WA Ll / o g ol osladd / a3 5ls Jlu / S O p ke (b mlio 5 (5350L8 05 5 p ke alos

‘;\ahsuQ,;Cu.mg,;ﬁ;tswumsﬁ,u,ﬁ,ts;n

R *
By demdlds 5 e b

X3

OYQ/T/Y i bl seoli € VWAGD/TY il s o)

s AS>

Cel Sl ams o) 5 (5500 B 55 8 5148 ABb e kxS G Rl S 4 (65,5L5S LS s e )T
35 = OLalS 5 Bl 6l OF Copomm 5 SUS 5 0T 5l metl 3 iy 5 S o0 3 4 aslS (Kiw polis o 51l
Lr.;.uu 3 )lS 51 ey sl 4 Sl WS S gl S5 ‘5,.4;;,5..5“.#;15 W 3505 (6oL ) Caedl (ol slaclale
plomil (Balai LS b Ky 5 SLS Byl 53 (o alesT (Kol S 55 gl b oS 5 5 A5 » 6T (2o p 5 ind
Méﬁ)k{;(mﬁ:ls Ol D ge 4 S r,f;;,;r:u\s pf‘).’.a'fo 3Ye Ao ) mﬂ)‘séﬂj‘.e bola bajles s
(aJ_fuL:a‘fo S pan 45 5ls OLS s .aﬁ)lﬁuﬁ(oww«x}uo)y‘ggS\é rJf‘,L_SJ;,&..prJLyAU\% Yo (o)
| S 055 g a8 g 1 e g 5l G0lS A, TV 1) ikl glgm ] S D35 (51300 55b 4 peeslS
Lol jhals oLS sl g6l s (Ao y3 VA) G )ls sma s5b @ | ‘..’.n;lSc,.E.Lb‘jé...é e Lo eh 3 ged oS Sl s sba
Pt s il (a8 s Yo e Bl Sl el ol gn ¢Sl s i ol Sl aslS (63 sk il
Sl3mas sab 4 il s, ,;EL:JCWI il pll 5o Qj‘g,‘-;.?‘gr:--\su}f;a oy Bl sl gals w0, gl
Al 53 15 O35 55 5 paokms e’ SRS 1551 Ll (59, il RIS (opasl 3,08 Bl a1 ok Sl Jy Bl alS
SRS 3 i )l il ol 4, Ly eenslS e g 15 CBIE SIS (gl 48 ol OLE o)l gl bl s 4 ol ol
) S 5555 405 655 31 U5 el i 53 ) i e Sn e S A3 e 15 o Sl i ) e

338 b ass e i s o el Sl

SSal S il i edlS 1 g S sl

)\J:,.Z aK.:J‘J ;&)J)LLS oAl (Sl (}.L.P JLM.c.} .,\..S:)\U,AL.JJJS g_,\.:.?j 4 A
tayebe_rahimi @yahoo.com : s S g (D5 J ghns 1 *

7


www.SID.ir

WA Jlg / o 5 obny )ladd / a5l Ju/su,?if,u‘@?,bcu,@”us 055 5 pole dome

el @ealS b ume 5555 6lS 3 45 s S 0L (TO)OLISen
Foor g 8 |35 IS a8y i 035 s pre RA
ealS Slilse a0 S 5 St 05y LS sl o 8,25
S olS s pobe SRl rmes 5 Al e S plae
Sl s, Shee 2alS Sl e 4 OIS o)l 3 esls U
sdalis olS 5 dl Cugy BB oS edlS e 31 6 500
ﬁﬂ_mﬂ)t_m_:x;;gtﬁ(v)g\)m“x_}j.m;
Ll sl slae 2als 5 ol Sbsl ws, rals o
53 (S0 23L) 55,5 5 (205 Gm) 530S sl iy on
o3ls ialS 1y @l b Wl e el ol ol S
e ol @ I glasst= Sl 1 K ol 5l sl
AN ) das S e s
o3l Dlind Sl oy eeslS b ind Jle sl
LS Y/Ovx Vo eI el ey 5 L (Cae (POY)Y)
OF) 355 e moaslS pas sl I 2alS Col S das e
sl s )8 68 a5 S (V) 0es 5 (s 02
o) 3 el ks bl gl il 53 eeslS Bl talS
OUT ol 03 50 gy Sl miy i Sl s clle 2alS
realS el B RS sl s oS WS 1S iemes
S 53 0l G0s S yomte o | 3 50 oS o
S 3 1y wen3lS oo L0155 mphd ol il 355
wlice glaallae 55 (V) OLLSan 5 Olslrle das 2als
Coba e 53 S 5l QLS s (ol 4 5 Ll ol
52 o3lS S GRAlS s s 03538 (e edlS
e I e e A Tor
ougﬂuﬁ)}&\ﬁt\&ljsmabgwg;&ls@l{
ol SO Sl ol S il opl 45 L5 S Oly 5 S
(V) Oan 5 OV 5 il edlS 5 jad o e Sl
S 4y ol 3533l Slind mlaws (1153 L S s S 518
S paren 3L RalS il Glacil s pesls il
Ad S s ko 5 ol asls chale fals el

