IFAF Y o led YA A

2 GIAS1 BT 5 (B lgiome g Ady el Slay S (g5 il glaclals 3

(Zeamays L.) < ,3 oS

v P R AN TP . o e
Sl a5 o &5 5 T slE g0l ailas,

";....1‘) r_,l; IRCEHN g‘;a‘:ul‘,i alﬁ.i’.;': gb‘j@ !

o Ty Q}Jf Olidss g f_,l.ﬁ RES PRI WY A‘ji oKisls Ol '

ANV 15y o

AV/A/A sl s &b

oA

. e

53 S Sl sy b e S caSle e le 0 S0 5 VL JSTse 035 L olie 5l as S 4 S 5l
S ol sl sl FB es S Sl pdy i b s S a8 e el Al s il sl b sy » Jaee

d’»'-' RGO P WPt 2 G5 Lawlf)\jf@}gug é‘)"g_f““"'}kﬁ&idl)‘p“ﬁw") Mﬁ: B Q\}.jﬁwuﬁ:&.ﬁd‘yu
A p Sk Ve SO0 YO O Gho Jold) ey Slay S (63 e 15 L sl SlS 2 b LB s e
L;LAJ;;JUT Sl OLLE e, YA 5l e A €l;.u.‘ sl J&Lsls Sldss S s LS8 Gl 5 (S Df,x;

S Ol d Sl 5 ol Ay Cond a5 Glie 5 S J350S 5D @ Gl IS Slse onl L esde

Bl il s s il 55T S 5 (g siee S 53 (3L S (gl pre ke

O 55508 (Jd s IS Ay S o5 S g AdST slaely

ra_khavarinejad@yahoo.com : o sS3l cs « cQNWVFONNY 0 0l oJ s ok 55

5 bl Gl 2als 5 LS 55,08 e 5 e

OA) L33 0 olS S ot e ol 5 0l odaline
alis Sk g O s eeS a3 1 6 ras Olyms 055
3 N sk s e S Gler s (YY) el s
33Y5 I Cmo 3 0T 18-V &S il e Jle e
G o 5l olend mio slbaanl s o of 100
(FY) 358 o eslizad Kby S 5 65,5, (Sls
Sl QLS Gl s e s e S s S
305 OLLS 55 05 S Ul sl glofzs e 55 )
JEsl Sl eslid b ops S len <l OY) 5lx
Jed 5! s e Gles wlin slie 0,5 slastas

YAO

PRV

M s s S Slils 4 s e sl s
SOdnzd s Sdple legdld ol Sl
e S VA el 4l Rl el Sl s g
JeB 5l sleSns b ol 5l a8 0 S sk
o S1LY0) 55 go atiS o b 5 il (UL, Gy 58
5 bl bl (yls gy el i S L3 ol oyl
ppb L)+ eeppm S 5 Of s Ll ps oL
Sl s ol chle o8 & glimal & il o ize )
N Dl3ls 3525 . AEL e Vet eppm G Yeppm
Aol Wiy 5 (Sidmd gldul b g s o

gt 5 ALE s g Ay ialS Esl 5 LIS e



IFAF Y o led YA A

IS Sl L (S St ¢ S5kS o8 50058 0 S ke
Al sl Sl leo B s Qs Yy s
Codls ool g oEls Azt Sl (55,5l S e
e o S AS 4 Jl Gl e s A
O dsd) 58 s OF plsd 5 (S5 ol
3 5 BC a5y BC (g agden i) b S il
ST oS 08 5Y4) 1 (5,5 o310 2o pH alws s pH
Sl CEC 5 (0%) Black 5 Walkley s, 3b Sl
43,8 cpuas (F+) Simon 5 Schollenberger i3, b
2 Sl eSS e (Saetl slellS e
Vo) fls el Dby S g3 kil e 5 00 S
(SL 0SS a slsl a1y g8 oo Vor e VOL 04 YO
Sde 45 o3 S bl YlS S s slal lals «
Sar 5 SIS Ll eolia S (eSS i o
by B (Sl 5 S e gl 5 s Sl
LD ke Ao alds G Sl 40 s o IS pen
LS esly pred ade O L L oy Lol e
Aoy 5 AS e Ol 53 S Sl S el gy by,
noesdl Sb gl LIS 1S a0y LA
S a3l s IS (oLl s il e S
Los OLLS i, plal 3525 5l LIS ) sl S
plowil SIS Lo 53 0355 YA 055 55 IS LT L
sl Ul gl oblS ol ) c2d8 5l de s S

LA Sl (S5 s bt
w03 S Ol Shomis Gl tp0 S S5 o
b AlS gesle Six 055 5l S i 2l A s
S Al 03 ) Jol 2SE a5 sl
Lasd yoi oo ICP ol 5l eslinad U 5 055 = Ll

YAS

gasde QLS 5 Shes 5 0S5 o ps S ) n 5o
AL o Al s S Dles o Sl 5 Shes S 0l
2 (Y02) OLas 5 Singh sletass 3 mls ol

(fAN) sativa L.)

