
 ��� � �� �	
� )
���� ����� � ������� �	�� � �	
� ( / �� !"� #$ /  %��&' #() � *(+ /"�,�-./00

��

 �1�
2	3� ���� 4�56 
�1� 
 �7 ����$� 7 �8�9�) �$: ;���<


���' �	�5� 8��  =
)�>1� 1��7* � �	?)�@�� AB9.

)����	
 ��	�� :��/�/����  � ����� ��	�� :��/��/����(

%8�C+

 56  ���
����$        �DE F�� �! �7 %!�GH 7 �� ,)	
  I � � 71H� B)�H- �	�1H�	�%�78)7�1�J � 
!	' . �8� 1LM7�$�  N' �&��
,    56N  ��N� 


����$ � ;� %8�� O ! ;� 4��P�7 �7 �I ;
� 71H�B)�H- �	�1H�	�%8' Q��H>7 8)7.J� 7��$�7 �8��71� A&
�2	3� !���1� �56  ��� 4�


 %!�85� �!7�   �7 pH  71� =R�� �   
S�E R�� ;  
    $: �8H�� ;T6�� �7 �   O�� ��M ;� ��< .����$�    %8' ��UH)7  �� 1��       V�N  W	N) ;N  

�!���  X�I 4��GH� �      7DY � 8)!	� %8' *1�Z[I   �� �!�� V�  � 2	3� �  ) R����� 4��  �1� "
 8'  .   NY� A�1NM
     =Q� 8N2�! =pH   �� �! 

 �	
5� � 16T�\ �:	� KCl=�1]�I�M �!��I O�)	
)CEC(���1G2 ;6T) =)pH0(^Y�����1G2 ;6T) =)ZPNC(&_7! ��� =
�5��� 
`I  N�� 471

7 ���, A����$�I ��!�	� � 8' A �1�
O�1J�71>  .
M� ;����$��9 �!�T� ,��� 1
G�� ��� �7!
8)!	�  .I R���?� *-�$ a, 7�7! bNY7!	�

1H&M,�78T� ApH0� � �1H�,G����� �78T� A
�! pH!	� R��  . �78T�pH0 �78T�� !	� c&� �7 1H&M d6 �! R�� ;  1$ �!ZPNC ; 1$�! 

*��> R��BGI��� �7 1��5��
�$�`I ���7 1H&M� !	�) ��� 1e/f&UI �7 ;M8' %!� A,Y! !	� A�

G�� ��� !	E� 1� 
� ,�! !�7, A ��N� �N$

�
8'�� .`I ;��7!���5�� 471
�$�G�� ��� 
 %!�85� �! pH� � Ag �I hc�7 �! �$�56  
��c�7�7 1H��$�� ,56  1
    �� ON
� ;NM !	N� 

Y� %!�� !	E�
 d6 �! O 7 .&_7! ���
G�� =R�� ;  1$ �! 
)�M 4��P�7 �� c�6�� ;M !	� :�� � 
 ��' 
7 , A����$� 
��9 ;M 8'���

!�T�, (���H�� 1
Q��$�f:\   � \:\ 8�HB$  .  4��P�7 O ! ;�   �5�� �7 %8�� 
 ̀ I ��   ��� 1����$�      ;N�Y�6� !�	N�  #N$ A�N�+      ;NM !7! ���N) 

AEC)�1]�)� �!��I O�)	
 (7, A����$�- �,1H&M � A �7 \
H)� �	�M 1$ �! �!	� R�� �1J	
.

%j7���$�8�
� :2	3��56  ��� 4�
&_7! ��� =���1G2 ;6T) =
`H� ��� =��5�� =1
`I ����� 471

;�8T�

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

0��1*.2�&��    34 "5 "6 �3! *    �7�8! 	��5 9: "/� ��� 4	 '   ;<�3 

   1 "�3=� ,�- >!	?��@5� . )<3 	�5�B�-�&      4
  ! C
�D7�3! �5 

 E���F �4	���0=�� 4 *��3!�7*2��0�7� 9=*�71=� GC !@��0!'���*H

1�
=I .   E�F �4	�0=�C !@0!'�*H 5=- � ��J  !  �*  �
��+� �

0:*0=�)AEC ( ��J 4*  ��6 �
�+� �*0=�)CEC ( K� �5**  �pH   "�L!	! 

1�  9�1  "M�H! @&
	
 N�3! �5 8��O�  ��3 P4
 �4	 "�6�Q  ���

3!�)R.(

 �@1 �S6!�&'  �I *T�        )<�3 	��5 "�5 U=�5�1 � B��- ��&   ! 

  "�5 >�$VW!     �  ! C@�1: ��3
* �3!�7*  2�0�7� 9=*�71=�   X��+7Y! G

C@I@0!)Z[ .(\M* �@1 %�&��]̂ =T�1   �@1 9!=\$ "5 �&' 6�� * �+�

� .��� "5*_=`a0!
' b5�33�\I	�6�@I	! 4 	��
�73!9!,�-3�\IN� N' 	4�ac C@da0!
H C�ea0!
*9V�I	 N

* : �d*04�7d8! �2� N>�+��d1 �=f21 :forghani@guilan.ac.ir

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.4

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.4.6
https://jstnar.iut.ac.ir/article-1-976-fa.html


 ��� � �� �	
� )
���� ����� � ������� �	�� � �	
� ( / �� !"� #$ / �&' %� #() � *(+ /"�,�-./00

�g

 )<3 	�5� ��� �1 h�eT& 4 @0=I�i�� Pj/721  ��&' �S\- �

 �7�8! 9
=5���  T`O 9 !=� N�   �#�- 4 *  � ��9=     �=�/)1 	
 ��&

@\72&)R.(

 4	 >��8�<1'#=k- *I4�7�8! >�*T*���B�-�&' 4��O '

K71 	�5*�)Variable charge soils (	
 �=W[l  	
 "7�I�H ��3 

"7��H >	=# 9�mF h/7n1 U�(0�3! .� 	
� 4 o!	 94 "�8�(1 

���* p�q0  ! "��6���^ "����7�8! "��0�H4
 "�����=��H 'r %T����M 

9�7I!4)Gouy-Chapman & Stern (!�5'
!@�� ' !  B��- ��&'

  �5 C
 !=&�   �q0 N@0
�6 C
�D73! s�"�&'   s1��� �"7�� ���'  !��5 '