gdu;wﬁﬁ\)mﬂsugﬂ S Saas ol

PR VP
r S Sl 5 SC Ol 4 S las (S5 0T 055l
(b e e A Ly nl ol e 2 (S5
e oS OlSLe (Gl it Casgdome bl o S5 4 3
P S RO S S I CR e P
3555 0 3 2 Al S e s 3l sy b gl b
e 3 3B slinl 5 e b 0Ll Y s 5
Slacs s Sleslinal (2 glacdlad aboar 51a3L 50 4l
5 gl Al sl b a5 G ShaliS Glac e ( Jos
oS Wil o St Laes 4 dileny 03505 3,5 5 6 b
o 3 035 als S5 lamn (S5 0T a lodul b b w
o S das O Shgm ol sl SKie cpl 0SSl
oG 3 Gl G S ol s e gon Ol
3505 3503 63 i OLS e 5l ey D> ge oL
SIS Sl 5 BT gl S s LT s Lo, Vi
Sl e mis pise 25 ol Olge 4 OBLS b A3,
3 pre Sl 2 B Ol Sleds 5008 S
S a 3,l5 0T 4 a5 e lapioens ST L

slasls s aéj_ﬂ (e Bl 5 SO
gl 3305 Jods 4 wliabe ool (K S w4 (5555l
Ol e cilizen slaaslt ;)8 Dlnls 5 axe glatibons
o= VY cmud ulssl gy S a Ol sy
OTsls ol b s 5 S s @ sl (0 jolie
G e Caetl b glac bl s o O e 5 S s
53 Pl sl s sl e IS 55k 4 .(VY) 550
DS LS (65 LS 3 U b eas oS pols ] gl
SLS s 5 s S 6,8 s s S (G
P a3lS I (V) 3 e Sk ol 6 354
5 A2l e OLalS 3G 5 ads gl Gos 0 ol 51 S
s JUasl 5 eblim (g5 0 JUES 5 (5l ot (sl
s ladsn Slatlo OS5 a5 05,0 S (S35
3 s OOl s e DS 5 51 6ok

\i4


www.SID.ir

¢ 3 gl oS 3 sl Cew ISy i 3 )8 31

oS 3S &gl 1l A5 65533 OIS a4 Ak, e
03500 bglsen 31 e 5w, Sl laans s St
3eV0 slaes A el S L OIS Sl g558 slasles b
S s>~ s > (Spinosa oleracea) glal L
Olalls Hharul 5 S3ale 3l e dl aslS g e Sl
2o spb S Sp F g OIS e s Ll sl
o5 Jsb 53 5 Ll esls ialS s S 513 Qukfcla.d
Glaa=alS ool lallulS Gl atia A Sl 4 A,
S b b, s s i Ol il
OLalS czls 3l e Las (,1u S (FO) (glas 5 50
o Oy B g 453 PO (glos 55 5 05T 3 L g
Dbl e g 38 5l e s LA e <l 05
Lrﬂjﬁ\AJP);uﬁg&i}o;bfﬁ&i.xm):ﬁ
s el )3 FeS D)5 s 455 000 Slas o
Jom Dl Y Ko S dl 2 ke O 3 dhools Sl
Il lg o Lo BB L 03503 Glo 5 g 2
A ol S e O ke T sl
=) 03 e 5 S s (55 peedlS olie ShlE
by e C bl (el ol olSas daw 5 slas
5 bUly 5,5 Ghay e iesd Chale e I8 oSas
A g S el JIUS 5 e g IS 0558 ke
MSTATC ,l5-3le 5 51 eslisul b o wﬂc&. laesls