(Oryza S s

A
(Triticum S oS s (Y++A) Subrahmanyam
(Y++0) Munzuroglu ;5 zengin 5 (0\) aestivum L.)
osl> glis (#Y) (Phaseolus vulgaris L.) Log) olS s
Cpas 45 W335 55158 55 (6,503 Oldadils (sl 0
5 WS sl (S mlan LS o3 falS sl s S
L3 (Telfairia occidentalis) Jo5 508 a3l it 055

() el

5 eSSl Jelye ol 5l sb O
L3k o ALS sl sk 05,3 5T WISl (6 S IS
G asam 5 Sl oS AS, e lilail s S (FF)
Gladle AUS Eel olS CuiS Lamme 05,5 5L lis
oAl 00) gl e sy Ay alS s sy J s
23 olS Jdsxe slse dales ple Sl ol Ses A
03,5 Sas (FF) AL £ 8 (VL lehle L ples>
sl 55,55 5 WS 0 55,8 4 e fpiamen OLLS s
3 g Jals L a ool el el tals
Ol Conds 55 s 5 (FY) Cdlys IS Jlstla 5o s
S 2l sk 53 WS a8 asie (7)) OLS
OF 5 V) el eld S ped e 5 S
Sl p s el o sl s 4 g als
LAl L s (FF) 0 s st S5l 5 oSl s S
S5 sl ¥ A s s sl G,
R oes ol 5l IS G sl e (FA) 5B aes
S elS sl 5 s, gl el p e S e Bl
il

s,y 5 319

4@)5 aL:g.,\.i))fm.wb.; QL‘}JSLS-‘J:‘ Jﬂ)ﬁ)ﬁk'."‘”.

Verg VOO0 YOO Giw) Lles i L il



IFAY (Y oled YA W

a;uwl:)y\_fl}&wj‘;@)gt_;u;k)—\ Jsd>

Cation
Soil Soil Exchange Field EC
properties | pH Capacity capacity

Organic [Total Cr| Texture | Sand Silt | Clay
carbon

Soil values IV Yomeq) . g-1 Y%0\AN/Y

¥/vds m’!

Sandy
% /Y Mn_llg Clay %st %\f | %vy
kg Loam

53 5 ed ol Lais 6 ) baiped csla Y
s (6,8 SIHTW) el il s S s S 5
YY Cde w sl S il amyn Vor sles s b sad s
53 5 okd O3 e)lss OF 5l ey 5 Kk o3l 13 el
LOA) Wos S asloes 3 aaly SIRWC 0l ol

S o g™ (S 5 055 - S S 035 (055

Bl il Sl 50 8 =Sy St 035)] X

5l el sy ke o sl i e
A e Ve g s B 4 ObLS o5l ady
Helps O5sen Soge 4 1Y Shedlosilpe A
Yoosled iy Blo Aol 5l eslanad L ol O 5o
e Vool oslas Gl n) L ¥ e s S Glo
oAl Saalisl 1) oo ¥ s s G e 1)
Cole K Gde 4 5 3 S b bl JJ s
© bue boase LISty B gl S el e
ools JUsl dds Yo e w5 Ol Gl OB
5edd Lol 55 ) ke B aigel o8 4 e S
b 55 pas A ol alg s s S bl
Ll €gai s clle ad ol 2l OV 50
PSS Dose & sy 2k i Sl sz
A s S Lol 5 oss e S

Lads 5D Jlde end Sy 1 AS 9 (5l gime Jromiw
UF ode sl Sl a3 00 5536 S sla @5
ol Kist GlS 5 e S K2 050 3 sl A
S e Vo L e S sal 51 S0 8 b
g S byl 55885 S s (A J5ile) DDA~

b algr S g ad, SES 5 5 U5y xS oIl
Sles Cos OIS SIS s w5 S 5 055
Jie AT G35 6335 b adls 51 ey alsldl,
S 05y 5 Ab (S o3Il +/r e\ 35 L Sartorius
100 slos 3 el YF e 4 65l 5l e el sad

A 68 ol s Sas sl Sl a5
G ((Growth Ratio) ol wdy Cad (5 oIl
S a4 dls 3 e Sles S 5 Aals OalS e g
5 LAs S ol S sl am s fr gles s sl VY
S il glp s 6,8 el b gl S O

() dd eslinal 5 adal, 5l OLS Al S

gt e g

'r-h.-- | Voo
« s el i *

Ol LS 2 5l 08 /Y 1 38 sl o
0 sl e Osle e il LSS e o
O Jeol O3 e e A sdgle TAY il 1)
soesls Lpe ¥ ookt ally lo 2ol 51 LS
5585 Sl oS Sl slital b ol J e
SV gl se Jsb > Shimadzu UV-120-02 Jus
Qs IS (gl a5, S5l a5l #EY/Y 5 £YF/A
S e o @HD) S Jis S 5 b LS @

(V) A3 ale 5 05505

S ol (RWC) & O s lgom uts
Sy sla fus g1 0553 (FW) 5 055 S 31
3 el Y QM@&&:&&.M;)\)}J@QT

o A ey 3 SGHE s g sl S sl s b sles




IFAF Y o led YA A

LS plsp o 5 aday 55 paS b glgme Sl
2 b a5 gl R ey s llE o)l
G ot el 0LE ) S s il sla g
Al glea e Sl e 05 Ay s S
Lades 5l oo 53 g5 Sl (ke Grmas

Al s e Ll e kel

400 a
é)\ 300
- b
é’ 200 c
£ 100 d
N e ed b a
EANRREE R D CN .
0 10 25 50 75 100
K,Cry0; (mgkg™)
B root ©shoot