   
!@���
�'  ! B�-�&' 26! *@'   04 C	�O bW�\1 * !�5 j'  t��5 �

 b�!  ! ��&'  
=u�3! �  G B��- ��&'          ��m0: 	
 "�6 �@�7�1 bW��\1 

L=/6*�&@'  4�O ,�- ' 
�(1 �  mF=� s5�Y �� K71	�5 *    "�5 N@\72& �

   �3! C@I "7��H 	�6)v .(    ! ha�6  ! w� ��(O %*    ��S6! "�6 ��(

B�-�& 4�O ' W=/n1 �  0�6  ! ��&'   K71 	�5 �5 * TL!
 4��  N@\72& 

  !	�&4!H4*%T/ 8@1 �     8�eM "6 @0
!
 "L!	! !	 �  )<3 x8�-	�5 �

3*.72�&'               
	=�1 	��5 y=�0 4
 ��& y=T`1 9!=\$ "5 !	 U=/n1 

  �3	�54 z)5�    �1 	!��Y � @�&
)Z{ .(  
 "�8�(1	
� ��e'  �H * %T/

 �4	 !	�&4!4�&' �1 : �&�ea� !�5 ' 3	�5 �B�- ��&'  4��O '

TL!
 	�5�K714*  	=�W "�5 N@0
�6 "L!	! �'   L!
 	��5 	!@�(1 "�6 �T�

   
=5 "+3�)1 s5�Y ,�-	
 .    Q�Y!4 	
pH0   "�<(0 	
 !'    ! pH   "�6 

6��*   K71 	�5 �5 >�+* 
�(1 N�� 4�21 �'     4 ��+S1 	��5  �D\1�   N@�0	!
 

��** 1 %�         �D\14 ��+S1 	��5 s6	!@(1 wu3 4 
=I� 	
 ! ��  %pH

 1 
	4:�5�
=I . �
�'   �D\1 	�5 �   	
 pH0  6��O �     �TL!
 	��5  ! �

D\1�  w��8�54 �3! )Zl .(�* !  4 %2�� ! C
�D73! ! �� 	
 �4	 %

B�-�&��    TL!
 	�5 .& "6 � D\1 �      T0 b�=1 !	 @0	!
 �+S1 .&4 �

       TL!
 	�5 �m\� �m0: �q0 "5 4 @\0!
�  1 x8�- � 	
 @0!=�!�   
	=�1 %


=I 
	4:�5)Z| .(

   �H 4 !	�&4!*%T/   	=�f�  ! '  =�H 'r    !��5 %T���M '  �}=� * ;

  )<3 	�5 y=T`1�B�-�&' 4�O ' TL!
 	�5 �K71 4  �* 
�D7�3! � C

@0
�6)Z{ .(j`��  /)� 4 "* ! s�          ��� �-��3 	
��Y !	 ��m0: �@�1 %

!�I�<�        9: �)� "6 @\&
 "L!	! !	  	��~: 
��(1 4 �  �TL!
 	��5 �� 4 

K71*   4 ;<3 4 ��     �  ! !	 U=/n1 
!=1 C�*3!�7*20�7� 9=*�71=� 4 G

C !@0!'�*H�&'   E�F �0=� �3
 "5  @�0	4:  . �H*   !	��&4! 4 %T/

	
�   )<3 	�5 "6 @\7��� L=/6  �*�&@'     	��5 "7�3
 4
 s1��I ,��- 

TL!
�  K71 4 * �3! � . TL!
 	�5�      �1 4 ��3! �5�~ �    N��+S1 @�0!=�

   4 �D#� D\1 �� @I�5  . K71 	�5*    "5 "725!4 �pH     
��(1 	
 4 �3! � �

  >4�D71pH �8: C
�1 	!@(1 "5 "725 � 84�7�8! y=�0 4  �*  >4��D� �

1�@\6)� .( �� �5� ! "� }�� %*  	
 �m0: N>��      y=�0 4
 "�6 @\7��ZPC

)Zero Point of Charge (
	!
 
=F4 .ZPC3 s6 *   ! .�$! .72

6��*TL!
 	�5 �5 >�+�K71 4  �*  "�6 �ZPNC) Zero Point of Net 

Charge (1�0* 1 C@�    4 
=�IZPC 6�� *    K71 	��5 >��+ �*    "�6 �pH0

1�0* 1 C@�
=I ..&%*\M  �� �5 �         �TL!
 	��5 ��H! C@I "L!	! �@1 "�

D\1�   N@I�5 ZPNC�M=c��    ! pH0    8��5 4 �3! w�� .   	
 ��H!

pH0  ��6 E�F *0=�   0: E�F  !  �*0=� 5  �*      �TL!
 	��5 N@�I�5 �7a�

 D\1 x8�-�  C
=5�84   0: E�F �H! *0=� 5 *   ��6 E�F  ! �*0=�

TL!
 	�5 N@I�5��3! �+S1 x8�- )Z{.(

��TL!
 	�5	!@��(1�!���5 C@��I "+��3�)1 � ���)� �4	 %�*~����

�9=�&��    #�k7-! >	=# "5 "6 �  C@I E�F   �1	!�Y @0!�H �*
� .

�5�\5!� �5 %�  @�*~�� \M *  %�9=�&��     ! s+Y C !@0!'�*H    �TL!
 	��5 �


=I ��W�5){ .(

    ()� �S6! "6 �`0:  !*    1  	
 C@I P�`0! >�(*   #=k�- "�\* >�

�7�8!���     	
 ,�- >!	? B�- ��&'         C@�I P��`0! C	��O bW��\1 

 ()�4 �3!* !	
 >�(� 1  %* 	
 "\B�- ��&'       ��m\� �@�7�1 bW��\1 

  �� "5 
4@)1 *�* ��J % �*    ���6 �
��+� �*0=�)CEC (    N��3! C
=�5

 %�!�5�\5!�()� %*0 	=q\1 "5 b*  �!@&! "5 s���3! C@I P�`0!:

Zr �� **  %pH0  ! 	
 �  %B�-�&    &��H: 	=q\1 "5 � ��   	!@�(1 ! %7��

 6�� y=04*   K71 	�5 ��a\1 >�+* !	
 ��  %B�-�&��4  *�*  .m�3 %

!  ! P!@6�&�6�� %*4	 	
 >�+'	�5 	!@(1 .

�r �� ** \)\1 %� K� **   	�5 >!�C
4@)1	
!'    ! pH 4   9: _Y��71

ZPNC  !�5 "6 '    #=k�- �jF ,�-�& *     
��D5 �k�)\1 >�

   4 C
=5 ,�- 9�T& /6 �(0*@' !�5 ' @1 ���  �s#�Oj*-'


	!
 ,�-.

