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#�! ��&�!��+"�� � E��1 �# #�\�! ����&�.��� ��� KD� ! 

'�� E��1 �# #��\�! 2�
O
! ��&��! �� 2
O
! O .��"� ��?}! 


W!"��#�! /�N� "&�# .�	}$"/�����0� �)<�(c��2�� '��

 �� ��bFB T��0M! �� &�#	��K��: �# �����#��?- "��+ 3"�

]$� HA\ �� 	 0� ��&��#���! K� "&:��.

C�&��#�� V��?� 	
�* ���]5&���:

�.��$���"K�: @$��- ��������0: �# �E�1 �� ����i-

N��/�	(- /� �� .

�.'� #��+	� K�: ,$� ,�� "O .� ��]$� �� ��"����� "��$2�8 

��0�:$"E�1 ��.

<.����#�W! /#��+ ��# ��$"�	� ���5 
��"K�:���k�F `! 

����	(� �� 	����]$� �� "���E�1 .

Y�� � �$�� 	�

iX� h8� �� E�1 ���0� �.��")f�-<f ��� "	 !�(U���

 �� /�	(- /� �� kF `!���#���� S� ?.�� ��
!�# �W"��	�b�

�]$�"���I�1"&�#��3�# /#	�� ^N1 �� �5 � H�` �� 

^��� �� ���?� � �����F�! "	� !��� 3�� ���F)�(3pH 

)��(#�! 3���+ ")<(���-��� q#��?- ���8	R 3")y(V��
�	� 3

q#�W! '�.F�)d(�� � 3��� x�	` �� K��G DTPA )��(�(�+

���&�� 	���&:.	� l����#� 3&
�����$	�]$�"���,�$� 

E�1 q�&�\ �# ������� �&�: �#�# /�N�� .�� %� h���X!

 � �# U���	! /�����NI �$ Q��1 ,�� �������I �� ���� �� #�

��� �&N� �#�% ��.

�	������&\ �K�: ,��W- ������0�: $"���E�1 �# 

c�� �� /����0� � �
��)�P(%F- #��1 �I &: �#�% �����"

c�� �� #�(
N�5 ����.-�/����0� � 	)<f(,!�: 3)��(3�

�n�_)�(!"&:��.�� c�� ,$��K��: ��� �� �����#��?- "3

-�
�	�"�+ 3"��&�.�� 3�O
! ��&�.��� 32�
��� ,��+ "3K��:

��&�.���! �&\ �0 - � ��F? ! ,�+ "&
�.�� /+ 	�� ��Z�� �

Q�1 KI � ����# ������&\ ����0� ')� �� 2HF �HClO4��� 

.- c���	)<f(���&�� ��	�&:.���D� K*�	! ��Z1 	���

:�� ��"�# �� ���]5 � 	
�* �q�&\ �# � 8� ����/�N�� 

��� �&: �#�#.	� �# �� �bFB 3�F*	! ���� ������O ��# �F

��0-� HA��\"��: q&��! ���#�0AA-670���&���� ����	�&��: .

��#��&�� ������q�Fi! �# $��"I	- 	b� �� �I ��bFB � J

	�-$���D� ���N! S�? ����	�(- #�� �F*	! 	� �#	� �$&.

��!+ V�W��X!��	
 K!�: $'� JX1 "O .�"/���	�� �

l�� �� l�� �	�a ! &
_ )Stepwise(��28� l	� �� �#�% �� �� SPSS 

)�y(�8	� V���.

m;� � n'	03 

q�&\ �$�5 	��Q�1 �# �����W��X! #���! pH �� �,ef/P��- 

e/y3������� �F�,�f���- P/df3&����# ,���� ��P/�f���- d�

&��#3q#�W! '�.F� V�
�	� ��,P/d��- �/��� �#��� &���# 

8	R�����-�� q#�?-")CEC(�(�+ ��</��-<� ���"���� q�! 

I 	��! l	��F"&:��.

K�: @$��- ������q�&\ �# <���� �&�: �#�# /�N�� .

�� l�7$��+#���� /��_ ��I ��� �Q��1 K�I ')�� �� ���

���0� ����� �# �����&\ ���&����&��� U��	! ���	��!"3#��:

 KL: @0\ ������&�� ��	��� KI ��&�! �� S�!�2� �&: ���.! �

���..���� ,�O���! ��[�KD ! ��� �#��! ��+ "�� 	� 0� �/f3
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./  �'��- �67'� 	� 	234 5	�-�$ � 
�� "�01� 
	� �� 8	9 
	�... 

