[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

\YAV Q\I«Mj/(y) V“UJLH'?BJM/PA'UU'} Jb/ﬁcb}dj)}w Q}Jﬁ}r}-\-ﬁ

fJJS/eL;ngG)bdm‘g6j)wﬁ‘5ﬁyw\5ﬂo&lﬁj\g‘gw«‘{ﬁ)ui

Vo Y * o . R
S S g e el g 315 Lo, eou ((Sadl dme (0 S e

(WAPIANY 15 s b \WADNYIYY Tsl s s 50)

0 S>>

2 355 ) 1S Ll B sy 53 31 b 53 e polis I i Cond D31 555 S 015 4 BB o 3l eslinal
23 oK olis 03 AL o OF 51 a2 03Ul Ll ASL 4dls ol o138 a3l el 5 oo i L1 o0 il &) 50
GRS o 5 Bden A e axlge s L) Ol 5 DLl (Db 5 0l (o138 0 oy 4 polie cpl JUESH O JLs 4 5 S
S b o3 gk ol g pS ol 5 S s ey sy Sl Olgiel (58 SISL o e kile SU 5 reas BT )
35S S b AU s 5 1SS aw 53 (55 0s) dald Jlas 5 (LU s p SKa Voo 500 (Y0) LU e haw ds b Il
mpoler g o s ladle 5o 5 oS plad 5o Jol Jle o o s g A 2l Balal oS e sl il 2 b L e
day dd S O S s gadge oB) pS le a smly bS8 4 Lo S TS piler SO s il poler A ) oS
Slr 5y o p 5 o Sdls p LO S LS 2 (g el 0m Yo Gas 5 S glak sal plgr Jlo OLL o S dls 5
A e S 5 gb 4 i Ll g algh Il k) 53 e 5 (535 pole DB s S (6 S50 T Slend 5 (K58
o 3 89 S oskas BBy S shadls (PSe/o0) ls sme Sl Eol b pan g she a5 53 OMBL o (e 5,8
S s 4ol Sl dald & ol 1) e 5 S50 S eskas B gl Bl (2008 LSS s pad skl Bl T S
YO 5l i S pla led 53 s gl 5 S s r;&oo 3 o 4 bl 53 gs) ¢l ekl Jl jle I8 1
Pl s 5 595 B 5 (sl sne ST OB (ad a g dald 51 i ()la e Hsb 4 s 038 L e SIS s p S
oz g ol b O 4 OB e a8 sy Sl e @Sl gl el bug pole pl Gl g &y 5l sn

sl 0313 il 15 0lS 5 S s S pan oS pole hls

piS s c(535 obilo Bl ST gmand 1 (MU o 1 gudS (glao3ls

=B slaie 5l la o, ahear Sl oy 4 5 3K 4o dle
sladlw 53 (1) el Jlale sl ol l D g b e e el 6 K80 bl e
P2 255 Al i B G Sl s S S L oS Sl S5 S
B e Bl gl Do ST S ST s et sl il e T sl Sl
Sl e 05 5 S ol S0 R S LSl G 1 e st 53 s LS S
Skt 3k R 3 Mg ey 0 S T e i S

Olgionl pxn S ils (g5, 5LaS euLisls (b SE Hlslial 5 OLLAs (6 8y (g amils L5 5 4

rezaingjad@cc.iut.ac.ir | s xS oy (D51 J g ¥

5Yq


mailto:rezainejad@cc.iut.ac.ir
https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

\YAV bt«m}/(y)‘.ﬁu}ka)wlrﬁ:jbé Jb/ﬁcb}dj)}w O}Jﬁ}r}-\-ﬁ

SRR XEVECJIE RN PRSI S RUR R Uy PRV PRSP
Ce sline S el (6l T e s <ol 5 S
(Time bomb effect) slsy ey il 4 Jai wlal 5 clons
L oodsls oo Lo Jlos slasss s K ol
LS sl Ll o 2es CllB 5 0l S oo Oloy 28
5 sl a5 JLs a4 Sbt 0 sl Al o 1531
3 G (Y0) ail e Al ol s 3 55 sl
(Ading effect) s agS 4 ks wlul b &S Ldies & 5
e o) e S el sl K Sl ety Sl
S e el Gl e A Ol c2dS L YL
sl ) (sl 5 S bu s 6l s ol e
Sl zes Sl a8 s Aizes (YY) 01K 5 Jl,
Voo 38 5l g JV I Y BT s IS S5k o S
Lol a8 g s Sl Ly sladle 5o g5 0l Ll e
(V) Ohlan 5 Ko o3 00 JLos St s 3l il
Jw 55 52 oSl 5l ol o 2l o5 L S 1S
S o ol e Bl e BB el 228 S ey I
Sl s S ey aebsl Oly b ol s 0 5 el
cbe (V2) GLls 5 o S (Uptake plateau concept) ot
O Sl Sl aS el gl bl ol Wles S
Sl s 5 Gl oud 5l e ab Olse 4 olS Lau g
O1 31 oy 5 ooy i A S 0 aS00l 63,8 0 )50
oS S5nsd @b Ll A oal i e b ol Sl
a1y ey ol edalie (YF) OLIKes 5 085« S il
Lsls Loy o a5 Sl (6513685 5 ol b B
JSE 5 b g e S oas a3 O oS O a0
s oS pobie B 1O same pl 4055 5 s s
Al 4l DB AS G peme 5L el 3 ege (18 Ll e
Oles" 5wy LIS w4 o " menns i Lole 53 Ll cpl s
Wbl o ege Sl ghils a5 LS 51 el (g e
s GG 53 G pansS olis S o 5 o jiws o

cbay Lol 3l g g m el il o COSL ) L o

(F) sl axsls ol Ji oS

5 Cu 5Zn Mn Fe L b as {.Sfphpgﬁmo&ilp\
by Dladllas s (550 BB 5,8 s 4 olS 5 S
o 53 e 0 L,e (YA 5 YA YV Q) el sdn; U 4
bs a5 s 2 DLBL 58 6S ol DL
45 3,5 B8 (1) (2leles (£) oo (I8 (S5 e S
2 5K 5 e ol e Sl e BLSL 2 S ealind
s S il 5 palS i s K 5 Gas s 2lsm ol
S s e o e B 5 (0)obes 5 Sl
SIS L OBl el el Jles Sl S olS b
oo s a3 plind 5 5alS ol 5 G pl 2 ks S
3 8 iS (OSa 0 S YO 5 YYI0 5 0) ool

