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  '.#T)�� (   �). �IL J�.�. H,: .  /Z: 6�� |.�O�b      J0C)#� �4 I:.#�

      �
�4 �
 .� B,-
�D �E$F '.I5s ��,�      � IO
 GO�D /O�,� 6�O
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 ��������� ��	�� � ����	
� �
�� � �
�� �	� � �� �
�� � /  	!"#$%&	' /  (�	)' "*+ � ,-' /%�+	. /01/  

���  

          U�CT *. &
#C! /Z=,:#��(:W �^. �4 |t�Z(`. JD �). B,-
�D +	.

/- 6�,�#$T J:.
 J4 'W ;�l(:. � 6�� I5D.  

  

�A�B (	� �$ 	]&� ,c�d 4� ��� � "��$	� �	#�	)�T 4=>  

  �
.
 6��-W [,$f�     '�7: �O    ,- JD 
.
     *. B,-
�D o$(X- �#x) '�

          /C50- @��CN� ��CD B,-
�8 �E$F �4 �^. ��f?   
�.
 
#CT� 6�.


)  ;�ITj( .      B,-
�D ��Z,� G	�-*W +	. �
���     +,9:�C,- �4 �/�� 

/$,-           +,9:�,- �4 �Nn B,-
�D � "��#$,8 �
 "����/�  /C$,-     "�C�

  J4 "��#$,8 �
        B,-
�C8 �CE$F +	�C(Z8 � +	�(7,4 6.�.
 d,���

 /- ��D  4IL� .    /- .� �-. +	. �$%        B,-
�CD �CE$F G	.H
. J4 '.#�

             ;�C0
�,F �
 B,-
�D Gl: � ��,� ])#� 'W �(7,4 U�T � A�!

*�)6   �,?�0
 *. 6��,=4              ICL� �
 ;P(C!. JC$ZT *. ��C,� 6�CO

  
.
 �1=: J7	� .          U�CT *. J7	� Bh` � ;#2 GO�D �4 B,-
�D

              �C4 .� 
#C! U�CT JCh,(: �
 � �
#Z: �0:�Z- �9	
 �n�5% ��t

/-  
�4 .  y	�(:J4   �IC-W �)
         � �#$C)� y	�C(: �C4 {C,lf� +C	. *. 

  '.��uZO)�� (      '.#CT � Q:�* �)�� (  
�.
 �Cl4�x- .   � #$C)�

  '.��uZO)�� (           ".IC:. �
 B,-
�CD '.HC,- +	�(7,4 J8 I:
.
 '�7:

        8I:. �.Il- � �IL ��,!m G$D �
 ��,� /	.#O/   : 'W *. ,   J:.
 J4 H

  �). �IL [l(5- .=	�l-�  :�C,- +,9        JC:.
 B,-
�CD 6�CO)�/� (  �C4

   ��D B,-
�D)�/� /$,-     "��#$,D �
 "�� ( /- '�7:      �CE$F JD IO


   ��D B,-
�D�/�      �C). J:.
 �
 B,-
�D �4.�4  .      [C-.#% �C^. /C)��4

      /- '�7: �1=: +	. �4 G	�-*W 
�#-       �R5� J: 6�� 
�4��D J8 IO


        /- GO�D J:.
 � ��D �
 .� B,-
�D �.Il-       �Cl(:. *. JC>$4 IO
  'W ;

    /- 6�,�#$T H,: J:.
 J4  I5D .       �
 J:.
 
�>$Z% G	.H
. J4 JT#� �4

         /- 6I` �� .� ;�l(:. GO�D +	. &6�� 
�4��D �^.       *. /CL�: '.#C�

    @.�I,O#4�D �
 B,-
�D �S� �^.          �C^. �
 J:.
 �
 �IL ��,!m 6�O

 � �1z-p-, : +, � *�,     �=:.
 6�� J4 ��)�� .(  �
.
 6��-W [,$f�   �O

   ,4 JD 
.
 '�7:           �CE$F �C4 �C^. ��Cf? *. 6�� o$(X- �#x) +

   /50- @��N� ��D B,-
�8      
�.
 