��e 

��Ah).9:� �67'� �$ �	�
8	9 	�
��:� ���� �

E�1 ���0: 	� l���&
� �#�����F%��%pH OC %CCE %CEC cmol(+)kg-1 
�^�:�� Entisols �/<��/<�d/y��/ff/�d/�P
�#��+&�W� Entisols �/�<P/�fP/ye�/fP/dd/��
<8� .! #��+&0*�"Aridisols �/��P/��P/y��/f�/y�/�e
d	�!� #	� Aridisols e/<f�/<fP/y��/�P/�<</�P
���2!�����N� �&�N��# �Entisols �/��</��e/yee/��/Py/�y
P&���!#�#	.�+ Entisols �/���/��P/y�</��/�</��
y	O �_ Entisols �/�y�/���/ye�/f�/eP/�d
�,(!�� Entisols �/��d/�<�/y<�/��/��f/<f
e&���!#�/�&
�	� Entisols �/<ff/�f�/ydd/f�/�f�/�d
�f �����	�8�Entisols f/<<y/<fd/y�f/��/���/�f
�� /�0F� ���� Aridisols �/<y�/<f�/y�e/��/ee/��
�� #��+#�� Entisols P/<�</�fy/ydy/��/��/�e
�< �8�$ #��+ Aridisols �/<y�/�P�/yy</f�/<�/�d
�d &���!#<Entisols f/<df/d�P/ye�/fd/e�/�e
�� ,�#���Entisols </��d/�<d/yP</fd/�ef/<�
�P ^��+ Aridisols f/�ff/�f�/y��/�f/�y</�
�y �����	�8�Entisols P/df</<P</yy</ff/eP/�e
�� x	� �Entisols </<�</dfe/P�f/<�/df/<f
�e x	��Entisols �/�P�/�dy/yP</f�/�ff/�y
�f ^��+�Aridisols P/��f/�Pe/y�f/ff/�d�/�P

,�O���! Yd/��P/�<�/y��/��/�f�/�e

OC =�+ ,�	I"CCE =3q#�W! '�.FI V�
�	ICEC =	R8�-�I q#�?- ����"

��Ah?.NJE9��	X� Y�� :�6
N#	�3� $
�� ./  I	X1�� �
o$:10�$ �A  �$�	/�� � p
�� Y�� ��)?_(

$��0�: K�:"����!Z� 
/#�# /��- V&!

)����(
���D� 	�� 

!�F"�����D� 	  ���	� 	��/�l	� 

Q�1 

q�Fi! +�#�?-"ZnEx �1M Mg(NO3)2�f 

-�
�	�"ZnCar �1M NaOAc+ CH3COOH (pH=5) �f 

�+"ZnOM �/f0.7M NaOCl (pH=8.5) �*

�� KD !��&�.���2
O
! ZnMnox �/f1M NH2OH.HCl +HNO3 (pH=2) �� 

�� KD !��&�.���� ,�+ "K�: ZnAFeox �/f0.25M NH2OH.HCl +0.25M HCl �� 

�� KD !��&�.���,�+ ��F? ! ZnCFeox �/f0.2M(NH4)2C2O4 +0.2M H2C2O4

+0.1M C5H8O5 (pH=3) 
�� 

�0 - ZnRes ** HF+HClO4+ HNO3�ff** 

*:���D� �?-	! �# "! �	�� #�:.
** :U�F`! �# ��� �# HClO4:HF�:�FB��# �9� � �&: �#�# V��	* /&: zN1 �- �HNO3FB��� � K* ��ff!�F"���&���� 	 

!"#�: .�	��D%- �.- �� K����L0� � 	/)�<(#�: �W\�	! .KL: 	� ��Z� ���$�� 3q�&\ �# �&: #�����0� KI � ����� 2�� �����&\ ��[
.- c���/���L0� � 	)�<(���&�� ��	�&:.
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����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��� )"#$ (/&�'	( )*+, 