A e g s

Cou gl
jj.&m_éjm»;lj;ﬂ)ljj_?lé.u;dedqudeq-@td
s imn gl plea plasl St 035 p Lol JSen
Sola e paban |y ol ol it 05y hd Sk e
p_fdkﬁn/\oj\‘o Yo0ss38l L aS (o) gbay ol asls il 53l
5 el Sl e S 05 ke i
Coie ik an a5 b el sl 5 YO/ 5 VYA VeV

wdllan 5530 St i il a5 U 5 oS w5 5 i

\A%

5o 0313 St et Lo 5 a3l S 035 S ke 2
5 (CA(OH))= 5 50 4 KHy POy 03,5 6Ls1 Ly 1eslS
S5 (0) OLSen 5 S 4 IS o gy (Cle (POY)Y)
oS 53 sl S wlale alS sl jind s )8 S K S
4S W5 S Oy 50 (YF) O 5 Jlsy ool odld 3
O e 5l a8 and o 3 Lyl olS s oesls lale
Chle S s hed o GRIBIL AL e i OlE s
LS ol € L3S 0Ly OLT il 2alS Ly olS )5 aslS

.;,M\ra.;.oﬁ> lew&&aﬁ s laasOLis

CITPIIRe
UL Sar G i 3 5D3S S bl ol ol (51
@l 5 (Fine-loamy,carbonatic, thermic, Typic Calcixerepts) ,ols
Slogas 5l A ag ool Ol Ol g jw 405 53
Grsoam el dex Sl andllas 550 St Sl 5 (S5
(i b e lest gy e ST esle (M) (6 s,4n
F s ahey 4 Ll o jlas s (Sl s Sl
e lac a4 pLdl et s Sl (S )
IS 5 S 25 S 03355 dYe) dolan ol Sl S
JELCIPIIN| (eo3lS (555 «(YA) eslial LB i 5 (3)
ol s esls OLES Y Ul s O =W s ©Seslul (19)
el S s po ol Sals C;b Soye 4 uiiL‘)'T
Yo 5o e 0) meslS mlaw Jlgr :Jols Lajleg 5 A2
(peeslS Sl g D0 & Sbt o S S 55 aslS o 5 L
53 e o S e Ao 5o Yo o) sl jLex
glinl olS (o) (Dlind S o ps0 4 S p S LS
5 =8 sy ol Wis s s S sl (Viroflay) o3,
S5 4 Jlomn g 4 S Opa31 S il s
(S slaslil s 5 (FEEDDHA) - al &5 o5l b
At Bl S S ) e 4 OIS s 4 e 5 3K
23 055,55 3 st e S d 33 4 3L 3550 O35 %0

.b_w\j‘ BE Jé.nl_‘:)u_i\,\_o j..al.& ﬂL.uLvelJaJh g_,.&SLS‘.LLl


www.SID.ir

WA Jlg / o 5 obny )ladd / a5l Ju/sujyif,u‘,?,bcw,@”us 055 5 pole dome

MJLE.«.:J}AJG CJL,&W?ﬁ A d}.\.‘g-

N Cu Fe P Mn Cd Zn ) oM EC. CCE i
) mgkg* (dsm™) ) .
\/Y ¢
o/o¥ / Y/A VIV ¥/f o/of o /OF /Y o/f§ £Y
_;"J-:M
GU.L.J @‘}Af‘.ﬂl).: ﬁé‘f%}ﬁdb‘.‘ﬁbg&i} Jjjﬁ,&-ﬁ}ﬁ:ls ;ﬁJ\SJﬂ.Y J}Ja-
(¢SS o Sht) Sed sl
(.._.a;lS C}Ja.w
LS e ‘o Yo (SAS 2 S ke
£/ VB v/Ye® oV o o/¥i 0
O/YA /58 5/bd pote o/A Yo
A IV /A% ¥/08 o/Y' Yo
Y/e° ¥/A' 0/5° YA" o/Y! Yo
§/8h 0/48 £/vC o/¥P oSole
(pS5hS s p S k) s Chali
YVYA/YA FFon/) @ Y210/ P Yoq0 44v/0g* 0
YVTvA Frov/y 2 Yooof yysfe VAV Ve
YHEY/NA FYY¥/E yayy e \AAAN VY8 Yo
YAAV/\B Y44¥° Yraq/ % YAVYS \Y¥EY /00 o
feoyvA Toop/\B YoAqC YYYV/YP oSole
(¢ SAS 08 o) pasls clale
oV/YP V4! 4 Yo/ YYY/ N O* N
ATA Yol yyrh 0e/09 N Yo
A¥/\B yo! Fo/\f0 vs/re V£O/YP Yo
N SN INZAN % YAS/YR fo
A TA INTAN Vo/\B N ol