3 elS plen s s adyy 3 e S sl ) S
Lesls uilly Sl Jools ol anslis 1 K05 5 5 059
&}jdj}ﬂwtﬁ@b}ﬁd))wdsﬂ)dm
S L B LS s i s 4k
e sk gl e s sy S s S 0oy G

(F5Y Gl SE) ol 03 S Iy IS (6l

. 15 a
= h
3 L b
;o1 T«
b T

n C dc d g
£ oz e ¢
e
Y
5 0

0 10 25 50 75 100

K,Cr,0; (mg kg-1)

Wroot ©shoot

L;Lagﬁlb)bo)iekfkﬁ!ﬁv;@jdﬁ)ﬁoj}—YJ&:
ety oy S (g3 ilisen

‘Ji"aj}.‘: u.«v\ BE) a.LAT [GSTR T G‘b JAL.»:\ ] IJ.::J Ca.:..va.
(F JK8) di oS iy o

YAA

5l 8 5l eslizal U ol sls ojlas csla YF
Seslas pa kb IS e (0) w8l alS sl
olas 31 2 e /0 s LLsl eSS s
Ao Jpke 2 L V0 5 Jalesl A S 0gs
A ke Y 5T IS s T 2 s Y e
qL@y.M@LAQTgJ‘Y};&Qu\WQd}w
Yoo 4 s LS 6l of 4 ki Of 2 e YA
bl Sl e A (IS BUT gles s wids
oy by gl 10 £ Ik s Juls
A skl Shimadzu UV-120-02 Jie e gb 5 oSl
4 et 558 3kl s 31 eslanal U lad sad clale

(\V)M?@)M&L}M}Nrﬁjzrﬁ&g))y

) olS plsa el 5 S 5l e S /0 OO WU{ IR LS
) kel Jgilia 1) Ao O 45 5 axdls 1 (Gla by S
() 488 o 4 ) K0S Ll L 78470 J ke
Y Sde w5 ase, 06 o 1 b ojlas s suslo
G s (5 455 ¥ los s (SL s el
ERTST RPN PR PR PR ERCII | 35 RPN
SRS CYRN WA PYTRCH WA U SRV E O KSR VP
se5S Jame 5,03 0806 4y oy Ik 55k mla
035038 bl 5 o3 S Bl 51 ) e 0T 4
Aol O e b 5 b Jsbe e Sulg
b g clale i oS Ol 51 el $oe Sl 5 s

OF) dol s sl gl 3 16kl o 3l eslizad b

o3lizal b Sledbl (olel ey 5 1ssb] s 5 4320
Sl ol 03 ol (V) s 5 Sl Jpl s 5
Al by el 5 bl BT bl bl
o 5> & ils SAS lsl e 5 5 V8 il SPSS
35 ) eslizal b bals sa ey 5 P<0.001 Jlez!

s rl?r_;‘ Excel



IFAE Y o jlad YA W

(O} ol s 3 aloms) AL (leiin sy aloes

: 07 2

-“D 8 A b ch

9, cd

36 !

o

s

=

.—bn 2 -

eh

= 0 10 25 50 75 100
K,Cr,0; (mg kg™)

63 e b lale s Db el A L IS gl sme —F IS

ey Sl S
i 2/5 q a a
22 A ab
_i}: bc
3% 1/5 4
= d
Z 1
I
o 0/5 -
2
£ 4,
0 10 25 50 75 100
K,Cr,0;(mgkg™)

65 il e lile 53 3ol D Loy IS gl -V IS

('-:-"\3-! Sley S
?L 15 ~
19
__Ii? 10
2
‘_’.13
z s
=
oo
a0
E o0
0 10 25 50 75 100
K,Cry0; (mgkg™)

5 il G Bl 3 3 ol IS LIS ol pims —A S
ey ey S

SV E s @ e s L alS sleerK, (ol s

Sl aly) e 5o nly Slog S (65 slas SLIEIA

IS Jes S s b a lelds IS (sl s sme alS

ely Dby S 6o Ve mg kg' Sl 55 ssd e

SYNY G JS Jobs S 5 b, a slelis IS (sl yioms

g Sials el OblS & s 7 YP/A 5 L YV/TA

. 0/2

E 0/15 3

3 on

2 0/05

%ollll[

= K,Cr,0 7{mgkg-l)
Moot i shoot

Gahle o 3ol ples o 5wl i 035 S
ety Oloy S (6 il

YAQ

100

2h S0 ]
K,Cr,05 img kgt)

10

Sl S (o5 il glaclale )bQ)Set:f,\.i)M—\‘JfJ
=l
Sz Gl 2 ps S 1S n Ol gl gl g
ol 5 3,8 o Bl Gtae sle 5 O ol 13 516l
sk ol @l e QLIS e res BB T sl
s s by Sley S (63 slad L as sl 0L
(O S2) b o 2als S o O (gl s

100 ~

RWC(%)

100

25 50 75
K,Cr,0; (mgkg™)

0 10

&;Méu;ﬁmgjsa)snﬁfﬂqwdlw—op
r:—-“l::fC—‘L‘}Js



IFAF Y o led YA A

Sl s )l8 Glyms chome 5o el Dby S (60

B u.:.mlS Q‘J:.a ny JAJJ QL.:q c_v_l:.» g_)‘.’“ ! a.);
il e d Jods IS Sl i b Jidsis
ol Selast ST 51 as S Olge 4 bads 5,18

