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  *�4���0 ��� �����  ��� �	��� 
� .         '��+� �U�+� ��+#j F
��� '��� "�
  �
����4 �� ��Q��    ���� 9�, ()� (
$ *��$ .     ���+l� FVXC
+�i� 

    L���4 L� "� "j 
	   �� 
�4��� �,�� 
�      �
����+4 �� ��+� 
��U '�-
    *�4���0
�? �����  (
$ *��$ D$� ��� 
�.    ��B��+U ���+���� *�
�

���     ���M� R�
i �� �	)R2 (       �+3� ��=�
� ���4��� �)� )RMSE (
    "+4�: "� F�, 9��G�$�        �+� �N�+� "+U *�R2      
�h+�� RMSE   
+��U 

"� '��#C         �+, "+��
: 
+E4 �� 
�
� ���  .    "+=N�3� �+�� ��RMSE  �+� 
�=����
: "M$��� 
�� "N�:  

) 6(                       

5.0

��
	



��
�


�

�
pm

SSERMSE
  

   F�@#�� ��SSE     F�3� ��=�
� t��@� m        ���	�h+� ���+=� p   ���+=� 
D$� ������� ���� ��� �� ����� *�	
�����0.  

  
       ��	
� �� '�! '()�� � '() ��/�� �0/34��    � ���� ���

���!��� 56���$ ��.
�  
 �0 ����M�	      �:/� �� (
$ ()��  ()� *�	
����   ��+� *�	

O
4 �� �����Statview�, O�@4� .   ��+#�
U D+Y��	� D�C "�  �� &��+�U
   ��� �� (
$ ()�    ��� F"=N�3� ���� �X	B *�	     9
: � "� �	) 
	

   *�f 9
:10  ��� "4��4  (      ��+#�
U ����+0 �+H�� ��    ���+=� &��+�U
)11- 12/0 �H��  (    #�
U *Q�� �H�� �� ��     ���+=� &��+�U)30- 12 

�H�� ( �4�, &��l� .      �Q��+=� *�	
�����0 ���4��� 
���l� &+	   �+�� *
      ��� �� 9
: � ��� *�
� ()�        "�+��l�  "M$��� 9
:
�� 
	 �� �	

���
: .           �+�G� ���4�+�� "���l� '���B �� �����l� ��� *�
�)t-test (
 �, 9��G�$�.          O
+4 �+� �4��+$
:� �Q��+=� ��+@��   ���+��Statview   

"� O�: "� O�: '��$
:� a�6-�0 -#��: ��  9�4�7�, O�@4�  .  

������������������������������������������������������������
6- Stepwise regression  
7- Forward selection 
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��� 	 �����  
 ���1���4���  �:/� ���=� x�
�4�  ������,�X���� *�	)1-

ZN�(  "��4 R�U
� F �4�U �Y�U   �$� *�	)1-( (     "+���� a��
� 
���l� 
 ��� *�	
�����0   ��
@� *�	&	  ���    ()+� *)1-~ (    ()+�� )1-�( 

   9
:
�� �� �� (
$  ��+� *�	         �+� '�h+4 "+=N�3� ���+� *�+	 �+	� .
  ��#�
U 
���l� ���4���     9
:
�� �� ��Y=�  ���=� &���U    �� R��
� "� �	

2/6   �� 16    ��  3/4   �� 8/7       �� �NB ��
U  F�H�� 09/1   �� 61/1  �H�� 
     �� S� ���l� 31   �� 45   �4��� 
Y�_�� �H��  .    
���+l� ���4���CEC   

pH �� �  9
:
�� �� �	        �#�+,�� ��+4� ���
��_� Z��>� *�	)  ��+�
1-ZN� .( 
�� 
��$ "� DM�4 9
+: �+	F   ��+#�
U ���+l� ��
+��U   &��+�U

    9
:
�� �� ���=�VE    TH��#�
UF   
�� �� ��Y=� &���U   9
+:THF 

�� �� �NB ��
U 9
:VE 
�� �� S�  9
:TC  TE��� .  