I Sl e B (ST Q}»)"l‘/.(bck.dy S S LS5 S pie Gy bl b Kle Wyt b ciisy a3 *

YA


www.SID.ir

¢ 3 gl oS 3 sl Cew ISy i 3 )8 31

WG PA [als el CuiS ams 53 0ol Y 5a5 Koo 00
2 Eho 3 FFLOF 5 alsm pliil s Slies clile sao)s
Sl ) aslS &S W3S Ol e obT Tr o5 53 Ak
S b Olan LS o (58 hr p 3 Sblid lagy s
Pl L O cale 3 ae caslS (LI L 2 e sl
Vo s Ve 0ol (Y Jodr ) ol ol ol ol s
Cble Sle 5w dald e 4 o eslS 0 S L
s 033380 Ll Sl o3ls (1530 Ao s $¥ 5 YOO 15 enslS
gl oLS 3 esls clils JalS sl (gl pne o5k 4
St o S5S  jiad p 8 Jus Aol 5b 4ol o
S & S o3 VA Ly gl ol sl clale Sk
L5 S ol OF) 0L 5 (6 mms .l o3ls LialS dals
lsa p s sl S bl rals el jind s S
e b S s cble Al pl 5 el s 2l
308 S s S S pmen LTl 03 gy S
o 1o SIS CBlE Al e il
st e 1SS S s (Coe (POY)) el ol il
Dl o5 e SL s 0edlS DA S e 2 o S
Olalrls das (2alS Sb 3 1) aoeslS Copams blil 5 alpied
SUT s disls plonil alie (glaslllae 387 (XY) OlySen 5
o e 033380 b e 02a3lS o ke 3 48 513 OLES
GBSl el Lo oS 55 el e 18
ool 3 easlS bl SAlS Eel gla o ples s i
=l ol S a0s 8 OobT Cl s L aly s 5 2lsa
5 s o e s ) S el (S
Sl ¥ 5 Y gladsds slaesls L nlhas . LiL aaslS
S I e W Ry O LS - SRS PRSP RN
SESan s 5 o3l 5 it 308 3L o il s
ROWPRR P el
Pl gy e Sl alS sl bias jind
BEIE B Y P P IYS S\ PR S D USRS S Y
L el el g5, clale cals Jlas 4 s S SlS

\A)

Lal il e il gl sl L3 e Gl oy A Sl 208
o3ls EalS 1y glsm ol Kot 035 oS0k (uuedlS 5
SN (Kt 035t B ) eeslS e s
0SS 53 sl S 0 5 o ¥o o s jls s gy (g)ls e
Al sl 4 S Ao TV 1 St 05 xSk S
Mﬁrr@,wr;f&g‘/\o 0353 L Js sl osls Jrals
S s 1 S 55 e pl b s S g ralS
el a2y e 36 i O3
A aad 035500 S W O () OLIKen 5 (5 s
33 sy Y'Y olﬂgcu.ﬂ\&:}oj, el el S
sl (s S S s Ao 30 5 o) o) S
Qo 5,8 4 s Sl S (F) 0L 5 gliiw ol
ol sl ol a5 b LS 0 jhd o S LS
5OVl el B L LS s el slad 5 il 5 Shee
S Jgoms peslS Chle oS A S 515 (V) OLSKes
3Gl a1y sy e sSas alaly ] S 055
WJsloes aposlS e 213l L oS s S 218 (V) 0llan
B e ol el alS o elS s Sles
Sl st 3l il glya el s OF chale (Sl
oS e Ao a4 aald Sles 51 i clle (Y Js)
YWo Jolas o S8 5 p S e ¥V L ATIVIY 5l i
SalS ol aslS 3 LS Lal ol 4l 5l Ao s
At il s ) s e ble S0l ls e
YVO rals Col Sb o Sk nslS 0 S s Yo 53
UL INVIE J5{INIRURCHIN VI JUVIE IR VST TSR
ot ed O3k lad 3 eedlS Cilize sl 5 )8
o a3 gl gl el S 05 ShalS
O Dt al L pa Sl e ol Jad Bl L1
2 Aed 5 edlS S 1 AL e s re (5l L
(o) OLLSen 5 ST (Y Jsdm)s g Jls e jid clals
5 ) e S bl S Csl aslS S W S 1S
3,0l S aml s (Y9) ss 5 old i oS olsa ol