[r3	�5�  6�� �~! * 0�6 _� 3�\I �B�-�&'       ��5 "��8�<1 
	=�1 

#=k-*! 	�5 >�� %B�-�& .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.4

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.4.6
https://jstnar.iut.ac.ir/article-1-976-fa.html


R�� �7 
�1� 
56 ��� 4��2	3� 
 �1� ��<�$: ;�9�) �8� 7 ��$

��

F�� � !7	��$

 &^ 9�73�mI*  7�34 �5 9�`�    
4@�O Z|vl 6 *    	
 Q�5�1�71=/|{

6*�71=/'    	
 "5 ��TI  ! 4 C@I QY!4 �I	 ��'  E=�\F  ! N	j- 

 3 "5*    ���I! "0�7�3: "�5 E��  ! Ns�&�*    
4��e\8 "�5 ���I  ! 4 "

  sk71�3! . ��M'� ���    !  .�m1 %����     	4�a�6 >^=k�)1 '

&^* 1 9�`�@I�5 .�	� 75=W	 .�    O!=�0 	
 ,�- �     "��8�<1 
	=�1 

�	�  .�
=�  �	 4 G� �	!�O .� N,�-  1�� * 1 G�@I�5 .B�- ��&'

!�   "(<\1 %]��@T$   D8: C
	 	
 �    @0	!
 	!�Y �=3 ��84  8��1 �  N�=�3

70!��=3  ! 4 �7u2\�        "�/TF  ! .�& �=�3 B��- ��&'  	
 
=�F=1 

 1 "(<\1�@\I�5)Z .(!�  !	!
 "(<\1 %'   !=& 4 E: '    4 �@7�1 NP�H 

1 �5*/64��*�T' E=W�1 �3! .

"0=T0�&'         )<�3 b��! 4
  ! "��8�<1 
	=1 � 4 ��  )<�3 ��

B�-�&' /e\F �   &^ "(<\1 �!�W! *   @0@�I �I!
�5 9�` .  ,��-

�*u*� s��& G� h�8!
=)Typic Hapludalf ( �a��* �I s�4	 C@'

  ��1 
!=��1�	
�'  @��0: ��r 784! ,���- N����8! �5 ��* s�����& G

�h��8!
=)Ultic Hapludalf (�a���*4	 C@��I s'	
���1 
!=��1 '

�*V�� ,�-4 �*u* G�  ��\�	4!
=)Typic Udorthent ( �a��*s

4	 �5 C@I'0!�H 	
�1 �\3 *�1� @�I�5 .    ! s�#�O >��$VW!

j`�� � "*j���r I *T*��� ! �  %B�-�&   	
  �4@�FZ    C@�I C
	4: 

�3!.

"0=T0�&'       5=6  ! w� C@I Ga- !=& ,�- * G8!  ! 9@I C@

4
1*/��71'   �5�1 : P�`0! �mF '�& � *j���r I *T*���   	=�+$ 

 C@I C
!
@0! .   �1 : P�`0!  ! s+Y��'�& �1    �7�8! 	�5 "5 U=5� ��� N

pH /6 * "0=T0 "   �34 "5 �&*      y�+�I! �=�/)1 "/KOH      
4@�O "�5 �

   1�T� �� @I C@0�3	� 0: *9=�&��      #�k�7-! 	=�W "5 "6 �   E��F 

        4 @0=I o	�- ,�-  ! @0
=5 C@I �*~���'   ��70 	
 �  �   ��3
 "�5

 !�5 C@1:' #=k- *    )<�3 	��5 >�� B��- ��&'     "��8�<1 
	=�1 

  @\�I�5 "7I!@0 .pH  "�0=T0    3=3 	
 ��& 2�0�u*9= ��&'     �+2�0 ��5 

{/Z:�4 E: "5 ,�- �=/)1 "5 ,�-� 	^=1 GKCl�� **@I % .

 8: %5�6�   /�8!4 �4	 "5 �    4 ,V5 CEC 0 *     @�3 �4	 "�5 j�.r

0=1:*  �� >�73! P=** @I % .!�5' �� **  %CEC "0=T0      >�7�3! ��5 �&

@3�  .Z   
�H y�+I! ��1�0 �   5 wu3 4 C@  "34*  0=1: >�73! "/* P=Z

 C	�k$ ��1�0H*�' I @0@. �6 %&:�8�72�    ��& "�0=T0 '     "�5 ,��- 

 3 �4	*>!�7r 5 *  >�\5��r 
 �7*>�0=)CBD (  	
pH[/v �� ** %

@I)Z�.(

pH0   � �4	 "5 * �3!�7*  2�0�7� 9=*�71=��� G *�* @�I %)Z{ .( 4


     C!�T& "5 ,�- P�H�l 1 */�8*   �=/)1 �7Z/l   	^=1 KCl    ��I 	
 

 �70�3 ��J��=D)    ��J �& 	
� P�H  (    >@�1 "�5 4 C@�I C
!
 	!�Y

I �$�3 4
*@I G .   �=�/)1 ��5 ,�- wu3ll�/l 	^=�1 KCl 

	
C
4@)1!' ! pH5 * %[4R@\M >@1 "5  4	 �3	 �
��� "5*@ .

pH20�u3=3 *   9!=�\$ "�5 �
��� �=kO  ! w� 9=ll�/l pH  "�5 

 3	 �+~*@ . 9:  ! w�{/l�/*1�7*8 �=/)1 � 	^=1 KCl  ,��- "5 

   !��54 C@I C
4j�!'  >@�1 [  �I �$��3 * @�I G . ! w�� 9:  pH

20�u3=3*    9!=\$ "5 9=l{/lPH     �3	 ��+~ "5 *@.∆pH) K� �** >!�

pH ( ! )ll�/lpH–l{/lpH (    
��(1 4 C@I "+3�)1�  �pH0   ! 

  	!
=T0pH∆     ��5!�5 	
 ll�/lpH      @�1: ��3
 "�5 .pH0 "�<(0 !'

   "6 �3!pH∆    �3! �D# �\�� "<(0 !'     D\14 �+S1 	�5 	!@(1 "6 �

4	'K71 	�5 �=<3 *�3! �5!�5 �.

\)\1��&' K� **       !��5 C@I P�`0! �4	 @\0�T& 	�5 >!�'pH0

��*��*! ���5 @0@��I %�����3	  ! w��� "��6 >4���D� %*��84! "��5 9@* %

�
���)ll�/lpH(  �1 N�  4	 ��# Q��  	 	4
 �    wu�34 C@I "7n

"0=T0  34 "5 �&*   �=/)1 "/Z   	^=1 [NO|NH  H C	�k$ *�'   C@�I 

 �� ���mF s��#�O C	�k�$4*��* %k+ 4 Cl-	
 j`� 
	=��1 9:��� "

!�Y@\7��H	 . 0: 	!@(1*  ��6 4 9=* �� 9=**   ��� "5 C@I %*    	��5 �5!�5 _

D\1��3! �+S1 4 .

