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�	 mg kg-1 pe�

.�� mg kg-1 �*+ e++ 

$��5 mg kg-1 */�+��

��� mg kg-1 �**p P*++ 

a�#��9 mg kg-1 �/��+ `�

k, mg kg-1 e*p �p++ 

F61�7 _��6  �6� S��Z6	� W�� �� ��� !-9)em.(:K6)

:��; ���H� �
 @�,
�A � .�� _�<M1 .B5 �M�6�� �� ^�� =�>

 U�6MN,DTPA Diethylene Triamine Pentaacetic Acid )  (

$��J8 7') =��)P+.($&�'�� =��� �6 �#8 2�� :A F\MC =��7

�66��H� ^�66� �
 G66����� '�66�� [66��� �66>`� @D66> U�66,�� 

$��J8 '�') =��7)ee.(�6��H� �F6)�
�� &� k] ?>�6�7 =�6>

)���
 � �;�� ��
�� :,�) (_', �� ��9 �
`*=�6,
 �
 F8�� 

�+ !���� �5�
 '�') a
� 
��7 .�_�<6M1 F6\MC 2��"� ����

H��66�� �66� S��Z66	� W�� �66� $�66�7 =�66> )a�����'�66���+%�

�s�MC a��'��M	'��� ��u�Z	� .9e+%+('�'6) @D6>)��.(

W�� 2�66H> �66� <66�� ./660�1 266�- �
 _�<66M1 :66A ��'663,

$��J8 ') =��67 .$��J8 �
 �\� 
��, � �#8 F\MC ^�� =�>

 !H�� .B5 $�%��
 �M��� �� 2�- � $��7 �2�	�]~�6H-� e+e+ 

�
 @6> � �J#8 �> ��� ��, U�j �
 _�<6M1 F6\MC 2�6#V

���H� �")� k�����M1 W�� �� 2�- � $��7 � ^�� G
� =�>

 kK��)XRF ($&�'�� <�� ') =��7)�.(

b��C/ 9���S 9�� 

�Z6��3, � � �#8 F\MC _������ !���� ���� ���,9 ��><�-��9

 :��3�, �b� � ��,& �2�- 
����A xd� fM�v, ��>��H�� 2�� 26�� 

L�6� �6� ���A�1 �
 ��6>��<1�SAS �MSTATC '6�
�7 L�6��� .

2�%���, �Z��3, ��,&9 �� �>LSD U�H�E� xd� �
 p%_��6 

F1�7 .L�� �� �>��
�H� @�� ��<1�EXCEL') L���� .

fC� � j��E> 

�?D�� ���KE�" ���� 4:;�
 <.% ���� �! ��� 

��b9 2�,& �
 ./0�1 2�- 
����A =&���
A =�> =
��& ?%�Z� 


��
 $
���6�� 
��6, 26�- _�� �J� ��.!67u�� !6��� =�6>

 �
 $
���6�� 
��, ./0�1 2�- !���H�) U�'65 �$'6) $
��9 

F666�� .pH �
�'666E �666� $
���666�� 
��666, ./6660�1 2666�- 
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,-�� � ,� ./ 0"12" �� �����3 � 41� 15�	
 67�8 1� 91'! 4:;�
 <.% �=>��... 

*e 

��=U\.,?D�� ,A1� X 
 �/ J�%�V� ���� @�A ,���� �! � ,d�e�
 9��\^,E>�� 91E� 

$&�'�� ��,���] =��7$') 'E�� ��'3, 

F1�� 
pH 

O.C1

CEC2

ECe3

U
�", @�ZMA _�#��A 
�MA 

:A .�� 
,
�A�:A @

~
~
%

cmol c kg-1 
dS m-1 
g kg-1 

mg kg-1 

mg kg-1 

mg kg-1 

?�� L�- 
e/*
`m/+
�` 
�/�
e/e�p 
`/��+ 
e/��
ee/+

1.Organic Carbon  2.Cation Exchange Capacity  3.Electrical Conductivity 

F�� �'���)U�'5�(R��'H8 2�� �	 ��>'��� ��DE :�-
 ��

!, !-9 
��, ��Hv� &� : �E !-9 ')�� .?K���K-� F��'> F�M��;

 �TZ� ./0�1 2�-R��� =��6) �6d� t�6;� U�H�E� � $
�� 
��& 

?, h�d, 
&��../60�1 26�- 2�%#6� �6 �#8 ��
�3, �Z��3,

��, FZ6�& [�6N, F6r��E k6��c9 ��>
��'���6�� �� $
����� 


�(��,9)USEPA (�
U�'5�� �#8 ��M	 F\MC �	 
�
 ��
� �

2���] 2�- 2�� �
 a�#��9 &� ��C �� 2�%#� &� � $
�6� �6� �6\�

 !66H	 !7
�66-9 :�Z66���] &� �a�#66��9 &� �66�C 2�%#66� _�<66M1

 !, ��
����� ')��)ep.(6�� �	 F)�
 �5�� '��� �,� $
�'6N, 2

�6� �6	 F�� �<�V �9 &� S�� ./0�1 2�- �
 � �#8 F\MC

 ��� �
 U�H", ��j !, F1�� �&���
	 ��> 
�))e.(�6,� 2��

 ?, ��
� ^�6� �2�- 
��& ��
�3, �
�<1� _��  �
 �A '>
 �6� 

',9 '>��� �
 ��AB, � �#8 =��� ?�<v, _�� .

/o@�A ,��� �! 0��5�aA ,A1� 1� 4:;�
 <.% 1�2 

5U�' P?7u�� ?��� 
��6, ^�6� ?���H�6) � ?6K�<�1 =�6>

 ?, ��
� �� �"-�d, '>
.?#", �b� ./0�1 2�- 
����A �6� =��


pH �F)�'� ^�� ?6#", :K) �� �,� �� ^�6� ?6-9 2��6A =��


 
�
 �����)U�'65 e(.�
 26�- 
����6A S��<61� �6d��� 26�� �


U�� �H> �� �� ?-9 2��A ��
�� S��<1� ?-���, =�> F�� ��)�
 $� 

)U�'5e.(^�� �
 ?MA ��j �� �
�6� 4�6� :�-
 �� ?K>9 =�>

 _������ ^�� =�1�� F�1�rpH ./0�1 2�- &� $
����� �b� �� 

?, @A ���Z� ')��)�+.(�TZ6� ��'3, 
�5�R��
 ?6-9 $
�6, 
�6�& 

?, ^�� ?-9 2��A �
 $') $'>�
, S��<1� :�-
 2�- ')��.

F6�1�r �6� ./60�1 2�- �6b� <6�� ^�6� ?�����6A U
�6T�

?#", F)�
 =��
 .��b9 ?;�� U�6� G6� =�6>��H�� �
 2�- $'��,

 26�� �
 ^�6� ?�����6A U
�6T� F6�1�r �6A 
�
 ��
6� ?>

�A

 ?#", _���� �9 �� � $
�� '>�) &� S�� �>��H�� 
�
 ��
� ��
 .�B-

 ?, �\� ��S��<61� �� 2�- ��<�� � ��,& F)B7 �A '��CEC 

�A GHA ^�� F)B7 &� k] ?�E � $
`G� &� ��,& U�� ��6�

 F61���
 
�6A �6A ?��6>��H�� �
 ���A�1 2�� ��'3, 2�- 
����A

$
�A ?, '>�) &� S�� '�� ')��)U�'5e.(?������b9 ?6"H�� 

�26�- 
����6A xd6� S��<1� �� �A 
�
 ��
� 2�- 
����ACEC 

!, ?j ?
��<1� '��� ^�� '#A.