Sl Ll s ege i T sl G s

el Dlag S (63 5les S 3 olS 55 OlenST BT Glae 155 (sl se =Y Jskr

KZCrZ(?]7 o 555,18 [P PRI
(mg kg™) mg g' FW mg g' FW mg g 'DW
. vor L ojevear? orov L e/evo® avas | v+ o/00"
Ve vevE Ay s/00F/0N° VYTV A E
YO vyt ® vrstord VEsAL Yy ved
o Yot vere® aot e R A
Vo VWEE L veA © VA 6eq® varvo vy /ofP
Yoo vrvE.earry ye/av T asA? YWWAT T oA

CJLAJ;‘_;J fﬁfl’«sf'fﬁd(?‘\“ jVO Oy YO N
ISVIAY CTPYIY CIOPAY CIDY/F s ey

Al e als OLS 51 zis AVO/YA

S el s s gl 4 by mls
s b Sleis S alS el o g
ladd N s 5l el slglanst 1T Wl
Sl SRl sl 53 sdel ey S el
Glyme [l Cel lase s by Sl S 6o

Y Jsdr) 55800 S 5 53 Ladd 5 06

i pasie e QLS 3 edd plail Sladllas o
laen 53 S5k il 0L s S5l Ll o
A i p s S das e DL S sl s ada
3 ik Al oS s (S, L Bl wiy)
53 i pl g Sl e Je s S Sl b
e Gl bl e o 2l baady )

JEe 2l S e Slsee 4 e S S das e 0L

Q__»‘)J a.LATQ,.wJu. GL‘I; Jdb\ﬁleﬁ: @ .b_,.g}a c;b'a
QUKD 555 o 3 s 15

l 80 a
3 60 b
o ¢
23 40 d
2
o 20 b b a
P, el m l 4 5 &
2 o,  m=H= H=
0 10 25 50 75 100
K,Cry05(mg ke-1)
Wroot @ shoot

> il slac bl s )3 olS s sl -4 IS
el Sloy S
S el tibe bl 4 bae @b
Sl 5 4 e L S dile alS slaalas,
Sl a8 5y QLS fags o @L“J Al 28 u’:i"‘
03,5 4 o3l QLS 3 03,8 Ay DAL 55 by
Ll ORIBl ol pre sk s SIS 4 s

Gl 3 ol il (gl o3 2l (Y Jsdx)



IFAF Y o led YA A

oS il gleton S U35 ool me sk ps S
sl leisn S O3y el das e Rals g
0 el iy S b oS el iz aely) 4 S
Aoon el @l cilhe Slash
i S b el S s 5 03 e
oS L Leapals s 505 Jals (Ve
Sl I S O3 el 5 WS cosbs s

(09) A2 a 338 5 s
s (the heavy metal tolerance index) (s pdy Joos 4wsls
Sleds, 5l S Olgas (growth ratio) olS Al ol
O Sl 55w L by Caslie Ol i
Prosopis oLS fess 5 Al Cad 2alS 5 ol 3 me
LaS (V) sl ol 158 05 S 25 oo laevigata

s illae Gtassy opl s edel oy

3ol ol 3 555 5 e S ) A DL
OWLS b yod 5 45 Sl 5 ClacnSs 5 Lo 5
Gos e oS S3ls (WL glglale B e 5)5 0
Ly (S50 5 Coen 4 e WS 53 (550 8 5
ol S ol (M) 25 LS 51 5ok o
s 53 48 A3L e DS Ui, gl 5L e Sdas
5paS Al W sls B g5l Ul 5 bl
Lelps S WL lehle a6, ol oles
oS W, ialS s olS s oliud clle sl
SoLS AE, S s bl e (09) 5y
ol e e sl e e 5 Od 53 e
Gl odd 518 kS Al a3 S (ol g

(F0)
63 Ll e ol Bl L aS sl Ol s ol @Lu
cbya slehss S gl S by Dby S
LaS Wl Sials S o bandysy)S 5 IS s s

(Oryza sativa L.) o OlS 3 LS sbalas,

ARY

(Triticum (S olS 3 ocal ol 5 L oS 355 0
(Petroselinum crispum) (g x> 5 (0)) aestivum L.)
Slady, e dacl gl 3,5 -l Cislke (T)
slesl s 2 lelle s 5 ssd e a8 OlalS
Shalsls Jlasl QLS 5l ol 03 358 g 0 83w
e T X R - SRS TRy U™
Lo ols 3 0 0d bl oo 3 o S
Sl e edipd fate GlenSs 4 Jlail b 5 KsS1s
e a3S e Sose IS 5 e ke o
Sl s Bl s alyy g bl o S S
Syrie Wil abecdse lemal 5o uld 4 e

(¥q)

gl b3 jeis Jald QLS 5ad 5 A5 53 p5 S e S
2 dS el QLS S s Bl alyy Ldy 5 S wler
A Al Vg 5 ek Wy SE2 05 S
e L alea exs e Rals (FY) s S L
Sre slge 5 Of JUsl [2als of Jos 4 5 baadu, As,
il alS sl e olS oles sledsy 4 sy )
e o psS 3l 8 S 5o ek e ol
DS V) el Sb s Jides sle (lsime 2alS
500) pdS 65 3 ady; L35 5 AL 035 S
Sl el sl IS S 5 o (7)) (ke
Ddea 5 S LS e sl 53 e el e s
Sl Gyt sleiisly Jals b Sy s Jlals