2 5 oS Sl S 3 3l e (V) s
S sl 0l oS b S sl Ly LS
(S35 oS ds e p b IS5 oS 5 wils s el ke
A Sl 5 gdm lacns 53 aeslS 5 o (S e
L oS alS laplil s jobe chle Soon )y
5 LB e 5 Ol a8 sls Ol e slap
2503 35 s (St 35l g0 i 53 jole JS

03,5 Db 030l (0 OB ) B s
mle 2lwsl S35 sl e oS ole 4 OLLS LS
s D3 )3 S dseS 1) ke Gl el 03 S e
S M B a5l 5 S5 sl SISL ) sy
(TF) ol o35

3 B 035581 oS 5500 HLBI Ol eSS 55k 4 I
S pobe Sl LI el S w et bl 2le
ool ar DU ol 5 BB 1555 5 0 S e
s S an o ol onl 51 g B0k Dlaee gLl
3 A0S e O3 LS eslinl 35 5e 5 S jolie 4 S
o Sl (S OB A Sl e (2 3 (g S
33,5 yome yole ool ol QLS S (S e e
(VF 50Y)


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

...jé,Jc.El.bﬂLs,q.& ywuﬂa.\shé\i}wﬁ)w]

Sl Yo Gas U addllas 3550 S aloed 5 (S s Shy Sn ) dox

Sl Al ol (¢ Se3lll S5
e - sk
NY - pH
Ats % ocC
VY cmol ¢ kg? CEC
VA dsm* ECe
vola % Sal
volv meq L™ L s
AYY mg kg™ 55 s
\nS mg kgt JS e

b sless 035 o3l B9, 5 SRl cr
o QLSa 53 p SLSe Voo 500 (Y0) s - 5la
Jsle Olge & S3la e Do ol an (5 48 DS
Olsme an (23555 JLa ¥ 57 Y ) mla Sl o5 ol
3 S S 2k B s el Sl Lol es o3 bl
IS A LSS aw e alas LolS el b - b L s
S W syl e VXY sl 3 & ST AYVA e s .cd,
Olgme amy &, ST 5 OOLBL ool lajled Cgr & 54
Wl dsh dlw 53 s 8 s s (80355 05) sl
(07V4) 33 b 531055 il s ol L S el b
Soleal Coand 53 4 o S (55,58 Jol e planil 5 s
CJESTIEIE Y UV PRI L PO ST O PR i ¢
o O S oS s Lol 5 S il s o pas Ll
Yoo 55 e VY S (ITA0) pa Jlu s s LS
A CUE PV PO SF 2 (P i TP WOIERSLES
o T 0T (520 87 4y S5 3,50 il o OF 5 50
G (\TAY) b o=l Gl e ealex 3 ool
5303 S Sl e LY e JL b aS g P Y
o O a3 S oS s (520 7Y (sl a3

£

SraneS ol (Rl A (o (rand Sl S 550 00
3 el (6 Olas 5 s o 0L |y Sb 4 O )3 55 50
Sl pady e oSl ol iSly Sl ) 58
3 S 3 ol Gy s oder 4 S gla S 4 4t
S Bs el e Lol Colir Sl 5 M- L
o ol o (pmead SIS ey Rl Gl
ol SB35 o)y pobe Sl LS

Al pliS iy 4 pobie pl Dl

L b, 9 3l ge

Slesl el Joue

S 53 68 DBL ol e a5 S L s )
Olgia e ol (53558 0aSails Slidoss ac)30 53
Sl e o8 o gor (5 pashS Fo s Bl (Ul i S 5)
5315 S8 L el 3 el St A3 (Lo
s +3,) (Fine loamy, mixed, thermic, Typic Haplargids)
S5 oKyl 3 a Sl sles (Sl (1499 1S o]
Vo Sl lavgie 5 wge b a3 VY0 LT o0
5 aallas 550 S gla S s ol e Lo

sl sdel Y J s


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

\YAV bt«m}/(y)‘.ﬁu}ka)wlrﬁ:jbé Jb/ﬁcb}dj)}w O}Jﬁ}r}-\-ﬁ

oo A3 0 Jleas| ma s ;3 LSD Ol b e Sl

Cou gl
sl 3530 S o) oo 50 S
St ($303WS Slaces 5> NSl a3 IS lasely
sl elial s o Sl gba Shs 4 ol
Y dsdr o eslanad sy e COSL ad olend e S
Corl Gl (330> B oslizal 5,50 o) PH . Ccilolls 634
ool T sladad s> s a0 Bdtas ol o5 (Y Js0)
o S ol Gl sl e T slge e
T b Sosd St g el 5 ens ol b AL
B3l o

L ealitad 5550 OALSL ol (R olie olis syl
(USEPA) LG ol sy daes cbili> il (slaslilend
3t a0 ol S e S sls 0L Y Jsde s
S oS A a5l s e Sl o opl s S
(1) Ll o552 oS (S34lT il S oSl

b xS oobas BB 5 S sbakle oAb o b
\S&JJW}&}JDTPA

S9)
bdée)w&ujﬁdjjw)‘bwﬂ|f‘w
S e oo e (511G i) b S DTPA
sladlo sl ol bos 5 ks s Dflf.»\w 4 Y0
ool sl bt b 4 SEDTPA L (6,80 las
L u)&-@lﬁ U_”J l_> ol )LA.; L;Lﬁ&_gl:- L Cd ,N| ,Zl’l JS

5 o KE 5a e b 1 e ok L1 s
bl S U g Slo Yo Gas b oS w0 ol 03353
= p S s el s b sl L Y e s s S
oS o1, L (Triticum aestivum cv. Mahdavi) (s 5
A CES L S 3 ) Doy 4 s 3 p SIS Yoo
S aa slacile bossle 5 B2 Ospe 4 ol
53 355 51 MSL s 5l b w3 S ol SSIS