!6#", �6b� ./0�1 2�- ��
 =��6) �6� )ECe ( F6)�
 ��6� .

!;�� _��b� !���� ��6>��H�� �6	 
�
 ��
6� 26�- $'��,�U�6� 

I/�6�� ����
 26�- 
����6	 h�d6� &� G6� ��> �
 !>

�	

!#", !H� '>�) �� ��
 ')��)U�'5e.(!"H�� _��b� !���� �,�

 �26�- 
����	 xd� S��<1� �� �	 
�
 ��
� 2�-ECe  �6� ��6� 

] S��<1� !d� _��  !, �'� '#	.S��<1� ECe 
����6A �� ^�� 

_'66, &��
 �
 ?-��66�, ?>

�66A _��66  �
 �./660�1 266�-

?, ��6>��7 F
6A =��6� ��J� �� $'##A 
�'N, ?M,�8 '���� 
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����� ���	� � ������� ��	
 � ���
 /��������� /��� !��" )$%" (/��'� ()*+ 

*` 

��=U).<�R>��� JF��N� �?D�� ��� 4:;�
 <.% $�Ep� ����� �/ �� T�A ���� �! ��� 

��H�� PH O.C % CEC( cmol c kg-1)ECe (dS m-1)

Pp �/* am�/+ dp/�� bcd e�/� bcd 

Pp+Pp*/� a�+/+ dP/�p ef �+/� d

Pp+Pp+PpP/* aPe/� bcd */�p def Pp/� bcd 

Pp+Pp+Pp+Ppe/* a�m/� bcd m/�� bcd `P/� bcd 

p+ e/* ap�/+ d�/�m cde �+/� d

p++p+e/* a�*/+ cd �/�p def P+/� bcd 

p++p++p+e/* aPP/� bcd p/�* bc p�/� bc 

p++p++p++p+P/* a+*/P bp/�m cde p*/� b

�++ �/* a+e/� cd P/�� bcde P+/� bcd 

�+++�++ �/* a`P/� bcd �/�* b��/� cd 

�+++�+++�++ m/� a��/� bc �/P� ap+/� bc 

�+++�+++�+++�++ �/* ae�/e a�/PP a��/P a

'>�) e/* a`p/+ d�` f +�/� d

2�%���, ��,&9 �� �>LSD U�H�E� xd� �
 %p$') �Z��3, '�� .�6	 !#�%���, �
 �> _���� !
��,&9 :,�8 �> ���� � ���� �> �


'E !#", �'#�Z> ���
, I�E a� ����
 :;� FZ�� ��
.

')�� X�ZE .Z6, 2��i&� ����6 � '6#��, G
6� ?E��6� �
 �-

�� ? �� F�H>�F�� ��
��� .

/o@�A �� <�R	� 0"e�
 1� 4:;�
 <.% 1�2 

�6���� �
 ^�6� �
 2�%#6� �6 �#8 .B65 :��; � :A ��'3,

 ?, �A F�� ?H�, z��) �./0�1 2�- 
����A F6�5 '����

 ̂ �� �
 ?7
�-9 ?���&�� ��A �� ./0�1 ��H�� FN� =�> 
�� .

U�'5 `F\MC �� ^�� �
 @�,
�A � .�� .B5 :��; � :A 

?, ��
� '6>
 .� :6A F6\MC ./60�1 26�- ?6MA ��6j �6�

:��; 
�
 S��<1� �� ^�� �
 @�,
�A � .�� .B5 .26�� $�6N�

�i=�o� ��,& _', <�� � ��1� ��A �� 2�- xd� �� �5�� �� ��b

F�� $
�� _����, ?>

�A 2���9 &� $').

@�A b3 41� 

!#", �b� ./0�1 2�- !M	 ��j �� :	 .�� S��<1� �� ��


 F)�
 ���)U�'5`.(!;�� _��b� !���� �6� 26�- $'��,

 |�6��, .�� ��
�3, �	 F�� �9 &� !A�E ��� :	 .��

 &� �	 !>

�	 U�� a� ��>��H�� ��`��6#A �� S�] U�� 

$
�(� F1���
 2�- @> '�� '>�6) .�� ��'3, &� S�� ��#V

F�� .� !Nd6� {61� �
 .�6� q6H���� !6M�-
 �6,� 26��

 �� �9 @	 !��
�9 !6, ��6� n�6H8� '6)�� ._��6b� !6����

 &� 26�- 
����6A xd� S��<1� �� �	 
�
 ��
� 2�- !"H��

Pp �� �++ ^�� :A .�� _������ '��� ���K> �
 L�7�%, 

!6, !
6��<1� � !d� '6)�� .U�6� 
�'6"� S��<61� �6� =�6>

 �� G� &� !>

�A`@\#, ��j �� ^�� :A .�� <�� U�� 

!, S��<1� '���)U�'5`(.��3, ^�6� :A .�� F\MC �Z

 _�<6M1 U�6T; :��; F\MC ��A�'E �� ?
��,&9 =�>��H�� �


 2�%#�MAC) (^�� �
 F\MC �A 
�
 ��
� =&���
A =�>

 $'6) 
��#
6�] &�6�, 
�'6E &� ��H	 �>��H�� 2�� �
 .��

?, ')��)e�.(
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,-�� � ,� ./ 0"12" �� �����3 � 41� 15�	
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*p 

��=Uq.<�R>��� JF��N� b��- � b� 67�8 ��� T�A <�R	�15�	
 4MU)mg/kg ( ��4:;�
 <.% $�Ep� ����� �/ 

��H�� Total Pb Total Cd DTPA Pb DTPA Cd 

Pp ef�/P+ab�m/+fg+*/e+p/+ gh 

Pp+Ppdef�/PPefem/+ef`m/e+*/+ efg 

Pp+Pp+Ppdefp/P`bcdme/+dePe/`�+/+ e

Pp+Pp+Pp+Ppd*/Pmef`+/+dee*/`�`/+ cd 

p+ dep/Ppdep+/+efg`�/e+m/+ fgh 

p++p+de`/Ppef`+/+d`�/`+�/+ ef 

p++p++p+c�/ePabcmm/+bc�+/p�p/+ cd 

p++p++p++p+bc�/epabc�+/+bP�/m��/+ bc 

�++ de*/Ppabc�+/+def+m/`�+/+ ef 

�+++�++ cp/eecdm+/+cd�`/`��/+ de 

�+++�+++�++ bP/`+cdm+/+ae`/���/+ b

�+++�+++�+++�++ a�/pPa*+/+ap�/�P`/+ a

'>�) fe/��fee/+g`p/P+e/+ h

2�%���, ��,&9 �� �>LSD U�H�E� xd� �
 %p$') �Z��3, '�� .�6	 !#�%���, �
 �> _���� !
��,&9 :,�8 �> ���� � ���� �> �


!#", �'#�Z> ���
, I�E a� ����
 :;�'E FZ�� ��
.

