHQW DQGWKH JHUPLQDWLRQUDWH ZDV :KHQ
WKH VHHGV ZHUH WUHDWHG ZLWK WKH  & WHPSHUDWXUH
DQGKGXUDWLRQWKHVHHGVKDGQRFKDQJHVQRZD
WHUDEVRUSWLRQWUHQGVDQGVKRZHGDORZJHUPLQDWLRQ
UDWH :KLOH ZKHQ WKH WHPSHUDWXUH UHDFKHG  &
VRPHRIWKHVHHGVFRXOGQRWVXUYLYHZKLFKUHVXOWHG
LQWKHORZHVWJHUPLQDWLRQUDWHRI6XQ V>@
UHVXOWVLQGLFDWHGWKDWWKH VWLUUHGVHHGVDFKLHYHGHQ
KDQFHG JURZWK DQG SK\VLRORJLFDO DFWLYLW\ DQG DOVR
WKHHQGRJHQRXVKRUPRQHFRQWHQWLVKLJKHUKRZHYHU

(IIHFWV RI JURZWK UHJXODWRUV ZLWK GLIIHUHQW
FRQFHQWUDWLRQVRQJHUPJURZWKDQGUHSURGXFWLRQ
7KH HIIHFWRI JURZWKUHJXODWRUV ZLWKGLIIHUHQWFRQ
FHQWUDWLRQV RQ WKH JHUP JURZWK DQG UHSURGXFWLRQ
ZDVVKRZQLQ7DEOH7KHJURZWKUDWHRIJHUPGH
FUHDVHG DV WKH FRQFHQWUDWLRQ RI %$ LQFUHDVHG
:KHQ WKH FRQFHQWUDWLRQ RI %$ ZDV  PJ /
WKHUHZHUHVRPHD[LOODU\EXGVDQGWKHQXPEHURIWKH
EXGV LQFUHDVHG ZKHQ WKH %$ FRQFHQWUDWLRQ LQ
FUHDVHGWRPJ/+RZHYHUZKHQWKH%$FRQ
FHQWUDWLRQZDVPJ/WKHUHZHUHQRD[LOODU\EXGV
JURZLQJ LQ WKH JHUP 2Q WKH RWKHU KDQG ZKHQ WKH
7'=FRQFHQWUDWLRQZDVPJ/WKHD[LOODU\EXG
JUHZ EHWWHU &RPSDUHG WR %$ 7'= ZLWK D ORZ
FRQFHQWUDWLRQZDVPRUHFRQGXFWLYHIRUWKHD[LOODU\
EXGGLIIHUHQWLDWLRQZKLOHZKLFKOLPLWHGWKHJURZWK
RIOHDYHVDQGVWHPV:KHQWKHFRQFHQWUDWLRQRI7'=
ZDVPJ/WKHD[LOODU\EXGFRXOGQRWJURZDQG
VKRZHGEURZQQHVV
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2YHUDOO WKH FRPELQDWLRQ RI  PJ / %$
DQGPJ/7'=VKRZHGWKHRSWLPDOHIIHFWV7KH
EXGGLQJUDWHRIVWHPVDQGOHDYHVZDVWKHKLJKHVWWKH
OHDYHV VKRZHG JUHHQQHVV DQG GHWHFWHG  D[LOODU\
EXGV7KXV DV DERYH PHQWLRQHG WKH PRVW VXLWDEOH
HQYLURQPHQWIRUVHHGVJHUPLQDWLRQDQGEUHHGLQJZDV
% %$  mg·L1$$  mg·L VXFURVH
DJDUDFWLYDWHGFDUERQ7KHHS
LFRW\OSDUWVRIWKHJHUPZLWKFPOHQJWKZHUHFXW
RIIDQGPRYHGLQWRWKHEXGLQGXFWLRQPHGLXP )LJ
 2XUUHVXOWUHJDUGLQJWKDWWKH%$ZDVFRQGXF
WLYH IRUWKH LQFUHDVH RIEXGQXPEHULQWKH HSLFRW\O
SDUWZDVLQOLQHZLWK+XDQJ VILQGLQJV>@LQWKHMX
MXEHWUHH

DFWLYDWHGFDUERQDQGWKHJURZWKVWD
WXVZDVVKRZQLQ)LJ(DUO\UHVXOWVLQGLFDWHGWKDW
LIRQO\LQFUHDVLQJWKHFRQFHQWUDWLRQRIDVLQJOHKRU
PRQHWKHQWKHVHHGOLQJVWHQGHGWREHWKLQDQGZHDN
>@+RZHYHULIWKHVHHGOLQJVJUHZUREXVWQHVVWKH
SUROLIHUDWLRQ PXOWLSOHV ZRXOG UHGXFH >@ ,Q WKH
VWXG\ ORZ FRQFHQWUDWLRQ RI 7'= ZDV IRXQG WR EH
EHQHILFLDOIRUWKHSUROLIHUDWLRQRIEXGVZKLOHH[FHV
VLYHFRQFHQWUDWLRQRI7'=LQKLELWHGWKHSUROLIHUDWLRQ
RI EXGV ZKLFK ZDV FRQVLVWHQW ZLWK WKH UHVXOWV RI
=KRX V >@ UHVXOWV 2XU VWXG\ DOVR LQGLFDWHG WKDW
1$$GLGQRWSOD\DVLJQLILFDQWUROHLQWKHSURFHVVRI
EXGSUROLIHUDWLRQZKLFKZDVLQOLQHZLWK=KDQJ V>@
VWXG\

(IIHFWVRIKRUPRQHFRPELQDWLRQVRQWKHEXG
DQGVWHPSUROLIHUDWLRQ7KHHIIHFWRIKRUPRQHFRP
ELQDWLRQV RQ WKH EXG DQG VWHP SUROLIHUDWLRQ ZDV
VKRZQLQ7DEOH7KHUHZHUHVLJQLILFDQWGLIIHUHQFHV
RIVWHPSUROLIHUDWLRQDPRQJWKHGLIIHUHQWWUHDWPHQWV
,QWHUPVRIWKHSUROLIHUDWLRQFRHIILFLHQW%KDVWKH
RSWLPDO HIIHFW DQG WKH SUROLIHUDWLRQ FRHIILFLHQW
UHDFKHG2YHUDOO7'=KDGWKHPRVWVLJQLILFDQW
HIIHFW RQ WKH EXG SUROLIHUDWLRQ IROORZHG E\ %$
ZKLOH1$$KDGWKHUHODWLYHO\OHVVHIIHFWV7KHPRVW
VXLWDEOHHQYLURQPHQWIRUWKHSUROLIHUDWLRQRIEXGDQG
VWHPVHJPHQWZDV%%$mg·L1$$
mg·L 7'=  mg·L VXFURVH  DJDU

(IIHFWV RI KRUPRQH FRPELQDWLRQV RQ WKH
VHHGOLQJVWUHQJWKFXOWLYDWLRQ7KHSODQWZLWKFP
KHLJKWDQGOHDYHVZHUHVHJPHQWHGWREHXVHGIRU
WKH FXOWLYDWLRQ LQ WKH PHGLXP IRU  GD\V 5HVXOWV
7DEOH VKRZHGWKDWWKHURRWOHVVSODQWVLQWKHEDVH
&FRXOGJURZQHZEXGVDQGOHDYHVZLWKLQGD\V
DQGWKHVHHGOLQJVJUHZIDVWHUDQGPRUHUREXVWO\$W
GD\VDIWHUFXOWLYDWLRQWKHDYHUDJHKHLJKWDQGVWHP
GLDPHWHU XQGHU & DFKLHYHG WKH PD[LPXP YDOXH
+RZHYHUWKHURRWOHVVSODQWVLQWKHEDVH&JUHZRXW
QHZEXGVDQGOHDYHVDIWHUGD\VDQGWKHEXGVJUHZ
SRRUO\HYHQDWGD\VDIWHUFXOWLYDWLRQ

),*85(
*HUPJURZWKDQGEXGLQGXFWLRQ
$*HUPJURZWK%&XWWLQJWKHHSLFRW\ORIJHUPDQGLQRFXODWLQJLQWKHEXGLQGXFWLRQPHGLXP
7$%/(
(IIHFWVRIGLIIHUHQWFRQFHQWUDWLRQVRIUHJXODWRUVRQSUROLIHUDWLRQRIVWHPZLWKDEXG
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FIGURE 3
Situations regarding the proliferation of stem with a bud (A. The proliferation of stem with a bud after
adding TDZ, B. The growth state of stem with a bud after adding TDZ)
7$%/(
(IIHFWVRIGLIIHUHQWFRQFHQWUDWLRQVRIUHJXODWRUVRQWKHDJURQRPLFFKDUDFWHUVRIVHHGLQJ
Group number

The average diameter of
seedlings (cm)

The average length of
seedlings (cm)

C1

3.01b

2.02c

C2

3.41b

2.34c

C3
C4

3.78b
4.16ab

2.86bc
3.71ab

C5

4.77a

3.49b

C6

5.11a

4.07a

Leaf status
Leaves grew slowly and turned
yellow gradually
Leaves stopped to grow and
tuned yellow
Leaves showed light green
Leaves turned into healthy green
Leaves grew vigorously and
showed healthy green in color
Leaves showed dark green in
color