(EV) sl o 2155 05 S i
3 olS St 5 505 aS sl Ol Jragh gl =
03 S sl jals (,.:..A:q Slog S g3 A5 Cod
il QLS 53 0y S A5 o edd )5 St 05
oS 3 i Ohy o3 Shals (F9) ol sas 55158
510 gm” 5l YL slehle cos Valisneria spiralis
el ol 55158 (0\)¢.u_<7 oS 4s 5 (OY) Cr(VI)

o Slgile S 5 S 5158 (Ye e A) Subrahmanyam



IFAF Y o led YA A

Al eldsy 5 SOb slesly o S e S s

Aol S 5Sl 5 Lguslo 5T a5 2 oS 455,18
53 ol Chlis e BT GG, 058 ol b
L,36 bad 555,5 (1) 553 o s3l0eS] sleis ol
S O3St 5 4 515 068 sl pe I b 5L 55 )
O3S SICl, (B 3L 5 S b ob aw w0 )
Aol Wl ) s GlaeSt g1 G edd Wy
ale Leldy IS ()5 cbli= 5o wlul B el 55,8
G by (g OplbnSt L SU Gl

Q) w5l ROS) Jlé O3S slads 5§

3 0Ll oS e Sme 3 b sk OLLS
SBLE Sl b () S 5 Wit
Aol gl oS L e gl ol glag sl
Wik e w5l gladple g sl ol 5l (S
il e AL sl xS Sl pas S LelwssT (YY)
5 bege LS s T 5 iy e p K, Jses S
ol il Gleli w mal 3 5 dnes Ol
or 02 (V) b e il 0S5 K ol
oaseie WS 3 il il Slgome S jolis
S opiip JKseS 5 08 i J5S0, S e
Sl Sl 5 pole oSS S L Yl
53 ol 81 Ol i ol (25 o (V1) 2L
OeST (BT 0l sm S 5l 1 ekl oo G131 oS
531 05eST BT GUIsly o 55 DA 5 65 S Jes
O Ll 5Tl esdle ((FY) s o 2alS OlalS
Ll LS (gl (20 Ao 5 (68U LS (s s LS
S 53 b8l s S 1 Clad Vsams ()
s bl sl K b olss gl s

(50 Al ol Soalios (oS 550

S el e o 5 gl S s s
53 als L(YA) 35 00 aLS Gl o5 58,5 L

Y4y

( Triticum r.xf « (YV) (Zea mays cv. 704) < ,3 (YA)
(Petroselinum crispum) s ,a«> 5 (0V) aestivum L.)

2yl calas (V)

Sers &S L3S 518 (YerX) Sharma 5 Pandey
SRS o S el Sl Sl e 3 s S
oLS 53 s S A oo ) ol K slen ol
SLali; (6,8 e (F0) el sl 518 )b
IS0 3 e Sl B8 ey 4 )
wsly M2l S350 e Sl iy S G bonson
e Ul e S GV e Ay e o
)2 NS oSSl eonSen IS 00
Goloms (V1) by o a8 35 1S SlasluaS ) (gl g
Cel W glglale 3y S dhexl S DL
Chl als edias 0L ol & Lpd e olS 55 558
53 Fegn Al Cpl pedle il e 0lalS s el
b e slad S s sy, 00 ey gamd

dauly OLLS SIple gladyl s 5l S il
Sl AS e S gl Sl Sl
s Flask 4 Sl A5 s s IS (sl e
(O0) ol aiaaly L IS s 55 Jstes 6uwﬂ
Clen b Sl a1 b5l 51 (ol p3S
0 pits (SLI5L ol 5 LS o b b s
ozl cdas o 2S5 8IS sl a T 1 e
Sy ded Sy sel6 cls rals sl
5 JS s ol 53 il o tege 8 2580
A ALA) Al SS s el s 5 cplply ol
opsS (YeeX) OLan 5 Davies .(0F) 5,148 .
S Lilos S 3 pme Mt 525 5 5 335 001350 Ol ymy
L ROS Wy 5l 35U solist 25 o Sajlssb oyl

J.:.é oSty 5l eomen r,; .(Yq) sed g onls Sl



IFAF Y o led YA A

Slas S 65 et Sl b aS ol OLES rasy ol s
ol Bl S s oy o s Sl (S s o
sl glaalis 5l (SO Olgm Gy o b o
ol oS sl il B 8 sdd ol e
s S Ha S slesl s odsn e
Lo elon P G o e ORI n
Odan Sleme SRIBCT) Wb s ook
Fe A SeSt s S S
oS b Ol QLS 3 (s el atls (s
OLLS sl gl GllEs 5 s sl SIS (g o
A leaton gl e s g Al S«
GS e i Ll s gl O o, 5Us 5l wsliS

(F) S o

son OYAD) = oolgrl e or il p 5aY oI SI3 Y
oS 53 i S Ol 5 as, » Cr% O Sl b
bd e dee  (Petroselinum: crispum) s iea

v ) DA Ol

4- Alia, Prasad, K.V.S.K. & Pardha saradhi, P.
(1995) Effects of zinc on free radicals and
proline in Brassica juncea and Cajanus cajan,
Phytochemistry, 39: 45-47.