b��- 41� T�A 4MU 

$��J8 :��; .�� S��<1� �� ./0�1 2�- �b� ���7 �6�DTPA 

!#", ��� 
�� ��
)U�'5`.(!;�� �b� ��6H�� �
 2�- $'��,�++ 

!#", S��<1� �T� ���K> �� L�7�%, �� �Z��3, �
 ��,���] 2�� ��


 '�
�7 '>�) .U�'5`!6, ��
� �6� ./60�1 26�- �6A '6>


 $��J8 :��; .�� ��'3, <�� !"H�� _��  �6� ���7DTPA �� 

F�� $
�
 S��<1� .?#", ') ��
 !;�� �b� ���6H�� �
 26�- $'6��,

�++ F6�� �9 &� !	�E ���K> �� L�7�%, !;�6� �6	 26�- $'6��,

 
����A =4�� h�d��
 :��; .�� F\MC ����6� �� ��6� .B5

�� U� ��6)�
 �6%� '>�6) ��6H�� �
 �J#8 2�� ��'3, &� S�� �>

!, F6)B7 �6V�7 
��9 '6�'] !6d�N, FZ�& _/(
, '����

 5 :��; .�� xd� ��,& S>�	 �� .B �
 �9 xd6� �6� � $
�


 !, a�
<� '>�) 2�� �	 �'#	 �'6) �6#�	 ���\� �� �'���� 
��

!, ')��)P�.(!������b9 �6	 
�
 ��
6� ./0�1 2�- !"H�� 

&� 2�- xd� S��<1���Pp��p+ko� ��++ ���(>�
 L�7�%, 

:��; .�� !6, S��<61� !6d� _��  �� ��� .B5 '6��� .�6�

 � 
�'"� S��<1�U�!6, S��<1� ��,���] 2��<�� ?>

�A =�> �'6���

  �J� S��<1� 2��R�!6, ��%H
6V L�6� �6� L�
 U�� &� '6)��

)U�'5`.(�6	 !��>��H�� �
 .�� !����
 F�M��; !���T8 ��

e��`�6� �
�6� $'6) ��o6� �6��9 �
 2�- 
����	 &� ��,& U�� 

�
 �	 F�� !��>��H�� &� ��H	 !�5�� :��; ��<�,PU�6� �6���

 $
�	 F1���
 
�	 '�� .!6, �-�Z6, 26�� S��<61� F6M8 �6� '6����

 L<���7����(�, F�"H5 �
 
�6	 ��
�� ��
�3, S��<1� ����� �
 �>

U�� '#���1 q��Z� �� ��#, �	 ')�� !>

�	 L���V � L�� ��>

 :��; .�� � $'�
�7 �') !�'", $
�
 S��<61� �� ��6� .B65

F�� .�9 2H0 ��>��H�� �	��P6�!1�6	 ��6,& !>

�6	 U�

 S#	�� L���� F�5 _�<6M1 .�6�� �6� �6�#, �	 !���H�) ��>
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 � ���
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*m 

$') ��<�� ��
�� F6��)_��6  �6� .9 
�65� � 4�6� =�6,


 F�� $
�	 aH	 �,� 2�� �� �����9 (�>� ����� �
 _�<6M1 �&�6�

 � !-9 
��, �� $') '���] $
�� ��
� F�� .@>!7u�� �b� 2�#V ��6>

 �MH5 &� ���pH F�6 �� � X� 
�6�& ��'63, ���6� �4�6� 

.B65 � .�6�� F6�5 !T6��#, [���) @�ZM	 _�#��	 ��1��

 S>�6	 �T6� � $
�6	 @>��61 �� $'6) 
�&9 _�<6M1 ! �J���

 $'6�
�7 ���9 .B5 F�M��; F6��)PP.(����6(H> � l6#V)m(

2���
�� �	 '#�1�7 ����� �
 $�6�7 [��� <M1 .B5PU�� U�6� 

!, n���� 2�- 
����	 &� k] '�1� .$'6) �6�H	 .B65 2�� ko�

!, �'�] �,�
� ��,& �� F��b _��  ��� '#	.

T�A b� ������ 

!#", �b� ��� :	 @�,
�	 �� ./0�1 2�- 
����A F6)�
 ���
 .

!;�� _��b� !���� �6	 
�
 ��
6� ��� :	 @�,
�	 �� 2�- $'��,

��H�� ��>�����
 26�- xd6� �� &� a� �> �
 !>

�	 U�� 

'�
�� '>�) �� FTZ� ���
�� :	 @�,
�	 ��
�3,)U�'5`.(2��

 �9 
�5� �� �>��H�� &� �	`F61���
 26�- ��6#	 �6� S�6] U�� 

$
�H#� F\MC ����
 '�� '>�6) �6� FTZ6� @�,
�6	 &� !�4�� ��>

'#�Z> .6H8 �� @�,
�	 @	 ���Z� U�3��� �,� 2�� q6H�� � ��6� {

?, ��
� �� xd� �
 �9 '>
 .!������b9 &� !A�E 2�- !"H�� 

&� 
�6	 xd6� S��<1� �� �	 F�� �9Pp�6� p+ko6� ��++ 

!, S��<1� ��� :	 @�,
�	 �2�- L�7�%, '6��� .?6MA ��6j �6�

 !#", _���� '>�) �� �>��H�� &� ����Z� $
�
 ��
6� ��
 �
 � '6��

 �H> 6� ��6� :6	 @�,
�	 ���9 F6�� '>�6) &� S�)U�'65`.(

F6\MC ��A�'6E �� ?
��,&9 =�>��H�� �
 @�,
�A F\MC �Z��3,

 U�T; :��;MAC)(^�� �
 ?6, ��
6� =&���
A =�> �6A '6>


 $'6) 
��#
�] &��, 
�'E &� ��HA �>��H�� 2�� �
 @�,
�A F\MC

?, ')��)e�.(

b��- ������ T�A 4MU 

$��J8 :��; @�,
�	 ��'3, ./0�1 2�- �6� ��6�7DTPA �6� �� 

!#", ��j 
�
 S��<1� ��� �
 ���
)U�'65`.(!6���� ��6b9 

!;�� :6��; @�,
�	 ��'3, �	 
�
 ��
� 2�- $'��, �
 ��6� .B65

��H���++ ���K> �� L�7�%, �'>�) ��H�� &� S�� !>

�	 U�� 

F��)U�'5`.(!;�6� �6b� �6	 F�� �9 &� !	�E �,� 2�� $'6��,

 =4�� xd� �
 2�- F6�M��; �6	 F6�� $'6) Y68�� �9 
����A 

@6> ��� �
 @�,
�	 .B5 '6)�� '>�6) ��6H�� &� S�6� ��6#V .

?, 2�����#� F)B7 &� k] !�E 2�- 
����	 �	 
�
 U�H�E� ����

 �6V�7 '6)�� ��)�
 U�T�
 �� !d�N, FZ�& _/(
, U�� '#V

 xd� �� � $
�
 S>�	 �� .B5 :��; @�,
�	 xd� ��,& F)B7

 � '>�) �
 �9 !, a�
< � 
�� 2�� �	 '#	i�6#�	 �6��\� �� �'��

 !, �') ')��)P�.(�6� �6	 
�
 ��
6� 26�- !"H�� �b� !����

 U�6� 
�'"� � 2�- 
����A xd� S��<1� @�,
�6	 !>

�6A =�6>

:��; S��<1� !d� _��  �� ��� .B5 �6� �6K�9 2H0 F1��

 &� S��<1�P��e:6��; @�,
�6A �
 S��<1� ?>

�A �"1
 .B65


V !, ��%H ')��)U�'5`.(:6��; .�� =��� $') ���7 :�4


?, �A� :��; <�� ��#�� �
 .B5 ')��.