FIGURE 4
Growth status of the rootless seedlings
(A. Rootless plant, B. The growth status of the plant after adding NAA and IBA)
'XULQJWKHFXOWLYDWLRQSURFHVVWKHSODQWJURZWK
UHJXODWRU SOD\HG DQ LPSRUWDQW UROH 7KH GLIIHUHQW
FRQFHQWUDWLRQV RI KRUPRQHV DIIHFWHG WKH JURZWK RI
VHHGOLQJVVLJQLILFDQWO\ 7DEOH $IWHUGD\VRIWKH
FXOWLYDWLRQLIRQO\DGGLQJ1$$RU,%$WKHVHHGOLQJ
JURZWKUDWHZDVVORZWKHSODQWZDVWKLQWKHOHDYHV
ZHUH VPDOO DQG WKH FRORU ZDV \HOORZ :KHQ 1$$
DQG,%$ZHUHDGGHGDWWKHVDPHWLPHLWZDVREYL
RXVO\EHQHILFLDOIRUWKHJURZWKRIWKHSODQWDQGWKH

EHWWHU HIIHFW ZDV REWDLQHG DV WKH FRQFHQWUDWLRQ LQ
FUHDVHG2YHUDOOWKHPRVWVXLWDEOHHQYLURQPHQWIRU
URRWOHVVVHHGOLQJVWUHQJWKZDV %1$$mg·L

,%$mg·LVXFURVHDJDUDF
WLYDWHGFDUERQ7KHJURZWKVWDWXVRIVHHGOLQJ
VWUHQJWKZDVVKRZQLQ)LJ
(IIHFWVRIGLIIHUHQWFRQFHQWUDWLRQVRIDX[LQV
RQWKHSODQWURRWLQJ7KHHIIHFWRIURRWLQJXQGHU'
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ZDV WKH RSWLPDO ZLWK WKH URRWLQJ UDWH RI 
ZKLFK ZDV VLJQLILFDQWO\ KLJKHU FRPSDUHG WR RWKHU
WUHDWPHQWV$PRQJ WKH WKUHH IDFWRUV$%7 KDG WKH
PRVW VLJQLILFDQW HIIHFWV RQ WKH URRWLQJ RI VHHGOLQJ
IROORZHG E\ ,%$ DQG 1$$ ZDV UHODWLYHO\ OHVV
2YHUDOOWKH PRVWVXLWDEOHHQYLURQPHQWIRUWKHURRW
JURZWK ZDV  % ,%$  mg·L 1$$ 
mg·L$%7URRWJURZWKSRZGHUmg·LVX
FURVH  DJDU  DFWLYDWHG FDUERQ 
7DEOH 7KHVWDWXVRIVHHGOLQJURRWLQJZDVVKRZQ
LQ)LJ
7KH URRWLQJ UDWH DQG VHHGOLQJ TXDOLW\ ZDV
JUHDWO\LQIOXHQFHGE\WKHSODQWJURZWKVWDWXVDQGWKH
JURZWK RI ERWWOH VHHGOLQJ ZDV WKH SUHUHTXLVLWH IRU
URRW LQGXFWLRQ >@ 2XU VWXG\ VXJJHVWHG WKDW WKH
PRVWLPSRUWDQWIDFWRUWKDWLQIOXHQFLQJSODQWURRWLQJ
ZDV WKH $%7 FRQFHQWUDWLRQ WKLV ZDV LQ OLQH ZLWK
/LX V>@ILQGLQJVDOVRRXUUHVXOWVVKRZHGWKDWWKH
RSWLPDO$%7FRQFHQWUDWLRQZDVPJ/ZKLFK
FRPELQHGZLWKPJ/,%$FRXOGUHVXOWLQWKHRS
WLPDOURRWLQJUDWH,QWHUHVWLQJO\LQWKLVVWXG\DSDUW
RIWKHPXOWLSOHVKRRWFOXPSVFRXOGGLUHFWO\JHQHUDWH
DGYHQWLWLRXVURRWVDQGLWZDVDSKHQRPHQRQH[LVWLQJ
LQWKHWLVVXHFXOWXUHRIWKHZRRG\SODQW7KHJHUPL
QDWLRQRIPHGLFDOSODQWZDVDOVRVWXGLHGE\2OPH]
>@WKURXJKXVLQJFROGVWUDWLILFDWLRQDQG+62
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CONCLUSION
,WFRXOGEHFRQFOXGHGWKDW&WHPSHUDWXUH
FRPELQHGZLWKKVHHGVRDNLQJGXUDWLRQZDVPRVW
EHQHILFLDOIRUVHHGJHUPLQDWLRQDQGWKHJHUPLQDWLRQ
UDWHFRXOGUHDFK7KHPRVWVXLWDEOHHQYLURQ
PHQWIRUVHHGVJHUPLQDWLRQDQGEUHHGLQJZDV%
%$  mg·L1$$  mg·L VXFURVH 
DJDUDFWLYDWHGFDUERQ7KHPRVWVXLW
DEOH HQYLURQPHQW IRU WKH SUROLIHUDWLRQ RI EXG DQG
VWHPVHJPHQWZDV%%$mg·L1$$
mg·L 7'=  mg·L VXFURVH  DJDU
DFWLYDWHGFDUERQ7KHPRVWVXLWDEOH
HQYLURQPHQWIRUURRWOHVVVHHGOLQJVWUHQJWKZDV%
1$$ mg·L,%$mg·LVXFURVH
DJDUDFWLYDWHGFDUERQ7KHPRVWVXLW
DEOH HQYLURQPHQW IRU WKH URRW JURZWK ZDV  %
,%$  mg·L 1$$  mg·L  $%7 URRW
JURZWK SRZGHU  mg·L VXFURVH  DJDU
 DFWLYDWHG FDUERQ  2XU FRQFOXVLRQ
FRXOGSURYLGHEHQHILFLDOLQIRUPDWLRQIRULPSURYLQJ
WKH WLVVXHFXOWXUH HQYLURQPHQW IRU 2UPRVLDPLFUR
SK\OOD

7$%/(
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FIGURE 5
Rooting status under different combinations of concentrations of auxin and rooting powder
(A. Growth status after adding ABT powder, B. Growth status after adding IBA)
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[3-5]. The predominant component in the essential
oil is carvacrol. The other main constituents are ȖTerpinene, p-cymene, and the ratio of these three
components to oil in the oil is 70%. Thymbra volatile
oil has a strong inhibitory effects on weed germination of weed seeds. Thybra spicata species has remarkable antifungal, antibacterial, insecticidal and
antioxidant [6-8].
The reactive oxygen and derivatives, some oxidative damage to proteins, lipids, enzymes and
DNA by covalent binding and lipid peroxidation.
Some of the natural chemicals in plants have started
to be taken as natural antioxidants. This natural
chemical perhaps used to preserve humans from oxidative stress damage. Natural antioxidants are much
more useful than synthetic antioxidants. There is no
side effect of natural antioxidants obtained from
plants, synthetic antioxidants were found to have an
genotoxic effect [9-11].
Based on that, the purpose of this study: (1) the
chemical components of essential oils from T.
spicata L.was determined, (2) antifungal activity of
these essential oils was tested against the Fusarium
oxysporum f. sp. lycopersici (FOL) (Sacc.) W.C.
Snyder and H. N. Hans, Alternaria solani (Ell. and
G.Martin) Fr, Rhizoctonia solani Kühn, Verticillium
dahliae. (3) It also was determined antioxidant activity of T. Spicata L. (4) antibacterial activity of these
essential oils were tested against the Xanthomonas
spp. (ZI365, ZI366, ZI368, ZI370, ZI373, ZI375,
ZI376, ZI378) bacterial isolates.

ABSTRACT
The study was to investigate chemical composition, antibacterial, the antioxidant and antifungal
activity of essential oil from Thymbra spicata L. (T.
spicata L.). T. spicata L. essential oil fourteen components were determined. The basic components of
the essential oil were determined carvacrol
  Ȗ-terpinene (10.42%) and p-Cymene
(5.49%). All plant pathogens at a dose of 10 μL -1 the
of essential oil blocked the of mycelium growth of
100%. The total phenolic and flavonoid contents of
the methanolic extract aerial parts are quite rich. The
methanolic extract from T. Spicata L. was determined a good antioxidant activity. Essential oil exhibited remarkable activity against the selected Xanthomonas spp. (ZI365, ZI366, ZI368, ZI370, ZI373,
ZI375, ZI376, ZI378) bacterial isolates. Our work
showed that T. spicata L., has a strong antifungal,
antibacterial and antioxidant activity. These studies
may be used in the management of plant pathogenic
fungi and bacterial diseases control.

KEYWORDS:
T. spicata L., Antifungal, Antibacterial, Antioxidant, Essential oil

INTRODUCTION
For many years, aromatic plants have been
used to food, drink and medicine. Lamiaceae family
is one of the largest groups in the medical aromatic
plants. T. spicata L. a species from the Lamiaceae
family, which has a broad distribution in Turkey.
The plant is locally known as Zahter, Kara kekik,
and .DUDEDúkekik in the Southeastern Anatolia Region in Turkey, used to form of dry or fresh leaves
and flowers in the tea. It is also used medically in
other areas, in herbal teas for asthma, colic, bronchitis, cough, and rheumatism, or folk medicine as an
antiseptic agent [1-2].
The essential oil components of thymbra species have been reported many times by researchers

MATERIALS AND METHODS
Materials. Plant material of T. spicata L. collected from thH 7XUNRJOX UHJLRQ .DKUDPDQPDUDú)
Turkey, in Jul 2016. The plant material was air-dried
at room temperature in shady conditions.
Extraction of essential oils. The air-dried
plant material was exposed to hydrodistillation for 2
h using a Neos essential oils system. The essential
oil from aerial parts samples were preserved in a
sealed vial at 4 °C until further analysis.
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TCA (1.25 mL, 10%) and FeCl3 (0.25 mL, 0.1%)
solution were added. After stirring vortex was
measured absorbance at 70 nm. The results obtained
was Trolox equivalent (TE), calculated.