www.SID.ir

WA Jlg / o 5 obny )ladd / a5l Ju/sujyif,u‘,?,bcw,@”us 055 5 pole dome

A IPIre cw;iujoj,;._s (Say B 5 pd sl 2 )8 1Y g

(6555 5 p S ko) Somd o
o3 sk
S " - = - (0SS 2o S ko)
(¢S5 2 p S k) oy Sl
VEY/AR VV/A%® VYV ¥/ ¥ /0° 0
YYV/VA VA5 Yoy g% Y ybed Yyv/sR Vo
yov/0B YA/ vvve Y YO/ V¥R Yo
AY/4C gy /e syde vo/ % Y YA/YDE o
VE/e\© ar/s8¢ A% \AV/PA oSole
(Ao 3) O3 s chale
£V© A £/AC \ obe 0
¥/0° ¥ ¥/0%9 /19 or® E
¥/A° ¥/0' e A on® Yo
o? \ il /4% /0% fo
£/¥¢ ¥/5° \A ot oSSl
(¢SS 5 p S ko) 55 il
/AR Ya ¥ At YA/£ YA o
TY/AR Yo/ Yo /00 ¥4V \n A ke Yo
2008 yro /0 Y/ fv/r2 v
veh Y™ YA/P% AN ov/a® fo
v /¥B ¥1/ AP \avA S FYA oSl

LI Sl e Gl STl 551 0 T 52 S S LS S phe Gy sl L Sls O b sy a

Ao


www.SID.ir

¢ 3 gl oS 3 sl Cew ISy i 3 )8 31

GLLL.»\ @I}Afl.ﬁ‘ ra_-\.»}ra_ﬂwo LM&E&}M}W:GJJJJK;‘ ¥ Jod>

(S 5hS e 25 hot) i sk
(=r3lS ot
Sl Ae Yo Yo (¢ S5 2 e S ko)
(0 S5S 5 0 S ko) oS LS
VAAYC 1 F04¢ BACY VA9 YAYY® 0
\aval AN VYo od 1Yoqd v55q° Vo
—_— \o¥rd VAYQ® VoA Y FYYA° Yo
P A YO¥S/¥° YAQY® YOAP/\® $00 02 ¥o
VEVA/NB VAYYE \AoY/\B 5 oA AR
(¢ SAS 2 oS o) e Sl
OVYANE YAOY® e VYo od® YVvore 0
051418 oFYY/es P00 sV YAVOS Ve
FVAVVA VY Kovo® vryode YO Yo
50q0AB Fo v A¥AN? sqqye Y45s' Yo
$1yv/\B vraa/ A Vo oA YVASC oSl
(b S5hS 2 05 o) et ke
VA#¥/\BC Yoy Yovo™ 1VFY/YE9 Frend >
14v4,/\AB YVev/ Y3 FYSA/E® \OFASS Yva/ P Vo
YY1s/vA YTOv/N2 Yayyae VAY o VYE/s9n Yo
V0OANC Yoy yeen YOYE/N® 17aq/ve 4)0/Y'9" fo
Yo0e/\A YARIAA \000/1B 51 0/AC oSSk