CAES ealaud

stbrond U 5IUT 5 (6 )ls 24 gos

Il sbo 53 Jgamme Oy 5 08 A 0553 OLL 51 e
S (slaiipa L planil LS 5 S 51 (513 i 505 ATAY
JUED 51 oy a8 ils (6 e 8l 0= Yo s
w0l S A1 b 4 bt ged olislesl 4 St glad sos
S0 5 e o LB S s o086 e e ¥ ST
DTPA Jy Jows de s i S5 sl s a3
(Diethylene  Triamine Pentaacetic Acid (DTPA))
sole ol IS chle o Sasluil g (YY) S (o, Seslas
sear JLe Y SO st bu g Laas e (SL s
03 et 5 Sas SBle o 6l (Y0) Lks (S slae
o oS gl gad il 5 Blu il 05 S Sl A 0 kS
D8 eSS g a5 Ve Gles s cell YA s
Ve ool U 5 aalacST s an e ol o3l
(V) Bas s e w5l OF 5 Bade o IS
O e a5 BB ol s Dl B S lads
Glaoslas 55 15,50 obe Cble a6 nSelas
S el i oS s 4 2 5 ol S
(6 S el YeYe

bl sla Jolos

wm,ﬂu&ualﬁgkﬁﬁwmduq?a

FYY


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

...jé,Jc.El.bﬂLs,q.& ywuﬂa.\shé\i}wﬁ)w]

o pole o (MO/KG) Cdal anslie 5 oaliiul 3590 CWBL ol sloawd s S5y & .Y Jyd

(¥#) USEPAS03 slas jlustewl b O

USEPAS503 3kl st~ oslizul 35 g0 BB 2] Ko ol (5 Se3ll S

- s[f - pH
- af¥ dsm™ S S s s
- ¥ % Sl esle
- v/a % 355
- TAas % JEI)
- o[5¥ % el
- \IAY % ol
- of oxy % e
¥4 0 mg kg™ 2

Yoo VAe mg kg™ <
VWY VolA mg kg™ 037

YAoo YAAD mg kg™ S
¥ \VVolv mg kgt Sl

Voo FAO mg kg e

NS o ilises sl jlas 53 (MOKG) S s 5 555 wdr bU 5 IS Chile slapSle o ¥ J g

L S oslas G DTPA Js ke Sles
Cu Zn Cu Zn
\IAYTO VOISO yy/ve Vog/yoh \
y/5ve Y1 /AT volse VY o/yfoh Yot+Yo
f/a0° YAfyee folve A YO+YO+YD
ol¥qc YAV fo/q® yvefrd YOHYOHYOHYO
y/sve AR vAlve V¥y/yfon 0o
£\ 5% ¥y /A% volo® \Yy/yfon Qotde
AoyP fAIOC oV/A YYAfy-ce Qotdotdo
AlavP ovfre ATAL vy 4 fpe Qotdotdetpo
Ak YA vq/ve yYAfOTEN Voo
FIAo% yv/ooe ovIA® yqv/y™ Voot)oo
/2 v&IAP Vo/¥P vqa/fP Yoot)oot)oo
VvY/s? qr/o? qv/e? ovv/s? Yoot)oot)ootyoo
V/ovo ¥/yyo vy/.® INAR dals

S G Ske 53 p Ol el Jele a (gl 5 D A s el aelie 0 Wl e 53 LSD 05e51 L LaSSle

e 15 e ks S ke O S gyl Bl

Al


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

\YAV bt«m}/(y)‘.ﬁu}ka)wlrﬁ:jbé Jb/ﬁcb}dj)}w O}Jﬁ}r}-\-ﬁ

Cl s e S L el Ll S VL PH 5
Gkl 2alS o 5058 al o ST Sl olas
Gt 53 (0) OLLSes 5 5531 (1) ot LT ol
Jo nslS s e w5 e B oS sl LI gl
sl 508 5l dm gadle 3 EDTA L (g5 las
@;;Mu)wﬁjcbgpuow SalS a5
(2 3, S dLe ¥ elsS 5l e e STl
O 51 Lt oS laslas 3 (5,8 ool LG 5B slacbals
b3 ime s gban g 63 S 3l o S e S

oY
béj_.gO)w&G)Fw)‘J_buwbﬂbf)ls
(Y dsds) sls (sl ols me 55k an |, St DTPA
G ya e Slabs slis 5 i b conlize Sbt e 201531
L imlol slasles 5o 1S e il aslin o g o2
ol g5,sliS sl 55 (MAC) Jsd LB el Slus
be}*r;&a" 6@)@)5&5&@%6.4\.&3@
Sl ssss JLa Yo7 Y fjfljx\ooéu)u.;j@njj
i (p S 5SS e 00) OLT 528 (slas jlasleud
(YY) b
)Jdiébjjdt_w&du)w')bgsb-g}sww
J&Lil{é)\:wdb&:}‘gjwﬂckﬂuj\&@ﬁ
Voo 500 slajleg o St Ll LB s Hliie Ll (ol
j‘fﬁd)‘-"@*‘)r\"‘:’fﬂﬁdlﬁ&)wﬂfﬁ@
C}.Ja_w ‘)JQ_?JOJ‘_"LOL;%L: J”‘ LC:JU BE .(V J)J)-) S Jals
35 s ol ol aS el s Eel 0 3 8 (VL
A el ol a3l el Sl ) i Ol s S
e e A ke 4G olS 5L el 5 St (g ool
o o Ol GBS L St Cdor LB e clale 2alS
() b e

L il ls s 3 SUs S (055 il alis

OO CUMVPICH S i PO S W GO 51 R WP
53 (Maximum  Acceptable  Concentration  (MAC))

(o

a3 gy o ble S sl plis g5 sli S lLasSLs
g Hles S I8y et Il Il g3 51 i &S alasles
syl lal 51 i o338 Il Y Lo S Voo Slas 5
03 5035 (p S S 3 0 S e 100) LIS 528
clle ol mio 5 Ol 5 pl5 glassllal Sl s ks
530S e OYY) pass S I ¥ L SV el 55 s,
3 e S e Yoo) edd pme sl o iy 5l (p S ks
03,5 53l o A3l e DU 558 @ bg e oS (p Sk
(FT) el