ZPNC  2D�  ! *  \)\1 >�$VW! �� K� **      C
4@�)1 	
 	��5 >!�

pH5 * %[4 R�� **@I %)Zl .(

!�5' ��  *�*    �TL!
 	��5 %�)pб(  N�       C!��T& "�5 ,��- P��H �l

�/*1�7*8   �=/)1 Z   	^=1 KCl   	
 � �70��3 "8=8 G� 
 	!��Y �=D C
!

     >@1 "5 4 C@IZ  I �$�3 * @I G .   "�0=T0 wu�3   ��&Z     ��5 	��5 

  �=/)1Z/l    4 	^=1 [     �=/)1 �5 	�5 ll�/l   	^=1 KCl  =a72I 

       N�-: "/O�1 	
 4 @0@I C
!
pH "0=T0  4	 �&'pH0 q\� *  @�I . .

  >@��1  ! w������ 	!���Y�5 4  4	 "0�+��I G'  N�
����� ���8�O 

20�u3=3* "8=8 s-!
 9=�70�3 �&� ��1 4 C@I �=D� �# Q4	 �� ���

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.4

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               3 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.4.6
https://jstnar.iut.ac.ir/article-1-976-fa.html


 ��� � �� �	
� )
���� ����� � ������� �	�� � �	
� ( / �� !"� #$ / �&' %� #() � *(+ /"�,�-./00

��

 ��8E..2	3� �� 4��",X
k'�&��,
R�� �$�;�Y�6� !�	� 

Fed%OC%X	%pH∆

pH
H2O          KCl           CaCl2

"(+W@\5' bT$ 4 

,�-)cm(

Typic Udorthent

��/g�/��/��g�/�r��/���/�g�/��gr�

��/g��/g�/���/�r�/���/���/��gr�g

Typic Hapludalf

��/g�/��/����/�r��/���/���/��gr�

��/g�/��/����/�r��/���/���/���r��

Ultic Hapludalf

��/���/��/����/�r��/�g�/���/�� rg

�/��/g�/����/�r��/���/���/���r��

rpH �+20 	
 �/�:� 4 ,�- NE: 4 ,�- � 	^=1 KCl 4 ,�- Ng�/g 	^=1 CaCl2�� **�3! C@I %.

rpH∆ >4�D�  ! pH KCl 4 pH H2O5  "�3! C@1: �3
.

rFedC	�k$ %&: H*�'
 �5 C@I �7*@3 >�0=�.)	=/5 %&:'(

 
�H !@F ��@ .   "�0=T0 wu�3          �=�/)1  ! C
�D7�3! ��5 ��&Z   	^=�1 

NH4NO3C	�k��$ H��*�' 4 C@��I K+ 4 Cl- C	�k��$ 	
 
=��F=1 

 70�3 _2O�5�=1       ,��- P��H @�# 	
 �)cmol/100g (  "+�3�)1

@I)Zl .(�m0 	
�TL!
 	�5 ��  "<5!	  ! � ��3
 "5@1: :

бp = r [ C@I E�F K+ r C@I E�F Cl- ]

�H),l5� � m

�70� 0�6 ��3�\I�      1�2O �3=� "6 ,�- X	 �n5 �   @I P�`0! 

        4��O ,��- "3 �& "6 
!
 9�a0'  0��6 � ��&'�:Z  �1 �  4 @\�I�5

	!@��(1'0���6 .��& ����&'Z:Zq0 ��*8=L�6 �*\��* 
=��F=1 ���m0:	
 �

��1�@��I�5 .6�� Q��Y!4 	
��*0���6 _���3�\I �! ��� %B���-���&

U=/n1)Mixed (1�@I�5 . 8=L�6 	!@(1*\*   0!�H ,�- 	
 �* �7�   ! 

  
 ,�- 4
� 5 �e*   8�O 	
 �3! �7a�    �6 %&: 	!@(1 "6 �8�72� 	
 

 � ,�-*V�7�   
 ,�-4
  ! � 5 �e* 
=5 �7a)Z .("0=H�&' �6 �8�72�

�  
 C@I ���  	B�-�&'     	
 "��8�<1 
	=1  �4@�F[  C@�I C
	4: 

�3!.

pH :]̂ =T�1       �71!	�� 4
  ! C
�D73! �5 pHC !@0! '��*H    	
 C@�I 

  �=/)1 4 �<(1 E:Z 	^=1KCl1 �6	
 "5 9!=�� #=k�-  ! * >�

 �7�8! 	�5���B�-�&   �3
 ���� .  �H!pH C !@�0! '��*H    	
 C@�I 

  5 �<(1 E:* 	!@(1  ! �7aC !@0!'�*H
 C@I   �=�/)1 	 ��  	^=�1 G

KCl9�a��0 N@��I�5  ��D\1 	���5 
=��F4 C@��\&
� 4 ���3! ,���- 	
 

w��8�5)Z{.(  "0=T0 "T& 	
 
�(1 �&�  �pHC !@0!'�*H    E: 	
 C@I 

 5 �<(1*  
�(1  ! �7a�  �pH �3
 "5    	
 C@1:  ��  	^=�1 GKCl  
=�5 

 9�a0 "6   �D\1 	��5 
=�F4 C@\&
� !��I 	
 � �pH   "�T& 	
 "�$	j1 

"0=T0�&'    "�8�<1 
	=1 �3!)�4@FZ .(       4	 	��5 	!@�(1 4 y=�0'

    4	  ! ,�- >!	? �=<3'   "<5!	 )KCl-H2O (pH∆   X@O s5�Y 

���3! 9
  .%�!�5���\5 
���(1 "��5 "��F=� ���5 � �pH∆�4@��F 	
 Z

 ����1 P=����/�1�   "����0=T0 "����T& "����6 
=����I!	!
 �����&'

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.4

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               4 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.4.6
https://jstnar.iut.ac.ir/article-1-976-fa.html


R�� �7 
�1� 
56 ��� 4��2	3� 
 �1� ��<�$: ;�9�) �8� 7 ��$

��

 ��8En . 1,!�T�pH0 =ZPNC � CECR�� ;�Y�6� !�	� ��$

@\5 "(+W',�- bT$ 4 

(cm)
pH0 ZPNC бp(cmol/ kg) CEC(cmol/kg)

Typic Udorthent

�gr� ��/� �/�< �/� �/�g

�gr�g �/� �/�< �/� �

Typic Hapludalf

�gr� �/� �/�< �/�� �/��

��r�� g�/� �/�< �/�� �/��

Ultic Hapludalf

� rg g�/� �/�< ��/� �/��

��r�� �/� �/�< ��/� �/��

 ��8E/ .M �,�	I
)�c�7 �! �$R�� b
HU� ��$;�Y�6� !�	� ��$) =
��B9./0o(

"(+W@\5',�- ,�- b�! 1*�� j�	!=6 1	4*8=�*� �/6�� 7�T3!*� 8=L�6*\*�

Typic Udorthent A < █ ▌ < ░ █

Typic Udorthent Cr� █ █ < < ░ █

Typic Hapludalf A < █ < < ░ █

Typic Hapludalf Bt� ▌ █ ▌ < ░ █

Ultic Hapludalf A █ █ < < < █

Ultic Hapludalf Bt� █ < < █ < <

█ :0�6��&��@0	!
 