#T� 6�.
)  ;�ITj .(  6�� ��Z,�

���    +,9:�,- �4 �/� /$,-          �4 �Nn 6�� � B,-
�D "��#$,8 �
 "��

  +,9:�,-�/�� /$,-      J4 "��#$,8 �
 "��       � +	�C(Z8 6.�.
 dC,���

     ��D B,-
�8 �E$F +	�(7,4�). . /C- .� �-. +	.  .#C�   GCl: JC4 '

     
.
 �1=: ��,� �
 B,-
�D �,Z) �^. GO�D �
 6�� �1z- . 6��

       /C- 
#C1R4 .� J7	� �
 B,-
�D 6�.IR9:      G	.HC
. �C4 .�C? I7CX4

             {C	�2 *. B,-
�CD U�T �
 [!.I� Y%�4 A�! �
 6�� �E$F

    /- �e5% +	. �4 �4�S�  
#CL . JC4        �
 /C)#u0- JCx4.� /$D�#C2

       
�.
 
#T� J7	� ])#� 6�� � B,-
�D U�T. J(
�	     �:.�� 6�O

   '.��uZO �)�� (     '.��uZO � @��O �)�� ( {	IeC�     +C	. �IC55D

I5(=O y	�(:.  

  �
.
 6��-W [,$f�    /- '�7: �O        /C50- [C4�l(- �^. JD IO
   6�.


              
#CT� ��CD B,-
�C8 �E$F �4 6�� � B,-
�D g�e- '.H,- +,4

  
�.
);�ITj .(   �
 ��CD B,-
�C8 �E$F +	�(7,4 G	�-*W +	. �


  ��Z,����        +,9:�,- �4 6�� �Nn ~x) � B,-
�8�/��/$,-    "�C�

              �
 JC:.
 B,-
�C8 �CE$F +	�C(ZD � '.IC$� �CO �
 "��#$,8 �


�Z,�                 
#C4 �NCn ~xC) �
 �CR:W /
�eC- B,-
�C8 JC8 
#4 /	�O� .

               GO�CD .� B,-
�CD �,ZC) &��C,� ICL� �	#l� �4 6�� G	.H
.

/-  IO
 .             �Z=CS JC4 B,-
�CD ;�Cl(:. �
 /�IC:�.
*�4 Gl: 6��

	.#O  
�.
 ��,� / .       dC?�F 6�� &A�C! �
 6�� g�e- G	.H
. �4

             {C	�2 *. B,-
�D U�T GO�D Y%�4 � �
.
 '�7: .� 
#! '
#4

               ],Cf- �
 B,-
�CD 6�.ICR9: d1C) � �IL �e5% +	. �4 �4�S�

 /- J7	� 
#L .           ;�CZ(`. JC4 ��CD �
 B,-
�D �E$F 3	�) G	.H
.

     ;�(5D />	�#?#	H,
 I) +(=>L J4 
�	*    4�(- U�CT �I55D  qC,?#

   /- �#4�- �e5% +	. 
#L .   /- '�7: y	�(: +	.         �
 /C(` JD I5O


            �CE$F 34�� ��,� G$D � ��D ])#� B,-
�D U�T &/>OW A�!

              �C4 /CZD �^. A�! '
#4 />OW � �). A�! �
 
#T#- B,-
�D

     
�.
 ��C,� ])#� 'W U�T .      '.��CuZO � #C	�)�� (    � *�CZ$,	 �

  '.��>ZO)�j (   �! �
 H,: �O6uOW /�(: 	 yR4�7-/  ��.HC� .� 

I:
#Z: .           6�� �CE$F �4 �^. ��f? *. B,-
�D o$(X- �#x) +,4

   /50- @��N� ��D �
       
�.
 