/o�=	? ���? =!� 1� 4:;�
 <.% 1�2 

a� ��> �
 &��(� � &��M	 '#��, _�<M1 F�H� &� !�,/8 ��>

L�'66�� &� '
66� $'>�
66, L'66#7 $�66�7 ��66>.266�- �66b� ./660�1

!#", �� ���
 _������ G
� �&� ?���6> L�'6�� F6)�
 L'6#7 .

�
�66	 h�d66� 2�66��
���66H�� �++ L�7�66%, 2�66� �
 �
�'66"�

U�� ��H�� !>

�	 ��>`��'63, 2���
6�� !>

�6	 U�6� �&�

 ?���> L�'�� G
� �� L'#7 
�
 ��J6��� 
�� ��'6� .!6����

 !;�� _��b� ��H�� �
 �	 
�
 ��
� $'��, ��>�&� �	 !>

�	 U�� 

� 2���9 ���9 !>

�	 ��#�`!, U�� 
�B7�L�'6�� G
6� �&�

?���> 
�� ��'>�6) &� 
�6� .!6, �6\� �6� !��B6C �6 �#8 '6��

I�J,�] �6	 
�7�7 � ��Z1 ��c����� '#��H> �6� 26�- $��6H> 

!, $
�<1� ��� �6�\� I�J, @	 !��BC � �#8 <�� � '��)Fe �

Zn �Cu !,!�'6", '6#���1 � !6-9 
��6, �6�<�� !j �
 '#���� 

!6] �
 �� �9 
�6�& 
�6(MH8 � �6�1�7 ���6; $��7 ������ �
 �')

 '#)�� ��)�
 .�6� !6-9 $
�6, ���6#8 �� 2�- '��, _��b� $�/8 ��

!7u�� :��; <�� ��� !(�<�1 ��> !, �	� ')�� .26�� ���	�61 �6	 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

22
 ]

 

                             8 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.7.9
https://jstnar.iut.ac.ir/article-1-648-fa.html


,-�� � ,� ./ 0"12" �� �����3 � 41� 15�	
 67�8 1� 91'! 4:;�
 <.% �=>��... 

*� 

R2 = 0.89

R2 = 0.91

R2 = 0.74
R2 = 0.59

0
2.5

5
7.5
10

12.5

0 25 50 75 100

(Mg/ha ) ل

��ب در �� ���

(M
g/

ha
)�
آ
�د
���
�

56ل2 56ل1 56ل3 56ل4
 

bH!(.�-�� � �� ./ 0"12" �=	? ,�"�� �"=>" L�A ��� 1� 4:;�
 <.% �=>�� 


�'"�U�� !#", !>

�	 ��> ��
� !��� �� �� ��,& �b� �') ��


!, ��o6� ��6� !>

�6	 2���9 &� ���
�� ��,& �V�> �'>
 

!, 
�) !6, ��6��	 $��7 $
����� :��; � �#8 ��'3, &� ��6�& 
�6)

 �6� � �6�1�7 ��6� &� U�� U�6� �
 !6(� �
 �� � �#8 2�� $��7

 !, I�J, ��7 ?���> L�'�� G
� �&� �B- '���� !��>��H�� �
 $

&� �6�H	 $'6) ��o6� �6��9 !>

�	 2���9 &� ���
�� ��,& �	

���� R4�H�E� � $
�� �>��H�� �6� ��
6�� ��6,& _'6, F6)B7 �� 

!, '>�) �
 �9 xd� '�� .�6	 
�
 ��
� !"H�� _��b� !����

 S��<61� �� <��� !>

�	 xd� S��<1� �� 
�'6"� !>

�6	 U�6�

?���> L�'�� G
� �&�����j!d� S��<1� F1��):() �.(

/o���? �� <�R	� 0"e�
 1� 4:;�
 <.% 1�2 

F6�� ?6H�, z��) ?A���� ��>��7 �
 2�%#� � �#8 F\MC

 ̂ �� �
 ���Z�� ?��BC ���V �� � �#8 2�� 
��� �d� �A��6>

 ?, 2)�� �� ./0�1 2�- ��H�� FN� 
&�6� .� .�6� F6\MC

 �� �
 L'#7 ���
 � �;�� ��
�� �
 @�,
�A ?6���� 
��6, =�6>��H

 �
U�'5 p$') $
�
 ��
� F�� ../60�1 26�- ?MA ��j ��

 
�
 S��<1� �� $��7 �
 @�,
�A � .�� F\MC .� 2�� $�N�i�6� ��b

 &� $'6) =�o� ��,& _', <�� � ��1� ��A �� 2�- xd� �� �5��


�� _����, ?>

�A 2���9.

41����? �� 

2�- !6#", �6b� ./60�1 �
6�� .�6��� ���
 F6)�'� L'6#7 

)U�'5p.(����� k������ ��<�� @>2�#V ��
6� 
�
 26�- �6	 

!#", �b� ./0�1 �� ���
 .B65 F6)�'� L'6#7 �;�6� .�6� 

)U�'5p.(26�� �6� �65�� �6� F6�� �6A� :6��; 
�6(MH8 �6A

 !6, ��
6� _���� �%�'H> �� �Z��3, 
��, ��>��H�� �6� �'6>


 .B65 L�6��, &� ��6 �#8 F6\MC &� $
����� ��5)Uptake (

 : �E !#"� $
���6�� $�6�7 
�6(MH8 �
 �J6#8 F6\MC .�0

!, 
�) .!
6��,&9 :,�8 26�- 
����6	 xd6� �./60�1 ��6b9 

!#", .�� �� ���
 L'#7 ���
 F)�
..�6� ��'63, 2���
6�� 

�
 L'#7 ���
 ��H��p+L�7�%, 2�- �	 ') $'>�
, ��6H�� �6�

Pp L�7�%, !#", I/��� 
�
 ��
� ��
 .'"� �Z��3, U�� 
� ��>

 ��
� !>

�	 �
��H�� �	 
`��'63, 2���
6�� !>

�6	 U�� 

���
 �� ���
 .�� ��
)U�'5p.(!���� ��6b9 !;�6� �
 $'6��, 

��H�� ��>��	 
�
 ��
� !>

�	 U�� 2�6� ?����� ��6>��H�� 

2�- �'>�) 
��'� 
�5� .�6	 
�
 ��
� !"H�� _��b� !���� 

&� !>

�66	 xd66� S��<661� �66�Pp�66�p+S��<661� L�7�66%, 

!#", n���� ���
 .���
 ���
 �1��2�� �,� 
p+��++ L�7�6%, 

!#", I/��� ��
 �'� 
�5� F))U�'5p.(�
 .�6� q6H��

L�'�� '6���� !6, �')� &� !)�� F;� :,�8 ��b�� � !
��� ��> 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

22
 ]

 

                             9 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.7.9
https://jstnar.iut.ac.ir/article-1-648-fa.html