SLSs o p S 00 5 Y0 5 18 stile SL ol S
»SWEDTPA L o, Seslas LG 5 IS o5, chle
od 05U i JL Sl ans S e SO lales
Sl o e 0lle BL Ll 555 ls s Wiles SO 3L 5o
BB s hle s e Sl S S Yo
Jsds) s daals Lo awslis ,5 S DTPA L (5 ,.Se las
S o3y BpaanS Gl obe 5l SCogas e (Y
2 olS 5 S s 0l (558 e Gbla 1 ol 3 OF 3508
(1) cl oas o158 Sal sl doys 5 oW PH e
Voo slag 53 e edile B 51 0d s ome copl by
Ladle b S Gl LB g5, chle 5 kS s (’Jf&
Aie oS andis 5 gl Sl ad 5 Sl ey
Ll

J=B G e = B rae ol edsle SL ST 1als
Vel 53,8 T 51l ¥ 08 51 dwy S eslinl
Soley c2d8 (M) Al e 00 agS ey 51 30
Cosby s VL les Ll i s o5 4 OOSB o 5 )08
Ol labay L v 53 5 odd i JTslse (3
et e gleod Gla STy T slse st iy
S DL S 5 s 5L MR ol e dle s e 5L

SYY


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

...jé,Jc.El.bﬂLs,q.& ywuﬂaxhé\i}wﬁ)w]

NS o Cilites slasles 53 298 Pl 5 Wil sy 53 e 5 50y B Sl S0le 4 lis ¥ g

Cu(mg kg™) Zn (mg kg
"
I
&l sl 61,\5\ o &l sl 61,\5\ o
¥/5 e /v Vafy el AR YAD e
f/y o of/ae YAV by [y YY/4% fa/y YO+YO
f[y 2bede ¥/ Vel bedey-g [y TG vy YOHYO+YO
AT v/¥e VY Bl \ofse vviv YOTYO+HYO+YO
¥/p vl \ylv /0 YY/¥ YYIA 0o
¥y bede ofye VYIA by fy yyjrebe Yo Dot0o
ofy® off > Yv/o Yy \0/A% 08I Ootdetde
ofy 2 floe \O/A o t/A V¥/o° YA Dot0o+Dot0o
¥y abede ¥/ v \olo aopAfo yY/o2* AR 7AX Voo
/4 % ¥/ A \afr Bealo \AJ¥ Yo/ Vootioo
(AN /a5 Y A \v/5° YA Vootyootyeo
¥y oot ofy bed V#IA YV VY/re Ya/r Voot)oot)oot)oo
Y/ U Wy ovy/A Yolv? v\ Jals

Shls B> o8 oSle g 8 culis iolosl Jole a ol 5 O3 8 3. Lleds tmslis 0 bz o 55 LSD O3l b b Sl

sl e gl (’U‘"&‘i""’” () aﬂjtscla.ﬂ&\y\
ol s s cdale sl s s b asl sl sl e
0355 Sy 3 Sl 51 S ot g (SL s 5 Ll
SalS olS L g eds ol 36 IS luie 51 (Biomass)
o el 0l G35 olS Sl s b sl 4 s 5 sl
e o Jeole) s e I e OLSG
L5 S ol el a4 g, (53 lale s olS

ol e 3l b sy ol Sl e (0 o)

Y0

.M)‘AJMLMJMQJ?&

oS 55 oS DIy SL o ST

S9)

bl L @ oo 308 JlBI L S s e 0L F J s
Ssg ol s ola f\uj\),_a.‘) sl el s s,
(3tmed Jolt [y adls 5 a3 A8 Sy 5 6Bl aogame
el el s zeS Al b aglie s oSy cals 58l
—=U (Growth dilution effect) a3, 3 s 4 Yl

L_.’C;‘j‘)b.uhwéi)_?usdu‘)taﬁ.’;)é bw&‘fl)‘


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

\YAV bt«m}/(y)‘.ﬁu}ka)wlrﬁ:jbé Jb/ﬁcb}dj)}w O}Jﬁ}r}-\-ﬁ

OMSG o Cilites (sl sles 53 (GhaT) plsn eIkl Lo 5 s 5 (555 il S SSle e lis 0 gt

Cu Zn Dl
INAT $v/\Acd YO
Yofyy e YVIARP YO+YO
Yv/y4bd VEASE o2 YOHYOHYO
Yo/y o VN Y/vode YOHYOHYOHYD
Yf/qyed v vy 0o
Yv/as0c VY o5 ¥ Qotdo
t5/55°8 v/ o Qotdotdo
foloy® VYo P4 Oot0ot0o+0o
Ao ag[y o%¢ Voo
AN VYV Vook)oo
v/ y? WA/ Voot)ootyoo
\iZARE Yo A5 0%© Yooty ooty ootoo
olve® va/e 18 AL

L;‘.ﬁl—:&}.ﬁj_hc)}w&uj]ybﬁé‘ﬁjoﬁdﬁ)é.

b 31 Ol Ol 48 ol 0313 OLas Sliiss 31 = 5
VW A) col S gladle 51 ie oosb e sladle s olS
0 5B S bl s pH as el ks b el (VY
LS Loy o3l il VL il x5l ool i S
slye SAE Gdme b 3 355 (Sl pH a5 4 s x5 |,
(YW 5YP) aS o eis I
o 0 S 00 5 Y0 5 55LS Jle S eile L (sla
oMol a5 (555 Dl sl e Ll LK s MLl
Voo s,lS Jlo S el SL 1 Ll (o3l oS sl a
el e SR e S 53 OGS
Sl Oley SIS L (0d54) A dals b anslie L3 (53,
e olS s Shes S 5 b Sl S ol LB 55
S S bl I esle cote sl S 2als
il JUis an ) e lsm ol law 5 (555 ol OAS
S 2 S ams (1) OLKan 5 K Bl pen s ol

Lot dnmlio O Ilaz| mlawe 5 LSD O3l b b Sl

el e s S 2l Gy SO lls JBlus oS

Al (T Jsis) S sslial J1B 5 1S s, e
5o nIB s 58 JTOLS 5L ) oSS S0
(17) S n 3L S sl o LB
Gl JLa ¥ ) 5l asssS ladle slass il L
53 013l ey 5 48l 3l a8 sl oIl Al 4 (535
el Dl 5l (ol sl 3.2l Jlals o)l Jla
xSl o Sde il 5 )8 BT L el s a S
WV i (S 5 el S o s e Sl
VW A) Ules S olil olS by jolie cpl ol (21 Y 1)
sCULCd Zn o ble ol s a5 Lo (Y
o s Jlw o Jla 51l s K ol s Kos
5o e B e edle 6 K0 el e
oS e J RS el lan s 6 Ll o as” ey
WS Sl iy Gae U b il Ll 2 e Ol