��� �� RN�? �4�U
�� *�	9
: *�	VE  VC  D���X�$� F
9
:
�� 
��$ �� ��� D�T�� �	) ���1-(  .( 
�����0a  KSD �� 


�� 9
:VE D,�� �� ���l� ��
�h�� ) ���1-~  (�� "U 'B '���
��� �� S� *Q�� �H�� "� ��
�� ��� *�	��� DM�4 9
: . -�����

 ���l�KSD ���� ��� �� ��� 
�h�� D,��c�4 
�4��� dQ���f�  ()� 
D��� -	�U "� 
@#� "U D$� 'B �H�{����� ��� ��	�
���
: .

 ����0 
���l�KSDD���  ��� ����� �� ��� 
�h�� DE�? 
�4��� -
 D$� 'B 
�h�� ��	�
�)2 .( ���l� ��
�h��  ��
��U1/n"�   R��
�


�� ��9
: *�	VC  VE ��� ) ���1-~ .( 
�����01/n 
'�h4 ��, 9�#	� �� ()� ��, -����� ��  D$� ()� 1/n n�� F

*�4��01�� -	�U ��� �� ���  ����)35 .(
�� �� 9
:VC dQ���f� 
"�  ()� ��, FS�  ���=� &���U ��#�
U *Q�� ���M�4 
���l� n�N�
 ��1/nD$� "���� -����� (
$ �� ��� *�4��0 n�� �)N  -	�U  .

 
�����01/n'��� ��4 ���$ ��  
k 
:*
��� D��2 D$� ��� )15 ( 
�� �� *
��� D��
k *Q�� ���l� '���1/n 9
:
�� �� �� VE "� 

 �G#� *�	��� "U D���X�$� �4�U ��,�� ��#g�	  S� ���� ���l�
  9/� |3$ F�����CEC��� DM�4 F�4��� ��Q�� .  

 ���l� ��
�h��Kl  9
:
�� ��TE�� "U ��� ��#�
U "� �� 'B '���-
&���U��� %$�� (
$ ()� *Q�� *z
4� �)N  Q��  ��� *�	

 ��� DM�4 9
:
��) ���1-~ .( ���l� ��
�h��i�  i�
�� ��  9
:
TC 9
:
�� �� �c4B ���l� ��
��U  VE�, 9�	�h� .  

    ���l� '��� &Ui�  �� ��         (
+$ *�	�+4��0 '��� *�o 
�4��� '���
        +� (
+$ 
+��U '�+, ()�� "@��4 ��  9�, ()�    ��+��� ��+� "

     D�4�� *�4���0 ����� -�����)       "+N��=� ����i�� "� ��, t���5 ( 
     9
:
�� �� �Q���f� �)NVE "�          F�H�{��� ()�  S� '��� Q�� D�C

i�        D+$� "���� -����� �4���0 ��,  -	�U  .    ��+� ���+�� ��  F�+	
������������������������������������������������������������
1- Binding affinity 
2- Buffering capacity 

  ���l�i�       ���l�  �f� "� L���4 i�      ��� 
GH "� L���4 )  ���1-� (
"U       Dh:
� ()�  *�4���0 ���, ����� 
�4���       ���+��0 ����+�  
�)0�4

��� �� (
$ D$� "=N�3� ���� *�	)15 .(  
&	        9
:
�� �� (
$ ()� "4��4 *���   ��+� Z��>� *�	  *�+	

nX, �� "=N�3� ���� 1D$� 9�, 9��� '�h4  .  9
+:
�� "+�	 �� �+	, 
"� 9
:
�� ��VE &	 F   h+� -+>� � �� (
$ ()� *���  9�+, n�X

D$� .  &	 D�>4 ->�      �#� �M�, "U ()� *���    ()� 
�4��� F���� 
�
   DE�? �� (
$ �H�{���       &+	 O� ->�  ����0 �N��=� *�	    *�+��

   &�T� �M�, "U ()�       ��3$ ()� 9�#	� '�h4 ���� 
�) �4�� ���M� (
 DE�? ��     ��� �� (
$ *Q�� �N��=� *�	D$�	 .  
+�� ��   9
+:VE F

   �{��� ()� ->� �c#�        ���4��� ��#	 ��� �#=� F���� ��� (
$ �H
    '�X� �� �� (
$ ()�      ���� ()+� �H�{+��� *�+	 .    *Q�+� ���+4���

���          ��4� 
���l� %$�� F(
$ �H�{��� ()� �� 9
:
�� ��� *�	
 �, ��� �TMo "U (
$ ()��) ���1-� (�� ����� ��4��
: .  


