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7�,*$�� )��b"!H �7'M,& )&*
& ����6 ���E , ����6�!�" ��C� �{�

 �-^
, ��	*e 8& c� /0
& !1*2 X�18�" 7�. XYFd fF��� �" ��.
)!��D )!�1�4 , �. ���4 7!� 8& �. )D 7*F�-�&*; , ��� 7�. �F.

 ����h1 ���M ��]�[)!��D , )!�1�4 5!� �" �:�"&, �!Fd!� 7�F.
 #�$
�d �� ��& ����h1 7�.]|.[�F��*" �n�F}� )&!F�  �F" 7�F.

 )&*$%.,^2]�[��" )!��D *�ST1 *$� =��A1 7�. #'��4 f��F��:2 7
)Potential Determining Ions or PDI ( �F�; B'F6 *F" 7

�F�; �F�A;!� *" )D @�H�� *�ST1 , c� ��`& #�!F" �F. �F�& .8&
)!�1�4 �!iM �*$
� 7!� #�F$
�d �� N�:�� 7�. ����Fh1 7�F.
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, ���,*:0�&ν��& )!�1�4 ��	*R .����A� *"��" �" 7�� J)&!1
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 �� �"�S �QP� ��" ���M �� �QP� �!6 .���*" �0�D =+K �.
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),�� �Q9` �F� 7& �!F6]�.[#8&'F�& �F� @F�� ��!F
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 �
J ����K '6�" �&Y-*�ST1 ���-,� 7.7�!Fq1 fF��� =�F+. �"
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J 7&*" �
J , #��� ���-,� 7�P�F� ���-,� 7

'6 ��&�& �%�4 a.*" .�"���*" *"� #�-'F
� 8& �#'F6 ��FC�& 7�.
 G�!2 ]�4 a.*" �F� IFd!� *F:-�@" )!
 ��. �F
J �F1 �!F6 7

a��K )!�1�F4 )�&� 7�Fd 7&*" 7*1 =
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�A	&� ),�� 7#�[ ��,D 'F.&!? �!Fd, �F" &� 7*F:-�@" 7& ]�[8&

�6�� #�-'
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, *" ���& �&Y-*�ST1 >�F? �0��01!F�� 7�.

 '6�" *S�� '�&!1 �� @�� .�F" �F4 �0��01!F�� 7�.*:�&��2 8& �0

 �F� *�STF1 >�F? ��:?�F� �� *��L1 8& B'6 �-'���F�� �*
YF2

>�FF? �0��,�'FF�.�FF��. .>�FF?#8&'FF�& 7&�&� 7�FF. B&�[ 7
n���4 7&�&� �*:0H!4 �=
&*"�F�" �'�:�F. 7*:0H!4 )�
*d 7�.

�[!9 �6&� '�.&!? 7*:+4 7*
Y2 ]�y.[��FC
& *F$
� 7!F� 8&
 �6!- �9�� ��" #'F�4&*2 ��:?�F� 3*:�F- ��FC�:� �� , �. �*F1

 '6 '.&!? 7*
Y2[!9� ].�4 �" *C�� ]��.[>�? �� ��V 7�.

 X!�� @�� B��"*4 8& �F�& =F0+� '��F4,�'�. , B��"*4 7�.
 'F.� ].�F4 &� fF���1 ��d!F1 fF"�; �!P" ]��.[!9��F
 , n

)&��FF0+. ]��[].,^FF2 �� �FF�!+� 7,� �
�FF. ��!FF� 7�FF.
]
��8D �
J 3*:�- ��!? XYd *S& �� ���-,� 7Na+�6�h�& �
7*:4�" fF��� &� =�$�F� B&@F�	 X!F�� , �Z�F? YF	��� �� �.

 �0��,�'�. �-'����� ].�4)k(��!+� �:�F�&� �F�� 7�. 'F�& .
].,^2 8& =��b+. �"�F
8�& �F4 'F6 �!�A� �:6Y- 7�. �F��,&

 f���1 *" =�$�� B&@�	 �,*? *�ST1)n(�E'F�& ��FC
& IhF� �
fF���1 �� ].�E)n(�F� �!F6 ]�p.[XYFd �=
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'� 7�.-
>�FF? �FF��-,� 7�FF" ��FF�� 7�FF. ���FF4 �!�FF? #,*FF- 7�FF.

��:0+�& �� �. �!F6 >�? ��:?�� �� *��L1 Id!� '�&!1]��g
��[.�"�F" �F��,& �F��M 8& >�? ��:?�� �a
'� �a4 *
���� 7&8&

 2 ��:?�� �+� �� *��L1 #'�4&*'�E .���F$�. #�F$
�d �F4 7�F.
 _�!2 ����h1 )!
 �" ��� 7�. �'�!6 *2 a
'� �:�	*R G1 7�.