Gas chromatography/mass spectrometry
(GC/MS) analysis. GC/MS analyses were applied
on an Agilent Technologies 7890A GC System,
5975C by Triple-Axis Detector mass spectrometer
with a built-in- Autosampler formed with the used of
the HP-5MS capillary column (30 m x 0.25 mm x
0.25 mm). For GC/MS detection, electron ionisation
system and ionisation energy of 70 eV was used. Helium was the transporter gas at a flow rate of 1 mL
min-1. The column temperature program was the
same as defined upstairs. As in the gas chromatography, 1.0 L split/splitles (10:1) of the sample diluted
with hexane were transferred to the clone. Identification of oil components was successful by comparison of their mass spectral fragmentation model by
the available mass library (WILLEY and NIST).

Cupric reducing antioxidant capacity (CUPRAC). The cupric antioxidant capacity analysis
method applied by Chang at al (2002), with slight
modifications. Results were compared with used in
standard antioxidants BHA and BHT absorbance.
Fungal cultures. The plant pathogenic fungi
used were obtained from the stock cultures of the
Department of Plant Protection, Faculty of Agriculture, University of Ahi Evran, Turkey.
In vitro antifungal effect of the essential oils.
The antifungal activities of essential oil were detected according to the agar well diffusion method
[14]. The PDA was autoclaved and cooled to 400.
After were transferred to 60 mm petri dishes (10 ml
petri-1). 5 mm diameter wells were opened on the
PDA within the petri dishes. The plant essential oils
were transferred 3, 5, 7 and 10 ȝO petri-1 into the
wells. Mycelium disks of 5 mm were then placed at
equal distances to these wells. The fungi transferred
petri dishes were incubated at 22±2°C. According to
mycelium inhibitions was calculated the formulated.
I=100×(DC -DT)/DC
I: Inhibition percentage compared to the control
(mycelium development)
DC: Mycelium development in the control
DT: Mycelium development in essential oils
applications.
Data were analysed using One-Way procedure
of ANOVA (Windows version of SPSS, release
15.00). Differences among concentrations were
compared to using DUNCAN Multiple Range Test
of p<0.05.

Total phenolic contents. The total phenolic
compound was determined by Slinkard and
Singleton, (1977) Folin-Ciocalteus reagent with a
small modification. Plant extract 0.1 ml was mixed
with distilled water 4.6 ml. On 0.3 ml of Na2CO3
solution (2%) and 0.1 ml of Folin-Ciocalteus reagent
was added to the mixed. It was incubated for 2 hours
at room conditions. After the absorbance was measured at 760 nm. As result of gallic acid equivalents
(GAE)/g of the extract was calculated.
Determinations of total flavonoid assay. The
plant sample total flavonoid contents were determined by Chang at al (2002) [12]. Plant extract 0.1
ml was mixed with methanol 4.8 ml. 0.1 ml Al (NO3)
(10%) and 0.1 ml NH4CH3COO solution (1M) was
added to the mixed. It was incubated for 45 minute
at room conditions. After the absorbance was measured at 415 nm. As result of quercetin equivalents
(QE), g-1 of the extract was calculated.
DPPH. free radical-scavenging activity. The
free radical scavenging activity was determined by
Liana-Pathirana made a few changes in the method
[13]. Plant methanol extracts were different amounts
stock solutions by placing the test tube and volume
was completed to 3 ml with ethyl alcohol. Over them
1 ml of DPPH. solution (0.26 mM) was added and
stirred with the help of vortex. After standing for 30
minutes in a dark ambient, the absorbance was read
at 517 nm. The data obtained were expressed as IC50.
The radical scavenging activity was calculated from
the equations.
IDPPH=100. [Acontrol-(Asample-Ablank)] / Acontrol

In vitro antibacterial activity. The plant bacterial sample, eight different Xanthomonas spp.
(ZI365, ZI366, ZI368, ZI370, ZI373, ZI375, ZI376,
ZI378), the isolate was isolated from pepper fields
KahUDPDQPDUDú. The bacteria cultures were grown
in the nutrient glucose agar solid medium at 25°C.
After 24 hours of growth, each microorganism, at a
concentration of the 0.1 density was set at a spectrophotometer 600 nm. The after was inoculated on the
surface of nutrient glucose agar Petri dishes the help
of a glass baguette. Later, filter paper discs (1 mm in
diameter) essential oil 10ml were placed on the
surface of each inoculated petri dishes. The petri
dishes were incubated at 25 °C for 48 h. Bacteria
were evaluated by measuring the undeveloped zone.
The experiment was performed in two repeats and
four duplicates.

Iron ion reducing antioxidant power
(FRAP). The FRAP analysis method applied by
Oyaiz (1986) was performed through amendments.
0.25 ml plant extract of 0.2 M phosphate buffer (pH
6.6) with 1.25 mL complete. On 1.25 ml of potassium ferricyanide [K3 Fe (CN)6] solution (1%) was
added. The mixture was incubated at 50 ° C for 20
minutes. The mixture cooling to room temperature
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ary metabolites are significant antioxidant and chelating properties. In the presence of the hydroxyl
groups of the antioxidant activity, the substituent is
attached [16].
Plants plenty including phenolics, carotenoids
and flavonoids, have antioxidant activity, because of
their redox feature and chemical structures. The
showed DPPH. the free radical-scavenging activity
of the T. spicata L. methanol extract. The methanol
extract was found statistically important compared
with the control. The DPPH. radical scavenging activity of methanol extract of the T. spicataL. Table
3. The methanol extract was found to be near
standard BHT, but not BHA and Trolox.
ABTS scavenging activity of methanol extract
is shown Table 3. The methanol extract was found to
be better than standard BHA, but near BHA and a bit
remote Trolox. In previous studies, Öztürk [17],
have reported that carvacrol shows a remarkable
DPPH and ABTS radical scavenging activity.
The reduction of Fe + 3 ion, indicative of important qualities give electrons for the antioxidant
activity of a compound is closely associated with
other antioxidant mechanisms. In an analysis of the
strong reducing powers of the methanol crude extract (2.18±0.21), compared with a control such as
BHT and BHA Table 3.
Cupric reducing antioxidant capacity was
showed methanol extract of Table 3. The methanol
extract had extract (6.57±0.40) exhibit higher reducing power activity than used standard as BHT and
BHA Table 3.

RESULT AND DISCUSSION
Composition of the essential oil. The chemical composition T. spicata L. of the essential oil was
analyses by GC/MS (Table 1).T. spicata L. essential
oil fourteen components were determined. The main
components of the essential oil were determined carYDFURO   Ȗ-terpinene (10.42%) and p-Cymene (5.49%). Carvacrol (78.53%) is the basic component of volatile oil. In many studies, carried out
previously on T. spicata L. determined that carYDFURO WK\PRO Ȗ-terpinene and p-cymene was the
main compounds [4, 5, 8].
Kiliç [8], were reported T. spicata L. in the essential oil main compounds detected carvacrol
  Ȗ-terpinene (12.95%), and p-cymene
(9.61%). Kizil [4], was reporting on the essential oil
composition of T. spicata from Turkey, carvacrol
content changed among 34.5 and 94.2%.
In vitro antifungal results. The application of
the antifungal activity of the essential oil tried are
given Table 2. The essential oil of T. spicata L.were
showed strong antifungal activity against plant pathogenic fungi. Compared with the of control, T.
spicata L. essential oil at a dose of 7 μL/petri reduced the of mycelium growth of A. Solani and F.
oxysporum f. sp lycopersici by 100%. R. solani and
V. dahliae were blocked mycelium growth of
68.61% and 79.18% respectively.
All pathogens at a dose of 10 μLpetri-1 the of T.
spicata L. essential oil blocked the of mycelium
growth of 100% (Table 2). In former works, MullerRiebau et al (3) were reported that the essential oils
of T. spicata L., show a significant, antifungal activity the soil-borne such as Rhizoctonia solani,
Fusarium moniliforme, Phytophthora capsici and
Sclerotinia sclerotiorum. Markovic et al (5) have reported that the essential oils of T. spicata L. and carvacrol shows a remarkable antifungal activity
against Aspergillus fumigatus (plant isolate), Penicillium funiculosum (ATCC 36839), Aspergillus niger(ATCC 6275), Aspergillus ochraceus (ATCC
12066), Aspergillus versicolor (ATCC 11730),
Trichoderma viride (IAM 5061) and Penicillium
ochrochloron (ATCC 9112).