=F4 ,�- 	
 "6 .
▌ :0�6��&��1 "5 "6 *@0	!
 
=F4 .6 9!j.
░ :0�6��&��1 "5 "6 *- 9!j*/�@0	!
 
=F4 .6 .
< :0�6��&��@0	!@0 
=F4 "6 .

"��qOV1 s��5�Y 	!@��(1!'��D\1 	���5 �! "��6 @\72��& ��� y=��}=1 %

9�a0    "qOV1 s5�Y 	!@(1 
=F4 C@\&
!'  0�6  ! ��&'  �3 */*����

^�"!') Layer silicates (! 	
� %B�-�& ��3!  .  b��!Bt  ,��- 

�*u��* s����& G�5 h��8!
=��*�7a���D\1 	���5 	!@��(1 %���5 	
 !	 * %

"0=T0�&'     �5 "F=� �5 ,�-   	!@�(1 "pH∆ ��I!
 )��/�r  @�O!4 

 �V7-!pH.(

pHB�-�&    �=/)1 	
 lZ/l   	^=1 �CaCl    �+2�0 ��5 {/Z:�

0*  jC !@0!'�*H    !�I "5 "6 @I �  
j0 "$	j1 ��G   1�T� 4 �3! ���

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.4

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               5 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.4.6
https://jstnar.iut.ac.ir/article-1-976-fa.html


 ��� � �� �	
� )
���� ����� � ������� �	�� � �	
� ( / �� !"� #$ / �&' %� #() � *(+ /"�,�-./00

��


�(1�  � �3
 "5   
�(1  ! C@1: �  �C !@0! '��*H       ��<(1 E: 	
 C@�I 

  
=�5 �7T6)   �4@�FZ.( ! 	
 ��        ! 	=�q\1 "�8�(1 %pH    N,��- pH

!C !@0'�*H �=/)1 	
 C@I lZ/l�/6 	^=1 �2/6 @*�3! ..

pH0 :
�(1�  � �3
 "5  !�5 C@1: 'pH0   !v/�    b�! 	
 A  ,�- 

�*u*   s��& G�   �� h8!
=�/[    b�! 	
 Bt  784! ,�- *   s��& G�  h�8!
=

K71* 
=5 �) �4@�Fr� .(     �8: C
��1 	=t�O�   4 X	 ��&'  �3 */*����

^�"!'   �&��6 _F=1 pH0 8�O 	
 C@�I*  "��X	 ��&' 2�6! *@'

 1=8: 4 %�&:*\ �*0 4 P= �* jX	���&'Z:Zq0  �*8=L�6 �*\ �* _��F=1 �

!j���!� 	!@��(1 �pH0��1�@0=��I)� .(
���(1 !���8����� �*� %pH0 	


B�-�&'      
�(1 
=F4 �/$ "5 "�8�<1 
	=1 � \�1 �� 3 	!
*/*>�� �&

  8: C
�1 4� 1 �   	!@(1 "M �H! @I�5'8=L�6 *\ �* �6 %�&: 4 � ��8�72�

0*! 	
 j� %B�-�&@&�a1 �3! C@I C)�4!@FZ4 [.(


�(1��pH01�T� 	
�B�-�&
�(1  ! � �pH ��3
 "5  C@�1: 

 !�I 	
�     ! "6 C
=5 �7T6 "$	j1 �� 8
 %*/�       K71 	��5 
=�F4 ��5  �* �

D\1�)    "5 "725!4PH ( 	
B�-�&' "�8�<1 
	=1 �3!. ���W  ! �

!j�!�  �pH0        1��T� 	
 "�6 bT$ "5 ;<3  !� B��- ��&'   
	=�1 

   5 4 .6 "�8�<1* 
 �� 1 C@�
=I)  �4@F�(      C
��1 �&�6 �/$ "5 N

8:�      ��3! ,��- bT$ 	
  . �H*%T/   >��5 4 r     ��/$ �2�0	 94

  �&�6pH0   ;<3 	
B�-�&    8: C
�1 	=�4 !	 �   ,��- ;<�3 	
 

1� @�\0!
)| 4 � . (  �5 ��1! ��     8
 "�5 "�6 ��I!
 "�F=� @ �*  
=�F4 s

X	�&' 3 */*�����:Z    +20 9
=5 .6 4 �X	 ��&'Z:Z    %�&: 4 

�6�8�72�! N�!j�! %�  bT$ "5 ;<3  ! ���3! C
=+0 
�.

       -�5 	
 "6 @0
�6 �	!jH 9!	��T& 4 4�726:�    ! B�-�&'

5���n70!�
���(1 ���5 ����K��� 	4 : "��(<\1 ���\�1 ��0���6 	!
����&'

3*/*���� ̂  �"!'  NpH0��*�\�      D\1 	�5 4 
!
 9�a0 !	 �  ̂ ��5 ��  	
 

pH $!	  �  �I!
 ,�-  .
�(1�  �pH0 b�! 	
�&'  )<�3 �   ��7T6 

  !b�!�&'  �)<3��
=5 )�.(

H*%T/ 3	�5 	
�    ! B�- ��&' L=6 *   8�T�I @�\8j\�  8!�7�3! * N�

 �� �/$*�   9
=5 %pH0 b�! 	
�&')<3 � �8: C
�1 QT`� !	 � 	
 

�20!
 ;<3)v(.

9�T&    ()� �!@&! 	
 "6 	=W �*       ()� ��S6! N@�I ��6? b*  >��(

1  	
 C@��I P���`0!*#=k��- "��\*�7�8! >������ 	
 ,���- >!	? 

B�-�&'   bW�\1     ()�4 �3! C@I P�`0! C	�O* !	
 >�(� 1  %*  "�\

	
B�-�&'      �� "5 
4@)1 �m\� �@7�1 bW�\1  *�* ��J % �*  �
��+� �

��6*0=�)CEC ( �3! C
=5 .()�*  -! >��( �*       "�6 
!
 9�a�0 �pH0

B�-�&'       
��(1  ! ��7T6 "�8�<1 
	=1 �  �   ��3
 "�5    !��5 C@�1: '

B�-�&'       /�#! �/$ "6 
=5 C	�O bW�\1 �     
=�F4 9: X	 ��&'

�:Z� 4 6�� 9!@��(* ���5 >���+pH02��6! @��\0�1 ^���5 *�&@' 4 %��&: 

1=8:*\*! 	
 P=� %B�-�&�3.