�<f 

��Ah*../  �'��- 	�
��
)(mg kg-1 ��8	9 	�
N�#	Z� ���� *

E�1 ���0: ZnEx ZnCar ZnOM ZnMnox ZnAFeox ZnCFeox ZnRes ���KI

��f/f��/�fd/fP�/f<�/dyP/dy/�f< �/�f� 

���/fPe/�f</fff/�<f/<P�/<�/e<�/ed

<��/fy�/�f�/fe�/f�f/ddf/<</�f< y/�fd 

df�/fef/f�d/fdd/fyf/PP�/d�/e�f/e�

��f/f�f/�fP/fy�/fP�/<df/<d/e�f/e�

P�</f��/��f/fyf/�ef/d<</P</e�</ee

y<f/f�f/�fP/fe�/��P/�fe�/d</��� P/��e 

�f�/f�f/��y/f��/f�f/<�P/��/e<y/eP

ef�/f�/�f�/f�P/f�P/�y�/<f/�f< f/�fd 

�f fd/fe�/ffy/f�f/f�f/���/PP/�<< �/��� 

�� �/f�f/ff�/fy�/f��/<y�/��/e<f/e�

�� fy/f�f/<��/f<f/���/e<f/yP/��e </��e 

�< �f/f�f/�f�/f�f/�y�/d�P/<P/�fP y/�fe 

�d ��/f��/ff</fy�/ffy/�f�/�d/�d� y/��f 

�� f�/fyf/f�f/fPf/f�d/�<P/<�/e�</ee

�P fy/fyP/ffy/fd�/f�f/�Pf/<P/PPf/yf

�y �f/fe�/��f/f�f/��f/���/�e/e��/��� 

�� �d/fdf/yfP/fy�/d�f/��yf/y</�yd e/�Pe 

�e �f/f�f/ffy/fPf/f�d/���/<�/�f� P/�fy 

�f fd/fyf/ffy/<P/fy�/��f/�d/y<f/�f

,�O���! )mg kg-1(��/f�y/�f�/ffP/�e�/d�f/d</�f� </�fe 

?.�"#(%) �f/f�e/�fy/fef/f�f/d��/<</�eY

*:�	���!Z� j	: �����D 1� �q�&\ �� �#�: �W\�	! .

#:KL: T�0M! �� �?.� ������&�� ��	��&: 
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./  �'��- �67'� 	� 	234 5	�-�$ � 
�� "�01� 
	� �� 8	9 
	�... 

�<� 

q�Fi! +�#�?-"#�&* �/f3�� KD ! 2�
O
! ���&�.�� �* #�& 

�3KD ! V�
�	� �� ��P/�3KD ! ���F? ! ,��+ ���&�.��� ��

�/<3KD !����&�.�� �K��: "� ,�+ �/d3#�&�* ��0 - �

</�e&��# KL: T�0M! �������&��� ���	��&�: K��N�- ��

!"&
�#.! ,$�	��
� "Q��1 �# ��%� /���- ������W��X! #���! 

K�: ,�O���! ����� kF `! ����#�	$� J�-	-���:

�� KD ! �+ #��!">q�Fi! +�#�?-">���&�.��� ��� KD� ! 

2
O
!>�� KD !V�
�	���>��&�.�� �� KD ! ����F? ! ,�+ 

>� ,�+ ���&�.�� �� KD ! "K�:>>�0 - .

 8�$ ,$��,$	 N�� ��!�/�2�� K�:�E�1 �# /� ��� ����

 �� V���� ��� /�	(-�� @���G c��2�� ��� #��# #��\� ��0 - 

$	� /��0)�(�	}$ �"/����0� �)<�(�����X! ����8 /� �� ��

!"&
�./��+ �I &
_	� -��
�	� K��: ��� &�#	� c��2�"���

! J��B K�: 3�0 - K�: �� &W�"&:��.��* �#"�Ih���i- �#

 -��
�	� K��: 	
�*"��&��! 	�b� �� �� &�W� 3��0 - ��� KD� !

��&�.���,�+ �"KL: �.�I� ��� KD !���&�! ,��+ ���F? 

$
W"?-� �#�l��(_ ! ��	G"#	�� .! 	b� ��"��0 *� K��# &��"

	!� ,$� �# V��%- E�1 �# q#�W! '�.F� V�
�	� /�2�! ����$,

��� /� �� �# .Q�1 �# �����+"���8 /� �� .FI V�
�	I�'

q#�W! ���� /�	�(- /� �� �� 	 N�� J-�	! ��)<�(.��+ K��:"

���,$	 0� 	
�* h��i- �# #�# g�D� 1� #��1 �� �� ��&�! 

�+ #��! /#�� ,�$�5 	!� ,$� �F� ��"E�1 �# �����	� #��! "

�2\� /#�� V��% ! S7�0 *� �I	- ��V�?�+ #��!"E��1 �# ����

"! �W��X! #��! &:�� . 8�$ ,$��/�����0� � �
�� �$� � �� )�P(

! ����X! /� ��&
� ��"�� &��#	� lZ��� �� &
��KD� ! ���

 �+ #��!"0� �� 	 0� �K�:�������� 	� 0� � �#�� �&���# 

���! K��N- �� K� "&�# .����# � ?����+ #��! 	{� "�O� 	� ��#�

)���� (��������3Q�1 �Fc��2� ���)G�
 ! "��� �&: �n��� 

#��&� #�\� ���� ,$� �# "WXG h8��- �.	-���)�f(#��# �&����

 c��2� �F� ������ � &
 �+ #��! 	{� �����# ���"�HA\ 	

��������Q�1 �F ���&�� �� �\�- l&� 3	����2\� ���+ #���! "