In vitro antibacterial results. The antibacterial activity of the essential oil of T. spicata L. was
work 10μl against eight plants pathogenic bacterial
isolate. Results of the antibacterial potential of the
essential oil are presented in table 4. The growth inhibition zone measured ranged from 28 to 39 mm for
all the of isolating Xanthomonas spp.
T. spicata L. essential oil showed strong antibacterial activity against isolate Xanthomonas spp.
the of bacterial species tested. The highest effect of
essential oil was seen in the ZI373 isolate, by followed (ZL378, ZL375, ZL365), (ZL366), (ZL370,
ZL376) and (ZI 368) respectively. Control treatment
did not show inhibitory effect on any a bacterial isolate.
Markoviç et al [5], have reported the essential
oil of T. spicata L. showed strong antibacterial activity; Also, was reported in the carvacrol showed
strong antibacterial activity. Dulger et al. [18] have
reported that the remarkable antibacterial activity of
crude extracts obtained from T. spicata var. Spicata
against the 35 isolates of MRSA.

Antioxidant activity results. The total phenolic contents of the methanolic extract aerial parts,
calculated from the calibration curve was
176.20±1.50 gallic acid equivalents mg (GAE) g-1 of
extract, and the total flavonoid content was
60.15±3.21 quercetin equivalents mg (QE) g-1 of extract Table 3.Phenolic substances are significant
plant due to their scavenging ability on free radicals,
their hydroxyl groups. For this reason, the phenolic
substances of plants are possible to contribute right
to their antioxidant activity [15]. The plant second-
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TABLE 1
The chemical compositions of T. spicata L. essential oils.
**

Compound number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Total

RT (min)
11,628
13,442
14,435
14,7
15,832
16,178
20,042
23,693
24,321
28,23
32,999
33,224
40,939
44,086

*

RI
902
962
992
999
1035
1045
1156
1262
1279
1398
1555
1563
1846
1973

Name
2-Thujene
ȕ-Pinene
Į-Terpinene
o-Cymene
Ȗ-Terpinene
Sabinene hydrate
Terpinen-4-ol
Thymol
Carvacrol
Caryophyllene
Spathulenol
Caryophylene oxide
Octadecane
Octadecane

Percentage
0,62
0,61
1,22
5,5
10,42
0,43
0,27
0,32
78,53
1,23
0,16
0,17
0,26
0,26
100

Methods of identification
RI, ***MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS
RI, MS

*

RI, retention indices**RT, retention time***MS, Mass spectra
TABLE 2
Antifungal activity values (Inhibition (%) and Inhibition zone) for T. spicata L. essential oil.
**

Plant Pathogens

Doses
ȝOSHWUL
Control
3
5
7
10

R.s
I(%)
0.00e*±0.0
34.64d±0.90
40.85c±0.89
68.61b±1.47
100a±0.0

A.s
Iz(mm)
60
39.21
35.48
18.83
00

I(%)
0.00d±0.0
68.36c±1.32
80.97b±0.68
100a±0.0
100a±0.0

FORL
I(%)
0.00d±0.0
68.36c±0.79
79.70b±0.64
100a±0.0
100a±0.0

Iz(mm)
60
19.98
11.41
00
00

Iz(mm)
60
25.37
12.17
00
00

V.d
I(%)
0.00e±0.0
52.78d±1.02
63.24c±0.77
79.18b±0.71
100a±0.0

Iz(mm)
60
28.33
22.05
12.48
00

*
According to DUNCAN, the averages with different letters in the same column are different at the significance
level of p<0.05
**
Plant pathogens; F. oxysporum f. sp. lycopersici (FOL), A. Solani(A.s), V. dalhia (V.d) R. Solani (R.s). Negative
control (NC)
TABLE 3
Antioxidant activity of T. spicata L. of the methanol extract by TP, TF, DPPH, ABTS,
Reducing power and CUPRACa.

Sample
Methanol extract
BHAb
BHTb
Trolox

TP
mg GAE g-1
extract
176.20±1.50

TF
mg QEg-1
Extract

DPPH.
lC50
(μg mL-1)

ABTS
lC50
(μg mL-1)

Reducing power
mmol TEAC g-1
extract

CUPRAC
mmol TEAC
g-1 extract

60.15±3.21

12.35±0.93
4.52±0.67
8.45±0.67
3.50±0.03

4.96±0.25
3.30±0.05
9.40±0.55
4.80±0.06

2.18±0.21
6.60±0.16
2.74±0.35

6.57±0.40
15.99±1.07
15.25±0.61

an
b

IC50 Rate represents the means the standard deviation of three parallel measure (p < 0.05).
Standart compounds
TABLE 4
Antimicrobial activity of essential oil inhibition zone (mm) disk diffusion method.

Xanthomonas spp. isolate
Inhibition zone (mm)

ZI375
32

ZI368
28

ZI366
31

ZI378
32

ZI376
30

ZI373
39

ZI370
30

ZI365
32

fungi. Also, was showed strong antibacterial activity
against isolate Xanthomonas spp. The chemical
composition of essential oil from T. spicata L. was
determined Its main component carvacrol. The
methanol extract of T. spicata L. was determined total phenolic and flavonoid. T. spicata L. has rich in
terms of contents of the total phenolics and

CONCLUSIONS
In this study, was determined antibacterial, antifungal, antioxidant activities and chemical composition essential oil from T. spicata L. The results of
this work have shown essential oil from T. spicata L.
strong antifungal activity against plan pathogenic
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flavonoids. These studies can be used in the
management of plant pathogenic fungi and bacterial
diseases control. As a result of T. Spicata L., was
showed a high antioxidant activity. Our work
showed that T. Spicata L., has a strong antifungal,
antibacterial and antioxidant activity.
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20±30% of the dye market. Through reactive groups,
textile dyes create covalent bonding with fibers [3].
The presence of dyes in the textile effluents causes
several environmental problems due to their recalcitrant organic characteristics, resistance to aerobic digestion and stability against oxidizing agents, light,
and heat [4]. Additionally, some of the dyes and their
reaction by-products like aromatic amines are highly
carcinogenic [5]. The colored wastewater are characterized by high chemical oxygen demand (COD)
and total organic carbon (TOC), high salt content,
low biodegradability and color [6]. Many processes
have been applied to wastewater such as adsorption,
precipitation, photo-degradation, biodegradation,
chemical degradation, and chemical coagulation for
dye and various pollutant removals [7-13]. Besides
the processes mentioned above, electrochemical processes (electro coagulation (EC), electro-flotation
(EF) and electro-decantation (ED)) also applied to
wastewaters and serve some advantages like high removal efficiency, lower reactor volumes, non-usage
of additional chemicals, low excessive sludge generation, simple installing and easy operation [14,15].
In wastewater treatment applications EC is a widely
used technique, whereby active coagulant precursors
releases into the solution by corroding sacrificial anodes (usually aluminum or iron cations) [16,17].
Among electrochemical processes, EC is one of the
most effective processes to remove dyes from colored wastewater [18]. EC process removal efficiency
is affected by operational parameters like electrode
type, current, pH, conductivity and operation time
[19]. There are numerous studies in the literature survey about colored wastewater treatment via EC [2023]. However, to achieve the optimum dye removal
efficiency and energy consumption process parameters of EC it should be optimized. In classic optimization of system effecting factors, level of one factor
changed and the other factor levels keep constant,
than one by one all factors optimization complied.
But classical optimization method is time-consuming and requires more experimental studies [24].
There are some statistical optimization methods to
reach better operational conditions such

ABSTRACT
In this study, Taguchi experimental design
method was applied to determine the optimum operating conditions for treatment of textile wastewater
by electrocoagulation (EC) with aluminum-iron
electrode pairs. The experimental parameters investigated were electrode connection type; initial pH
(pHo): 5-8; conductivity (250-500 μs/cm); and electrolysis time (5-20 min). These parameters were varied at four levels to see their effects on the removal
efficiency. The results show that the electrocoagulation using Fe-Al electrode pairs with different connection modes were able to treat the dye wastewater.
The maximum color removal percentage (99.8%)
was achieved by the Fe-Al-Fe-Al electrode connection type, pH 6, current density of 75 mA/cm2, conductivity of 750 μs/cm and 15 min electrolysis time
for RO 16. On the other hand, optimum conditions
were determined as Fe-Al-Fe-Al electrode connection mode, pH 6, current density of 75 mA/cm2, conductivity of 750 μs/cm and 20 min electrolysis time
for RR 239 and complete decolorization were obtained at these parametric conditions.

KEYWORDS:
Electrocoagulation, Reactive orange 16, Reactive red 239,
Taguchi orthogonal array, Color removal.

INTRODUCTION
Textile industry is one of the highest water consumptive industry, in which water requirement varies between 25-250 m3/ton of product, depending on
production type and technology [1]. Dyeing and finishing processes require large volumes of water, and
consequently, generate huge amount of wastewater
with high loads of contaminants. In these processes,
up to 50% of the dyes are disposed out in the effluents [2]. Due to their bright colors, excellent colorfastness, high water soluble characteristics, and
ease of application; reactive dyes are the most used
dye type in textile industry. They are representing
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TABLE 1
Chemical structures and properties of RO 16 (a) and RR 239 (b).