2l (YY) das el 8l s | ol S il

aia


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

...}6});2.51.'9,16*3 ywuﬂaxhé\i}wﬁ)w]

oY
L-’J—QWM)&LJ)H‘L&})ML@.&ﬂWJ)}A)J
Dl slas 5o S e il a5 s e o 2
&‘P\.uéMm)w)JﬂrﬁKﬁ\°° Af)lsdl.w
J=B s s cale bl gl SU e s L e s
Al e (Y Jsux) S e ol eslizd

o= ealde 4 IS s LS Jlu SO oile 3L il 4 S
4_3&;,‘.:.«”_.’)&_'&%)3 C;ljﬂo° )W)JL@‘&‘}‘J‘ Lol
Sl oad Gl 2l (0 Jsax) Al ls e dals
LS o s Oloy SIS L s dile S e 2
O Kiassy oo p hwy SLs o Lol Ll L6 cble
(UARPRR) ROW PSR -S
Wu\MMqumjszfdlzwgﬂb)l:@M
Lo edalice (g)ls e Ml o 5 )8 gladle slias
u*—“;—b-l-"u:';u'—f‘u’de)LSC)J‘“ufﬁ'(\c J_}J}-)
UL 5 OB P sy s s C;lia()" Sles 4 by e ails
S al s o 5,8 LG sile BL (gla i1 axdllas L (YY)
Aol Olis Ol Kiass opl Sl Slsen St s IS
.,\.SL;OLSJJ.:."@U&_JJQ-"Ju)))‘coLSja.mjquk-AS
ol a5 (10) 0lSen 5 Ogels b s seline s
C ol s be 3L 3l )08 AL Y CaiS Ll
a5l b el ol (F Jsas) as aals U alis
s S plerd 5 SOgb g Sy p o el S
o3ls Olis Laesls) G b G 5l olS s Shas il sl of JLos

YV

37008 3 ey Il dla ¥ 55 olS Ll 5 55 Ll o i
Lol o 0 g old 2aS Cdor e 8l o S5 2]
S o iy aalsl Ol

sl ) pasS ils g5, c Bl (OB s 8
o M b bize Rl a ST osls (1580 (gl ine
(o i glaslas o s (F Jsi) 350 eds G e
¢J§L—<‘ 00 3,8 LL G Dl s s (g, SlalE o 2
S o 3 il e s sdalie e s oy
ol B gy (gls e Ml il (g5, clale bl
Bls 5 Shae il 51 56 00d 33, e 4 Yzl el
alice ol opl (YY) Libe NSL o VL sl s
Lel dsl o o3 5 oS (55, OIS 5 0L asdlas =k
=P lls andllas 5,50 SLS Gl 5 adn, & L S slgiy
3 ol pead 5l Bl aS PSR PYST (S W
S8 JUasl ials (Fe) 53,8 e wils s eedlS 5 )
o olalS = b S oL 5 S ek,
LS 5o LaridiS s aile LS 5 (V) el sds 3155
53 S Sl 5 s s e el aS Wl s
S s als ay OT Jasl 5 Slig 5l edd S b azy,
A

2o e S Voo 500 s IS Jl G sl S (sla
anslia 53 ¢J_~5 Sls gy sl s pme il o LS
pS asls (g, ke Sl A (2 3,08 Os) als b
OB G yas (gl OF 108 330 5 CukS 350 Bl )
035 G byl gadle 53 (Yo 54) dib o el Sll
OF Jss a5 ls kS 033U 5 OIS 55 (535 3508
Ol 55 (555 2508 31 (20 Lo ol b 550 51 68 s
(Yo 58) ol a5 513 0l Sinssy a3, 50

L il slaslas 5o ol pllil g5, clale anlie
(Y-8 mg Kg™h) e ol (gl el 451yl g liS 4l
Al S bl Lajled acen 534S das s ol (VA)


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

\YAV bt«m}/(y)‘.ﬁu}ka)wlrﬁ:jbé Jb/ﬁcb}dj)}w O}Jﬁ}r}-\-ﬁ

3RS e 5 505 JS 5 2l U glap p Koo
obS )3 e Ol
S9)
St (Samen Sb 3 gl BB 5 IS glacble
Lel V i) ds ssalie (o3 0 e 23) b3 e
5 S Aol L odd (g Seslas g glachle o
St s 5 ad; 3 4, oble LS 5 DTPA
sl phil b g (655 o islie  Jilde 53 LI 5 s
Sold e 5 Se Jimaﬁ‘ SOl LB g, ke L
= stals ams (Vi) sl 0L (Aess 0 e )
Sl o Sl leslial 5oy A, &35 658,
il x5 1 ales ol s sl

S Sl ds aS sl Ol st 0a s S5 sladds
e e S L Ol e ) SIS s b odr LB
Ol adsbes ol () Jﬁ““) 3 g0 35505 045 s RE s
SLst 1S 65553 Ll Y Mg kg™ e g5l 4 4 das e
Il sl o Bl dr LB g5, 55 Ll o/\amg kg™
of oY dals o 55 IS sy 4 o BB Sy o 4SO
G35 o nd Sl 4 S il OF 5l S el cpl il
S35 b SUS 5 31 VL Sl a5 e L
23Sl g e s Lol e e Sbt 3 3 S o
&4 S b DS S el (S bl gl
Sl 5 (1) Al oS olS (sl 55 e ek O
AL o Lol e s BB (Sola b o pes LB
sdgs 1 oL 5L 355 S5 LS 3 s B il s
Sosle 525 8 catls 5 55 b cpl oMo il s
Lol 5 5 PH Cdge L2alS sl OB o 3 55m 4e
Skl s e b ol 3l edd Jslos T lacdIs
as bl Sl g, ol