5- Arabshahi-Delouee, S. & Urooj, A. (2007)
Antioxidant properties of various solvent extracts
of mulberry (Morus indica L.) leaves, Food
Chemistry, 102: 1233-1240.

6- Baker, A.JM. (1987) Metal tolerance, New
Phytologist, 106: 93—111.

7- Barket, A. Indu, R. Shamsul, H. & Aqil, A.
(2007) Effect of 4-cl-indol-3- acetic acid on the
seed germination of Cicer arietinum exposed to
cadmium, Acta Botany Croat, 66: 57-65.

8- Bates, L.S. Waldreman, R.P. & Tear, 1D.
(1973) Rapid determination of free proline for
water stress studies, Plant Soil, 39: 205-207.

9- Behera, RK. & Mishra, P.C. (2002) High
Irradiance and water stress induce alterations in
pigment composition and chloroplast activities of
primary wheat leaves. Journal of Plant.
Physiology, 159: 967-973.

Y4y

Cr(VD) 5 Cr(Il) j s 53 WS 5 O o (Sl giome
5 land YY) el ol ui:)\jf Eos aL:f S 2

Jeodsodes laes S drly oJsbe 5 s se Sl
S ail_e (COOH, OH, NHiy) L3 3l 0,58

QY s S el 1 O s s sl S

I Gl s oS s e S LT GBI e
2ol Gl K Sl L ls s il e RWC
3,50s 3 en W Yl &S w0 2als olS
5> altes ol &S Wb e (S S 4 Slags
ol el (V) el edy DU 4 pseslS 55
ool QU s Gl RalS 4 e aaty; A, RalS

(YY’) Jﬁ@ oLS Lgl'@fjf

@l:.c
S A DU OYAY) b Lis b e ol ) (e )
(Zea <3 gl oy w13 55 o Sl 5 30 plesdign

XYE=YYA A Ol gl sl Sy s cMAYS L)

ool Sl ¢ g3 Ll d gl (YY) Lyl (g5 =Y

10- Bera, A.K. Kanta-Bokaria, A.K. & Bokaria, K.
(1999) Effect of tannery effluent on seed
germination, seedling growth and chloroplast
pigment content in mungbean (Vigna radiate
L.Wilczek), Environmental Ecological, 17: 958-
961.

11- Buendia-Gonzalez, L. Orozco-Villafuerte, J.
Cruz-Sosa, F. Barrera-Diaz, C.E. & Vernon-
Carter, E.J. (2010) Prosopis laevigata a potential
chromium (W2 and cadmium n
hyperaccumulator desert plant, Bioresource
Technology, 101: 5862-5867.

12- Chang, C. Yang, M. Wen, H. & Chern, J. (2002)
Estimation of total flavonoid content in propolis
by two complementary colorimetric methods,
Journal of Food Drug Analaysis, 10: 178-182.

13- Chaudhury,S & Panda, S.K. (2004) Toxic
effects, oxidative stress and ultrastructural
changes in moss Taxithelium nepalense
(schwaegr.) broth. Under chromium and lead
phytotoxicity. Water Air Soil Pollut,(submitted).

14- Dai, P. Xiong, Z.T. Hung, Y. & Li, M.J. (2006).
Cadmium induced changes in pigments total
phenolic and phenylalanine ammonialiase



IFAF Y o led YA A

activity in frnds of azolla imbricate,

Environmental Toxicology, 505-513.

15- Datta, J.K. Bandhyopadhyay, A. Banerjee, A.
& Mondal, N.K. (2011) Phytotoxic effect of
chromium on the germination, seedling growth
of some wheat (Triticum aestivum L.) cultivars
under laboratory  condition, Journal of
Agricultural Technology, 7: 395-402.

16- Davies, F.T. Puryear, J.D. Newton, R.J. Egilla,
JN. & Grossi, J.A.S. (2002) Mycorrhizal fungi
increase chromium uptake by sunflower plants:
Influence on tissue mineral concentration,
growth, and gas exchange, Journal of Plant
Nutrition, 25: 2389-2407.

17- Eun, S.O. Youn, H.S. & Lee, Y. (2002) Lead
disturbs microtubile organization in root
meristem of Zea mays , Physiology of Plants,
110: 357-365.

18- Gardea-Torresdey, J.L. Peralta-Videa, J.R. de
la Rosa, G. & Parsons, J.G. (2005)
Phytoremediation of heavy metals and study of
the metal coordination by X-ray absorption
spectroscopy, Coordination Chemistry Reviews,
249: 1797-1810.

19- Gbaruko, B.C. &  Friday, O.U. (2007)
Bioaccumulation of heavy metals in some fauna
and flora, International Journal  of
Environmental Science and Technology, 4: 197-
202.

20- Hale, K.L. Mcgrath, S.P. Lombi, E. Stack,
S.M. Terry, N. Pickering, 1.J. George, G.N.
Pilon-Smits, E.A.H. (2001) Molybdenum
sequestration in Brassica species. A role for
anthocyanins, Plant Physiology, 126: 1391-1402.

21- Hall, J.L. (2002) Cellular mechanisms for heavy
metal detoxification and tolerance, Journal of
Experimental Botany, 53: 1-11.

