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��	
� ��� �0�� �%��# .�� ��5%� ���	6� ,�)�* 78�� 7� ����� ��	
� � 9:; �	��!� "#$ � &%'%� � ��	
;) ��	
� �  <�	=�  �=�#  >7�	=�  ?�	=@ 

�	��!� "#$ � &%'%� 	� 1�?�%� (	�+� �4�7� �;�� ."#$ )Fet (� &%'%� )Mnt (,�	C D)7E�4) 	� ��4) F�7��;< "#$  "���=2�7�G )Feo ( �  ?	#���=�) 
"#$ )�$) Fed (� ��7� �	����� �	�) OC< CEC< Clay< pH (1�)�;)?7�H � �'��
�# 	I;$ 	� ()&��   ��	
�)Cot( ,�	C D)7E�4)  	=�  ��=4)  F=�7��; 

�4�7� ��."�%J�# �	��!� "#$ � &%'%� � �	� ��	!� 	I;$ �) K# )�0 H1��7 � Fet� Mnt �Cot � Feo� Fed 1�)�;) 	I;$ � 7# �?7�H �;��.  L�7=M 
 �%G(�� )k (��7H �
4	N� 1�� D)7E�4) 7�	%* ?)7� .�;	� �4�7��4	%�     O=+�) ��=�) P7=�� 1	'�4 �2�4� ��)XRD(�     Q�+=4�7+�� �	=��	6�

�;�7�+�) )SEM (��&!� � ?7�%* )EDS( R	!;) �	��!� ?�� 7� &�; ��.(	S; T�	�;  ) �� ��	
� )Cot( 	� &%'%� � "#$ "���2�7�G �'��
�#  �=
U� 
� �%���) � 	� ()&�� V� � ?	#����) "#$ )�$ �� �) ,�)�* �2�) W7�%� CEC � "�) 	I�	� <�%��# �6�)� ��%� � �%���) �) .�'��
�# ��	
�  	=� 

Feo �  Mnt (	S; 1�%# ��X@ ($ � �6�)7� �4) �� �;	� ��2
� �;	�	# ���� � �'��
�# ��%� ($ 	� Fed � V� 7';	��   �=���� ��=;) ?7�/Y7�8	� 
��	
� �) ����� V� � W	+�) "���2� "#$ � �� �
� 	I;$ CEC �4) ."�';	�� L�)7M �%G (�� Mnt<Fet< Feo � Fed � �	��!� �� L��7� 3/12< 19/1< 

19/2 � 34/1 �� .L�7M �%G (�� ��	
� &�; "�� 43/4 - 4/13 	� "�';	�� 28/7   ��$ �4 �� ."�)  �2b�=�  7';	=��  ��	=;)��  "=�)  �	=��!� �  �=�	
;) 
��	
� � 78) 	I;$ � ����� 7�	%* "�'%4 �� 1c�� ��	
� ����	�.  
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�����1    
��	
� �+� �) 7�	%* ��7M? ?)7� (	�;) � R) 1�� �  ?7�=%* 

���� ?)7� (	#	�H �4) .��	
� � ��7d?	# ����� ��2�E�  �=�	� 
�) ."�) 7�%* �+� �) ,�)�* ?��7M � ��
U�  ���=��  (e�7=��;  � 

�	��	4 ��7� K�&;$	# ����	� .����f  �=2�<  �=
��  �=�	
� �  �	=� 
��	�7� �) 7�	:� 	�� � 7X� ($ �4)) 3 .(	� "�)  �=0�  �=52G ?	=# 
��4 "�) &23 � g)7f) (	�� � ��7� hf	%� ���%�  i�)&=H  1�=� 
�4)) 4 .(�
�� ��	
� � (	#	�H   ?����� �3�2* �  � ��	I; 7!%� �� 
 ��7�?�	���?	# R) &�; ����) 1.(  

,�)�* ��2�E� �%;	� ()&�� V�< CEC< pH<  )�=�     ()&=�� <�=�$
�	%�7� � 	# ����)?	# "#$ � �&%'% 7� ?�� �����  �)&=23  "�'%=4 �) 

������������������������������������������������������������
1  <2  <3   � 4-    L��7� ��   ���) �4	%��	� ?�!S;)< �	�	�4)       1�7=H 	�=4) � �	�S;) <

�	� R�2* �4�%I�<()7I� 1	'S;)   
*)-W�b�� 1�%���; :                       mjmohebbi@ut.ac.ir  Email: (  

�2�0 ��	
� � �	� 7�8	�  �=;�)/H) 20<25 .( )�=�  �=�$<  ()&=�� V�< 
  ?	#����) � F#$ "#$ � &%'%� 	� 7�8	� 7� �Hc��?	#  ��/=0  <�	=� 