o Sk a8 ol 0L e O S Slae
Ol 1y St Slr BB (555 b oS olsn plil Lo 5 (555

(Y Ji..ﬂ):}u :)Jﬂg_.;jﬁ-Rz‘_;\)bp: a5 dales G L

Shs Gla S s Gl BB e ri sl (el enis
Al S5 S 3 (F Jads) 2 e
Lol glajles 5o plga (abu‘\ e e i
(VA) (0-Y°mg Kg™") e ol gl ol a1 CuliS als
S pase opl CBle basles 1 (ol 53 45 s e OLES

ol il o fidu )3 s 5 g9,y SdAlE Al
aS sl Olad oS Calits slacwend s jole Chls o),
oS Il o ail e o wlle dils 5 iy 5o (o, kLS
sl el s s e C\x\;\ﬁ@u;wga&u
Frosde o adyy e 2hile &S 5ok 4 AL e &ls 51
Lsls 0Lz (Yeo¥) olaa 5 06 (F Jsd) el &l ol
(Vo) 5y eize 4ils o, 0= S w53 gy chle S
ol LS i) glaphll a5 5,8 518 58 Sl
S0 s e e oly Slaelll 4 ol (655 6
Il oS 5dn 5 o5 o) Sl ez 5 osb 4 e S
(1) 2

) (Translocation Factor) l-wls o o & Jsdr
3 S 3 s (i 4 pls el s Sl Ll
iy s e cble o) (Bioconcentration Factor)
osbOlea das o DL s 5 S5y e 33 Sl 1 (S o
S xS e 95 e gl slie pl das e 0L J gl oS
O 5l Sl ol l OLLSen 5 0y skidie i S
Al g 3 5dmms oLS Law g5 55 Il s Ul & el
S Ay o e (st e ol S3 Ll s (1Y)
0 b bl Glacnd (Yo 5 1Y) ool Sl 3 4 S
4 S 5 kS 3 50 5 0dd oy olS Cilie sl i
S35l 33 gt i o et S eslizal Ll (o
Cmwd d |y (6,5 s CL”' ol oaldl Bl &3, Jl oS

2l dal g

FYA


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

...jd}JsZ.mﬁﬂdjq—.: ywuﬂa.\shé\i}wﬁ)w]

S 5 ol Ciliee glacund (o e 5 S5 S Cond P Jgu

G:StR RIS St/Ss GIS 5k
Vo0 o/\A ofoq o[\V zn
AHATAR ofyy of V) of o9 Cu

A2l e 13 lsh ety s Lo GISER 5 SIS ey s R g5 pltl Stiadls [G

33 pas Sl g it Slao gy (Sispr al 2V dgor

o | Y Al ¥ o
\ JS S \
Y odor LB (s ofap* )
A Wi,y o, ohle o[Y¥ ofyY \
f sl il sy ol ooy *o oV o\y 3
o &ls g, bl A -of0e -0/ AR |
.MLJL;Q‘)\JJM O% C]a.» BEl *
200 - y=-0.03X +4.4x+ 243 100 -
2 _ o —
150 4 o e
£ 604
g =
= 100 - ¢ N 40 4
< y=0.73x+78 <
2 2 o 20
R?=0.30 [
50 4 ')
0 'S
PS L) L) L) L) L) L]
0 L] L] L] L] L}
0 100 200 300 400 500 600
0 20 40 60 80 100

DTPA-Zn (mg/kg)
rxf s plil )3 (555 oder L DTPA-ZN alayl, .Y IS

5> ol S5 i e ali plr saOISe
2,5 0l il S (Vo) s ol 5 0 )lS (VL ali
e gl Aile (S50 sl S5l A s
Sl il U s ey e s ol aies Jlis
2 e Bl a3 a8 5 pd e le 4 ady
5 aly S (Y0) Ail Jarse s OF lale ) Jiee oS

L) S o belS 5o oy chle o st ddaly sl

5¥q

(mg/kg) Js s
S DTPA-ZN L JS s, alal, N &

SLst Sl 1l sy Gl b oS sl O Sl adaly ol
ot 3 48l GRId B alaa el s (55 o Ol
ol b la s 55 48 [ boles .l e 2l O 5
o 2l e GREI L o en (g o (Sl 4 S
3508 Il nsler 3 g 5 03181 BB 3,508 p s Sl
Eeb OLL s o b e Al el b5 sy ol o
Sl Sl LB i Sl oS b 8


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

\YAV bt«m}/(y)‘.ﬁu}ka)wlrﬁ:jbé Jb/ﬁcb}dj)}w O}Jﬁ}r}-\-ﬁ

S \ \ \ ¥ 0
\ JS s \
\ Cdor LB e ofqyx \
\ Wy e chils ofYv of¥q \
¥ sl il e o AY** ofqyxx A \
0 Gl e e of 24 o/\V -o/\y of¥A \

60 - y=-0.28x%+7.15x+ 1.3

50 R?=0.92

40 4
g
< 30 -
< y=3.3x+10.4
2 20 - R%2=0.86

10 -

L 2
0 L) L) L) L) L) L]

0 25 5 7.5 10 125 15
DTPA -Cu (mg/kg)

¢S alsp plil 5> s dor b DTPA-Cu dhal, F I3

et sl SO L 0l e 1) S IS e b Sl LB
Sli adsbas ol (1 JS2) 58 o 5 5L L R L5
SUt S e 53 Sl Y mg kgt e gl 4 4 das e
Il sl o G| i BB s 3 il 53l o/YA mg kg™t
ofo¥ dals Jlas )3 S s 4y odir BB s S SO
et e 3 ol 4 S el O sdins LS el ol
o ek DS ) VL S L 5 el LS
Pl a5 bl ooy 0 50 S 3 3 a5
Sl it glass 53 SLst b s DS 5 oS
ool e BB o i bl ol Ol e (YY)
S b LS ol 2 B e el ke AL S s
St an Y (o iy kB b e (5 alie UGG
CMBB 2 4 305 3 gy sl ol i o el 035531
i Sl S s e e 03 S SLAL e e

il o ls e Vb pedans s **

y=-0.002x¢ + 0.44x - 10
R?=0.87

DTPA-Cu (mg/kg)

el
ON MO OO DN BN
[l [l [l [l [l [l [l

o
N
ol

50 75 100 125
(mg/kg) Js o=
S DTPA-CU b JS s abasl, ¥ |3

3 OLea 5 150 (YA) L3 8 S 1 (S eslas 6
by Sl el ol o) oo ot dal) S ass
At sl 5l i gl 531y olS 3 gy ol b o2

(Y4) ws s

o= Y
)wa.uev@u_ﬁ(w)b&dw}‘c]ﬂ‘w)b)
bﬁ;*.ﬁv_a;il;;);wéub}i;j\&@ﬁga”@,
SO el mla 53) (ol e (Sanon e ol LB
e D)3 3 &@Q\}gdﬂwcsb QL.':J(M);