W$"��8 &��� � ^�!�� &��� 3,�!�� �"! ^$ &��# �	$� 3&:��

 �+ #��! �# �2\� ,$�"E�1 ������ V��% ! kF `! .,$�	���
�

 ,$� J.* 	� �+ �#�! ��"E�1 ���#�o2\ q�Fi!��� ��$ q�Fi!

��	 N�! &:��"��� &���- -���% !"��&��! �# ��O� ��#����

�� ����FE�1 ��� ���&
� ./�����0� � ��!������)�P(c��2��

 �$�28� �� �� &�#�#pH 3��+ #���! /&: K* 	{� 	�"3���#���

 E�1 q�Fi! ��8!"#��: .�� ,$�	���
��KD� ! �����+ #���! "

!"	�{|- �i- &���-pH #	�� ��	G E�1 .�"�! 	�b� ���� &���

 �+ #��! ��0��"�# E�1 �O� ��#����/��-��� �� �?.� ����

2F8�	O$# SZ}! ��	- K��! �	�$� 3���� 	� 0� '�!#�� � �! �?"

����+ #��! �� "/��-��� ��� �?.� ����2�F8 �,�$��5 	�O$# 	�-

!"&:��)�f.(

/�0� K��: ,�O����! �� ��� ��[ ������ k�F `! �&�$# �

!"#�:)q�&\<(3�����&�.�� �� KD ! �� ,�+ "�� K��: 

����� KD ! ��&�.������� 	 N�� ��F? ! ,�+ .��������"�

/������0�)��(�#	��� c��2��� 2���� ���\�# ���� &���� ����F?-

��&�.���&���/��-��� HA�\ ��&�! �# l��
�!��+ � ,�+ ����

2F8���\�# ����� �� � ��� 	{�! ���F?- ���8	R �	�� ��(�+�

�O� ��#�/��-�� ���2F8 ��� �F0\ �� �! �$�28� "&��$.

q�&\ �# ���d��'�O .�"K�: ����� k�F `! ����

�]$�"���E�1 3�� �� �$&L$#	� �n��� 	O$��� �& ./��! ���$,

g��1pH  E�1 K��: �0� �� �� ��������
} ��� ��� ����

�+"'�O .�"%
! "
W! "! /�N� ��#"&�# .��N�� T�
�! ,$� 	O

 I �.�+ �	��a- ��pH O0�"K�: ,$� ��SZ0 �i! 	�{|�- ��i-

 �� � � 8	� ��	G$L! K$&?- 	O$&"&���:.�����0 - K��: �]�$�

 ��� ,�0!	�	��a- 	{�pH &��� ��E�1 /&: �� ��KL:���

#�: K$&?- 	O$# .�X1 /���	�� V7#�W! �#"�	��a ! &�
_ �

)q�&\P('�pH%
! J$	
 �� "��	! V7#�W! l�0- �# ��� U�

K�: ����� kF `! ��
} �� �������&�: #��� ��0 - � K� 

��� .,$� ��pH E�1 F� ��"'�� J$	�
 , �:�# 'B� "O .��

��
W!"�� ���� ��#���X1 /�����	�� V7#���W! �# ���0 - � K��� "

,$� �� K�: �#��� �� ,�$� 	O����� S7��0 *� ���� �&N� #��� 

'���� ,���$� ����� ������ O .����"'���� 	�{|���- ����i- O .����"
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����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��� )"#$ (/&�'	( )*+, 

�<� 

Ah ��b.S':D 	�
��\0T��)r(��	� ��V./  	�
�� "�01� 
��67'� 	�
8	9 )

�]$�"���E�1 ZnEx ZnCar ZnOM ZnMnoxZnAFeox ZnCFeox ZnRes ���KI

PH de/fY ***PP/fY�</fY**P�/fY**�e/fY*��/fY*��/fY**Pf/fY

�� �P/f�</f��/f<�/fd</f**Pd/f*�d/f**��/f

��F�f�/fY�fy/ff�/f�f/f<</f*dy/f**��/f**�y/f

+ ,�	��"�y/f**��/f��/f**Pd/f**P�/f**yy/f*��/fd</f

q#�W! '�.F� V�
�	� *��/fYd</ff�/fY*dP/fY*dy/fY�f/fY��/fY�P/fY

8	R�����-�� q#�?-"<�/f<P/f��/fY<y/f<�/f�f/fd�/f*dd/f

����� K��G �� x�	` DTPA *��/f**P�/f�d/fY<P/f*dy/f*dd/f�P/f<d/f

�:�	���!Z� j	: �����D 1� �q�&\ �� �#�: �W\�	! .