����� ���	� � ������� ��	
 � ���
 /��������� /��� !��" )$%" (/��'� ()*+ 

** 

��=U].<�R>��� JF��N� J-�� 4MU � J>"� � J��� �� �����3 � 41� 67�8 ���4:;�
 <.% $�Ep� ����� �/ �� 

��H�� Pb�
�� 

)mg kg-1(

Cd�
�� 

)mg kg-1(

�;�� Pb.B5 

)mg ha-1(

�;�� Cd.B5 

)mg ha-1(

Pb���
 

)mg kg-1(

Cd���
 

)mg kg-1(

Pp p/P� ae/+ cP��e�am�ede p/* ab `/+ a

Pp+Ppm/�* a+/� a�P`�`ea�`p*de +/* ab p/+ a

Pp+Pp+Pp+/�` a�/+ abc �p+�ea`*`mab m/� bp/+ a

Pp+Pp+Pp+Pp�/�p ae/+ c�e*�`+a``��abc P/* ab �/+ a

p+ �/�m ae/+ cpe�+Pa��P�cde */� be/+ a

p++p+�/�` a*/+ ab *�p+�ae`p*abcd m/* ab m/+ a

p++p++p+�/P` a*/+ ab ��mPePap*+`a+/� a`/+ a

p++p++p++p+�/�p ap/+ bc ��*+*`ap�**a+/� a`/+ a

�++ m/�* a�/+ abc `mP�eaPe**bcde `/* ab `/+ a

�+++�++ �/�m a*/+ ab �++*�paeem�abcd m/* ab p/+ a

�+++�+++�++ */�� a*/+ ab �p*�+ea`*P+ab +/* ab p/+ a

�+++�+++�+++�++ e/�p ae/+ c�m*mm`ap��pab `/* ab `/+ a

'>�) +/�` a�/+ abc �mp�PaP*�eP/* ab P/+ a

2�%���, �� �> ��,&9 LSDU�H�E� xd� �
 %p$') �Z��3, '�� .a� ����
 :;�'E �	 !#�%���, �
 �> _���� !
��,&9 :,�8 �> ���� � ���� �> �


!#", �'#�Z> ���
, I�E FZ�� ��
.

�6���� 2�� !-�H�E� :�4
 

�67 �6	�.h�d6� &� G6� �6> �


 2�- 
����A U�� 
�'"� S��<1� �6� !6M	 ��6j �6� !>

�6	 ��>

�$��H> ���
 .�� S��<1 ��!6#", I/�6�� �,� 
2�6� ���
 26�� 

��H�� $'>�
, �>�'
.�6��
 [6��� .�6� �4�6� ��
�63, .B5

 �� �3d#, !(�
<� FM8 �� F�� 2(H, !(>9 ��� 2�� �
 L'#7

 I��6j� ���> ��TC � 
�7 �
 .�� 
�5� &� !)�� � $
�� $
�5

 ')�� $��7 ��� �� �9 2�Z
� �.�o�/�� �V �7 ��Z��5 �)e+(

�6	 '6#�1�7 ����� 
�� _�3�3N� &�pH  �6� !6���� �6b� ��6� 


��
 .�66� !66����
 F66�M��; .L'66#7 �66��
 �
 .�66� F66\MC

 q��6#, �
 $'6) ?61�", �6#�,& h�d� &� S�� fM�v, =�>��H��

?, ')��)�`.(?, ��
� ���
 � �;�� ��
�� 2�� �Z��3, �6A '6>


 �
 � �;�� &� S�� �
�� �
 .�� F\MC �6��
 &� S�� <�� �;��

?, ')�� .q6H5 
�6� �
 =��
6�� .�6� �
�� ?���T8 �� =��9

?, '#A .� �
6�� F61�� �
 .�� qH�� �� _�3�3N� !���i'6�	

 '���
)�`�e*.(�}�	 � U�'H�&)e�('6#���1 �6	 '�
�	 ����

 �� �
�� F1�� �
 .�� qH�� ���� U��Z, !M � .�6� !#�
6�

R� �J� _��Z61���] _��  ��$���6�
 U�6j �
 .�6� ��6>

 !, U�M� ')�� .�6��
 � �
6�� �
 � �#8 .B5 '��� �� �5�� ��

)U�'5p(\� ���!,'�� �
�� xd� t�T)� )a6� '6#��H> �6	

 !, :H8 '�}�M	 '#	(&�.�6� �J#8�[6��� �9 ��
6�� .B65 

!, 
�'N, �� $��7 �V �7� '#	 �
 :��; .�� ��'3, ��� .B5

 ')�� $
�
 ��� S��<1�.�� F6��b .B65 ��60�1 ��33N, !��� 

$
�	 h�d, '��)p�P�([��� <M1 .B5 ��0�1 2�� X��� �� �

S��<61� ��6� �6� <6M1 S��<61� _') &� !"��� _��  �� $��7

!, !, F��b �#�
�� a� �� �'��� &� k] �	 2�� �� '��� 
�) .

���������? �� 

�1 2�-0!#", �b� ./ �� ���
 F\MC@�,
�	 �
6�� �
F6) .�


�b� �d��� 2�� 
�'"� U�� !6#", !>

�6	 ��6> ��
 '6).!6���� 

��b9 !;�� �6	 
�
 ��
6� $'6��, �
6�� @�,
�6	 ��6>��H���U�6� 

'>�) &� ��H	 !>

�	
�� !, �\� �� �B- !;�� �b� �	 '�� $'6��,

 F�� $
�T� �5�� :��; 2�-)U�'5p.(��
6� U�'65 _�8/j� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

22
 ]

 

                            10 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.7.9
https://jstnar.iut.ac.ir/article-1-648-fa.html


,-�� � ,� ./ 0"12" �� �����3 � 41� 15�	
 67�8 1� 91'! 4:;�
 <.% �=>��... 

*� 

��=U +.�� `�"1; �� �REF�$�Ep� 0�K5 <41� 1a	
 �"1� 

�*�mp`eP�F�  

�:	 .�� �

��`/+ ** :��; .�� .B5  P

��`/++P/+�
�� .�� F\MC e

�+P/+~*�/+ ** �*/+ ** �;�� .�� .B5 `

�eP/+e`/+ep/+P�/+���
 .�� F\MC p

�e+/+Pp/+~Pp/+~eP/+~P�/+pH m

���/+~P*/+��** /+�p/+~**/+ ** �p/+ ** O.C%�

���** /+e�/+~��/+p�/+ *Pm/+*P/+ ** *�/+ ** CEC *

�*+/+ ** *�/+ ** +�/+~e`/+�`/+~+�/+*+/+ ** *m/+ ** ECe �

*:xd� �
p%?#", ��
 !,')�� .** :xd� �
�%!#", !, ��
 ')��.

?, � �	 '>
 !6#", S��<61� 2�- 
����	 xd� S��<1� ��
 ���


 !H� $'�
 �
�� @�,
�	 
�) .S��<1� �� �
�� @�,
�	 S��<1� L'8

 2�- !"H�� :��; @�,
�	 �9 qT� �� �F6�� 2(H, ���� .B5

 ����b9 
�) |���, �%�
 � �#8 �� @�,
�	 :��3�, .!MT; _�3�3N�

 ,
�6	 .B65 �k, � ��� � �#8 �	 F�� $
�
 ��
� [6��� @�

 !, S>�	 �� !7�� @�Z��� �
�� �����61 @�ZM	 ��DE � '#>


 !, ���7�M5 @�,
�	 .B5 &� <�� [�N, �
 '6#	)�`.(����Z6�

���1�7 L���� _�3�3N� &�pH  U�6�#	 @6�, ���	�61 ���6#8 �6� �� 

$
�	 !1�", @�,
�	 !TZ�� :	 .B5 $'##	 @�,
�6	 .B5 � '��

�
 pH  �� 2���] ��> &� S��pH  ��Z��
 4�� ��> '��)�*.(��1

 F6�� h�6j :6��; <�� �J#8 2�� &� �
�� !Nd� '�}�M	 t�T)� .