�� �� 9�, ()� (
$ ���l� �� 
�� R��
�9
: *�	��� Z��>�-
�, 9�	�h� "=N�3� ���� *�	 :VE < TE < VC< TH <TC .


�� 9
:VE�� "U ��� '�h4 �� (
$ ()� ��
�h��  "��� 'B '���
��� DM�4 S� t�4  S� ���� ���l� .���
�� *�	 9
:TC "X#�� �� 

 �� ()� ��
��U F�4��� ���=� &���U ��#�
U ���l� ��
�h�� *����
�#�,�� .� �� �)N�� �� "U "� �� 
�� ��� �N���f� n�Q� �� �X� '���

 ����0 ���l�CEC 9
:
�� ��� �� S� t�4  ���l�  �NB ��
U  
) ���1-(  ZN�  (–�� (
$ �N��M� ()� -	�U R��� "U -

�4�,- �4��
� "��� �� 
�h�� ���CTq� "� ���4 'B "���� F��� DM�4 
��� �� O��#���NB  �	B *�	���U�	���� � . '�h4 �#j ���=N�3�

9���&c� F*��� *�	���U� y�3$ "U �4�  �
�#U �� ��� y�3$ ��
�
��� �� ����� �
�� �#��	 )20.(  

  
'�! '()�� � '() ����/$���:  

 `�N�++4
� ��++�)9/294 ± 6/859RMSE =   70/0 < R2< 
98/0 (  �+3� ��� F)4/329 ± 9/1634RMSE =   51/ 0 < R2< 
94/0 (a��
�   9��� �� �M$�#�          
��+��4Q ��+�  �#�+,�� �	)2/389 ± 
0/1016RMSE =   71/0 < R2< 99/0 (  9
+:
�� *�#e�$� "�VE 

9
:
�� "�l� ��D��� a��
� �	.  
     ��G� ���4��� "���l� '���B)t-test (     ��+� "+U ��� '�h4  ���+	

 ��#�
U *�f       �+#=� -����� �C�� FQ�� �H�� �� &���U     R+��
� "+� ���
65  91  '��++�� �� �++H�� a 9
++:
�� �� VE  TE  75 �++H�� 

      
�����+0 ���l� �� -	�Ub     9
+:
�� �� TH      D+$� 9�+, )001/0P� (
)��� 2  .( 
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�	��1- ��!���� "����� �#$%�	 ���&� '�"��� (�) #���*�+���,�. 
�� ��)02�(#��� 4(�) #5�6+ ��)7 ( 
��"�����8 ��.�� �9�"� "����� 	
��� 
��:� ��� "��*!�; 
)b  	lK( <�2��	". 4)n 	 a ( #=) 	)SDK (���� "� 7>� 
��)? ( 7>��	 	)� ((�) �� 7"5 �&2�=� ���� 
��  

  Vertic  
EndoaqueptsVertic CalcixereptsTypic HaploxereptsTypic 

Calcixerepts
Typic

Endoaquepts
02� (#$%�	(�) #���*�+���,�. 
��            

CEC) cmolc kg-1(   1/1 � 29   1/6 � 30  2/7   � 31 6/5 � 28  4/3 � 27  
OC(%)  095/0 � 09/1   35/0� 3/1   87/0� 3/1  0/1 � 4/1  6/0� 6/1  

CCE (%)  1/3 � 2/6  12 � 13  9/5 � 9/6  10 � 16  1/7 � 15  
Clay (%) 3/5 � 45  16 � 39  04/7 � 40  18 � 31  1/9 � 33  

pH )M CaCl201/0 (  042/0 �3/7   025/0 �5/7  25/0� 4/7  28/0� 6/7   17/0� 5/7  
ACCE (%)   4/1 � 5/6  6/4 � 9/5  5/1 � 4/3  5/3 � 8/7  2/2 �05/7  