A s e Dt O.QI:Q)»)T'/.OCE.«): S S LS5 S pie Gy ghils b Sls Ot b sy o 3 1F

AN


www.SID.ir

WA Jlg / o 5 obny )ladd / a5l Ju/su,?if,u‘@?,bcu,@”us O g p ke alows

M)}Yr\JﬁMC_M&rﬁaburjjv_k?aY°dfuj
35 4S5 4555 Ol (THOLLKen 5 bSe el a3l 215
(\)JiLa-J.J_.L\{Qs_Ag.;.l_z-LS\J_{}_UJJQ_ﬂlCA{G)CJ&
I G gaS e 3l a8 L S (So T a5 5 518
al_ﬁﬁwjghug;&ls\:&p,mdl@mﬁgc;ﬂ
S LS S (W) 0K 5 Ol sS ol sl glal
il EalS s ol Sl Slie sl 20580 L
Yo mhai b sl o L3S 218 (V)0LlSan 5 i3l
Y éﬂ);ﬁ)@\é;\bw\f‘\)wmr;w
wléb‘bﬁs‘)m«ﬁwrﬁﬁ
Jua_gmﬁ:ljosb_é\wu‘lwsy@tdg@jl{
O35 SaLS il alsa ol s OF clale il o
Sl ol gy e EalS 5 i ChE sl (Sas
)MFUD Qb_._.a V.:.AJLS J:.\;:V.h RS PR W CLJ«J‘
Jf)[jw\fuw‘ab‘b&hucw‘al.;bj\)6})
eajj JL>7_1\ Byt ol_:f .12_-:)3 J..,oL& U'i‘ u.l? BL) V.:Aﬂs
Jﬁ"“": b M}G%ﬁ&i}dj}ﬁﬁ)&;y;‘jo}b
ol sl il S e Gl s zlanl
SalS U s G pme s S 055 Ll i) 235
J&JAMAEQMQFJW&AJQWTAJEJ@\)
agjéwmcﬁbum‘&:};))}jw
Lo 51 48 nslS o3l slacsSs 55 ol oy ol i
@uwulﬂéwdusﬁsﬁ)lj‘M)l;;}@SM
DR o) @l 6255 Ao 5 Sl Jd A e e

5550l 5 e il s sl

Gosohle 1 ans e .ol esls 2alS sy 04
O3s Rl 51 (b 235 iy 4 Olg e 1 (2lsm Il
OA) 0L 5 Joals s a3 G m s 13 St
S il 3L gy il g ol 5 S WS 218
S Ble Sl 2l RIS (ol e 55 4 e
Sl ek an Sied 5,0l 5 55 05 A0 5 eeedS
S 0 S Jea Ao s )8 (F 5T i) ol w8l ialS
033,58 5 peedS 50 lale Sl dald Sle 4 S
SalS o3 WV 5 Fo YO/ Dsae s 5 4l s ol
L s ol 5l 3 L e il  Sle ol 03
e e A e 53 s 4Bl GRS e Fo
3 ,LS ol QLS 1) gyl e falS (St oSS s i
A gl s el it cale il Cely an
S A St SLs 0 S5LS  jied o S e Yo s
SR/ 1 s ol i Sl SOl sl
sl 0313
T oS 52 aS A S 1S ()oK 5 a5 5
Aol o o 5LSn 53 PoOs o S kS V00 U s
ol 2 TV pl o o YY Sl s 5K Chale s el
Ao ;3 VY los sl pelane 53 5 05520 clalé 5 ol o
(YA polaly 5 55 g el a8l 2alS Joys ©/9A @
s el CLlE EalS Eoly il sl &S s S 218
Wl 4Bl S eslS s S L s, chile o SOle o
e S S o S S oy el p S ke Yo s Vo s
OS5 gdao s FY S YEV a8 LS 5w dals les
clale Js Wledd o 1) il ol ol s g5, cllS
PRI PP TE NG U JUE PUPH LN L (GRS
sl ol 055,55 5 e S SIS 1531
Vo o U1y it Sbale sl S 055550 s 2l
oAl sls me s b VG e 3 Ll Rl S s
Sl les 4 edlS 8 e Yo 5 08 sl

Sl 8313 [l 531 A3 1% 5 AT 1 05525 5 S il

AY


www.SID.ir

¢ 3 gl oS 3 sl Cew ISy i 3 )8 31

oalanal 340 c‘...a

J‘J»Jt el{iﬁ\) S r)l.c 6_,'.'5) AJL.-:)

2. Adhikari, T., T. O. Elisha, Y. Libal and M. Shenker. 2006. Effect of cadmium and iron on rice (Oryza Sativa L.) plant
in chelator-buffered nutrient solution. J. Plant Nutr. 29: 1919 — 1940.