 #'�4&*2 ��:?�� ��� >�? �F	*- 'F.&!? �!F? �" 7& .=F
& ��
 GF�!2 78&!� 7*�- �+� f��� �" ���M �F�; 7&�&� >�F? ��F.

 �!" '.&!? B'6 =
*:%�" �" ��`& ]�.[�� &� � �& =
& F" )&!F1 �
G�!2 7*�-�&*; �" �4 �*E ��d!1 I�1*1 =
& �" ��� 7�. B�!`

 @���F�D , �F:	*- B'F6 ��d _
 �� /0
& !1*2 X�18�" �78&!�
X-ray �F�; B'6 �&� 'F.&!? )�%F� &� 7*:%F�" ��F`& 7.��
�1�!` G�!2 *-& �E �FU�V �*FA� �� �F�� 7�. *1��F
8 7�F.

 )!
 *:%�" XYd �'�*�- �&*; a
'� IFd!� a
'F� 7�F. *F��L1
f"�;�d!1 �� >�? ��:?�� �� 7*1 �!F6 .�F" 7�!Fe =F
& �� �FE

 #�!1 �'
'd ��:?�� G�!2 7,�M ��� 7�. f�(%F1 78&!F� 7�.
��'�!6 ]�����g��[.�F�; B'F6 ].�4 Id!� ���M =
& 7

'6 '.&!? ��� >�? ��`&.
��!+� �4 �1�!` �� )!
 �" ��� 7��:?�F� �� a
'F� 7�F.

�
J !? ���-,� 7��� �)!
 7,�M n!�Q� �*A� ��	*R �" 7�.
��@" )!F
 =F
& ��
@$
�d �'�*�- �&*; *1 )!F
 �F" �F. GF1 7�F.

 '6 '.&!? >�? ��`& ��; B'6 ].�4 Id!� a
'� �:�	*R 
]��.[�F�	*R �F" )!F
 �FU�V �F" �:�" ��; B'6 ].�4 =
&

��@"�*4 '.&!? *��L1 *1.
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'�dt�#��+6 �s)�:�"�1 �tu�w /(
& !1*2 @����D W
�:� *" )!�1�4 �U�V , ��	*R *�ST1. . .�{p

].,^2 aV*��  �5!+C� �� #�*:�- 7�. !�F? �� �E 7& �
�F:	*- B�!F` �-�!F�D , Z�F? ]�F(+. *F" '�
&*	 �� �F�&

 �-^
, *�ST1 �!�? #*9M XD 7�. , �F6�� B��F�%� *F" 7&
 ].,^2 ��:0+�& ��� ���4 7��:?��@
� #�!" Z'�& �. 'F�& .*F"

 �U�V *S& ����� =
& �� c��& =
& )!�1�4 N�:�� 7�. _F
 7�.
 �-^
, *" �:�	*R ,� ,�F6�� 7�F. :?�F�@
� , 7��:?�F� 7��

 ��& �:	*- �&*; ���*" ��!� ��:(+�& .��Fh1�& �:F�&� =F
& ��
 @���F�D W
�F:� =�" �!d!�XRD X!F�� �7*
YF2[!9� , 7�&YF-

 �U�V �� ��:(+�& #'�
JD N�:�� 7�. , �F
@C1 ��!� 7@�	 7
�	*- �&*; f��Q1.

5�
 � (��3 �0
7��C1 ��� �" �].,^2 =
& �� #��9:�& ��!� c� >�?“���!:�"

 B�	 )&*F
& ”�4*F6 8& #'F6 �F��1“�F
��" )&*F
& ”�F4 #�!F"
 n,'Fd �� )D �F(
@�	 B���%��#'F6 #��,D �F�& .�F" �8J

 n,'Fd �� #'F6 �F�&�& *
��F�� =��A1 �� �E ��& 7�,D��
�8&
��&'��:FF�&ASTM, 1999]�y['FF6 #��9:FF�& .=�FF�A1 ��

 ��
8 _��01!�� B���%� ��!+� �P�Q� �.)n,'d�(�CEC 
�"�P� >�? �
!4,� , B�6�'��. 3,� ]��[�!��� �P� �

'�!��D , 7,�:��:�& 3,� 8& ]��[@���F�D �XRD 3,� c�F�& *F" 
8'�!�
� , �!� 7!� 8& #'6 ����%�2 ]|[>�F? B��"*4 '`�� �

�C�FF����  3,� 8&]�p[,pH�FF�!+� �� �>�FF? �FF���A1 7
�y :�)>�?gXD(#8&'�& '6 7*�- .