Parameter
Color index number
Chromophore
0D[Ȝm (nm)
Purity (%)
Water solubility 293 K (g/l)

(a)
RO 16
Azo
492
55-60
>50

(b)
RR 239
Azo
516
25-35

Acute oral toxicity LD50 (mg/kg)
Fish toxicity LC0 (mg/l)
pH ( 10 g/l H2O)
COD (mg/g)
BOI5 (mg/g)
DOC (mg/g)

2000
>500
6
850
11
304

5000
>500
a5.5
737
-

FIGURE 1
(a) Schematic diagram and (b) general view of the electrochemical cell

previous study [26]. The EC unit consists of four
SODWHHOHFWURGHV SXULW\  ZLWKîî
mm dimensions. Effective electrode area and the
gaps between electrodes are 210 cm2 and 20 mm respectively. Electrodes were connected to a digital
DC power supply (Alpha 10A-50 V DC power supply) in monopolar-parallel mode. Four combinations
of electrode connections were used for the study: AlAl-Al-Al, Al-Fe-Al-Fe, Fe-Fe-Fe-Fe and Fe-Al-FeAl. During the experiments the EC reactor has been
stirred by a magnetic stirrer (Wise Stir MSH-20A
Germany) at 250 rpm.

as the Taguchi, response surface and full or partial
factorials etc. Among these optimization methods,
7DJXFKL¶VRUWKRJRQDODUUD\ 2$ PHWKRGLVXVHGWR
determine the optimum operational parameters with
least number of experiment [25]. Signal to noise ratio (S/N) is used in Taguchi method in order to determine the quality characteristic derivation from desired values. The highest S/N ratio is accepted as the
optimal condition and its variability is inversely proportional to the S/N ratio [8].
In the study, Taguchi OA method was used to
reveal the optimum color removal conditions at EC
process in terms of initial pH (pH i), electrode connection type, current, conductivity and operational
time. Providing the optimum conditions, better operational cost and treatment efficiency can be achieved
at real applications.

Analytical Procedure. COD and color were
determined according to standard methods. In all experiments, analytic grade chemicals were used. During the experiments, conductivity and pH and were
measured by a conductivity meter (WTW- 340i) and
a pH meter (Consort - C931), respectively. In order
to adjust initial pH (pHi) 0.1 M NaOH (Merck) and
0.1 M HCl (Merck) solutions were used.

MATERIALS AND METHODS
Reagents. Reactive Orange 16 (RO 16) and
Reactive Red 239 (RR 239) were used in this study
and purchased from Dye Star corporation. Chemical
structures and characteristics of the dyes showed in
Table 1.

Taguchi Experimental Design. The primary
objective behind Taguchi method is to determine the
orthogonal array for experimental design and signal
to noise ratio (S/N) for quality. The orthogonal array
consists of the controllable factors and experimental
combinations of equal probability [27]. The controllable factors considered in this study were electrode
connection type, pHi, current density, conductivity
and electrolysis time.

EC reactor. The schematic diagram and general view of the thermostatic electrochemical reactor
is shown in Fig. 1. The EC reactor is made of acrylic;
the inner dimensions are 130 × 100 × 100 mm. Further information about EC reactor can be found at
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TABLE 2
Operational conditions and levels
Factor
Electrode Connection Type
Initial pH (pHi)
Current Density (mA/cm2)
Conductivity (μs/cm)
Electrolysis Time (min)

Level 1
Al-Al-Al-Al
5
25
250
5

Level 2
Al-Fe-Al-Fe
6
50
500
10

Level 3
Fe-Fe-Fe-Fe
7
75
750
15

Level 4
Fe-Al-Fe-Al
8
100
1000
20

TABLE 3
Color removal of RO 16 according to L16 orthogonal array
Exp. No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Parameters
Electrode
Connection
1
1
1
1
2
2
2
2
3
3
3
3
4
4
4
4

pHi
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

Current Dens.
(mA/cm2)
1
2
3
4
2
1
4
3
3
4
1
2
4
3
2
1

Conductivity
(μs/cm)
1
2
3
4
3
4
1
2
4
3
2
1
2
1
4
3

Removal
Average
(%)
49.34
52.73
60.29
45.57
43.98
34.78
40.39
29.76
43.94
75.98
57.24
63.14
85.37
93.82
46.19
74.32

Time
(min)
1
2
3
4
4
3
2
1
2
1
4
3
3
4
1
2

FIGURE 2
Main effect plots for S/N ratios of the EC process (a) RO16 and (b) RR239.
FRORUUHPRYDOGH¿QHGE\(T  

Each operational factor had four different conditions (indicated by levels 1, 2, 3 and 4, respectively, as commonly done in Taguchi method) can be
seen in Table 2.
The quality characteristics In Taguchi method
are known as: larger-the-better, nominal the-best,
and smaller-the-better. As the objective of this study
was to treat dye solution by electrocoagulation, the
quality characteristic chosen was larger-the-better of

ሺɄሻ ൌ

ܣ െ ܣ௧
ሺͳሻ
ܣ

Where A0 and At are the absorbance values
(nm) at initial and time t at the ݠmax value, respectively.
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value of that particular parameter and was found as
4th level of electrode connection type (Fe-Al-Fe-Al),
2nd level of pH (6), 4th of current density (75
mA/cm2) and 3rd of conductivity (750 μs/cm) for
both dyes. These parametric values provide the optimum conditions. However, electrolysis time differ
for RO 16 and RR 239 in this study. The optimum
electrolysis times were determined as 3rd (15 min)
and 4th (20 min) levels for RO 16 and RR 239, respectively.

RESULTS AND DISCUSSION
Optimization. The results of the 16 experiments are given in Table 2 and 3 for RO 16 and RR
239, respectively. The average removals shown in
Table 2 and Table 3 were the average of two repeated
experiments.
The collected data was analyzed using the computer software package program (MINITAB 16) for
the evaluation of the effect of each parameter on the
optimization criteria. Fig. 2 (a) (b) illustrates the S/N
ratio averages for each factor at the four different
levels and the corresponding response variable.
As seen in Fig. 2 (a) (b) the electrode connection type exhibits large variations; therefore, this parameter that has a major effect on the EC process. On
the other hand, the current density shows the smallest variation than that of the other parameters. This
means that, the current density parameter has the less
influence in the EC process.
The pick points in each graph indicated the best

Analysis of Variance (ANOVA). ANOVA results of the data obtained from EC experiments for
RO 16 and RR 239 are presented in Table 5 and 6,
respectively. The Cr column in Table 5 and 6 shows
the percent of contribution (P, %) of each factor to
response. The percent of contribution shows the influence of one factor on the total observed variance
in the experiments. A higher value of the Cr values
means that the factor has more importance than the
others.

TABLE 4
Color removal of RR 239 according to L16 orthogonal array
Exp. No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Parameters
Electrode
Connection
1
1
1
1
2
2
2
2
3
3
3
3
4
4
4
4

Current Dens.
(mA/cm2)
1
2
3
4
2
1
4
3
3
4
1
2
4
3
2
1

pHi
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

Conductivity
(μs/cm)
1
2
3
4
3
4
1
2
4
3
2
1
2
1
4
3

Removal
Average
(%)
58.73
92.89
83.87
85.60
87.16
73.41
81.85
55.64
80.67
83.82
83.49
70.21
98.88
99.13
97.40
92.15

Time
(min)
1
2
3
4
4
3
2
1
2
1
4
3
3
4
1
2

TABLE 5
ANOVA of the data resulted from experimental design for RO 16
Source
Electrode connection type
pH
Current Density
Conductivity
Electrolysis Time
Error
Total

DF
3
3
3
3
3
16
31

Seq SS
5946.38
816.27
474.74
2157.39
667.5
0
10062.28

Adj MS
1982.13
272.09
158.25
719.13
222.5
0

F
39642522
5441776
3164933
14382617
4450031

Cr
59.10
8.11
4.72
21.44
6.63
0.00
100

P
0.0000
0.0000
0.0000
0.0000
0.0000

TABLE 6
ANOVA of the data resulted from experimental design for RR 239
Source
Electrode connection type
pH
Current Density
Conductivity
Electrolysis Time
Error
Total

DF
3
3
3
3
3
16
31

Seq SS
2273.31
679.28
660.27
368.6
1071.51
0.21
5053.17

Adj MS
757.77
226.43
220.09
122.87
357.17
0.01

7603

F
58713.31
17544.04
17052.94
9519.88
27674.26

Cr
44.99
13.44
13.07
7.29
21.20
0.01
99.99

P
0.0000
0.0000
0.0000
0.0000
0.0000
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According to the Table 5 and 6, it can be said
that the electrode connection type the most important
parameter on color removal. Also, conductivity of
the solution is the second important parameter for the
RO16 removal by EC process. On the other hand,
electrolysis time for RR 239 removal is the second
important parameter.
The optimal combination of the process parameters can be predicted. Finally, a confirmation experiment is conducted to verify the optimal process parameters obtained from the parameter design. In this
study, the optimal values of the factors were determined by maximizing the color removals for RO16
and RR 239 (Table 7).
As seen from the Table 7 it is understood that
almost complete color removal was reached at optimum conditions for both dye. Using EC process with
different electrode connection types effective color
removal results were achieved in short treatment
times. Fig. 3 shows the color differences of the dye
solutions during electrolysis period.