#CT� 6�.
)   ;�ICT�( .    y	�C(: {C12

J4            +,9:�,- �4 �Nn B,-
�D ��Z,� &G	�-*W +	. *. �I-W �)
�/�� 

/CC$,-  B,-
�CCD � 6�� "��#CC$,8 �
 "�CC���� +,9:�CC,- �CC4 �/� 

/$,-     � "��#$,8 �
 "�� J4 6�        +	�C(ZD � +	�(7C,4 6.�.
 d,���

   /- ��D 6�� �E$F  I5L�4 .          U�CT &A�C! JC4 B,-
�CD G	.H
. �4

     �C
�	 GO�D ��,� �
 6�� .   "�C!�D)�� (        �C4 JCD �C). ICl(0-  
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�23� %+� 45	�� �26 � $47�)� 4� ��� � "��$	� 8�9:� ;
<! 4=> ...  

��j  

 �A6X.(	� �$ "��$	Z �>%�� 4� ��� � "��$	Z S+>%�> �	#�	)�T 4=> ��	�� R��HT   

�,,�� 34�5- 6
.*W JT�
 @�04�- M#Zh- ,9:�,-@�04�- + �*�.F 

�.�u� � �/�j �/j ns�/� 

"#,-
�8 � �/���� �/���� **�/��� 

6�� � �/�j�� �/��� **�/��� 

"#,-
�8*6�� � �/��� �/��� **�/j� 

�x! �� �/�� �/� k 

[8 �j �/�jj� k k 

ns :/50-�,F   �.
      **:/50-   In�
 v	 ~x) �
 �.
      * :/50-  n�
 y5� ~x) �
 �.
I  

  

  �A6`.(	� �$ ��� �>%�� 4� ��� � "��$	Z S+>%�> �	#�	)�T 4=> ��	�� R��HT   

�,,�� 34�5- 6
.*W JT�
 @�04�- M#Zh- @�04�- +,9:�,- �*�.F 

�.�u� � �/� �/� nsj/� 

"#,-
�8 � �/��j� �/���j **j/��� 

6�� � �/���� �/���� **�/�j� 

"#,-
�8*6�� � �/���� �/�j� **j/�� 

x!� �� �/�� �/� k 

[8 �j �/���� k k 

ns :/50-�,F   �.
        **:/50-   In�
 v	 ~x) �
 �.
       *:/50-  In�
 y5� ~x) �
 �.
  

  

           J7	� &J7	� IL� GO�D Jh,(: �
 � A�! �
 B,-
�D G	.H
.

                IC5D U�CT /4#C! JC4 .� �C9	
 �Cn�5% 
#C4 IO.#X: �
�S .

BO      . 6�� o$(X- 6�O��Z,� +,4 +,5s       �CE$F �C4 �^. ��f? *

     /C50- @��N� ��D �
 6��       
�.
 
#CT� 6�.
)   ;�ICT� .( �


     6�� ��Z,� G	�-*W +	.���     +,9:�C,- �4 �/��  /C$,-      �
 "�C�

       +,9:�,- �4 �Nn 6�� � "��#$,8�/�  /C$,-        "��#C$,8 �
 "�C�

JCC4    �CC! 6�� �CCE$F +	�CC(Z8 � +	�(7CC,4 6.�.
 dCC,���

/-  I5L�4 .     �E$F &A�! �
 6�� G	.H
. �4      G$D � ��D �
 'W 

  /- G	.H
. H,:  I4�	 .            J7C	� ICL� A�C! �
 6�� G	.HC
. �C4

   G	.H
. '�O�,�              /4#C$x- #Cf: JC4 /	.�CF 
.#- ;�l(:. � J(
�	

 /- @�#n 
�,� .           '�iC-� � �t.
�C� y	�C(: �4 y	�(: +	.)�� (

 
�.
 /:.#XZO .'�ZO         J(N� J:.
 �
 6�� '.H,- 
�#- �
 JD�#2

 =	�l- &IL�    7: �^. �
 +	.  /- '�        U�CT �4 B,-
�D �^. J8 IO


              �
 6�� '.HC,- �C4 6�� g�e- �^. *. /(` ��,� ])#� 6��

   �). ��I	IL H,: ��D .J4 6�#2        '.HC,- �4 B,-
�D �^. @��N� JD

    ��D �
 6����  /?�`�
 &In�
         �
 6�� '.H,- �4 6�� �^. JD

  ��D��  /- In�
   IL�4 . /- '�7: Jh,(: +	.     G	.HC
. JC8 ICO


  ! �
 B,-
�D        U�CT *. &A�C! �
 J7C	� ICL� GO�CD �4 A�

/- 6�,�#$T 6�� J$ZT *. �n�5% �	�) I5D.  