   3	�5 	
 j�0�3 X	=� 4 X�1^�  ! B�-�&'D8: �  4 �=�3

8�1�    �70!�	: �@7�1 bW�\1 �=3*        "�6 @�0
�6 �	!j�H %ZPC   "�5 

  !�5 C@1: �3
' ! �  %B�-�&     ! �7T6 B�-�&'    
=5 C	�O bW�\1 

    
�(1 
=F4 9: �/$ "6� \�1 ��0�6 	!
� ��&' �3	 ��:Z! 	
  �� %

B�-�&
=5 )ZZ.(

ZPNC :  	!@(1ZPNC  �� �5 �  2�D� "*  �\)\1 �� ��&'     ��& 	��5 

     ! �7T6 N,�-{/� Tn� *   D\1 	�5 9: �/$ "6 @I C
  %�  9!4!��� 

 ! 	
�  %B�-�&�3 .  	
B�-�&'   TL!
 	�5 @Y�� �  NZPNC �5 �  �5 @

pH0    @I�5 �5!�5 �84   	
 B�-�&��     �TL!
 	�5 .& "6 �   4     	��5 .�&

K71*   N@0	!
 �ZPNC       ! >4�D71 �3! %�T1 pH0 @I�5 ){ .( �@1

  H 4 !	�&4!* � %T/* 5 �*\�1 � 	
 "6 @\6 B��- ��&' 4��O '  	��5 

D\1� TL!
 �  NZPNC�M=c ���    ! pH0     w��8��5 4 ��3! )Z{ .(

\)\1��&' K� **    �& 	
 	�5 �*  "�0=T0 p!'  NZPNC     C
4@�)1 	
 !	 

pH 5 *%{/�   �� R     9: �/$ "6 @0
!@0 9�a0     ��
�'    �D\1 	��5 �  	
 

!�     ! C
4@)1 %pH        ��3! ��+S1 	��5 "5 �+20  . 
��(1�  �ZPNC

Tn�*\�   "0=T0 "T& 	
      ! �7T6 �&pH0     9�a�0 "�6 
=5     	��5 C@�\&


TL!
� D\1 �  ! 	
 �  %B�-�&�3 .!�  ��70 %�      0��6 >��$VW! ��5 ��

3�\I� !  ��  % B��- ��&    4��O "�6 '  
��(1 �  � ]�7+2�0 ��\�1	!
'   ! 

3*/*>���&'^ �"!'�:Z
	!
 �(5�<1 N@\72& .

\)\1��&' K� ** 	�5 >!� :\)\1� ��&' K�  �**      4 ��+S1 	��5 >!�

D\1�    C!�T& "5 pH �� **     �=/)1 	
 C@I %ll�/l   	^=1 KCl  	
 

s�IZ    �3! C@I C
!
 9�a0  . 3=��1 �5!4	� 5 *  �\)\1 %� ��&'

K�**  D\1 	�5 >!��       b��! 	
 .�& �+S1 4  ��&'  )<�3 �     	
 .�& 4 

b�!�&'   �)<3��  4�O "6 ' 1 
�(�  �T6 ��6�� *  K71 	��5 >��+ �* �

  �I!
 
=F4 N@0
=5 .     	
 "6 	=W 9�T&s�IZ 
  ��  �1 C@�  N
=�I

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.4

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.4.6
https://jstnar.iut.ac.ir/article-1-976-fa.html


R�� �7 
�1� 
56 ��� 4��2	3� 
 �1� ��<�$: ;�9�) �8� 7 ��$

��

A

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

0 1 2 3 4 5 6 7

(c
m

ol
/k

g)
��


�
�ر 

�

D

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

0 1 2 3 4 5 6 7

(c
m

ol
/k

g)
��


�
ر 

��
B

-16

-14

-12

-10

-8

-6

-4

-2

0

2

0 1 2 3 4 5 6 7

(c
m

ol
\k

g)
  �

�

�� 

��ر

E

-16

-13

-10

-7

-4

-1

2

0 1 2 3 4 5 6 7

(c
m

ol
\k

g)
 �

�

� 

��ر

C

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

0 1 2 3 4 5 6 7

(c
m

ol
\k

g)
  �

�

�� 

��ر

F

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

0 1 2 3 4 5 6 7

(c
m

pl
\k

g)
 �

�

� 

��ر

*X'. .p�5��`I q�$�� �� ��� 1pHR�� )rrn/r �:	� KCl (c�7 q71�p56  q�$)A, B, C ( �

�,p56  1)D, E, F (I1I ;��R�� =s q�$Typic Udorthent =Ultic Hapludalf � Typic Hapludalf

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.4

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.4.6
https://jstnar.iut.ac.ir/article-1-976-fa.html


 ��� � �� �	
� )
���� ����� � ������� �	�� � �	
� ( / �� !"� #$ / �&' %� #() � *(+ /"�,�-./00

��

1�T�� "0=T0 �&'  D\1 	�5 "�8�<1 
	=1 �^�5 �� C
4@)1 	
 !	 pH

 @I ��T$!N  1 9�a0 �   5 	
 "6 @\&
*     �D\1 	�5 	!@(1 �m0: %�   ,��- 

�*u*   s��& G�      )<�3 b��! 	
 "�M h�8!
=�    b��! 	
 "�M 4  �� �

)<3�  (5  ! * 5 "*        �8: C
�1 
=F4 9: �/$ "6 
=5 �7a� 5  �*  	
 �7a

 )<3 b�!�      X	 @�#	
 4 5 �*  �7a) ]��@�T$     y=�0  ! �:Z(   b��! 	


)<3�    4 � )<3 �� ! � �3! ,�- % . C
4@)1	
pH  	��5 ,�- 

D\1�   b�! A  � ,�- *u*   s��& G�   
4@O h8!
=[��70�3 �=�1  	
 

 6 �&*    b�! 	
 4 ,�- P�H=/Bt 
4@O 9: |l�70�3 �=�1  ��& 	
 

6*  
=5 ,�- P�H=/ .  D\1 	�5 	!@(1�    ;<3 	
 ]��@T$    ���7\6 �)� 

 8: C
�1� 3!      �&�6 �5 4 �pH   9@�I "�0=�4�� 4 )Protonation (

 !jF! �=<3'  8: C
�1 �  \)\1 ��! N�        �D\1 	��5 �&��6 4 	�5 �  !	 