FIGURE 4
Initial and final pH values of the solutions for
each experiment according to Taguchi L16 orthogonal array [electrode connection type: FeAl-Fe-Al; pH 6; conductivity: 750 μs/cm; electrolysis time; 15 and 20 min for RO16 and RR
239, respectively].
As previously stated by Gomes et al., formation
of iron oxides/hydroxides is thermodynamically
more favorable at higher pH as observed in the Pourbaix diagram of iron±water system, also, solubility
of aluminum is also lowest around pH 6±7. The researchers have also reported that Fe-Fe electrode
connection mode provided better removal efficiency
than that of Al-Fe and Al-Al combinations in their
studies on treatment of truck wash water using electrocoagulation [29]. But the results obtained in this
study showed that electrode connection type of FeAl provided more effective treatment performance
than the others.

FIGURE 3
Decolorization of RO16 and RR239 by EC process at optimum conditions [Electrode connection type: Fe-Al-Fe-Al; pH 6; conductivity: 750
μs/cm; Electrolysis Time; 15 and 20 min for
RO16 and RR 239, respectively].

It is well known that pH is a crucial operating
factor influencing the performance of EC process.
Ordinarily, the pH of the medium changes during the
process and this change depends on the type of electrode material and on initial pH [28]. In this sense,
initial (pHi) and final (pHe) pH values may be a well
indicator of the dominant coagulant types into the reaction environment. Fig. 4 shows the pHi and pHe
values belong to the experiments.
TABLE 7
Optimum conditions for RO 16 and RR 239 according to Taguchi method.
Dye

RO
16
RR
239

Electrode Connection Type
Lev
el
4
4

Value
Fe-AlFe-Al
Fe-AlFe-Al

Current
Density
(mA/cm2)

pH

Lev
el
2
2

6

Le
vel
4

6

4

Value

100

Lev
el
3

100

3

Value

Electrolysis
Time
(min)

Observed
(%)

Predicted
(%)

750

Le
vel
3

15

99.87

92.8

750

4

20

100

99.4

Conductivity
(μs/cm)

7604

Value

Confidence
Interval
(%)

Value
87.1 98.5
92 100
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X, Y and Z, given for the Turkish Market, October
2016, are as follows; electrical energy price 0.072
¼N:KHOHFWURGH PDWHULDOSULFH¼NJIRULURQ
HOHFWURGH PDWHULDO SULFH  ¼NJ DQG FKHPLFDO FRVWV
¼NJ1D&O¼NJIRU1D2+DQG¼NJ
for H2SO4.
The electrode and energy consumptions in the
EC process were calculated using the following
equations (Eq. 3);

According to Pourbaix, the iron flocks in aqueous solution provide the highest removal of pollutant
from wastewater with neutral or slight neutral
(6<pH<10). As seen in Fig.4, our results remain in
this pH level for the experiments.
Fig. 5 illustrates the UV/visible absorption
spectra of a RO16 and RR239 solutions at various
electrolysis time during the EC treatment. As can be
observed from these spectra, after the EC treatment
period, the absorption spectrums of RO16 and
RR239 in water were decreased significantly.
These observations can be attributed to mineralization of the dyes by electrochemically. Moreover, the decay of the absorbance at 250 or 300 nm
was considered as the evidence of aromatic fragment
degradation in the dye molecule and its intermediates [30].

Energy consumptio n

(V .I .t )

(3)

Q

Where energy consumption is the energy consumption (kWh/m3), V is voltage (Volt), I is current
(Ampere), t is EC time (s) and v is volume of the
treated wastewater (m3), respectively. The total
change in amount of anode and cathode electrode
(MT) was calculated in the following equation (Eq.
4):

Cost Analysis. In the term of applicability, as
in all other treatment methods operating cost and
treatment efficiency are the key factors in EC. In this
context operating cost was calculated at optimum
treatment conditions which are determined under
Taguchi experimental procedure. Operating cost expressed as (Eq. 2);

MT

M A  MC

(4)

Where MT and MC is the mass change in amount
or the dissolved materials from the surface of anode
and cathode electrode (g), respectively. The EC
treatment costs for optimum levels of operational parameters are depicted in Table 8.
According to Table 8, the cost of the EC treatment varies because the type of dye will affect the
optimum conditions for the system. The operating
FRVWVIRUWKLVVWXG\YDU\EHWZHHQDQG¼WR
treat per one m3 of the dye wastewater.

Operating Cost (OC)= XEnergy consumption (EnC) +
YElectrode consumption (ElC) + ZChemical consumption (ChC)
(2)
Energy and electrode consumption are the
quantities per m3 of wastewater treated. Unit prices,

FIGURE 5
Spectrum scanning in visible region after and before EC treatment (a) RO16 and
(b) RR239 (Dye Concentration: 100 mg/L).
TABLE 8
Effect of the operational parameters on EC treatment cost
Dye

RO
16
RR
239

Electrode
Connection
Type
Lvl

Lvl

Current Density
(mA/cm2)
Lvl

4

2

4

3

3

0.656

0.772

0.044

0.816

4

2

4

3

4

0.942

0.955

0.042

0.997

pH

Conductivity
(μs/cm)

Electrolysis
Time (min)

Lvl

Lvl

7605

ElC
(kg/m3)

EnC
(kWh/m3)

ChC
¼P3)

OC
¼P3)
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[7] Çiner, F.*|NNXú, Ö. (2013) Treatability of Dye
Solutions Containing Disperse Dyes by Fenton
and FentonͲSolar Light Oxidation Processes.
CLEAN±Soil, Air, Water. 41, 80-85.
[8] *|NNXú, Ö. <ÕOGÕ], Y.ù., Yavuz, B. (2012)
Optimization of chemical coagulation of real
textile wastewater using Taguchi experimental
design method. Desalination and Water
Treatment, 49, 263-271.
[9] Wang, L., Li, J. (2013) Adsorption of C.I.
Reactive Red 228 dye from aqueous solution by
modified cellulose from flax shive: Kinetics,
equilibrium, and thermodynamics. Industrial
Crops and Products. 42, 153-158.
[10] Patel, H., Vashi, R.T. (2012) Removal of Congo
Red dye from its aqueous solution using natural
coagulants. Journal of Saudi Chemical Society.
16, 131-136.
[11] Dobaradaran, S., Kakuee, M., Pazira, A.,
Keshtkar, M., Khorsand, M. (2015) Fluoride
removal from aqueous solutions using Moringa
oleifera seed ash as an environmental friendly
and cheap biosorbent. Fresen. Environ. Bull. 24,
1269-1274.
[12] Rasuli, L., Emamjome, M.M., Mahvi, A.H.
(2014) Removal of fluRUÕGH IURP ZDWHU
VROXWÕRQV E\ QDWXUDO ]HROÕWH PRGÕIÕHG ZÕWK
FDWÕRQÕF VXUIDFWDQW )UHVHQ. Environ. Bull. 23,
436-444.
[13] Akbari, H., Khorshid, A.R., Hozhabri, K.,
Yousefi, M., Mahvi, A.H. (2014) Phenol
removal from aqueous solution using date pit
ash as adsorbent. Fresen. Environ. Bull. 23,
1329-1336.
[14] Ozyonar, F., Karagozoglu, B. (2015) Treatment
of pretreated coke wastewater by electrocoagulation and electrochemical peroxidation
processes. Separation and Purification Technology. 150, 268-277.
[15] Gao, J., Bao, K., Jia, X., Zhou, J., Zhang, R.
(2012) Optimization of phosphorus removal
from phosphate-contaminated water by electrocoagulation using aluminum and iron plate electrodes. Fresen. Environ. Bull. 21, 2581-2586.
[16] Aleboyeh, A., Daneshvar, N., Kasiri, M.B.
(2008) Optimization of C.I. Acid Red 14 azo
dye removal by electrocoagulation batch
process with response surface methodology.
Chemical Engineering and Processing: Process
Intensification. 47, 827-832.
[17] Zodi, S., Merzouk, B., Potier, O., Lapicque, F.,
Leclerc, J-P. (2013) Direct red 81 dye removal
by a continuous flow electrocoagulation/
flotation reactor. Separation and Purification
Technology. 108, 215-222.
[18] Srivastava, V.C., Patil, D., Srivastava, K.K.
(2011) Parameteric optimization of dye removal
by electrocoagulation using Taguchi methodology. International journal of chemical reactor
engineering. 9.

CONCLUSION
In conclusion, the results obtained in this study
showed that electrocoagulation process with different electrode connection type seems to be a very
good option as a treatment modification to attain
considerable color reduction for reactive dye solution. According to the results, the highest removal
efficiencies for the EC process were achieved (9399%) at pH 6, electrode connection type: Fe-Al-FeAl, conductivity: 750 μs/cm, electrolysis time: 15
and 20 min for RO16 and RR 239, respectively.
ANOVA results revealed that the most effective parameter was the electrode connection type because it
has the highest contribution percentages (59-45% for
RO 16 and RR 239, respectively), therefore, it was
understood that electrode connection type almost
manages the entire system. Also, the effects of some
operational parameters on the EC treatment cost
have been investigated in this study, and the results
showed that operating costs were different for the
treatment of RO 16 and RR 239. Depending on the
type of dye to treat, EC treatment costs varied from
0.816 to 0.997 ¼P3 for RO16 and RR 239, respectively.