*�** :��	--
W! J�"&��# ^$ � �
5 q�0 *� ~X� �# ��# 

��Ah,.	� S':D 
���\0T�(r) ��	� ��V./  	�
�� "�01� 
L	9 �� 	�
N�#	Z� ���� )

K�: ������ZnEx ZnCar ZnOM ZnMnox ZnAFeox ZnCFeox ZnRes ���KI

ZnEx �**P�/f�f/fY*�P/f*��/f�e/f<P/fd</f

ZnCar ���/f**e�/f**e</f**P�/f**Pd/f**P�/f

ZnOM ��</f��/ff�/fYf</fYf</fY

ZnMnox �*ef/f**P�/f**Pe/f**Pe/f

ZnAFeox �**P�/f**yf/f**yd/f

ZnCFeox �**Pe/f**P�/f

ZnRes �**ey/f

���KI�

�:�	���!Z� j	: �����D 1� �q�&\ �� �#�: �W\�	! .

*�** :	- ��-
W! J�"&��# ^$ � �
5 q�0 *� ~X� �# ��# 

K�: 	$�� ��������� �&!+ #�\�pH E�1 0�� .! 	�{|- ��"

	� $��� K�: �# ,�#��&� .

&��#��� �F �� �� ����� 3K� ��0 - 3�� ��KD� !

�� ��&�.�� �'�� ���F? ! ,�+ O .��"�
W! "�#�# /�N�� ��# &���

)q�&\d(��"X1 /���	�� V7#�W! �# "+��(� �� ��(
- ���

 ��� �&: #��� �?}! J$	
 � ��� �# �F���$V7#��W! �� z

��� �&N� #���)q�&\�(.�! ,�$� �! /�N�� T��
"��� &��#

 SZ0 i!����0 - � !KD����&�.�� ���F? ! ,�+ S�-&�0� �#

��I"����! #��\�! �� ���&�� '� "�:��&.�#�# �# ��G# ����

q�&\<��! /�N� 2"�� �I &�# �FI ��["E��1 ������� ��

�����# 	 N����	 N�� �0 - � K� �!"&
:�� .,$�	��
� !"/���-

 ���I #�# q���0 *��	��!� ,��$�� #���\� ���F� �����/�0 1���� �# 

��I"�����"�$Q�1 ,&:�� �� .� 8�$ �� � 8�$ ,$� ���/����i! 

k��F `!)��3�y3����P(#��# ������X! .� V���?{� ��� ?�� ��$ ,

�!�+ l�M�� �� T�
�!$�������`N�- ��� ��	�0� 	 N�T��� �

��I"� ���#��# ��.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

3.
10

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

03
 ]

 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.3.10.4
https://jcpp.iut.ac.ir/article-1-571-en.html


./  �'��- �67'� 	� 	234 5	�-�$ � 
�� "�01� 
	� �� 8	9 
	�... 

�<< 

��Ah_.����:6� I@�	�� ��	� �P0� A
G ��:��V./  	�
��
�9:��67'� �	�
8	9 )

�:�	���!Z� j	: �����D 1� �KL: q�&\ �� ���#�: �W\�	! .

** :
W!"��# ^$ ~X� �# ��#&

CCE =q#�W! '�.F� V�
�	�(%) Clay =��(%) O.C =�+ ,�	� "(%) ZnTotal =���KI)mg kg-1.( 

���$� �� z$�]"���Q�1 )F0\ �� �+ ,�	I �"(�� ���KD ! 

�+ #��! ��"'�O .�"�
W! "��#�&��#�&� /�N�� )q�&�\d(�

��#�W! /���	��
W!"��#�� '� �,����� KD ! ��+ #���!"�

E�1 g��1��� ��#�&�!�)q�&�\P(.�	����&��N�! l&�� 

'� O .�"����+ #��! �� KD ! "�#q�0 *� �! ��"	�I� /���-

#	I .$�L"#���! �����! ��+ "�2�\� /#��� V���% ! ��/+�#

E���1 k��F `! ����� �����)�f.(#$� 	��O��$,���I�� /�2���!�

\�	` ��"�� KD ! �+ #��!"3E�1 	}�� �# ���3��W��X! #���! 