3.Azevedo, H., C. Gomes, L. Pinto, J. Fernandes, S. Loureiro and C. Santos. 2005. Cadmium effects on sunflower
growth and photosynthesis. J. Plant Nutr. 28: 2211-2220.

4,Bishnoi, U. R., G. Kaur and M. H. Khan. 2007. Calcium, phosphorus, and harvest stages effects soybean seed
production and quality. J. Plant Nutr. 30: 2119 — 2127.

5.Boggess, S. J., J. Hassett and D. E. Koeppe. 1970. Effect of soil phosphorus fertility level on the uptake of cadmium
by maize. Environ. Pollut. 15; 265-270.

6.Bohert, H. J,, D. E. Nelson and R. G. Jensen. 1999. Adaptation to environmetal stresses. Plant Cell 7: 1099-1111.

7.Bolan, N. S., D. C. Adriano, P. Duraisamy. A. Mani and K. Arulmozhiselvan. 2003. Immobilization and
phytoavailability of cadmium in variable charge soils. I- Effect of phosphate addition. Plant Soil 250: 83-94.

8. Bouyoucos, C. J. 1962. Hydrometer method for making particle size analysis of soils. Agron. J. 15: 462-465.

9.Bremner, J. M. 1996. Total nitrogen. PP. 1085-1122. In: D. L. Sparks et al.(Ed.), Methods of Soil Analysis. Part 3,
SSSA, ASA, Madison, WI.

10. Brohi, A. R., M. R. Karaman, A. Aktas and E. Savasli. 1998. Effect of nitrogen and phosphorus fertilization on the
yield and nutrient status of rice crop grown on artificial saltation soil fromthe Kelkit river. J. Agric. Forestry 22:
585-592.

11. Cotter-Howells, J. and S. Capron. 1996. Remediation of contaminated land by formation of heavy metal phosphate.
Appl. Geochem. 11: 335- 342.

12.Das, P., S. Samantaray and G. R. Rout. 1997. Root Studies on cadmium toxicity in plants: A review. Environ.
Pollut. 98: 29-36.

13. Deheri, G. S, M. S. Brar and S. S. Malhi. 2007. Influence of phosphorus application on growth and cadmium uptake
of spinach in two cadmium -contaminated soils. J:Plant Nutr. Soil Sci. 170: 495-499.

14. Hettiarachchi, G. M. and G. M. Pierzynski 1999. Effect of phosphorus and other amendments on soil cadmium,
lead, and zinc bioavailability, In : Proc. Extended Abstr., 5" Int. Conf. on the Biogeochem. Trace Elements
(ICBTE), Vienna, 11-15 july, 1999. Int. Soc. For Trace Element Res., Vienna, pp. 514-515.

15. Hopkins, B. and J. Ellsworth. 2003. Phosphorus nutrition in potato production. Idaho Potato Conf. 22-23.

16. Kabata-Pendias, A. and H. Pendias. 2001. Trace Element in Soils and Plants. 3" ed., CRC Press. Boca Raton, FL.

17.Keversan, S., N. Petrovic, M. Popovic and J. Kandrac. 2001. Nitrogen and protein metabolism in young pea plants
as affected by different concentrations of nickel, cadmium,lead, and molybdenum. J. Plant Nutr. 24: 1633-1644.

18.Li, H. Y., Y. G. Zhu, S. E. . Smith-and F. A. Smith. 2003. Phosphorus-zinc interactions in two barley cultivars
differing in phosphorus and zinc efficiencies. J. Plant Nutr. 26: 1085 — 1099.

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

20. Loppert, R. Hiand D. L. Suarez. 1996. Carbonate and gypsum. PP. 437- 474. In: D. L.Sparks et al. (Ed.), Methods
of Soil Analysis. Part 3, SSSA, ASA, Madison, WI.

21.Mackenna, I. M., R. L. Chaney and F. M. Williams. 1993. The effects of cadmium and zinc interactions on the
accumulation and tissue distribution of zinc and cadmium in lettuce and spinach. Environ. Pollut. 79: 113-120.