��!+� �?�� 7&*" ���� ��. �F" _F+� NF�:�� 7�.'`��
 '�'6 #�,@	& >�? 7 ��!+� .�F�!+� 7&*" �4 I�1*1 =
& �" 7�F.

 n!�Q� �a
'� B��"*4 7,�M 7,�M 7�.p�|/����/�,�|/�p 
'`��Na2CO3>�F? �" XD �h�� �" �:|y �	�FK& >�F? �F" 

'6 .��!+� B'� �" �.�, #�&� �&*F; #'F��&8*� #�$:�� �� � �� 

A1 �" )'��� 7&*" /~� B'� �" n�����!F? n�FM �" � �� 
'�'6 �.� .�F
J ��:?�F� �� a
'F� �!iFM )&@F�� �4 �C�D 8& 7

�-^
, *" c� ���-,� >�? 7��:?�� 7�. ��� 7�.)�"�!�?
��:0+FF�& #,*FF- (�FF�& �&YFF-*�ST1]����g��[�FFU�V �7�FF.

 _+� N�:�� ��:?�F� �F4 '�'F6 X��:�& 7!Q� �" �+
'� 7�.
 ��!:�" ���M 8& &� >�? j��? �)Bt ( *}4&'FM 8& fh; ���M �"

 �-'�4&*2)BP(�-'F�4&*2 *}4&'FM �)PP ( *}4&'FM 8& /F2 ,
�-'�4&*2)AP ('�.� *��L1 ���& a.�� 7��:?�� �4.

��!+� 7&*" n!F�Q� �a
'F� B��"*4 7,�M 7�. 7,�FM 7�F.
p�|/����/�,�|/�p '`�� Na2CO3>�F? �" XD �h�� �" 
�:|y 
 ��:?�� �� �" I�1*:" #�!F" *R�F�:� #'6 �� 'F�& .8& /F2
���1 ��!+� 7��!+� �N�:�� �-'�E&*2 O
&*6 �" 7�. 7��� �� �.

co|±p|#*+� _�& 8& /~� , _%? �yy'�'6 #�&� �!h  .
�FU�V ��F��M =
& �� 7�F.|y,�yy �:��F� *F" X*F� n!F�

 >�? �*-!��4)�h���y:�(n��A1 3,� *"��" 5�hF6& �!���
]�{[��!+� �" a.*" ��+1& 8& /2 , '�'6 �	�K& �.]�4 7&*F" ��.

 @���FF�DX-ray�%FF�6 '
�FF�& 7,� 'FF6 #�&� �&*FF; 7& .8& /FF2
 ��!+� )'6 _%? �F" &� �F��D ��&8D 7&!F. �� #'F6 @���F�D 7�F.

 n'F� /(
& !1*2 #�$:��Siemens-D8 �&*F; ]
�F�8D ��!F� 
a
�&� .�"��!+� ��"�%� B�!` -_F+� �!iFM �F��M 7&*F" 7*�

 a���4 B��"*4)'F6 #�,@F	& >�F? �F" _%F? B�!` �" �4(�
_1 ���!:�" NF�:�� 7�.'`�� 7,�M ���!:�" , a���4 �" ��!

 '
*�4 _+� a
'�)�FU�V n��A� 7�F.BP �PP ,AP ( 8& /F2

a.*" �FU�V �F" ]�4 �F	*- ��FC�& X*F� �"�%F� 7�F. .W
�F:�
 ��!+� /(
& !1*2 ]
��8D ���!:�" 7�� )�%� ����FE �FE 'F.�

 ��!� ��� ���!�
�!�)��:(+F�& (�F�!+� =F
& �� IF��V ���FE
��&.

6�$78�-^
,�0
@�	 7�. #��9:�& ��!� ���!:�" 6�$79�-^
,��
8 _��01!�� 7�. �P�Q� #��9:�& ��!� ���!:�" 
Quantity Characteristic Quantity Characteristic 

76 Clay (%) 8Carbonate content (%) 
1Sand (%) 68.2 CEC (cmol/kg soil) 

314.5 Liquid Limit (%)  48.5 Exchangeable Na+ (cmol/kg soil) 
31.2 Plastic Limit (%)  14.2 Exchangeable Ca2+ (cmol/kg soil) 

283.3 P.I. (%)  3.4 Exchangeable Mg2+ (cmol/kg soil) 
3.73 Activity  2.1 Exchangeable K+ (cmol/kg soil) 
CH Soil classification  413 Specific surface area (10-3 m2/kg) 
5.9 Water content (air-dried, %)  9.5 pH (1 : 10, soil/water content) 

7.1 Water content (oven-dried, %)  Montmorillonite, 
Calcite, Quartz Mineral composition in decreasing abundance 
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