'I #�&�� � �#�����&�!+ ���# 8��� V�	���a- ��
!�# �� "�	�� �

��!+ V�W��X!���� �#�?� ��#��1	� .


W! 	O$# '(! � ��"J$	
 /&N� ��#'�O .�"X1",��� 

q#�W! '�.F� V�
�	� &��#)CCE(�� ��-��
�	� ""�! &�:�� 

)q�&��\d(3�����	�� ����#�W! �# ���_ 	���� /�� ���� U����	! �

-�
�	�"3CCE '���� �&: q&! #���)q�&�\P(,$�	���
� �

! ��b ��"�$�28� �� �� #�� .FI V�
�	I�q#�W! '���-��
�	� "

'�	D `!�&��$ �$�28�.
��� '�.�F� V��
�	� ��������#

Q�1 �����&��� @�$��- ���N�� ��� '�.�F� V�
�	� �]$� ~X� ��

���� E�1 '�.F� V�
�	� V���3"O .�� ���	 N���� ��- #��# 

.FI V�
�	I KI ��&�!�'./����0� � /�$��)�f(����- � �
5 �

)�e(�#	� c��2� �0� 	�{|- '�.F� V�
�	� K� ��&�! �� &�"�	

	%.8 /�2�! KD ! ���+ #��! ��"���&��� � #��# V��� V��
�	�

 #��! ,$� �# '�.F� 0�� �� �� � ���	 N���#���1	� ���� .��$,

! T�
�!"�� �����# &���-���&�:�� �#��� 2.	�O$# C	�[ ��

 �� HA\�p��- ��I"���-�
�	�"! � ��!���# O
2��� �� �$

 /��-�� �� /+ q#�?- ������� ,�$� �# #��\�! '$2�
! ".�� ��� �?

�#�# &��)<�.(�� �� �M�+ ������$ T�W: '$2�
! �"#2� �$ ��� z

"0� &���#)
!�2$'fPP/f�� ��fyd/f	 !����(���!"&���-

 ��?: K1�# ����F?- ��� ,$�"'$2��
! ,$2O$��\ � �#	� ��%� ��

 � #���: ���(�+�L�	��� ���F*	! �# ���� #��# #���\� /����!� ,��$� 

���&�� 	������q�Fi! +�#�?-"����� ,$� '$2�
! V�	 �� �F���

 "��� ,$� ��?: K1�# �� '$2�
! �� ,$2O$��\ � �#	�� ��%� ���

SZ0� �A� � #�: �(�+N`�"�� ���q�Fi! +�#�?-"���&�� 	���

�� ���� U����	! �&��:�-���
�	� "� &��:�� ,$�	����
� J$	��
 �� 

'� O .�"���-�
�	� "/+ � �#	�� '� q#�W! '�.F� V�
�	� �� 

��
W! 	�B "&
� ��#.

'�� J$	�
 /#�� 7�� 3	
�* h��i- �$� � 	O$# �� O .��"

�� ,����� x�	` �� K��G DTPA  )�� S�*ZX����#�% ��� K��G 

�	���������� (�� ���� �-���
�	� ")q�&��\d(�� /&��: #��� ��

-�
�	�"! �[��	! "����	�� q&! �# "&:��) .q�&\P(.	!� ,$�

 ! ��"# /+ �� /�N� /��- �.�� �� ���V��
�	� �� KD ! ��� ���

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

3.
10

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

03
 ]

 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.3.10.4
https://jcpp.iut.ac.ir/article-1-571-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��� )"#$ (/&�'	( )*+, 

�<d 

�� �#�% ��� ���F��G 	� "%
! 	�{|- �(
-�&����&� 3���F� S7��0 *�

!"&
���- @?
!������ ���	� ����E��1 �# �#�% ��� K���G ����

��+"/�	(- /� �� &
�:�� .�� #��?0� ��_	���E��1 �# ����

��+"E�1 �$ �����pH �� �! �&$# 7�� "�� #�:"�X! �# ��W�

%
! 	{� ,$	 N�� 	
�*"�� ��&�! 	� � �� K��G �� x�	`DTPA 

 �� ��&�.���! 2
O
! "&���A�)q�&\P(.���� �&�: c��2�

 ��&�.���&�� � ��&�.�� ���2F8 ��! 2�
O
! �F0\ �� "&�
���-

����� �� ��0�: HA\ ��$	[$")HA\ �$�](x��1 q�Fi! �� 

/+ � �#�0� � �� �#�?- K��G	�B V��� &����# �O� q.� /� �� ���

 	�	�)��(28� �� &�#	� c��2� /#���&�.���l��
�!��+ � ,�+ 

�� HA�\ ����� ��� 	M
! �N� q�Fi! ���/������ p���- 

!"#�: ./��+ �� ��&�.��� ,�$� ��� &��#	� q7& ��� ,�
_ ���

��HA\ ��$	[�$�O� �] ��#��!"��I &�

I K���G	�B ��� 	�M
! 