&!=-* �I!
 . .�84     b�! 	
 ���     
=F4 �/$ "5 %X	 ��&'�:Z

   8: C
�1 9!@(� 4� /$ N�    8=L�6 .6 	!@(1 
=F4 .�	*\*  D\1 	�5 N��

   ��7\6 �)�X	�&'�:Z   4 ]��@T$  TL!
 y=0  ! ��3!  .70 	
* "`

\)\1�   K� �5 	�5 **  �pH K� ** 0!@\M �� T0 �@\6 . T& "5* 8
 % �*  	
 s

pH    
4@O ,�- {   D\1 	�5 	!@(1 N�     b�! 	
  ��  )<�3 ��   ,��- 

�*u* s��& G�5 h8!
=*)<3 b�!  ! �7a��3! 9: .

�7T6�   D\1 	�5 	!@(1 %�     0!�H ,��- "5 b/�71 * �7�     "�6 ��3! 

      b�! 	
 X	 .6 @#	
 9: �/$�&'  )<�3 �    4  ��  �3 �)<�  4 

 5 	!@(1* 8=L�6 �7a*\*      "�5 �+2�0 �X	 ��&'�:Z  ! 	
  ��   ,��- %

�3! .�70�  � �3
 "5   ()�  ! C@1: *       �n5
	=�1 	
 9!4��u1: >��(

 X	B���-���&'�\��3  ! s��#�O ���&'	?: ��� "��6 
!
 9�a��0 %

8=L�6*\ �* 0��6 ��/��#! � B��- ��&' 0!�H  ! C@�I b7a��1 ��* 4 �

 @0:��r 1 �8! �5�@I�5)[.(   C
4@)1 	
pH     	!@�(1 N,�-   	��5

D\1�     b��! 	
 A   � ,��- *u �*  G�   �a�� ��\�	4!
=*   4	 C@�I s'

0!�H*   
4@O �|/R�70�3�=1   6 �& 	
 *        b��! 	
 4 ,��- P�H=�/

Cr ! �    
4@O ,�- %Z/{�70�3�=1   6 �& 	
 *    ��3! ,�- P�H=/

       8: C
�1 .6 	!@(1 "5 "F=� �5 "6�         b��! 	
 X	 @#	
 4  ���� N%

)<3 b�! 	
 	�5 	!@(1  ! �7T6��3! .

 784! ,�-*   s��& G�    D\1 	�5 �q0  ! h8!
=�  5 	
 *   ,�- 4
 %

   1 	!�Y ^�5 	
 C@I C	�I!�H*
� .�Y=1	
* �pH  	��5 	!@(1 N,�- 

D\1�    b�! 	
 A ! � 
4@O ,�- %ZZ�70�3�=1 6 ��& 	
 *  P�H=�/

     b�! 	
 4 ,�-Bt ! �    
4@O ,�- %{/Zl�70�3�=1   6 �& 	
 * =/

�3! ,�- P�H.

 /6 s�I* \)\1 "�  1 9�a0 �&�   @�&
    K� ��5 "�6 �** �pH  "�\1!
 N

K�**  \)\1 	
 >!���&' b�! �&' )<3 � 5 *   b��!  ! �7a ��&'    �� �

)<3� �3!  ..&%*\M  K� C@T$ **    C
4@)1 	
 >!�pH{/[   �� {

 1 �	�    3=2)1 ��! @&�I "6 @&
�   a&�6 @04	 	
 � \)\1 �  "5 

  �T3pH�&' �� *�%  72�& ��*  ! 4 . �� K� % �**   b��! 	
 � ��&'    �� �

)<3� �@7�1  �3! �� .�/$ ! �    8: C
�1 
=F4 �1! %�  b�! 	
 �&'

)<3�    "6 �3! .m1%��� 6�� *  K71 	�5 _*     	
 	��5 C@�\\6 ��7\6 �

b�! ��&'  )<�3 �  ��3! .     	
 >��I	@\& 4 ��64
�   	
 "�6 @�\7��

pH�&' �� *�  %){r[ (  8: C
�1 	!@(1�        "�5 "72�5!4 	��5 NpH   	
 !	 

  "T&B�-�&  1 ��7\6 �  	
 4 @\6pH   
4@O {    C4��H �S6! 	
  ��&'

/1����$����3  ���8: 
!=���1 �=<��\���6!4 ����&' 9=����4�� 

!
 ��)Deprotonation ( 1 �	�@&
)R .(     �&��6 �5 !�8pH   	��5 N

D\1� 4	 '   8: C
�1 �=<3 �      �S\- �$��3 "�5 �      _�F=1 4 C@�I 

D\1 	�5 �&�6�\)\1 	
 �b�! 	�5 �&')<3 �1 �
=I.

 ��J 	!@(1*  0: �
�+� �*0=�)AEC (      s��I "�5 "�F=� �5Z  	
 

  "T&B�-�& �� *�   
=5 %)
4@O�  G�70�3 �=�1    6 ��& 	
 *  P�H=�/

,�- .( ! �/$�   6�� 
=+T6 �1! %*  K71 	�5 �5 >�+*! 	
 �� %B�- ��&

   "6 �3!�*~��   �
�'     9
�5 ^�5 	
 AEC @0	!
  .  �8: C
�1 "M �H!�

 8=L�6 4*\*   	
 �B�-�&'      N�I!
 
=F4 "�8�<1 
	=1  ��84 !  �� %

6��*  >�+�*~��   �
�'     ��J 	!@(1 9
�5 ^�5 	
 *  0: �
�+� �*0=�   ��5 

  #=k- "5 "F=�* �!? >��  0 4 9�I �*  jpH    @�0	!@0 ,��-  .  s�1�$


� �� �e*�   9
=5 %AEC  D\1 E�F N�) Q�
 (0: �*9=    �=<�3  ! ��&

6��*   K71 	�5 �5 >�+*       ��/$ "�5 � ��
�'    �D\1 	��5 � 4	 '   �=<�3 

6��*TL!
 	�5 >�+�K71 	�5 4 *! 	
 �� %B�-�&�3.