(A Jsd) el i St Ll LB

ot Dl 4 S 5l Ol et s S5 slad e


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

...}6});2.51.'9,16*3 ywuﬂaxhé\i}wﬁ)w]

Sl 0l uij\jf)ﬁjjf.l:gbdllmfﬁﬁop_da\]m
(Y4 5YA)

S S Ao
=B S slacbale (gl e s s b any DS 2
&u)w‘)b.é‘b &‘J_‘?‘ |)W}(§)}DTPAL6J»:§O)L.G—°
bu@‘o@éﬂudi)bﬂbj)lskﬁ‘fi)|dt,wf45
erC,_]aLch_ﬂ:‘j_A QJ_J:L;'.X_xAbn\j_Q.AJQLA) C,..J:Jg
5 chia_“_z“m wlS St s & ol Gl L6
QL:;;V_AJJHL?ﬂ):LAQE.L&«Cﬁ\QJfW&&:JJ Jals
Cle ey aSalb olis s LS Alalbaly 5 o)y
c;ﬂ;‘-)b Q\Jkﬁwﬁbﬁ\ ("pjhflp c..l.::) Cﬁ) AJ%JQ; tjjj
d)M)J)MeMuMoLsap)b L@JTCJ&L&)J L):'i‘fe‘
S Gl AL o i 5 )8 S S Ol e a5l
Al sl osls rals 1 oLS s ol s e ble 5 Slas
olie i LB e I L oS s e 0L 00iS i
)|J_ZQSeL;§)JJ*pL&J‘CAIaJ.OLo‘b)N))L>J b)l.kl\lw‘b_}v\}

g CuldS auls

Lo s ampms gkl p b1y St s el ols 5
RN IS P ISP INCE N C N
o Olpn Sl oS 5ls O O 55 Slag 2 b
SobOls e b S Cdr B e SR alsn el e
Olis adslan ol (¥ JS2) 55 0LES b3 R L pss a3 alslea
Pl s o Ol (St ol B s 21331 L oS a3 0
U e a0 O 3l e 5 4l olsdl gu> b Ll lse
38l 5308 5 sl B S R L s ahslas Gk s
e B e SR lgp pl e e
23 oS (alsn bl g e o 6 Ay 0 B AL e
A2l g BB o b Sb e 6 s
S oS vy 56 Ol pall L old w5 0l
3, e 58 Sldlas s 45 |y aidiy ldis & Ol
PH L3 b e ilioil Al Lol se & sl o Lt o]
S o ,lS et 5o S b,y &8, S
Y gams oLl S ain) G DI SIL 5 OlaS olis
A o L (S o 3 pdome | OlaS D Ol ¢l
Sl Gl sl g3 OLLSGn 5 el (VY 50V 0)
| ey B olS (S5 Jalse w0 1) 15k
53 BT L s glachle s) 55 ) sl o
Ol O 5 55l (10) L3 ST sdaline St U glms
Cble 5 (Zliuls 5a18) oS 3 e Chle S Al
s bt daly G S EDTA (6, Selae LG e
LS s odr bl e el 2 5.(0) 2
SLs s ot 03558 Ly (6w Soslae LG (S s L

v 3,40 cLA

asbOLl e kS Jau g jolis cpl e 5 S s K S5 land ISy JT las S 5AYAY Y (o s )

QL@—M\ L;':M AK.:._;\) cd))j[..:,s AM\) c.L:J)‘ Jﬂu)ls

Lol oS 5 SLs s o Kw obie calol 5 (VT 13 558 Olse 4 oMl ) 5l eslizal 51AYYS (el Y

.QL@—M‘ J“M oK«i."‘b ud‘j)_}u's o.&i.”‘b uv\..i)‘ L;wu‘)ls

Sl_>- éiﬂﬁd"‘)" f}-’jbgl;' CA}L) GC}M\ C‘Sj}j" uwlﬁukdé.blﬁgbjkwﬁb‘j\ L;.,:)J.’W'/V tcé}b Yl

4"


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

\YAV bt«m}/(y)‘.ﬁu}ka)wlrﬁ:jbé Jb/ﬁcb}dj)}w O}Jﬁ}r}-\-ﬁ

QW‘WQ&J‘J 46))}[.«»5 QJL_"J ‘.)s.\:l)‘ L;\AL\.\:-'J{S ML'QL.’.L’..
5 il a4 K Soblie (S15s Sl 5 S gl Shs F a2 OB gl JIAYVE e i 06 e F

.QW‘ W GK:'..!‘J %5)))[.;5 GM‘J cJu.::)‘ JA-NL‘-«-;)LS ML’QL:L»' .éﬁ‘\?—;

5. Afyuni, M, R. Schulin and Y. Rezaeingjad. 2006. Extractability and plant uptake of Cu, Zn, Pb and Cd from a
sludge - amended Haplargid in central Iran. Arid Land Res. Manag. 20(1): 29 - 41.

6. Antoniadis, V. and B. J. Alloway. 2002. The role of dissolved organic carbon in the mobility of Cd, Ni and Zn in
sewage sludge- amended soils. Environ. Pollut. 117: 515- 521.

7. Baker, A. J. M. 1981. Accumulators and excluders-strategies in the response of plants to heavy metals. J. Plant Nutr.
3: 643-654.

8. Brown, S, R. L. Chaney, J. S. Angle and J. A. Ryan. 1998. The phytoavailability of cadmium to lettuce in long -
term biosolids- amended soils. J. Environ. Qual. 27: 1071- 1078.

9. Cakmak, O, L. Ozturk, S. Karanlik, H. Ozkan, Z. Kaya and |I. Cakmak. 2001. Tolerance of 65 Durum wheat
genotypes to zinc deficiency in calcareous soil. J. Plant Nutr. 24: 1831 — 1847.