7 (#��� (�) #5�6+          
 D�T�� (%)  30  25  69  70  40  
 D��
�U + D��#�N���U(%)  29  31  15  19  35  
���X�$� D(%)  41  44  16  11  25  

? (��� 
��"�����8:� 
�� 7>� 
���            
) a (L1/nmg(1-1/n) kg-1  3564 �5149  353 �4547  1768 �3407    1729�1824  2170 �1495  

n) -(  43/0 �67/0  82/0 �7/3  1/1 � 7/1  9/1 � 5/1  81/0 � 81/0  
b )1-(mg kg   -   0 �14285   6185�17857  5303�16250  0 � 16666  
lK) 1- (L mg  -  058/0 �17/0  13/0 �25/0  045/0 �093/0  0 � 30/0  

SDK) 1-kg L(  977 � 4932  81 � 1090  1005 � 1876  718 � 1513  347 � 1857  
� (��� 
��"�����8:� 
�� 7>��	 
���          

) a (L1/nmg(1-1/n) kg-1   685 � 7188  349 � 4549  1567 � 3629  1750 � 1804   2097 �1610  
n )-(  075/0 �032/1  82/0 � 7/3  2/1 � 9/1  01/2 � 6/1  79/ 0 � 84/0  
b )1-(mg kg   -  1030�13690  3917 �15595  6285 � 15555  0 � 16666  

lK )1- (L mg  -  046/0 � 22/0  021/0 � 31/0  009/0 � 11/0  0 � 30/ 0  
SDK) 1-kg L(  824 � 6717  280 � 444  1235� 2067  1310� 2063   522 � 2655   

i�) -(  002/0�0028/0  001/0�0041/0  003/0�0062/0  001/0�0092/0  002/0�0081/0  
i�) -(  42/0 � 69/0  001/0 � 1  206/ � 88/0  29/1 � 58/1  24/0� 89/0  

CEC F �4����U ���M� D��
k]OC F �NB ��
U]CCE F ���=� &���U ��#�
U]ACCE F  &���U ��#�
U���=]b F ()� 
eU��f] lK F �4��0 *z
4�] n FaF D��u  "N��=� *�	
`�N�4
�] SDKF �3� !���� R�
i] i�   i�"� "U �4���0 R��
i F  �Q��=� �� R��
�4  59�, "M$��� �4�.  
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Vertic Endoaquepts
Vertic Calcixerept
Typic Haploxerepts
Typic Calcixerepts
Typic Endoaquepts

  
@�+1- :� ���	"$"�9 �� 7"5 7>� ���*� 
�(�) 0�A� 
���&2�=� ���� 
��  

  
   
�����0 ���l�b    9
:
�� ��TH "�  D�C   ��#�
U '��� &U   F&��+�U

��� "��4��� �	    �#$
� ()� 
eU��f "� �4� .   '�X� 
��� ���MC "�  *�+	
    ()� *�
� �H�{���  ��Y=� (
$        ��_+,� d�=�
+$  9��� ��4�   9�+,

D$�. 
   ��� ��3     9��$ ����M�	 R��
i )r ( �:/� ���   Z+��>� *�	

 ��� ������,�X����  �	) Z+N� (  ��+�   �+:/�     ������+,�X���� *�+	
���   ��� *�	
�����0 �� �	  *�	&	  ���      F
��+��4Q ()+��  ()+� *

  �3�  `�N�4
� )((       D+$� 9�+, 9��� '�h+4 .   
�����+0a   ����+M�	 
�#=�  DMe���#�
U �� *���  ���+=� &���U)001/0P � ;78/0r = ( 

 ��+++Y=�)001/0P � ;74/0r = ( pH) 01/0P � ;65/0r = ( 
M�	�#=�  �G#� ����   �+NB ��
+U �� *���)01/0 P � ;68/0-r =( 

  D,��)��� 3 .(&	
� �4�U -#U         �+� �+NB ���+�  �+$� *�	  �+4���
              �+	� ��
+o 
�u�+� D�� �Y�, "� �� ��� *���� �� ����� ()� .  �+��

&	
++�-#++U'�++X� <++�
q �� �++	9
++:  �N��++M� *�++	 n++��C *�++	
 ��� �� ����� n��U��
U  n��U���	�� ���H ���� �
�:)20.(  

   ��� "=N�3� �� '�
�h	/0           �+� �U�+� �+4�
U '�+�� �+X	B *�	
��#�
U     ���l� *���� ���� &���Ua          D+��
k "+@��4 �� D+$� *
�h+�� 

   ��� ��� �� ()�          "+U D$� 
�h�� ����� F�X	B
�? ��� "� DM�4 �	
�� � �4���"           �+,�� (
+$ ��+#�
U (�$� n�Xh� D�C)7 .(pH   �h+l4 

  � �� &c�     �+� *��� ���#$ ����� ()   +� F�+#U"  *��+q     d���l��+� "+U
 ��#�
U F*��� *�	���U���	 D�NTf��G��  �	  �
+�#U �� ��� *�	

��  �#U)3 .(   -����� ��pH         y�3+$ *� 
+� �4����U ����� *���c�4 F
      '�� VX�W�U F()� <�
q �� ��� ��Y=� 9
+U      -���+�� (�+$�  *�

��  ����)18 .(    `�N�UQ  '���)34 (   �4�
U a���:pH     9��+� '����  
    
� ��� �NBa   �� 
u� `�N�4
� ���): .     �+#=�  �+G#� ����M�	 *���
   R�
i ���n             9�	�h+� S� �+H��  ��Y=�  ���=� &���U ��#�
U �� 

 �++,) ��++�3 .(�++#=�  D++Me� ����++M�	 
�����++0 ��++� *���b �++� 
��#�
U       �, 9�	�h� ��Y=�  ���=� &���U)   ��+�3 .( �+�4   �c��h+� ;�
  %$��      D+$� 9�+, a���: 
��� '�
�h	/0)7  18 .( ��+#�
U  *�+	

 '�X� F���       D,��c�4  ()� *�
� �H�{��� ���	(
$    ��  �4��� 
���   �4�U FLh� <q�#� *�	     �+� ���+#�
U *�+	      n�Xh+� �+� �+#4���

VX�W�U '�� *�	9
U     'B ���+�� ()�  *�       �+##U �
����+4 �� �+	
)27 .(   �  DMe� ����M�	�#=   ��� *���KSD       ��+#�
U FS� �+H�� �� 

     ��Y=� &���UCEC      �+, 9�	�h+� )   ��+�3 .(      �+��4  
���+	)12 (
    �#=� ����M�	 "U �4�
U a���:   �� ����� ()� ���CEC   ��E�4� n��o

              ()+� ��+� �� �N��+M� VX�W�U nX, "� �4����U ����� �
�� FD$�
���4�, .    '���X�	  �4�
$)28 (   ��� "U �4�
U '���     �+H�� �+� ���	

     S� *Q��pH       ()� *�
� ��Q�� D��
k F�����o  (
+$  �+4���  .  �+�
  -�����pH       �� -	�U ��� �� �4����U ����� D�NTf F  ����)13 .(  �+�
  -�����pH   "� "���� *�	��� FpH�� -����� ��4 ��� �� F���� ()� �

      �$� *�	 �4�U %$�� ���1:1           "+� "��+�� n+���C �� "+U pH   ��+� 
��	  �� -����� �#  ����)33 .(    �+#=�  �G#� ����M�	     ��+� ���i�   �+� 

��#�
U �, 9�	�h� S�  �NB ��
U F���=� &���U) ���3.(  
 ��++� �� �4��++$
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c� �++4� . ��++=N�3�

        "U ��� '�h4 O�: "� O�: �4��$
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�����+0 �� ��
��_� �H�� a   
 ()� D��
k(
$�#�
U '���� %$�� F ���=� &���U �)001/0 P � 

;62/0r = (�� ���M� ��,) ��+� 4 .( ��+� ��    ��m+f �+X	B *�+	
��#�
U � &���U"              |3+$ �+G#� *�+	��� ��+�� ���l�  ��Y=� |3$ D�C
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	���2-��� 
��"�����8 ��!���� "�����  
��:� ��� 7"5 7>� 
) C;��&�1 �D 3 (�	"$ 9� F8 ��"�����8 "����� C�"��GD �H�� 	(�) 
�6� ��
C�6�"� �H�� I�5� "� ���&� :�J�)CCE) ((�) �� #���CCE ;�� )12 �D 30 (% (�) 	 �� #���CCE ����8  )12/0 �D 11 (% �	"$"�9 �� 
��

A�(�) 0��&2�=� ���� 
��  

  a
(L1/nmg(1-1/n) kg-1)  

n  
)-(  

b
)1- (mg kg

lK  
)1- mg (L  

SDK  
)1-kg L(  

Vertic Endoaquepts      
CCEQ��  2647  35/0  -  -  4240  
 CCE ����0   7689  97/0  -  -  5623  

��
��_� �H�� ***65  **63  -  -  24  
Vertic Calcixerepts          

 CCEQ��  4313  2/3  14284  17/0  1005  
CCE ����0   4664  9/3  14285  17/0  1132  

��
��_� �H�� 99  17  0071/0  00/0  11  
Typic Haploxerepts          

CCEQ��  3290  1/1  25000  4/0  2398  
CCE ����0   3525  3/2  14285  17/0  1353  

��
��_� �H�� 6/6  52  75-  135-  77-  
Typic Calcixerepts          

CCEQ��  675  44/0  -  -  1976  
 CCE ����0   3383  75/2  17499  102/0  943  

��
��_� �H�� 80  83  -  -  109-  
Typic Endoaquepts            

CCEQ��  418  41/0  -  -  1801  
 CCE ����0   4727  9/1  16665  29/0  2025  

��
��_� �H�� **91  **78  -  -  11  
* F**  ***:"�  �#=� R��
�����f� |3$ �� ��� 05/0�P ]01/0�P  001/0�P.  

  
 �	��3- ���5 #!�JO*� P��"Q )r (#$%�	 ���(�) #���*�+���,�. 0�A� 
�� ��)02� (#$%�	 ��� 	(�) #���*�+���,�. 
�� 
��"�����8 �� ��

��� 
��:� ��� "��*!�; 7>��	 	 7>� 
)b 	 lK( <�2��	". 4)n  	a ( #=) 	)SDK ( 7>��	 
��"�����8 	)7(  
02�(  

  pH  
)2M CaCl 01/0(  

ACCE  
(%)  

CEC
(cmolc kg-1)  

Clay
(%)  

CCE
(%)

OC(%)   *54/0-  ***77/0  *58/0  *56/0  ***82/0-  
CCE(%)   ***80/0  ***80/0  *58/0  *60/0    
Clay(%)   39/0-  **60/0  ***81/0      

CEC )cmolc kg-1(  *57/0  **63/0        
ACCE(%)   **61/0          
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 �	��4-��� 
��"�����8 ��	S"� 
�"� T�$ �� T�$ �	� �� ��+ ��U�� #���5"$� C;��&�  
��:� ��� 7>� 
) C;��&�1 �D 3 ( 
��"�����8 	
 ���*J8) C;��&�4 	 5 (#$%�	 ��(�) 
��  

R2  �U�� #���5"$� C;��&� ��+ �  
***62/0 a (L1/nmg(1-1/n) kg-1) = 5057 -227 CCE (%) 
***61/0  n (-) = 6/4  - 51 /0  ACCE (%) 
***63/0  n (-) = 8/4  - 43/0  ACCE (%) – 49 /0  OC (%) 
**81/0  b (mg kg-1) = 4782 + 2972 ACCE (%) 
*66/0  Kl (L mg-1) = 029/0-  + 008/0  Clay (%) 

**53/0  KSD (L kg-1) = 528 + 165 ACCE (%) 
**60/0  KSD (L kg-1) = - 5748 + 118 ACCE (%)+ 866 pH 
**68/0  KSD (L kg-1) = - 8087 + 115 ACCE (%) + 1238 pH - 280 OC (%) 
**39/0  �i (-) = 018/0-  + 21/0  ACCE (%) 
*42/0  �i (-) = 46/0-  + 19/0  ACCE (%) + 014/0  Clay (%) 
*46/0  �i (-) = 1/8-  + 18/0  ACCE (%)+ 017/0  Clay (%) + 01/1  pH 