�1 2�-0!#", �b� ./�� ���
 .B5 F6)�
 �;�6� @�,
�6	 .�


U�� 
�'"� ?
��,&9 :,�8 �b� �d��� 2�� ?6#", ?>

�6A =�> ��


') .!;�6� _��b� !���� ��6>��H�� �6	 
�
 ��
6� $'6��,�U�6�

 M8 �!>

�	!F)B7 @C�`�!>

�6	 2��6�9 &� ��6,& U�6� 

'>�) &� S�� �;�� @�,
�	 .B5 ��<�, ����
 !%H> �6,� '�
��

 ?#", I/��� 2�� 
�T� ��
)U�'5p.(!6"H�� _��6b� !6����

 � xd� S��<1� �� �	 
�
 ��
� !M	 ��j �� !>

�	 U�� '6��� 

_������ 	�;�� @�,
�F�� !
��<1�� !d� .

266�- 66b� ./660�1!66#", ��66� ���
 @�,
�66	�66��
F66)�'� 

)U�'5 p.(f6M�v, =�6>��H�� L'6#7 ���
 �
 @�,
�A F\MC �,�

 ?, q��#, �
 $') ?1�", �#�,& h�d� &� S�� ')��)�`.(�Z��3,

 FHZ; 2�� �
 @�,
�6A F6\MC �6	 
�
 ��
6� $�6�7 fM�v, =�>

 ?6, ���
 &� S�� <�� �;�� �
 � �;�� &� S�� �
�� '6)�� .q6H��


�A ?, �
�� �
 @�, 

�67 ?63M� F6T�, ��K� G� ���#8 �� '����

 R4�H�E� �,� 2�� ���& ���V � ���
 �� �9 ��
�� U�3��� =��� ?"��, 

?, ?��BC ')�� .

�� �1
 �REF� b��- ��� �Q� �����Q3 � 41Q� bQ� � 4MQU

�?D�� B1R�=H� ���? �� 4MU �"e�� � T�A ��� 

$%" (41� 

L�1 2�� :��; ��> 	 � .B5 U�6H�E� xd� �
 .�� :�%<6�� �

� !-9 2��	 �� :	 .��CEC xd6� �
 ��� �%@6> !%�Z6�

 !6#", � FT�, '6) $'>�
6, ���
)U�'65 m.(@6> L�61 2�6#V

:��; � !-9 2��	 �� .�� .B5CEC  U�6H�E� xd6� �
 ��6� 

�%@>
�
 ��
6� F6T�, !%�Z� .:�(
6� �6	 '6�'3�", ��633N,

 k(MoH	 �'��] �	 �.�� !-9 ��> !, <�� ��6� �� !-9
��6, �'#)��

 ��� �
 .�� @�, qT#, ���#8 !, !1�", $
�-9 ��> '6#	)�P�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

22
 ]

 

                            11 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.7.9
https://jstnar.iut.ac.ir/article-1-648-fa.html


����� ���	� � ������� ��	
 � ���
 /��������� /��� !��" )$%" (/��'� ()*+ 

�+ 

y = 0.16x - 0.04
R2 = 0.88

0
2
4
6
8

10

0 10 20 30 40 50 60

(mg/kg) ب آ���

D
TP

A
-P

b
(m

g/
kg

)

bH! \.�� b� 41� JV�"�DTPA-PbT�A 

y = 29x - 37.6
R2 = 0.69

0
50

100
150
200
250

0 2 4 6 8

DTPA-Pb (mg/kg)

 (g
/h

a)
$ب
%&

bH!).JV�"�DTPA-Pb�=	? J-�� �� 41� 4MU �� 

�� .( L�1 &� a� ��> �� ���
 � �
�� �
 .�� F\MC .�� ��>

 @> ��� �
 ,� 
�'� ��
� !%�Z� @6> ��
 .�6� .B65 !%�Z6�

 :6��; � :6	 L�61 �
 �> �� �;�� xd6� �
 .�6� .B65�%�

@> ?%�Z� ?#", �� .B5 :��; � :A .�� ��
ECe xd� �
 <�� 

�%'�
�7 $'>�
, )U�'5m.(�6��9 ?6��� F�� 2KH, �=�6>

kKMoHA .�6� .B65 F6�M��; S��<1� �
 _��-�� ��\� $'##A 

'#)�� ��)�
 S3�)��.(, 2�� ̂ �� �
 t�0� :K
, &� �A ?��>

 ?, ��� =��) Sv� ��\� �'��� <}�6E ���6�� <A�, &� =
��& =�>

 ?, F�H>� ')�� ._������ �	 
�
 ��
� !d� �����7� ��><�-��9

 :��; .�� !, �� ��� :	 .�� �� .B5 �6-
�", a6� �6� ���6�

�� !d�R2�TZ� R�
�6H� 
��9�6� 
�6�&):(6) P.(�6� �65�� �6�

 @	 F�-/E ��� �
 .�� !"�Tj _�T�	�� 
�65� �!6(>9 ��>

 :��; � :	 .�� 2�� !d� �d��� �� ��61 26�� ���6� .B65

 !, _�; 26�- ���6� 26�� �
 .�6� !M6 � q6T#, �6	 '
6v�

 !, ./0�1 ')�� .S��<61� Y8�� ./0�1 2�- �%�
 _��T8 ��

 X���
 :��; _�T�	��)$��7 ���� ($'6) ��6� �� .�� �F6��

 !, ./0�1 2�- �V�7 S>�6	 � �6�<�� ��>'6#���1 !j '����

!"0�,pH '>
 S��<1� �� ��� .�� .B5 F�M��; <�� .'6���

 ����6(H> �)Pm(k66(8 �6� �6	 '6#�1�7 �66���� !63�3N� !6j

 F6�-�"1 {6��j &� $'6) �1�60� _�<M1 �a��c�'] _�T�	�� ��6>

 '���
 !�4�� !����
 F�M��; !��Z�� .����(H> � �,�
9)P(k6]

 ��b� !���� &� !;�� _�6 �#8 F6\MC �6� ./60�1 26�- $'6��,

 $��J68 F6\MC :6��3, �
 :6	 F\MC 2�� �2�%#� $'6) ��6�7

 �6�DTPA  <6#%#, � @�,
�6	 �k6, ���� �.�6� _�<6M1 ���6� 

@> '�
�	 W��<7 !%�Z� .

.�6� .B65 ��<6�, _������ �	 
�
 ��
� !d� �����7�

 :��; .�� �� �;�� !, �� ��� .B5 6d� �6-
�", a6� �� ���� !

����
R2�TZ� R�
�H� 
��9�� 
��&):() e.(

4(������ 

@> L�1 2�� !%�Z� :��; ��> !#", @�,
�	 :	 � .B5 '
6� ��
 .