  /50- [4�l(- �^.           �C4 6�� � B,-
�D g�e- '.H,- +,4 6�.


        
�.
 
#CT� ��CD 6�� �E$F)   ;�ICT� .(     G	�C-*W +C	. �


        6�� ��Z,� �
 ��D 6�� �E$F +	�(7,4���      �NCn ~xC) � 

    +,9:�,- �4 B,-
�D�/�� /$,-     6�� "�C�       ��CD �
 "��#C$,8 �
 

J4  /- �)
  I	W .            g�eC- �C4 ��CD 6�� �CE$F +	�C(ZD��� 

/$,-               +,9:�C,- �C4 6�� �NCn ~x) � B,-
�8 "��#$,D �
 "��

��/� /$,-          J4 '.I$� �O �
 "��#$,8 �
 6�� "��    IC-W �C)
 .
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 ��������� ��	�� � ����	
� �
�� � �
�� �	� � �� �
�� � /  	!"#$%&	' /  (�	)' "*+ � ,-' /%�+	. /01/  

���  

     '.��CuZO � @��O)�� (         &6�� G	.HC
. �C4 JCD IC:
.
 '�7C:

       Ch	. U�CT 6.�C4 B,-
�D � 6�� +,4 /(4�S� /C- 
�  
#CL .  �C4

 I	I7CC� ��CC,� �
 HCC,: 6�� 
#CC1ZD &B,-
�CCD U�CCT G	.HCC
.

/-  
#L .     '.��CuZO � /$?#D)�� (         �C4 
#C! G	�C-*W �
 HC,:

           �E$F JD I:I,)� Jh,(: +	. J4 "I	��#� � "���
 "I5� 6��

      6��C` JCD /D�C! �
 "IC5� M#: �
 �O G$D � ��D �
 6��

�D 6�� �4 A�! *. �(ZD &�). 6�� IS�
 � B,-
�D�). /
.  

  

���9& �4�B  

                �
 ��C,� 
�Cu$Z% +	�(7C,4 JC8 
.
 '�7C: {C,lf� +	. y	�(:

   J4 6�� 6t�4 �#x)   /C- �C)
  IC	W .   6�� g�eC- +	.�4�C54

      /- �E: J4 6
�e(S. &
�u$Z% G	.H
. 6.�4   IC)� .   ICL� &6��

          G5uZO�4 � �
#Z: 3	�=� .� /O�,� 6�R(
�4 /?#$) J0)#� �

         
 GO�C8 d1C) 6�� � B,-
�8 +,4 /N5-       HC$
 +C	. U�CT �

   /- ��,� ])#� /Z) 

�� .       *. 6
�e(S. 
#) �4 ��P% �-. +	.

       �). 6
�	* �*�. 6.�.
 H,: J0-�T /(-P) �E: . BCO   +,C5s

                 � ��CD �
 B,-
�CD JCD �C). 'W *. /D�C` G	�-*W +	. y	�(:

            /C- ��C,!m 6�(7C,4 '.HC,- JC4 JC:.
 JC4 �1=C: G$D  
#CL .