10.Chaney, R. L. and J. A. Ryan. 1993. Heavy metals and toxic organic pollutants in MSW-compost: Research results
on phytoavailability, bioavailability, fate, etc. pp 451-506. In: H. A. J. Hoitink and H. M. Keener (Eds.), Science
and Engineering of Composting: Design, Environmental, Microbiological and Utilization Aspects. Renaissance
Pub., Worthington, Ohio.

11.Chang, A. C., A. L. Page and J. E. Warneke. 1987. Long-term dludge application on cadmium and zinc
accumulation in Swiss chard and radish. J. Environ. Qual. 16: 217-221.

12.Chang, A. C., A. L. Page, G. E. Warneke and G. B. Johanson. 1982. Effect of sludge application on the Cd, pb, Zn
levels of selected vegtable plants. Hilgardi. 50 (7): 1-14.

13.Dudka, S, M. Piotrowska and A. Chlopecka. 1994. Effect of elevated concentrations of Cd and Zn in soil on spring
wheat yield and the metal contents of the plants. Water, Air and Soil Pollut. 76: 333-341.

14.Elliott, L. F. and F. J. Stevenson. 1977. Soil for management of organic wastes and waste water. ASA, CSSA,
SSSA. Madison, Wisconsin. USA.

15.Hamon, R. E., P. E. Holm, S. E. Lorenz, S. P. McGrath and T. H. Christensen. 1999. Metal uptake by plants from
sludge-amended soils: caution isrequired in the plateau interpretation. Plant and Soil 216: 53-64.

16.Hodgson, J. F., W. L. Lindsay and J. F. Trierweiler.1966. Micronutrient cation complexing in soil solution: II
complexing of zinc and copper in displaced solution from calcareous soils. Soil Sci. Soc. Am. Proc. 30:723-726.

17.J Benton Jones, J. R. and V. W. Case. 1990. Sampling, handling and analyzing plant tissue sample. PP. 389-429. In:
R. L. Westerman (Ed.), Soil Testing and Plant Analysis. SSSA, No.3, Madison, WI.

18.Kabata- Pendias, A. and H. Pendias. 2000. Trace Elements in Soils and Plants, 3" ed., CRC Press, Bocaraton,
London, New Y ork.

19.Karimian, N. and G. R. Moafpouryan.1999. Zinc adsorption characteristics of selected calcareous soils of Iran and
their relationship with soil properties. Commun. Soil Sci. Plant Anal. 30: 1721-1731.

20. Khoshgoftarmanesh, A. H., H. Shariatmadari, N. Karimian, M. Kabas and M. R. Khajehpour. 2004b. Zinc
efficiency of wheat cultivars grown on a saline calcareous soil. J. Plant Nutr. 27: 1953-1962.

21.Lindsay, W. L. 1979. Chemical Equilibriain Soils. John Wiley and Sones, New Y ork.

22.Lindsay, W. L. and W. A. Norvell. 1978. Development of a DTPA soil test for zinc, iron, manganese, and copper.
Soil Sci. Soc. Am. J. 42: 421-428.

23.Logan, T. J, B. J. Lindsay, L. E. Coins and J. A. Ryan. 1997. Assessment of sludge metal bioavailability to crops:
sludge rate response. J. Environ. Qual. 26: 534- 550.

24.Marschner, H. 1995. Mineral Nutrition of Higher Plants. 2™ ed., Academic Press, UK.

25.McBride, M. B. 1995. Toxic metal accumulation from agricultural use of sludge: are USEPA regulations protective?
J. Eviron. Qual. 24: 5-18.

26.McBride, M. B. 2002. Cadmium uptake by crops estimated from soil total Cd and pH. Soil Sci. 167: 62-67.

27.McBride, M. B. 2003. Toxic metals in sewage dudge- amended soils. has promotion of beneficial use discounted
the risks? Adv. Environ. Res. 8: 5-19.

28.McBride, M. B. and L. J. Evans. 2002. Trace metal extractability in soils and uptake by bromegrass 20 years after
sewage sludge application. Can. J. Soil Sci. 82 (3): 323-333.

29.Morera, M. T., J. Echeverria and J. Garrido. 2002. Bioavailability of heavy metals in soils amended with sewage
dludge. Can. J. Soil Sci. 82: 433-438.

30.Nan, Z., J. Li, J. Zhang and G. Cheng. 2002. Cadmium and zinc interactions and their transfer in soil-crop system
under actual field conditions. Sci. Total Environ. 285: 187-195.

FOY


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22518517.1387.12.46.18.2 ]

...jé,Jc.El.bﬂLs,q.& ywuﬂa.\shé\i}wﬁ)w]

31.Rundle, H., M. Cacroff and C. Hoh. 1982. Agricultural disposal of sludges on a historic sludge disposal site. Water
Pollut. Control. 81: 619-632.

32. Sauerbeck, D. R. 1991. Plant element and soil properties governing uptake and availability of heavy metals derived
from sewage sludg. Water, Air and Soil Pollut. 57-58 (1): 227 - 237.

33.Singh, B. R. 1994. Contamination by heavy metals. In: R. Lal and B. A. Stewart (Eds.), Advances in Soil Science.
Lewis Pub., London.

34.Sommers, L. E. 1977. Chemical composition of sewage sludges and analysis of their potential use as fertilizers. J.
Environ. Qual. 6(6): 225-231.

35. Sposito, G, L. J. Lund and A.C. Chang. 1982. Trace metal chemistry in arid zone field soils amended with sewage
dludge, |.:Fractionation of Ni, Cu, Zn, Cd, and Pb in solid phases. Soil Sci. Soc. Am. J. 46: 260-264.

36.U.S. Environmental Protection Agency. 1993. Clean water act. section 503. Vol. 58, No. 32, USEPA. Washington,
DC.

37.Yoon, J, X. Cao, Q. Zhou and L. Q. Ma. 2006. Accumulation of Pb, Cu, and Zn in native plants growing on a
contaminated Florida site. Sci. Total Environ. 368: 456—464.

4


https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.18.2
https://jcpp.iut.ac.ir/article-1-1149-fa.html
http://www.tcpdf.org