:6��; @�,
�	 � :	 @�,
�	 � !6-9 2��6	 �6� .B65CEC  ��6� 

@> ?6#", FT�, !%�Z� @6> �'6�
�
 ��
6� ��
 @6> 2�6#V ?%�Z6� 

?#", :6��; � :6A @�,
�A ��
 �6� .B65ECe <6�� xd6� �
 �%

'�
�7 $'>�
,)U�'5 �.($
�
 ��
6� !MT; _�3�3N� �6	 F6��

 R4�H", ��� :	 @�,
�	 F\MC �� 6, !�����6	 U
�T� F�1�r���b

 @> !-9 $
�, ����N, � X� ����N, ?6, ��
� !%�Z� '6>
)e.(

$'8 , ?M � :,�8 �� =��) ��33N, &� =��.B65 F6�M��; �� �b

Cd ?,�) �A '�'3�", � '#��
 ?, =� �b� '����pH F6�M��; �� �� 

� FN� �@�,
�A .B5i'>
 ���; ��b)��P`.(���\� 2�� X���

 ����9 �A F�� �9 , ��j �� �>�.B5 =�bCd �� ^�6� [6��� 

?, S>�A $�6�7 [��� �9 .B5 � FA�E F�M��; 2�����#� �'#>
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

22
 ]

 

                            12 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.7.9
https://jstnar.iut.ac.ir/article-1-648-fa.html


,-�� � ,� ./ 0"12" �� �����3 � 41� 15�	
 67�8 1� 91'! 4:;�
 <.% �=>��... 

�� 

��=U r.�� `�"1; $�Ep� 0�K5 <�� �REF������� 1a	
 �"1� 

�*�mp`eP�F�  

�:	 @�,
�	 �

�`�/+:��; @�,
�	 .B5  P

��+/+~e`/+~�
�� @�,
�	 F\MC e

�+*/+*P/+ ** `+/+�;�� @�,
�	 .B5 `

�em/+�p/+P`/+P`/+~���
 @�,
�	 F\MC p

�+P/++�/+`+/+~P*/+~�`/+~pH m

���/+~+*/+��/+ ** P�/+~�e/+ ** p�/+ *O.C%�

���/+ ** e�/+~�P/+`�/+P�/+~*P/+ ** me/+ *CEC *

�*+/+ ** *�/+ ** +�/+~+P/+�e/+`/+~*�/+ ** mp/+ *ECe �

*:xd� �
p%?#", ��
 !,')�� .** :xd� �
�%!#", !, ��
 ')��.

F1�� '>��� S��<1�)��P�.(2�� �
����9 �6� '6��MA '��) �>

 �� kKMoHA :�K
� F�M��; :�-
Cd 26�� �
 =��
6�� F�H>� &� 

'6)�� ��
��6��� �#�,&)eP.(��
6� �6A 
��
 
�65� ='>��6)

?, �
 �_/6C ��J6� �6� ��6>��7 [��� @�,
�A .B5 '>


 S��<61� ^�6� �
 '6��MA F6\MC �� ^�� =��) S��<1� �����

 F66�� �66�1��)e�.(66KH> � ����%66)�� ����)�m(�66"-�d, �
 =�

F6\MC S��<1� �� ^�� U�MN, �
 @�,
�A F\MC �A '�
�
 ��
�

 ?#", ��j �� @�'� '��MA �6� �6,� 26�� �6A F61�� S��<1� =��


 kKMoHA :�K
� ^�6� U�6MN, �
 @�,
�6A '6��MA fM�v, =�>

 ') $
�
 [�� .GH� S��<1� �:��3, �
NaNO3:��; �b� ^�� ��

L�1 �� ?�5�� MN, =�> �� ��#, ���& F)�'� ^�� �
 @�,
�A U�

 kKMoHA '�-�� '
� @�,
�A =�> .�6��
 � �
�� �
 @�,
�	 F\MC

 L�1 &� G� ��> �� ^�� �
 @�,
�A =�> @> 
�'� ��
� !%�Z� .�,�

@> :6��; @�,
�6	 �6� �;�� �
 @�,
�	 .B5 FT�, !%�Z� .B65

 ') $'>�
,)U�'5�.(�6	 
�
 ��
� !d� �����7� ��><�-��9 

:��; @�,
�	 �� �;�� �
 @�,
�	 .B5 ��<�, _������ ��� .B5

 !, �� 
�6H� f�6 �� !d� �-
�", a� �� ����):(6) `.(26��

 @�,
�6	 S��<61� �6� �9 �
 �6	 �L�
 �65�
 �6-
�", a� �� �d���

:��; F6��b ko6�� �6�1�� S��<1� �'��� �;�� .B5 ��<�, �.B5

!, $
�
 ��
� ���� �
�) ?,
�6) .�6,�
9 ����6(H> �)P(�6d���

 :��; @�,
�	 � $��7 @�,
�	 2�� !d� '�
�	 W��<7 ��� .B5 .

L�'�� � �
�� �
 @�,
�	 F\MC ��33N, !��� $�6�7 !���6> ��>

 ��
6� L�
 �65�
 [6���� �6� �� U�6MN, @�,
�	 F\MC ����� �


$
�
 '��)�p.(

J.�E> �1�? 

!#", �b� ./0�1 2�- �6� :6	 F6\MC S��<61� �6� ���
 � .

��)�
 ��� �
 @�,
�A F�� .:6��; F6\MC ./0�1 2�- 
����	

$��J8 �� ���7DTPA 
�
 S��<1� �� @�,
�A � .�� .F)B7 ��

 :6��; L�61 F\MC !-9 
��, �') !�'", �� $��H> � ��,& .B65

 '>�6) �
 �9 h�d6� �6� � $'6) ����	 ��� �
 2�%#� � �#8

 F\MC 2�� �V�7 �') a�
<� @> �> &� S�� ��#V !, '>�) ')�� .


�6H� U�6T�
 �� '6��� 2�6H> <6�� L'6#7 $��7 �
 _�<M1 F\MC .

!>

�6	 _�6"1
 2�6� �6��#, !��6,& �M6 �1 F6��8� 2�����#� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

22
 ]

 

                            13 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.7.9
https://jstnar.iut.ac.ir/article-1-648-fa.html


����� ���	� � ������� ��	
 � ���
 /��������� /��� !��" )$%" (/��'� ()*+ 

�P 

R2 = 0.5741

y = 21x + 1.1

R2 = 0.62

0
1
2
3
4
5
6
7

0 0.05 0.1 0.15 0.2 0.25 0.3

DTPA-Cd(mg/kg)

(g
/h

a)
$ب
&

bH!q.JV�"�DTPA-Cd�=	? J-�� �� ������ 4MU �� 

!, '6)�� '6��, $��7 [��� � �#8 2�� .B5 S>�	 �
 '���� .

2�%#� � �#8 .B5 �� 2�- !"H�� �b� �65�� :6��; �;�� �


!, ')�� ..B65 _��6���� ��>'6��� !����).�60 :6 �E

 F\MC �
 
�(MH8 (!, ��
� L'#7 �;�� �
 2�%#� _�<M1 '>


 :��; ��'3, S��<1� �� �	 26�� ���6� �
 2�%#6� � �#8 .B5

'��� !, !
��<1� � !d� �> '#)�� .@>?#", ?%�Z� $'>�
, ��


 :��; ��
�3, 2�� $') � .�� .B5 ^�6� =��6) �6� @�,
�A

?, _�<6M1 =��E 2�- 
����A �d� �') f8�D, �%���� '����

 ̂ �� �
 2�%#� ')�� ��) =�> .'6��, _��b� ?��� �� �5�� ��

 2�66,& �
 266�- F66��8� �66� �9 
����66	 �&���
66	 ��66>

 ?, !d�N, FZ�& ��>
��'����� :�-
 �� !-� '��� ����� '����

R�T��3� #� _�<M1 IBE �
�� 2(H,�� !�Z6��� �
�	 2�� &� 2�%

 $
�
 �66j���, q665��, �66� L&4 ��66>��d�� $�� �66� 
�66) ��66>

 ./60�1 �6� _�<M1 2�� 
��� &� ���7�M5 !6���� 
��6, �6> 


��7 ���;.