REFERENCES
[1] *|NNXú, Ö. (2016) Oxidative degradation of
Basic Black 3 by electro-JHQHUDWHG )HQWRQ¶V
reagent using carbon fiber cathode. Clean
Technologies and Environmental Policy. 18,
1525-1534.
[2] -RYLü, M. 6WDQNRYLü, D. 0DQRMORYLü, D.,
$QÿHONRYLü, I. 0LOLü, A., 'RMþLQRYLü %
5RJOLü* (2013) Study of the electrochemical
oxidation of reactive textile dyes using platinum
electrode. Int J Electrochem Sci. 8, 168-183.
[3] Al-Degs, Y.S., El-Barghouthi, M.I., El-Sheikh,
A.H., Walker, G.M. (2008) Effect of solution
pH, ionic strength, and temperature on
adsorption behavior of reactive dyes on
activated carbon. Dyes and Pigments. 77, 16-23.
[4] Crini, G. (2006) Non-conventional low-cost
adsorbents for dye removal: a review.
Bioresource technology. 97, 1061-1085.
[5] Ziane, S., Marouf-Khelifa, K., Benmekki, H.,
Schott, J., Khelifa, A. (2015) Removal of a
reactive textile azo dye by dolomitic solids:
kinetic, equilibrium, thermodynamic, and FTIR
studies. Desalination and Water Treatment. 56,
695-708.
[6] Song, S., Fan, J., He, Z., Zhan, L., Liu, Z., Chen,
J., Xu, X. (2010) Electrochemical degradation
of azo dye C.I. Reactive Red 195 by anodic
oxidation on Ti/SnO2±Sb/PbO2 electrodes.
Electrochimica Acta. 55, 3606-3613.

7606

© by PSP

Volume 26 ± No. 12/2017 pages 7600-7607

[19] Kabdasli, I., Konuk, K., Tunay, O. (2017)
Defluoridation of drinking water by
electrocoagulation
with
stainless
steel
electrodes. Fresen. Environ. Bull. 26, 345-351.
[20] Stergiopoulos, D., Dermentzis, K., Giannakoudakis, P., Sotiropoulos, S. (2014) Electrochemical decolorization and removal of indigo
carmine textile dye from wastewater. Global
NEST Journal. 16, 499-506.[21] Patel, H., Vashi, R. (2013) Comparison of
naturally prepared coagulants for removal of
COD and color from textile wastewater. Global
NEST Journal. 15, 522-528.
[22] Bazrafshan, E., Alipour, M.R., Mahvi, A.H.
(2016) Textile wastewater treatment by
application of combined chemical coagulation,
electrocoagulation, and adsorption processes.
Desalination and Water Treatment. 57, 92039215.
[23] Gosavi, V.D., Sharma, S. (2014) A general
review on various treatment methods for textile
wastewater. J Environ Sci-Computer Sci Eng
Technol. 3, 29-39.
[24] Thirugnanasambandham, K., Sivakumar, V.,
Maran, J.P. (2015) Response surface modelling
and optimization of treatment of meat industry
wastewater using electrochemical treatment
method. Journal of the Taiwan Institute of
Chemical Engineers. 46, 160-167.
[25] Elizalde-González, M.P., García-Díaz, L.E.
(2010) Application of a Taguchi L16 orthogonal
array for optimizing the removal of Acid Orange
8 using carbon with a low specific surface area.
Chemical Engineering Journal. 163, 55-61.
[26] Ozyonar, F., Karagozoglu, B. (2014) Investigation of technical and economic analysis of
electrocoagulation process for the treatment of
great and small cattle slaughterhouse wastewater. Desalination and Water Treatment. 52,
74-87.
[27] Yen, H.Y., Lin, C.P. (2016) Adsorption of Cd
(II) from wastewater using spent coffee grounds
by Taguchi optimization. Desalination and
Water Treatment. 57, 11154-11161.
[28] Kobya, M., Can, O.T., Bayramoglu, M. (2003)
Treatment of textile wastewaters by
electrocoagulation using iron and aluminum
electrodes. Journal of Hazardous Materials. 100,
163-178.
[29] Gomes, A.J., Das, K.K., Jame, S.A., Cocke,
D.L. (2016) Treatment of truck wash water
using electrocoagulation. Desalination and
Water Treatment. 57, 25991-26002.
[30] Wu, J., Gao, H., Yao, S., Chen, L., Gao, Y.,
Zhang, H. (2015) Degradation of Crystal Violet
by catalytic ozonation using Fe/activated carbon
catalyst.
Separation
and
Purification
Technology. 147, 179-185.

Fresenius Environmental Bulletin

Received:
Accepted:

13.03.2017
01.10.2017

CORRESPONDING AUTHOR
Omur Gokkus
Erciyes University, Engineering Faculty, Department of Environmental Engineering, 38039, Kayseri/Turkey
e-mail: omurgokkus@erciyes.edu.tr

7607

© by PSP

Volume 26 ± No. 12/2017 pages 7608-7612

Fresenius Environmental Bulletin

AN ASSESSMENT OF THE HEAVY METALS IN WILD
MUSSELS MYTILUS GALLOPROVINCIALIS FROM THE
MARMARA SEA COAST OF TEKIRDAG, TURKEY
Ayse Handan Dokmeci*
Department of Emergency and Disaster Management, The School of Health, Namik Kemal University, Tekirdag, Turkey

charged, and tourism activities are intensive, especially during the summer months. These factors constitute a significant problem for public health. It is
suggested that for any physiological response to be
used in the determination of pollution, the reproductive period of the specified organisms must be considered [4]. Furthermore, these studies should be
conducted on a seasonal basis over periods of two or
three months.
In consideration of the growing concern for
marine coastal environmental quality, the goal of this
study is to determine the seasonal levels of Cu, Cd,
Ni, Cr, Pb, Hg, As (total), and Zn in the soft tissue of
the mussels Mytilus Galloprovincialis along the
Tekirdag coasts. The study has concluded that the
levels of the toxic metals in the mussels are within
the maximum residual levels as prescribed by the International Turkish Standards, the European Union,
and the United States Food and Drug Administration.

ABSTRACT
Various concentrations of eight heavy metals
(Cd, Cr, Cu, Hg, Ni, As, Pb, and Zn) were identified
in tissues of the mussels Mytilus galloprovincialis
which are seasonally collected along the Marmara
coast of Tekirdag. The concentrations (mg/kg d.w.)
of these metals range from 1.20 to 2.79 for arsenic
(As); 0.13 to 0.75 for cadmium (Cd); 0.42 to 2.46 for
chromium (Cr); 1.55 to 3.5 for copper (Cu); 1.01 to
2.46 for nickel (Ni); 76.8 to 88.98 for zinc (Zn); and
2.67 to 9.2 for lead (Pb). These levels were lower
than the permissible limits set by the European Commission and Food and Drug Organisation. The permissible limits for Pb, As, and Zn are exceeded during some periods. An evaluation of the public health
risk associated with the consumption of mollusks indicates that there is no evidence of risk for the Mytilus Galloprovincialis consumer. However, given the
chronic exposure of the mussels to trace metals,
which can cause health problems for humans, the
toxic chemicals must be periodically and carefully
monitored.

MATERIALS AND METHODS
Sampling Area. As there are no domestic and
industrial waste water treatment facilities in the region, the wastewater is discharged into Ergene River
and the sea. The Marmara Sea is directly influenced
by sewage outfall from Tekirdag, summer resorts
(untreated effluent discharged into the sea), industrial discharges, agricultural runoff, a sunflower oil
factory, fishing, and shipping activities. In this study,
mussels Mytilus galloprovincialis (35±55 mm) were
seasonally collected from twenty different stations in
a coastal area of 35 kilometers between Marmara
Ereglisi and Tekirdag (Fig. 1). According to a study
in 2012³7KHZDWHUtemperature and salinity range
IURP  WR  DQG  WR Å UHVSHF
tively, in winter and from 15.01 to 26.30 and 214 to
ÅUHVSHctively, in summer [5].

KEYWORDS:
Mussel (Mytilus galloprovincialis), heavy metals, Marmara Sea, coastal pollution

INTRODUCTION
The concentrations of heavy metals in coastal
areas and inland seas are higher than those in open
seas [1]. Heavy metals represent a considerable share
of the pollutants causing marine pollution. Although
some metals are important for living creatures, they
accumulate in the body until a certain concentration
is reached, which may eventually result in toxic effects. Various sea creatures, such as mussels, lobsters, oysters, or shrimp, are important bio-indicators
in order to the determinate the heavy metal pollution.
In aquatic systems, heavy metals accumulate in the
bodies of the animals [2-3].
The coasts of Tekirdag represent regions where
agricultural, domestic, and industrial waste is dis-

Collecting and preparing the of samples of
mussels. In our study, sampling was performed
DORQJ WKH FRDVWOLQH RI 7HNLUGD÷ GXULQJ WKH ZLQWHU
spring, and summer of 2012. The mussel samples
were
prepared
in
accordance
with
UNEP/FAO/IOC/IAEA, 1993 [6]. Approximate 50
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mussel samples were collected in each location (a total of  VDPSOHV  DORQJ WKH FRDVW RI 7HNLUGD÷
stored in bags, kept in a cooler box with ice, and
transported to the laboratory. For a 24-hour period,
the mussel samples were kept in filtered seawater to
allow depuration of particulate matter residues present in the mantle cavity and digestive tract. For the
analysis of the mussels, the soft tissue from a minimum of 75 specimens was pooled as a composite
sample, homogenized, and freeze-dried [7]. To avoid
contamination, all parts of the homogenizer that
came into contact with a sample were covered with
Teflon adaptors. The homogenates were then lyophilized and stored in polyethylene bottles. An aliquot
of the homogenized sample of the mussel tissue was
used to calculate the dry weight by using oven drying
at 105°C until a constant weight was achieved.
For metal analysis, a 0.25 g lyophilized sample
was mineralized with 9 ml of concentrated HNO3
(70% v/v) and 1 ml of H2O2 (30%v/v) (USEPA
Method 3052) in a closed Teflon vessel by using a
microwave digestion system (heating to 175°C for
5.5 min and holding at 175°C for 4.5 min) (MARSX CEM Corporation, Matthews, NC). After the mineralization, digests were cooled and the resulting solutions were diluted to a known volume (50 ml) with
Milli-Q® water and stored in polyethylene bottles
until analysis. A blank digest was performed in the
same way.
All the chemicals used in sample treatments
were of ultrapure grade (Merck Suprapur, Darmstadt, Germany), and all glassware was cleaned prior
to use by soaking in 10% v/v HNO3 for 24 h and
rinsed with Milli-Q® water. All solutions were daily
prepared using ultra-SXUH GHLRQL]HG ZDWHU ȝV
at 25°C) obtained by treating double distilled water
in a Milli-Q® system (Millipore, Milford, Ma.,
USA).