22.Nelson, D. W. and L. E. Sommers. 1996. Total carbon, organic carbon and organic matter. PP. 961-1010. In: D. L.
Sparks (Ed.), Methods of Soil Analysis. Part 3. 3 ed., SSSA, ASA Madison, WI.

23. Panwar, B. S., J. P. Sing and R. D. Laura. 1999. Cadmium uptake by cowpea and mungbean as affected by cadmium
and phosphorus application. Water Air Soil Pollut. 112: 163-169.

24, Sgjawan, K. S., S. Paramasivam, J. P. Richardson and A. K. Alva. 2002. Phosphorus aleviation of cadmium
phytotixicity. J. Plant Nutr. 25; 2027-2034.

25.Sandalio, L. M., H. C. Daurzo, M. Gémez, M. C. Romero-Puertas and L. A. del Rio. 2001. Cadmium-induced
changesin the growth and oxidative metabolism of peaplants. J. Exp. Bot. 52: 2115-2126.

26. Shah, K. and R. S. Dubey. 1998. Cadmium suppresses phosphate level and inhibits the activity of phosphatases in
growing rice seedlings. J. Agric. Crop Sci. 180: 223 — 231.

27.Vassilev, A., C. F. Lidon, M. D. C. Matos, J. C. Ramaho and I. Yordanov. 2002. Phytosynthetic performance and
content of some nutrients in cadmium-and copper- treated barley plants. J. Plant Nutr. 25: 2343-2360.

AY


www.SID.ir

WA Jlg / o 5 obony )ladd / a5l Ju/sujyif,u‘,?,bcw,dwus 055 5 poke dome

28.Ushiro, T. and N. Yamamota. 1996. The effect of high amounts of soil phosphorus on the early growth and the
metabolism of organic components of some horticultural crops on the Masa Soil. Bull. Hiroshima Agric.Res.

29.Watanabe, F. S. and S. R. Olsen . 1965. Test of an ascorbic acid methods for determining phosphorus in water and
NaHCO; extracts from soil. Soil Sci. Soc. Amer. Proc. 29: 677-678.

30. Zhang, G., M. Fukami and H. Sekimoto. 2000. Genotypic differences in effects of cadmium on growth and nutrient
composition in wheat. J. Plant Nutr. 23; 1337-1350.


www.SID.ir

J. Sci. & Technol. Agric. & Natur. Resour., Water and Soil Sci., Vol. 16, No. 59, Spring 2012, Isf. Univ. Technol., Isf., Iran.

Influence of Phosphorus on the Reduction of Cadmium Phytotoxicity in
Spinach Grown on a Calcareous Soil

T. Rahimi* and A. Ronaghi®

(Received : Aug. 11-2010; Accepted : May 21-2011)

Abstract

Contamination of agricultural soils by heavy metals is a serious threat from:both agricultural and environmental
standpoints. Among heavy metals, cadmium (Cd) toxicity for humans and plants is of great concern due to its high
mobility and phytoavailability in soil even at low concentrations. Opposite to Cd, Phosphorus (P) is an essential nutrient
for plant growth. A greenhouse experiment was carried out in a completely randomized design to examine the
influence of Cd, P and their interaction on the growth and chemical composition of spinach grown on a calcareous soil.
Treatments consisted of four Cd levels (5, 10, 20 and 40 mg/kg soil as cadmium sulfate) and four P levels (0, 20, 40 and
80 mg/kg soil as mono-calcium phosphate) in three replicates. The results indicated that 40 mg Cd significantly
decreased spinach dry weight by 47% but P application decreased detrimental effect of Cd on spinach dry weight. Also,
phosphorus application significantly decreased Cd concentration in spinach aerial parts by 78%. Increasing Cd levels
increased concentration of this element in spinach shoots. Addition of 40 mg Cd decreased P concentration by 21.5% in
aeria parts. Zinc (Zn), manganese (Mn), calcium (Ca), and nitrogen (N) concentration significantly decreased with P
application but increased concentration of sodium (Na). Cadmium application decreased Zn concentration but increased
Ca, Naand N concentrations in spinach. Our tentative conclusion is that P application in P-deficient soils is probably
effective in decreasing Cd concentration and the detrimental effect of Cd on spinach growth, indicating a negative
interaction between these elements. Prior to any fertilizer recommendation, the results of this experiment should be
verified under field conditions.
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