  �TL!
 	�5�)бp :(   �TL!
 	��5�   ��3
 "�5    !��5 C@�1: '  1��T� �

"0=T0�&'     �D\1 "��8�<1 
	=1 �          #=k�-  ! "�6 
=�5 ^��5 4 * >�

B�-�&'    �@7�1 bW�\1   �3!)�4@F�.(  TL!
 	�5 	!@(1�  "725!4 

      0��6 	!@�(1 4 y=0 "5� ��&'  �3 */*���� ̂   ��"!'   	
  B��- ��&  "�5 

  �=k-B�-�&'   1 �@7�1 bW�\1 � @�I�5)� .(   
 ���W  !� ��e

 6�� 9=M* 0�6 _�3�\I�B�-'�&    =�/n1 "�8�<1 
	=1   ��3! U

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.4

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.4.6
https://jstnar.iut.ac.ir/article-1-976-fa.html


R�� �7 
�1� 
56 ��� 4��2	3� 
 �1� ��<�$: ;�9�) �8� 7 ��$

��

4 3	 "0=H�&�     4	 !	 
=- 
�D5�k)\1 �(0 '  	��5  �TL!
�   s�6 

�  ! ,�- G� 1 �D� T0 N@\6�  !  ! 9!=�� O %* 8
 z*   C@�\\6 Q0�Y s!'

!�5'   �&�6 �  !j��! ��    �TL!
 	��5 ��    �4�� �=�W 	
  �*     ! ,��- s

b�!�&' )<3 �    "5 �)<3��  
=T0 "L!	!  .  	
B�- ��&'   bW��\1 

  @0! 4 C	�O'�=3�&'  0 bW�\1 *   C	�O "T    �TL!
 	�5 �&�6 �/$�

      QT`� NbT$ "5 ;<3  !X	�&' 26! *@'  & 4 *264	@*@'  %&: 

1=8: 4*\*b�! 	
 P=�&'  ��� �3! %)�.(

 "0=T0 	
�&'       �6 %�&: 	!@(1 "M�H! "�8�<1 
	=1  ��8�72�  	
 

      !j�! bT$ "5 ;<3  ! �m0: �S6!�  ��      �(1 	
 9: 	!@�(1 �1! "7�� �� "2

 
�(1 �5� \�1 �� 0�6 	!
��&' �3 */*����^  ��"!' 4  ]��@�T$  y=�0  ! 

�:Z M�0 *   4 j�*~��' 4	 '    !j��! @�04	 �  � ��       	��5 	!@�(1 �&��6 �

TL!
��4�� �=W 	
 *s
	!@0 �&.

H)�;<J�1�

3	�5��&'   4	 "7��H P�`0! 'B�-�&'       
!
 9�a�0 "��8�<1 
	=1 

 
�(1 "6�  �pH0   D\1 	�5 4 �    �+S1 4 B�-�& =Y N�    	�7-�3  ! �~�71 �

L=/6*@'  �3! ,�-  .�(1
�      0��6 "�F=� s�5�Y �� ��&'  �3 */*����

^�"!'�:Z   4 Z:Z  8: %5�6 4 � ��� _F=1 N*�  9@�1: %pH0  ^��5 4 

   D\1 	�5 	!@(1 %7�	�   	
 B�-�&'    �3! C@I "�8�<1 
	=1  .  .m1  !

��� 6�� %*  K71 	�5 >�+*  ! 	
 ��  %B�-�&  8: C
�1 N�8=L�6N*\*   %&: 4 �

�6�8�72�     8: C
�1 .m3 "6 @0
=5 �  b�! 	
 �&' )<3 � 5  �*  
=�5 �7a .

�*~�� 8=L�6 *\*   �6 %&: 4 ��8�72�   �4�� �=W 	
 *  s�   C
=�5 ��-!=\�

�3! ..&%*\M ! �       	
 "6 
!
 9�a0 "�8�<1 %pH $!	  �  NB�- ��&'

��J "�8�<1 
	=1*
4@)1 �'!�5 '"e0 	!
'0: *9=@0	!
 �&.

�����!�	�%!�GH 7

Z.1�2O� 	 N .Z[�| . =a5: "�8�<1��     -�5 	
 ,�- s1��� 4 � !    B�-�&' /e\F � O�0 * &^ "*9�` .���9� 3�\I	�6 "1�0� @I	! N  C�ea0!
 

H*9V.

2. Auxtero, E., M. Madeira and E. Sousa. 2003. Variable charge characteristics of selected Andisols from the Azores, 
Portugal. Geoderma 144:535-544. 

3. Ampawan, A. 2002. Mineralogy in the clay fraction of soils derived from various parent materials. 17th world 
congress of soil science, Bangkok 10900, Thailand. Symposium no. 25, paper no. 2328, 15 July 2002.

4. Baert, G. and E. Van Ranst. 1998. Exchage peroperties of highly weathered soils of the Lower Congo. Malays. J. 
Soil Sci. 2:31-44.

5. Batista-Gonzales, A.B., J.M. Hernandez, E. Fernandez and A.J. Herbillion. 1982. Influence of silica content on the 
surface charge characteristics of allophanic clays. Clays Clay Miner. 30: 103-110.

6. Duquette, M. and W. Hendershat. 1993a. Soil surface charge evaluation by back-titration.I. Theory and method 
development. Soil Sci. Soc. Am. J. 57:1222-1228.

7. Gillman, G.P. 1984. Using variable charge characteristics to understand the exchangeable cation status of oxic soils. 
Aust. J. Soil Res. 22: 71-80.

8. Gillman, G.P. 1985. Influence of organic matter and phosphate content on point of zero charge of variable charge 
component in oxide soils. Aust. J. Soil Res. 23: 643-646.

9. Gillman, G.P. and G. Uehara. 1980. Charge characteristics of soils with variable charge and permanent charge 
mineralogy. Aust. J. Soil Res. 14: 351-360.

10. Gillman, G.P. and G. Uehara. 1980. Charge characteristics of soils with variable and permanent charge minerals:II. 
Experimental. Soil Sci. Soc. Am. J. 44: 252-255.

11. Lamas, M. C. and R. M. Torres Sanchez. 1998. Isoelectric point of soils determined by the diffusion potential 
method. Geoderma 85: 371-381.

12. Page, A. L., R. H. Miller and D. R. Keeney. 1982. Methods of Soil Analysis. Part 1. Chemical and Microbiological 
Properties. ASA. SSSA. Madison, WI.  

13. Sposito, G. 1981. The operational definition of the zero point of charge in soils. Soil Sci. Soc. Am. J. 45:292-297.
14. Tessens, E. and S. Zauyah. 1982. Positive permanent charge in oxisols. Soil Sci. Soc. Am. J. 46:1103-1106.
15. Uehara, G. and G.P. Gillman. 1980. Charge characteristics of soils with variable and permanent charge minerals: I. 

Theory. Soil Sci. Soc. Am. J. 44: 250-252.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

49
.4

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.49.4.6
https://jstnar.iut.ac.ir/article-1-976-fa.html
http://www.tcpdf.org