Fresenius Environmental Bulletin

RESULTS AND DISCUSSION
Hg, Cd, Pb, As, Ni, Fe, Cu, and Zn were analyzed in the soft tissues of the mussels M. Galloprovincialis from the North Marmara Sea. The primary
concentrations of the investigated trace metals
(mg/kg d.w) in the mussels and standard deviations
in the sampling seasons of 2012 are given in Table
1. Considering all metals and sampling periods, the
mean values obtained decreased in the following orGHU=Q!3E!&X!$V!&U1L!&G!+J%DVHG
on a comparison of the permissible limits set for Zn
(50.0 mg/kg w.w.-TFC, 2005), Pb (0.5 mg/kg w.w.TFC, 2005), Cu (20.0 mg/kg w.w.- TFC, 2005), As
(1.0 mg/kg -TFC, 2005), Cr (1.0 mg/kg w.w.-FAO,
1983), Ni (70.0 mg/kg w.w.-USFDA, 1993), Cd (0.5
mg/kg w.w.-TFC, 2005), and Hg (0.5 mg/kg w.w.TFC, 2005), all the mean values of analyzed metals
are lower than the EC regulations and FAO limits for
fishery products with the exception of Pb, As, and
Zn [8-10]. The levels for Pb, As, and Zn in mussels
are probably related to the discharge from urban areas and industries flowing into the Marmara Sea.

FIGURE 1
Marmara Sea with the sampling locations.

Analytical measurements. All digested solutions were analyzed by the AEM Environment Analysis and Laboratory (an accredited laboratory) using
Shimadzu AA-6300 Full atomic absorption spectrophotometry (Cu, Zn, Ni by flame AAS; Cd, Pb, As
and Cr by electrothermal AAS; flow injection-cold
vapor±AAS: total Hg). For calibration, all standards
were prepared in the same matrix as the one used for
mussel analyses. The detection limits (LOD) expressed in mg/kg dry weight (mg/kg d.w.) were the
following: As: 0.01; Cd: 0.002; Cr: 0.02; Cu: 0.003;
Hg: 0.004; Pb: 0.02; Zn: 0.02; and Ni: 0.03. All elements of heavy metals were expressed in mg kgí1 dry
weight. Data were expressed as mean ± standard deviation, each performed in triplicate. Tests were performed at a 95% confidence level.

Pb concentrations in mussels sampled during
all periods (2.67; 4.88; 9.2 mg kg-1, respectively) are
above the limits set by the TFC. The presence of lead
during the summer could be related to an increase of
population during this period, as well as the anthropogenic sources, or shipping, whereas other metals
are contained in Pb protective paints [11]. This increase in the bioaccumulation of Pb in mussels during the summer depends not only on environmental
concentrations but also on the chemistry of metals in
seawater and the physiology of mussels [12]. Furthermore, the values exceeding the limits are probably due to high lead concentrations in area sediments
[13,14]. Pb is a toxic, bioaccumulative heavy metal
with no known biological function. Its absorption
may constitute a serious risk to public health [15-17].
The international Agency for Research on Cancer
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TABLE 1
Mean values for heavy metals (mg kgí1 GZ VWDQGDUGGHYLDWLRQ PHDQ6'PJNJí DQGGU\UDWLRLQ
soft tissues of Mytilus galloprovincialis FROOHFWHGIURP7HNLUGD÷FRDVW Q  .
Measured
Parameter
Zn
Cd
Cr
Hg
As
Cu
Pb
Ni
1
US FDA 1993

Winter Period 2012
(n:75)
77.12±2.5
0.13±02
2.46±0.4
<0.1
<0.33
1.55±0.01
2.67±1.06
2.46±0.3

Spring Period 2012
(n:75)
76.8±5.66
<0,1
0.42±0.02
<0.24
1.20±0.14
2.89±0.45
4,88±1.21
1.01±0.02

(IARC) classified inorganic Pb as being likely carcinogenic to humans. During all sampling periods in
this study, Zn concentrations (77.12±88.98 mg kgí1)
were found to be higher than the recommended limits as established by the TFC (Table 1). Seafood is a
major source of zinc and an important part of human
diets. Zinc is an essential trace element. However, in
excess quantities, essential elements can be poisonous and cause serious threats to human health [1819]. In this study, we have analyzed total (inorganic
and organic) As concentrations (1.2 and 2.79 mg
kgí1, respectively), which have been found to be
higher than the permissible limits as set by TFC. The
fact that the arsenic content of mussels, especially in
the spring and summer periods, is higher than the
limiting values may be related to the anthropogenic
(agricultural and industrial) activities in the Thrace
region. Factories there allow uncontrolled discharges of pollutants into ground and surface water.
The toxicity of organic arsenic compounds is relatively low, and they are eliminated faster from the
organism [16]. A wide range of arsenic compounds,
including inorganic arsenic, has been reported in marine organisms. The percentage of inorganic As in
seafood is of 1±5%; while in bivalve mollusks, it is
of 1.9±6.5%; and the mussels contain approximately
1±2% of inorganic As compounds. The great majority of seafood arsenic consists of complex organic
arsenical compounds [20-22]. Values exceeding the
limits are probably due to natural sediment enrichment. However, no published data are available
about the metal content of sediment or background
levels in these areas. There is no data in the Turkish
Seafood Standards about Ni (1.01±2.46 mg kgí1) and
Cr (0.42±2.46 mg kgí1) in mussel species. Mercury
was not detected in any of the samples studied and
does not pose a risk to public health. Water contamination varies from season to season and between
sites. Depending on contaminant type and concentration, this variation could be one possible cause of
the seasonal variation of the metal bioavailability
and bioaccumulation in mussel [12, 23-25].

Summer Period 2012
(n:75)
88.98±3.4
0.75±0.04
<0.33
<0.33
2.79±0.02
3.5±0.17
9.2±1.74
<0.33

TFC, 2005
[8]
50
0.5
121
0.5
1.0
20
0.5
701

CONCLUSION
The toxicity and accumulation of the heavy
metals in environment represent serious problems
for human and ecosystem health [26,27]. Industrial
and agricultural activities are highly intensive in the
Thrace region. As a result, water resources are continuously subject to pollution. The concentrations of
Pb, As, and Zn, which are higher than the permissible limits during the summer period, may result from
the following factors: intensive agricultural activities
in the region, decreasing rainfall, and wastewater
discharges into surface water that reach the sea without being diluted. To prevent pollution, adequate
treatment systems must be implemented immediately. An inventory of pollutant discharges relating
to the sea and inland waters should be conducted immediately and its results disclosed to the public and
relevant organizations. Financial support should also
be provided to projects and solutions that focus on
this issue. In particular, the continued monitoring of
heavy metal concentrations in the sea is necessary to
control the amount of heavy metals in mussels.
Moreover, heavy metal concentrations must be monitored with respect to human and environmental
health.
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FEB ± GUIDE FOR AUTHORS
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
PhD-works in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.

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 co-authors, if any, as well astacitly 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.

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 linkups 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 send to:parlar@wzw.tum.de
or:parlar@prt-parlar.de

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

Thank you very much!
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STRUCTURE OF THE MANUSCRIPT
ORIGINALPAPERS:
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

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.

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
FDVHV UHIHUHQFH PXVW EH PDGH WR ³XQSXEOLVKHG
work" or "personal communication".

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.

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.

Materials and methods:
Please be as precise as possible to enable other
scientists to repeat the work.

Corresponding author: The name of the
corresponding author with complete postal address

Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures
and tables.

Precondition for publishing:
A minimum number of 25 reprints must be ordered
and prepaid.
1 - 4 pp.: 200,- EURO + postage/handling
5 - 8 pp.: 250,- EURO + postage/ handling
More than 8pp: 1.50 EURO/page x number of
reprints +postage/ handling.
The prices are based upon the number of pages in
our journal layout (not on the page numbers of the
submitted manuscript).
Postage/ Handling: The current freight rate is
*HUPDQ\¼(XURSH¼,QWHUQDWLRQDO¼
VAT: In certain circumstances (if no VAT
registration number exists) we may be obliged to
charge 7% VAT on sales to other EU member
countries.MESAEP and SECOTOX members get a
further discountof 20% (postage/ handling full).

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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