         4 G$D � ��D J4 �1=: J:.
 �
 6�� &V>%�4   6�(7,4 '.H,- J

 /- ��,!m  
#L .             � ��C8 6�C	�l4 *. �
�N(C). JC4 JCT#� +	.�4�54

  4 "I5� G$8J     �! �
 J
#$% '.#5%         � B,-
�C8 JC4 �
#C?W 6�O

��^W               ��,=C4 /��C,` JC!�s JC4 �I5	tW �e5% +	. 
��� �4 'W 

  �). �,ZO. H��` .    /C- �CE: J4         6�CO
#D g�eC- JC8 IC)�

      � � IL� 
#1R4 Y%�4 6�� 6��`p .#- +,-      � ��C,� 6.�4 "*t 


     �I5	tW d,)W *. 6�,�#$T Jh,(: �
       B,-
�C8 [Cz- 6HC$
 6�O

  
#L ��,� J4 .          '
#C4 />OW /(` JD 
.
 '�7: {,lf� +	. y	�(:

             �
 B,-
�CD U�CT �C,$4�S �4 6
�	* �I5O�D @.�^. H,: A�!

A�!   
�.I: �
#?W 6�O.             G	�C-*W +C	. �
 JC8 /C(S
 
#CT� �4 

     /C- 
�R57,� �). J(
�� @�#n  C�        �
 G	�C-*W +C	. JC8 

�

          

�� �.�u� H,: �9	
 /	.�F �n�5% �4 6�9	
 ]	.�L � '�>- .

           3CZh� [,=:�(� �4 '�O�,� �78 &B,-
�8 �,Z) �^. GO�8 �


    �! �
 B,-
�8 B8       /C- 
�R57C,� �
#C?W 6�O  
#CL .  /	�C)�5L

        3:�C- & �C! JC4 �R:W 
��� *. �0:�Z- �	 GO�8 � �
#?W 34�5-

       �! � UW 34�5- /�
#?W     6�.IC	�� JC4 {C	�2 +C	. *. � �IL

   � 6.�4 6*���78 @.I,?#�p      � ���` [=: /	.�F 6�O*�,: +,-

   IL IO.#! vZ8 �I5	W .BO   /- 
�R57,� +,5s       JC4 JT#� �4 
#L

+	.                �C! JC4 B,-
�C8 G	.HC
. �ICZ% 34�C5- *. /u	 J8   6�CO

  '.HCC,- &�CC). ��N=CC
 6�CCO
#8 �
 
#CCT#- B,-
�CC8 &/C%.�*

   4 J��N=
 6�O
#8 B,-
�8J       *#h- *. [1S /�.
�.� 6�O
#8 �w	�

�*.ICC:. g�eCC-  �
#CC?W 6�CCO
#8 g�eCC- *. �CC� 
#CCL 6�CC,�

 
#L 6�,�#$T .         _#) @.�^. GO�8 �
 6�� I,N- Gl: J4 �E:

          /C- �E: J4 I,N- �
#?W {2�5- �
 'W g�e- &B,-
�8  IC)� .  �C4

  +	. J4 JT#�            ��C,!m ��C,� G$D �
 B,-
�D *. 6
�	* GX4 JD

/-     "*t +	.�4�C54 &
#L             �
 "IC5� GC$D JC	��� *. JC8 �C). 

 �! 4 6�,�#$T H,: ".
 ])#� �
#?W 6�OJ I	W [Z%.   

  

($	C9!> $�
� ��	��  
�.  M &/1?�2#4. . M � ./$eN�.���� .         J:#� ���=!�L �
 g�e- B8 �n�5% �E$F �4 6�#L �^.    @�18�- o$(X- 6�O .    '#5
 � "#$% J$h-

 /0,12 34�5- � 6*���78�)� :(�jkj�.  

�.  � &/1S.#^.& "  .� .  " � /�#u$- .'t
�. .���� .  �)�� �4 6�� �E$F � 6�� @�N?#) �^. /uOW  �! �
 "I5� ��,� 6�O .   "#C$% JC$h-

 '.�	. 6*���78��)� :(���k���.  

�.  � &/1S.#^. " & .� ./�#u$- . " � .'t
�. .���� .    "IC5� �
 /	.�F �n�5% U�T � �E$F �4 6�� � B,)�(� G5uZO�4 .   ;
�C0(- JC	���

 "I5�)h-@t�l- J%#Z (���k���.  