22- Harborne, J.B. (1997) Biochemical plant
ecology. In: Dey, P.M. and Harborne, J.B. (Eds.),
Plant Biochemistry. Academic Press, London,
pp- 503-516.

Hauschild, M.Z. (1993) Putrescine (1,4-
diaminobutane) as an indicator of pollution-
induced stress in higher plants: barley and rape
stressed with Cr(Ill) or Cr(VI), Ecotoxicology
Environment Saf, 26: 228-247.

23-

24- Hewith EJ. Metal inter-relationships on plant
nutrition: I. Effects of some metal toxicities on
sugarbeet, tomato, oat, potato and
marrowstemkale grown on sand culture. J Exp
Bot 4: 59-64, 1953.

yq¥

25- Jing, Y.d. He, Z.L. & Yang, X. (2007) Role of
soil rhizobacteria in phytoremediation of heavy
metal contaminated soils, Journal of Zhejiang
University Science B, 8: 192-207.

26- Joshi, V.N. Rathore, S.S. & Arora, S.K. (1999)
Effect of chromium on growth and development
of cowpea (Vigna unguiculata L.), Indian Journal
of Environmental Protection, 19: 745-749.

27- Kar, D. Sur, P. Mandal, SK. Saha, T. &
Kole, R.K. (2008) Assessment of heavy metal
pollution in surfacewater, International Journal
of Environmental Science Technology, 5: 119-
124.

28- Kastori, R.M. Petrovic, M. Petrovic, N. (1997)
Effect of excess lead, cadmium, copper and zinc
on water relation in sunflower, Journal of Plant
Nutrition, 15: 2427-2439.

29- Klute, A. (1986) Methods of Soil Analysis. Part
I, Physical and Mineralogical Methods. 2nd ed.,
Soil Science Society of America Inc., Wisconsia,
USA.

30- Konczak, I. & Zhang, W. (2004) Anthocyanins —
more than nature’s colours. Journal of
Biomedicine and Biotechnolgy, 5: 239-240.

31- Lichtenthaler, H.K. (1987) Chlorolphylls and
Carotenoids:  Pigments of  Photosynthetic
Biomembranes, Methods in Enzymology, 148:
350-382.

32- Mc Grath, S.P. & Smith, S. (1990) Chromium
and nickel. In: Heavy Metals in Soils (Alloway,
B.J., Ed.), 125-150. Wiley, New York.

33- Neill, S.O. Gould, K.S. Kilmartin, P.A.
Mitchell, K.A. & Markham, K.R. (2002)
Antioxidant activities of red versus green leaves
in Elatostema reugosum, Plant Cell and
Environment, 25: 539-547.

34- Orhue, ER. & Uz, F.O. (2010) Residual
Effects of Chromium on Early Growth of Fluted
Pumpkin (Telfairia occidentalis Hook F) in an
Ultisol, African Journal of General Agriculture,
6:235-247.

35- Panda, SK. &  Choudhury, S. (2005)
Chromium stress in plants, Brazalian Journal of
Plant Physiology, 17: 95-102.

36- Pandey, N. & Sharma, C.P. (2003) Chromium
interference in iron nutrition and water relations
of cabbage, Environmental and Experimental
Botany, 49: 195-200.

37- Rahmaty, R. & Khara, J. (2011) Effects of
vesicular  arbuscular mycorrhiza ~ Glomus
intraradices on  photosynthetic ~ pigments,
antioxidant enzymes, lipid peroxidation, and



IFAF Y o led YA A

chromium accumulation in maize plants treated
with chromium, Turkish Journal of Biology, 35:
51-58.

38- Rai, V. Vajpayee, P. Singh, S.N. & Mehrotra,
S. (2004) Effect of Chromium accumulation on
photosynthetic pigments, oxidative stress defense
system, nitrate reduction, proline level and
eugenol content of Ocimum tenuiflorum L, Plant
Science, 167: 1159-1169.

39- Scandalios, J.G. (1997) Molecular genetics of
superoxide dismutase in plants. In: Scandalios
JG, ed.Oxidative stress and the molecular
biology of antioxidant defenses, New York: Cold
Spring Harbor Laboratory Press, 527-568.

40- Schollenberger, C. J., and Simon, R. H. (1945)
Determination of exchange capacity and
exchangeable bases in soils - 2nunoniurn acetate
method. Soil Sci. 59:13-24.

41- Schulze, E.-D., Beck, E. and Miiller-Hohenstein,
K. (2002) Plant Ecology. Springer-Verlag,
Berlin.

42- Scoccianti, V. Crinelli, R. Tirillini, B.
Mancinelli, V. & Speranza, A. (2006) Uptake
and toxicity of Cr (III) in celery seedlings,
Chemosphere, 64: 1695-1703.

43- Shanker, A.K. Cervantes, C. Loiza-Tavera, H.
& Audainayagam, S. (2005) Chromium toxicity
in plants, Journal of Environmental
International, 31: 739-753.

44- Shanker, A.K. & Pathmanabhan, G. (2004)
Speciation dependant antioxidative response in
roots and leaves of sorghum (Sorghum bicolor
(L.) Moench cv CO 27) under Cr(IIT) and Cr(VI)
stress, Plant and Soil, 265: 141-151.

45- Sharma, D.C. & Pant, R.C. (1994) Chromium
uptake, its effect on certain plant nutrients in
maize (Zea mays L.) W Gang 5), Journal of
Environmental Science and Heaths, 29: 941-948.