**42/0  �i (-) = 013/0  � 7/ 1  × 10-4 Clay(%) 
**57/0  �i (-) = 019/0  � 5/ 1  × 10-4 Clay (%) 4/2� ×10-4 CEC (cmolc kg-1) 
**60/0  �i (-) = 020/0  � 4/1  × 10-4 Clay (%) � 9/1  ×10-4 CEC (cmolc kg-1) - 6/3  ×10-4 CCE (%) 

               * F**  ***"�  �#=� R��
�����f� |3$ �� ��� 05/0�P ]01/0�P  001/0�P.  
  

61      
�����0 �� ��
��_� �H�� n      ()+� ��,   (
+$  ]53   �+H�� 
 �� ��
��_�KSD !����  (
$ ]��� *�	��� �� 81 �� ��
��_� �H�� 

   ()� 
eU��f(
$(b)   39     �� 
�u�� �H�� i�  ��� ��     �+X	B *�+	
 �
U %$����#    ���M� ��Y=� &���U  ���
:)  ���4 .(81   ��
��_� �H�� 

�� Kl  �4��0 *z
4� (
$��� ��      S� �+H�� %+$�� F�+X	B *�+	
 ���M� ��� ���
:) ���4.(  

Kl                y�3+$ 
+� 9�+, ()+� (
+$ �4��0 *z
4� "� 
����4Q ��� 
  ���� w�M��� F��� .             F��+� y�3+$ 
+� 9�+, ()+� (
$ �4��0 *z
4�
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Dh:
� ()� �� ��4 D$� 
u�� 'B 
�)0�4)23.(  
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(
$     : "� ��� ��4� ����� "4�      
���+l� "+U *�i�      �+f� "+� L+���4 
  
���l�i�      ��� 
GH "� L���4 )   ��+�1-� (        ���+, ��+��� 
�4�+�� "+U

   Dh:
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Abstract
The availability of heavy metals in the soil is related to their partitioning between solution and solid phases 

and expressed by sorption isotherm. Twenty surface soil samples (0-30 cm) belonging to five soil subgroups 
were taken from agricultural regions of Western Azerbaijan province. The sorption isotherms of Pb were 
determined by equlibrating the soil with solutions containing 0, 100, 300, 500, 700, 900, 1100 and 1300 mg Pb 
L-1 from Pb-nitrate source in 0.01 M NaNO3 as background electrolyte. Illite was the dominant clay mineral in 
Typic Calcixerepts (TC), Typic Haploxerepts (TH) and Typic Endoaquepts (TE) whereas in Vertic Calcixerepts 
(VC) and Vertic Endoaquepts (VE) the clay mineralogy was dominated by smectite. Active and equivalent 
calcium carbonate and clay contents ranged from 4.3 to 7.8%, 6.2 to 16% and 31 to 45%, respectively. The 
linaer, Langmuir and Freundlich isotherm equations were �tted to the experimental data of Pb sorption and 
desorption. Both the Freundlich (0.98< R2 <0.70) and linear (0.94< R2 <0.51) approaches described the Pb 
sorption and desorption data well, and the Lagmuir model (0.99< R2 <0.71) was well fitted to some of the soils, 
mostly, those soils with low CCE content. A significant positive correlation was found between CCE and the 
Lagmuir adsorption maxima (b) (r = 0.84, P� 0.01) and also the Freundlich constant a (r = 0.78, P� 0.001). The 
soil partition coefficient (KSD) showed a positive correlation (r = 0.55, P� 0.05) with ACCE. Stepwise regression 
showed that 62% of variation in lead sorption was accounted for CCE content. However, the relatively high pH 
(7.0 to 8.0) of the experimental soils and a presence of relatively high values of free and active carbonate in the 
soils along with the large sorption capacity of these soils suggest the possibility of solid phase precipitation as 
PbCO3. A strong and irreversible binding of Pb in the soils were recorded. Results showed that the CCE and clay 
contents were of more importance in controlling the sorption of Pb in the studied soils. 

 
Keywords: Sorption, Clay, Bioavailability, Lead, Calcium carbonate, Desorption  
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