� p��- /+ /&: �#�% �� "! /���� #��: .�� 	����\�	` ��� "

�� ����FDTPA W! �� ����F��G �� ��� �#�% �� ���#E�1 ���

��+"/�	(- /� �� ��&��! 	b� �� '"� �# ��I &�� �$ Q��1 ,���

 B ������ /#	I �#�% �� K��G 	��&�(� ��� S�-&�0� ��&�.����

2
O
!���.

�� U�?-�� �#8	R�����-�� q#�?-"(CEC) /�0� ��[ �# ���

q�&\ ���d�P�&��N! �! ",��� #��:CEC ���� ��� l�&��

K�: ����� kF `! �)�
} �� ������KI('�O .��"�#��� 

W!
"��#��&$# � �&N� CEC ����	�� q&! �# "���� �� l�&��

K�: ������)�
} �� ������KI(��� �&N� #��� .���	�b�

!"E�1 �# �� &�� ���#��! ��W��X! �� HA�\����V����

 "�$2�8 �#��)�#�?-"(l�M�� � � �&N�$K0� ,���� p��-"� ���

��&�.���V�
�	� � 2
O
! 3,�+ � ���HA\ V����$�]� �#��

 � �� �`� �$ Q��1 ,��� �� ����CEC �� #��1 �HA�\ �� 

!"&

�.,$�	��
� �?�$�:�# ��b �� &,�� ��CEC �SZ}�! K��: 

�#�?-"���'�O .�"#�: �&��N! .

/�0� q�&\ �# �� ��[�! �&��N! "K��: ,��� #�: ����

�� kF `!�'� E�1 �# O .��"�
W! "��#�&�$#	� �&��N�! .

'� ,�
_ #�\� O .�"���
W! "^�$ #��\� 	O���� S7�0 *� ��# 

�X����5$�K�: ,�� ����� kF `! �! E�1 �# "&:��.


�$&\�	q� 

N���]5 V���? �� �� ���]5 ,$� l�M�� �
$2�"/�	�(- ��ON���# 

,$&� �� ��� �&: ,�!|- ��2O��9� �F����!"##	�.

��	
� ���� ��	<0�$ 

�.l 3/� %!.3j.��� ����* 3/ �./��0$	� .�<ye."�]$� ���iX� HA\ "���1	� �# "E�1 �� ����/� ��� ��	�� �N�� 	�$� 

���8 .����N� /�
8 � l�F��W�?[ @��
! �"d)�:(y�Y��.

�.3@��G �.�/./��0$	� .�<�� .K�: @$��- ����� kF `! �E�1 �# �����]$� �� �(�+ �X��� � ���8 /� �� "��+ "����E��1 .

/�	$� E�1 l�F� �	O
� ,�0 N� �i%� 3Pd�YPd��:� 3.

3. Allison, L. E. 1965. Organic carbon. PP. 1372-1376. In. C. A. Black (Ed.), Methods of Soil Analysis. part 2, 
Americam Society of Agronomy. Madison, WI. 

4. Allison, L. E. and C. D. Moodie. 1965. Carbonate. PP. 1379-1396. In: C. A. Black (Ed.). Methods of Soil analysis. 
part 2, Americam Society of Agronomy, Madison, WI. 

5. Chao, T. T. 1972. Selective dissolution of managanese oxides from soils and sediments with acidified 
hydroxylamine hydrochloride. Soil Sci. Soc. Amer. Proc. 36:764-768. 

6. Chao, T. T. and L. Zhou. 1983. Extraction techniques for selective dissolution of amorphous iron oxides from soils 
and sediments. Soil Sci. Soc. Amer. J. 47:225-239. 

7. Chapman, H. D. 1965. Cation exchange capacity. PP. 899-900. In: C. A. Black (Ed.), Methods of Soil Analysis. part 
2, Americam Society of Agronomy. Madison, WI. 

8. Day, P. R. 1965. Particle fractionation and particle-size analysis. PP. 562-566. In: C. A. Black (Ed.), Methods of 
Soil Analysis. part 2, Americam Society of Agronomy. Madison, WI. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

3.
10

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

03
 ]

 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.3.10.4
https://jcpp.iut.ac.ir/article-1-571-en.html


./  �'��- �67'� 	� 	234 5	�-�$ � 
�� "�01� 
	� �� 8	9 
	�... 