46- Sharma, D.C. &  Sharma, C.P. (1993)
Chromium uptake and its effects on growth and
biological yield of wheat, Cereal Research
Communications, 21: 317-21.

47- Sharma, D.C. Shrama, C.P. & Tripathi, R.D.
(2003) Phyto-toxic lesions of chromium in
maize, Chemosphere, 51: 63-68.

48- Singh, A.K. Misra, P. & Tandon, P.K. (2006)
Phytotoxicity of chromium in paddy (Oryza
sativa L.) plants, Journal of Environmental
Biology, 27: 283-285.

49- Sinha, S. Basant, A. Malik, A. & Singh, K.P.
(2009) Multivariate modeling of chromium-
induced oxidative stress and biochemical

Y40

changes in plants of Pistia stratiotes L.,
Ecotoxicology, 18: 555-566.

50- Stobart, A.K. Griffiths, W.T. Ameen-Bukhari,
L. & Sherwood, R.P. (1985) The effect of Cd™
on the biosynthesis of chlorophyll in leaves of
barley, Physiologia Plantarum, 63: 293-298.

51- Subrahmanyam, D. (2008) Effects of chromium
toxicity on leaf photosynthetic characteristics
and oxidative changes in wheat (Triticum
aestivum L.), Photosynthetica 46: 339-345.

Toppi, L.S.D. Fossati, F. Musetti, R.
Mikerezi, I. & Favali, M.A. (2002) Effects of
hexavalent chromium on maize, tomato, and
cauliflower plants, Journal of Plant Nutrition, 25:
701-717.

53- Vajpayee, P. Rai, UN. Ali, M.B. Tripathi,
R.D. Yadav, V. Sinha, S. & Singh, S.N.
(2002) Chromium-induced physiologic changes
in Vallisneria spiralis L. and its role in
phytoremediation of tannery effluent, Bulletin
Environmental Contamination and Toxicology,
67: 246-256.

54- Vajpayee, P. Tripathi, R.D. Rai, UN. Ali,
M.B. & Singh, S.N. (2000) Chromium (VI)
accumulation reduces chlorophyll biosynthesis,
nitrate reductase activity and protein content in
Nymphaea alba L., Chemosphere, 41: 1075-
1082.

55- Vazquez, M.D. Poschenrieder, C. & Barcelo,
J. (1987) Chromium VI induced structural and
ultrastructural changes in Bush bean plants,
Annals of Botany, 59: 427-438.

56- Walkley, A. & Black, I. A. (1934) An
examination of the Degtjareff method for
determining soil organic matter, and a proposed
modification of the chromic acid titration
method. Soil Sci. 37:29-38.

57- Wallace, A. Soufi, SM. Cha, JW. &
Romney, E.M. (1976) Some effects of chromium
toxicity on bush bean plants grown in soil, Plant
Soil, 44: 471-473.

58- Weatherley, P.E. (1950) Studies in the water
relation of cotton plant: I- the field measurement
of water deficits in leave, New Phytology, 49:
81-97.

59- Weaver, R. W. Angle, J. S. & Bottomley, P. S.
(1994) Methods of  Soil Analysis,
Microbiological and Biochemical Properties,
Part 11, Soil Science of America Inc., Wisconsia,
USA.

60- Werlein, H.D. Kutemeyer, C. Schatton, G.
Hubbermann, EIM. &  Schwarz, K. (2005)

52-



\Ya¥ Y ULJ ‘V/\.Lle- (;ﬂﬁ\ qu s A.LN) JEAL:§ 6L€..LA};__|A.L>=A

Influence of elderberry and blackcurrant 62- Zengin, F.K. & Munzuroglu, O. (2005) Effects
concentrates on the growth of microorganisms, of some heavy metals on content of chlorophyll,
Food Control, 16: 729-733. proline and some antioxidant chemicals in Bean

(Phaseolus vulgaris L.) seedlings, Acta
Biologica Cracoviensia Series Botanica, 47: 157-
164.

61- Zeid, LM. (2001) Responses of phaseolus
vulgaris to chromium and cobalt treatment
,Biology Plantarum, 44: 111-115.

The effect of different concentrations of potassium dichromate on
growth and some antioxidants contents and growth in Zea mays L.

Khavari-Nejad R.A.»? Najafi F.! and Aslani F.!
! Faculty of Biological Sciences, Kharazmi University, Tehran, I.R. of Iran

2 Biology Dept., Science and Research Branch, Islamic Azad University, Tehran, I.R. of Iran
Abstract

Heavy metals are defined as the group of elements with an atomic density greater than 5
g/lem’. Existence of heavy metals can affect growth and physiology of plants.
Chromium is a transition metal located in the group VI-B of the periodic table that is the
seventh most abundant element on the earth and is known as a toxic metal for
microorganisms and plants. This study was performed in a complementary randomized
design with six levels of chromium (0, 10, 25, 50, 75 and 100 mg/kg) and four
replications, in the research greenhouse of the Kharazmi University. The results
indicated that increasing of chromium concentration significantly decreased the dry and
fresh weight of the shoots and roots. Moreover, Chl a, Chl b, Chl (a+b) and carotenoids
contents, growth ratio and RWC significantly decreased in the whole treated plants,
whereas flavonoids, anthocyanin and proline contents increased.
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