���	� ���� ���KE�" 

�.
�&9 .c.�t.�35/��L.^ � ��] !ZH) .�
7 ��A )��H5��, .(�e��.!>�%��
 ��<�� U� �.�P��
6� <6A�, !>�%
6��
 �

����� .

2. Adamu, C. A., P. F. Bell, C. Mulchi and R. Chaney. 1989. Residual metal concentrations in tobacco a decade 
following farmland application of municipal sludge. J. Environ. Pollut. 56: 113-126. 

3. Alloway, B. J. 1990. Heavy metals in soils. Blackite, London. 
4. Andersen, M. K., A. Refsgaard, K. W. Raulund- Rasmussen, B. Strobel and C. B. H. Hansen. 2002. Content, 

distribution, and solubility of cadmium in arable and forest soils. Soil Sci. Soc. Am. J. 66: 1829- 1835. 
5. 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. 

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

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

22
 ]

 

                            14 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.7.9
https://jstnar.iut.ac.ir/article-1-648-fa.html


,-�� � ,� ./ 0"12" �� �����3 � 41� 15�	
 67�8 1� 91'! 4:;�
 <.% �=>��... 

�e 

7. 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 : 1-14. 

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

9. Garcia-Miragaya, J. and A. L. Page. 1976. Influence of ionic strength and inorganic complex formation on the 
sorption of trace amounts of Cd by montmorillonite. Soil Sci. Soc. Am. J. 40:658-663. 

10. Harding, S. A., C. E. Clapp and W.E. Larson . 1984. Nitrogen availability and uptake from field soil five years after 
incorporation of sewage sludge. J. Environ. Qual. 14 : 95-100. 

11. 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. 

12. Jiries, A. G., F. M. Alnasir and F. Beese. 2002. Pesticide and heavy metals residue in wastewater, soil and plants in 
wastewater disposal site near Al- lajoun valley, Karak/ Jordan. Water, Air and Soil Pollut. 133: 97- 107. 

13. Kabata- Pendias, A. and H. Pendias. 1999. Biogeochemistry of trace elements. 2th., Wyd. Nauk PWN. Warsaw. 400 
(po). 

14. Kabata- Pendias, A. and H. Pendias. 2000. Trace Elements in Soils and Plants. 3rd ed., CRC Press, Bocaraton, New 
York. 

15. Kabata – Pendias, A. and K. Wiacek. 1985. Excessive uptake of heavy metals by plants from contaminated. Soil Sci. 
Soc. Am. J. 36:4-33. 

16. Khoshgoftar, A. H., H. Shariatmadari, N. Karimian and M. Kalbasi, S. E. A. T. M. van der Zee and D. R. Parker. 
2004. Salinity and zinc application effects on phytoavailability of cadmium and zinc. Soil Sci. Soc. Am. J. 68: 
1885-1889. 

17. Khoshgoftar, A. H. and M. Kalbasi. 2002. Effect of municipal waste leachate on soil properties and growth and 
yield of rice. Commu. Soil Sci. Plant Anal. 33: 2011- 2020. 

18. Kitagishi, K. and I. Yamane. 1981. Heavy Metal Pollution in Soils of Japan. Japan Science Society Press., Tokyo.  
19. Lindsay, W.L. 1979. Chemical Equilibria in Soils. John Wiley and Sons, NewYork.
20. 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. 
21. 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. 
22. McBride, M. B. 1995. Toxic metal accumulation from agricultural use of sludge: are USEPA regulations protective? 

J. Eviron. Qual. 24: 5-18. 
23. McBride, M. B. 2003 Toxic metals in sewage sludge- amended soils: has promotion of beneficial use discounted the 

risks?. Advances in Environ. Res. 8: 5-19. 
24. McGrath, S.P., A. M. Chaudri and K. E. Giller. 1995. Long-term effects of metals in sewage sludge on soils, 

microorganisms and plants. J. Ind. Microbial.14:94-104. 
25. McLean, E. O. 1982. Soil pH and lime requirement. PP. 199-224. In: A.L. Page, R.H. Miller and D.R. Keeney. 

Methods of Soil Analysis. Part 2 :Chemical and Biological Properties. 2nd ed., Soil Sci. Soc. Am. Inc. Pub., USA.  
26. Naidu, R., R.S. Kookana, M.E. Sumner, R.D. Harter and K.G. Tiller. 1996. Cadmium adsorption and transport in 

variable charge soils : A review. J. Environ. Qual. 26: 602-617. 
27. 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. 28 (5): 187-195. 
28. Rhoades, J. D. 1982. Cation exchange capacity. PP. 149-157. In: A.L. Page, R.H. Miller and D.R. Keeney. Methods 

of Soil Analysis. Part 2 :Chemical and Biological Properties. 2nd ed., Soil Sci. Soc. Am. Inc. Pub., USA.  
29. Rundle, H., M. Calcroff and C. Hoh. 1982. Agricultural disposal of sludges on a historic sludge disposal site. Water 

Pollut. Control 81: 619-632. 
30. Sillanpää, M. and H. Jansson. 1992. Status of cadmium, lead, cobalt and selenium in soils and plants of thirty 

countries. FAO Soil Bull, Rome.  
31. Singh, B.R. 1994. Contamination by Heavy Metals. Advances in Soil Sci., R.Lal and B.A. Stewart (Eds.), Lewis 

Pub., London. 
32. Smith, S.R. 1994. Effect of soil pH on availability to crops of metals in sewage sludge-treated soils, I. Nickel, 

copper and zinc uptake and toxicity to ryegrass. Environ. Pollut. 85: 321-327. 
33. Sposito, G., L.J. Lund and A.C. Chang. 1982. Trace metal chemistry in arid zone field soils amended with sewage 

sludge, I.:Fractionation of Ni, Cu, Zn, Cd, and Pb in solid phases. Soil Sci. Soc. Am. J. 46: 260-264. 
34. Stoeppler, M. 1991. Cadmium, in Metals and Their Compounds in the Environment. E. Merian (Ed.), VCH. 

Weinham. 
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

22
 ]

 

                            15 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.7.9
https://jstnar.iut.ac.ir/article-1-648-fa.html


����� ���	� � ������� ��	
 � ���
 /��������� /��� !��" )$%" (/��'� ()*+ 

�` 

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

36. Walkley, A. and C.A. Black. 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. 

37. Weggler-Beaton, K., M.J. McLaughlin and R.D. Graham. 2000. Salinity increases cadmium uptake by wheat and 
Swiss chard from soil amended with biosolids. Aust. J. Soil Res. 38: 37-45. 

38. Zimdahl, R.L. 1975. Entry and movement in vegetation of lead derived from air and soil sources. Proceeding of 68th 
Annu. Meeting of the Air pollution Control Association. Boston. MA. June. 

39. Zimdahl, R.L. and D.E. Koeppe. 1977. Uptake by plants, in lead in the Environment. Boggess, W. R. and B.G. 
Wixson. (Eds.), Report NSF., National Science Foundation. Washington, DC. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

22
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.7.9
https://jstnar.iut.ac.ir/article-1-648-fa.html
http://www.tcpdf.org