�<� 

9. Gupta, S. K. and K. Y. Chen. 1975. Partitioning of trace metals in selective chemical fractions of    nearshore 
sediments. Environ. Lett. 10:128-158. 

10. Harter, R. D. 1991. Micronutrient adsorption-desorption reactions in soils. PP.59-87. In: J. J. Mortvedt et al. (Ed), 
Micronutrients in Agriculture. 2nd ed., SSSA, Madison, WI.  

11. Iyengar, S. S., D. C. Martens and W. P. Miller. 1981. Distribution and plant availabiliy of soil zinc fractions. Soil. 
Sci. Soc. Ame. J. 45:735-739. 

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

13. Marschner, H. 1995. Mineral Nutrition of Higher Plants. 2nd ed., Academic Press, San Diego, CA. 
14. McLaren, R. G. and D. V. Crawford. 1973. Studies on soil copper: 1. The fractionation of copper in soils. J. Soil 

Sci. 24:172-181. 
15. Miller, W. P., D. C. Martens and L. W. Zelazny. 1986. Effect of sequence in extraction of trace metals from soils. 

Soil Sci. Soc. Amer. J. 50:598-601. 
16. Naganuma, K. M. Okazaki, K. Yonebayshi and Z. AbuBakar. 1993. Surface charge and adsorption characteristics of 

copper and zinc on tropical soils. Soil Sci. Plant Nutr. 39:455-462. 
17. Neilsen, D., P. B. Horty and A. F. MacKenzie. 1986. Distribution of soil Zn fractions in British Columbia Interior 

orchard soils. Can. J. Soil Sci. 66:445-454. 
18. Okazaki, M., K. Takamidoh and I. Yaman. 1986. Adsorption of heavy metal cations on hydrated oxides of iron and 

aluminum with different crystallinities. Soil Sci. Plant Nutr. 39:523-533. 
19. Pena, F. and J. Torrent. 1990. Predicting phosphate sorption in soils of Mediterranean regions. Ferti. Res. 23:173-

179. 
20. Rayan, J., D. Curtin and  M. A. Cheema. 1985. Significance of iron oxides and calcium carbonate particle size in 

phosphate sorption by calcareous soils. Soil Sci. Soc. Amer. J. 48:74-76. 
21. Richards, L.A. 1954. Diagnosis and Improvement of Saline and Alkali Soils. Handbook 60 USDA, US Gov. Print. 

Office, Washington, DC. 
22. Shuman, L. M. 1979. Zinc, managanese, and copper in soil fractions. Soil Sci. 127:10-17. 
23. Shuman, L. M. 1982. Separating soil-iron and manganese oxide fractions for microelement analyses. Soil Sci. Soc. 

Amer. J. 45:1099-1102. 
24. Shuman, L. M. 1983. Sodium hypochlorite methods for extracting microelements associated with organic matter. 

Soil Sci. Soc. Amer. J. 47:656-660. 
25. Shuman, L. M. 1985. Fractionation method for soil microelements. Soil Sci. 140:11-12. 
26. Singh, J. P., S. P. S. Karwasra and M. Singh. 1988. Distribution and forms of copper, iron, managanese, and zinc in 

calcareous soils of India. Soil Sci. 146:359-367. 
27. SPSS, Inc. 2002. SPSS for Windows, Release 11.5.  SPSS, Inc., Chicago, IL. 
28. Stanton, D. A. and R. D. T. Burger. 1967. Availability to plants of zinc sorbed by soil and  hydrous iron oxides. 

Geoderma 1:13-17. 
29. Stover, R. C., L. E. Sommers and D. J. Silviera. 1976. Evaluation of metals in waste-water sludge. J. Water Pollut. 

Control Fed. 48:2165-2175. 
30. Tessier, A., P. G. C. Campbell and M. Bisson. 1979. Squential extraction procedure for the speciation of particulate 

trace metal. Anal. Chem. 51:844-851. 
31. Trehan, S. P. and G. S. Sekhon. 1977. Effect of clay, organic matter and CaCO3 content of zinc adsorption by soils. 

Plant Soil 46:329-336. 
32. Yasrebi, J., N. Karimian, M. Maftoun, A. Abtahi and A. M. Sameni. 1994. Distribution of zinc forms in highly 

calcareous soils as influenced by soil physical and chemical properties and application of zinc sulfate. Commun. 
Soil Sci. Plant Anal. 25 (11&12): 2133-2145. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
85

.1
0.

3.
10

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

03
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1385.10.3.10.4
https://jcpp.iut.ac.ir/article-1-571-en.html
http://www.tcpdf.org