4. ;I1% . &�
.* ." � ./)IS..���� . /O�,� 6�#?#	H,
)JZT��( .- &;�. ��s\/F.�
 @.��7(:. J=)&'���� .  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

3.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.13.0
https://iutjournals.iut.ac.ir/jstnar/article-1-2437-en.html


�23� %+� 45	�� �26 � $47�)� 4� ��� � "��$	� 8�9:� ;
<! 4=> ...  

���  

5. Adams, M. L., F. J. Zhao, S. P. Mcgrath, F. A. Nicholson and B. J. Chambers. 2004. Predicting cadmium 

concentration in wheat and barley grain using soil. Environ. Qual. 33: 532-541. 

6. Alloway, B. J. 1990. Heavy Metals in Soils. Blakie and Sons LTD., London. 

7. Cast, C. 1980. Effect of sewage sludge on Cd and Zn content of plant. Agron. Sci. 84: 92- 103. 

8. Chien, H. F. and C. H. Kao. 2000. Accumulation of ammonium in rice leaves in response to excess cadmium. Plant 

Sci. 156: 111- 115. 

9. Chuch, L., M. Saharan and K. Singh. 1989. Effect of zinc and cadmium on the yield and nutrient composition of 

wheat in a Typic Torripsamment. J. Ind. Soc. Soil Sci. 37: 408- 411. 

10. Chudery, M., L. D. Bailey and C. A. Grant. 1994. Effect of zinc on cadmium concentration the tissue of durum 

wheat. Can. J. Plant Sci. 74: 549- 552. 

11. Gadallah, M. A. and T. Ramadan. 1997. Effects of zinc and salinity on growth and anatomical structure of 

carhtamus tinctoriusl. Biologia Plantarum. 39(3): 411- 418. 

12. Grant, C. A., Bailey, L. D, McLaughlin, M. J. and Singh, BR. 1999. Management Factors which Influence 

Cadmium Concentration in Crops. pp. 151-198. In: MJ McLaughlin, BR Singh 'Cadmium in Soils and Plants'. 

(Kluwer Academic Publishers: Dordrecht). 

13. Gupta, V. and B. Potallia. 1990. Zinc-cadmium interaction in wheat. J. Ind. Soc. Soil Sci. 48: 452- 457. 

14. Hart, J. J., R. M. Welch, W. A. Norvell and L. V. Kochian. 2002. Transport interaction between cadmium and zinc 

in roots of bread and durum wheat seedlings. Physiol. Plant 116: 73- 78. 

15. Jiao, Y., C. A. Grant and L. D. Bailey. 2004. Effect of phosphorus and zinc fertilizer on cadmium uptake and 

distribution in flax and durum wheat. Sci. Food and Agric. 777- 785. 

16. Kirkham, M. B. 2006. Cadmium in plants on polluted soils: Effect of soil factors hyperaccumulation, and 

amendments. Geoderma 137: 19–32. 

17. Koleli, N., S. Eker and I. Cakmak. 2004. Effect of zinc fertilization on cadmium toxicity in durum and bread wheat 

grown in zinc deficient soil. Environ. Pollut. 131(3): 453- 459. 

18. Marchiol, L., L. Leita, M. Martin, A. Peressotti and G. Zerbi. 1996. Physiological responses of two soybean 

cultivars to cadmium. J. Environ. Qual. 25: 562- 566. 

19. Mullins, G. L., L. E. Sommers and S. A. Barber. 2002. Modelling the plant uptake of cadmium and zinc from soils 

treated with sewage sludge. Soil Sci. Soc. Amer. J. 50: 1245-1250.  

20. Nan, Z., J. Li, J. Zhang and G. Cheng. 2001. Cadmium and zinc interaction and their transfer in soil crop system 

under actual field condition. Sci. the Total Environ. 285: 187- 195. 

21. Nigam, R., S. Srivastava and S. Parakash. 2000. Effect of organic acids on the availability of cadmium in wheat. 

Chem. Speciation and Bioavailable 12 (4): 125-132. 

22. Norvell, W. A., D. G. Hopkins and R. M. Welch. 2000. Association of cadmium in durum wheat grain with soil 

chloride and chelate extractable soil cadmium. Soil Sci. 64: 2162-2168. 

23. Page, V., R. Lebayon and U. Feller. 2006. Partitioning of zinc, cadmium, manganese, and cobalt in wheat (Triticum 

aestivum) and lupin (Lupinus albus) and further release in to the soil. Environ. and Experim. Bot. 58: 269- 278. 

24. Pinto, A. P., A. M. Mota, A. Varnenes and F. C. Pinto. 2004. Influence of organic matter on the uptake of cadmium, 

zinc, copper and iron by sorghum. Plants Sci. Total Environ. 326: 239- 247. 

25. SAS Institute. 2004. SAS User’S Guide: Statistics SAS Institute, Cary. NC. 

26. Souza, J. and H. Dolder. 2005. Effect of excess cadmium and zinc ions on roots and shoots of maize seedlings. Plant 

Nutr. 1923- 1931. 

27. Tembo, B. D., K. Sichilongo and J. Cernak. 2006. Distribution of copper, lead, cadmium and zinc concentration in 

soils around Kabwe town in Zambia. Chemosphere 63:497-501. 

28. Tlustos, P., J. Szakova, K. Korinek, D. Pavlikova, A. Hanc and J. Balik. 2006. The effect of liming on cadmium, 

lead and zinc uptake reduction by spring wheat grown in contaminated Soil. Plant Soil Environ. 52 (1): 16-24. 

29. Köktürk, B. 2006. Cadmium uptake and antioxidative enzymes in durum wheat cultivars in response to increasing 

Cd application. PhD Thesis, Sabanci University.  

30. Vankhadeh, S. 1999. Response of sunflower to applied Zn, Fe, P, N. Nes. s. zz: 1:143-144. 

31. Veselov, D., G. Kudoyarova, M. Symonyan and S. Veselov. 2003. Effect of cadmium on ion uptake, transpiration 

and cytokinin content in wheat seedings. Bulg. J. Plant Physiol. special Issue. 35: 353- 359. 

32. Wu, F., J. Dong, F. Chen and G. Zhang. 2005. Response of cadmium uptake in different barley genotypes to 

cadmium level. Plant Biol. 2201- 2209. 

33. Wu, F. B. and G. P. Zhang. 2002. Alleviation of cadmium- toxcity by application of zinc and ascorbic acid in 

barley. J. Plant Nutr. 25: 2745- 2761. 

34. Yanai, J., F. J. Zhao, S. P. Mcgrant and T. Kosaki. 2006. Effect of soil characteristics on Cd uptake by the 

hyperaccumulator thlaspi caerulescens. Environ. Pollut. 139: 167- 175. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

3.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.13.0
https://iutjournals.iut.ac.ir/jstnar/article-1-2437-en.html


 ��������� ��	�� � ����	
� �
�� � �
�� �	� � �� �
�� � /  	!"#$%&	' /  (�	)' "*+ � ,-' /%�+	. /01/  

���  

35. Yilmaz, A., H. Ekiz, B. Torun, I. Guttekin, S. Karanlik, S. A. Bagci and I. Cakmak. 1997. Effect of different zinc 

application method on grain yield and zinc concentration in wheat cultivars grown on zinc deficient calcareous 

soils. J. Plant Nutr. 20: 461- 471. 

36. Zhong, Z. and Z. Yong-Guan. 2005. Effect of zinc on cadmium uptake by spring wheat (Triticum aestivum): long-

time hydroponic study and short time Cd tracing study. J. Zhejiang University Sci. 6 (6): 643- 648. 

37. Wenzel, W. and F. Blum. 2004. Effects of soil properties and cultivar on cadmium in wheat grain. P. Flanzenernahr 

Bodenk 159: 609-614. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

3.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.13.0
https://iutjournals.iut.ac.ir/jstnar/article-1-2437-en.html
http://www.tcpdf.org