��7� � -/0 ��	���) � <��	���)7�G  ?	#�=%�$73  K=#  ���=4�
)co-precipitation (� �%�&'�	0 K#,+� � ?7�/Y78) �)  ?	#�=%�$73 

�	�?�	4 �) ,�
C W	:�;)   &�� �)�o �+�&�3 )Lessivage(<  ��	=%�7� 
(��)calcification( �) ...1 (� �2�)�* �%;	� pH  	=�  7�8	=�  7=� ?�� 

���p@ �	%�7�<	# 	#����) �  	#���=�����# �  &=�;  7�8	=� �  ,�+S=� 
O+2q��<	# 7��r� � �	� �N64 � ���p@ )�� ��$ ���%;)�� 7� ��? 

�';��) � ����� �)&23 "�'%4 �) �2�0 ��	
� 78�� �%�	�) 2 .(,�	4 
� ()�	+�#) 29(  pH )� �+� �) KI� "�7=�  ,=�)�*  78�=�  7=�  �=�2�	C 

�47�4 ��	
� �%��;) .�+�� � ()�	+�#) 20 ((	�� �;7� �� CEC 
�	� � "���� s64 �H��$ ��	
� ���#)  ?	=�� �) . W���=;) 22( 
(	�� 7� �� ����)?	# &%'%� �) ,�)�* �2�) -/0 ��	
� �  �	=� 

�%��# .?���$) 1( �	It) ��) ��	
� �  &=%'%� �  �	=�  �'��=
�# 
     �;�) K# 	� ?	��� "�) �'��
�# � ����� 	I;$ � �	� 78�� �4) .
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9��Y1< F#7H2 � �E4�;)3 � �	� 7#	t ���;�� . �	��!� "�) 
� ?�	��� �) �	�?	# 	� 9+#�  �=2�)  x��=M  �=3	�  �=� <�;�=� 

"�)7�	==%� �==��==%;)�� �==�()�==%* ��==�	� ?)7==� ��	==4	%� y�)7==� 
�3�������# �	� �:2�  � �;�� O+�%� 1�%%� ?�	��� �)  ?	#�=%�$73 

9�)��Y �	� 1�� � � 1�?�%� �	� &�; &u	@ ���#) ?	�� �%��# 
)35 .(1�p* 7� ���#) �	��!� "#$ � &%'%� �) 75%� 9�)��Y  <�	=� 

"�) �	��!� �) z	N� ���� �6�N� &�; ���  �=0��  �=� �%=�	� . "=�) 
�@)�; � �	� �	��� W	�3 1�� �  9%+�#7�?	#  ?�	��=�  	=�  �S=�� 
<1	�H W�2N� �	� � ?)�# y�N� �	� �;�) � � �!��; � ��7@ � 

��!� ?�	��� �) 7�	%* � )�� � �	� 78�� ���%�	�) 10 .(�	��!� 
"#$ � &%'%� y�)7� ���	��� �
�;  "�� �� �	� ���) � �)   ��	=;)��  

��v	==� � �==�	
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��	==Y � 
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��  "�=�  �	=�  i�)&=H  �=;7� . �=;��� �  ()�	=+�#) 7 (�  ,=�7�v � 
()�	+�#) 13( ��!�  7�	%* "�'%4 (�J�# <O�  -7=4 �  ,=+�; )� 

� F#7H	# � �E4�;)?	# "#$ �  &=%'%�  �=%�3	� . "=� �  ()�	=+�# 
)30(  	� ���	6� -/0 �)&23 "�'%4 y4�� F#7H?	# "#$ �  &=%'%� 

(	�� �;7� �� "�) �	��!� ���C -/0 ?	�� ���) � ���� ��  {�=;  
&23 <"�'%4 �	0� ��2�E� �) -/0 )� (	S; ���%# .��	
;) ��	
� 
� �	��!� "#$ � &%'%�   ��7� � &�; �	��	6� i�)&H  �4) 1�� ."� 
� ()�	+�#) 31 (�52G ?v	�  �=�	
� �  �	=��!�  "=#$ �  &=%'%�  )�

 �;7� 1�#	S�. )��3���� � ���H) 32 (	�  �=��	6�  F=#7H ?	=#  "=#$ � 
&%'%� ()&�� 7�v	� ��	
;) 
���	 � "�) �	��!� )� � ���	:� 	� "�� 
�	� �%�3	� � (	�� �;7� �� �	��!� "#$ � &%'%�< �7N� ��	
� � 
�	� )�  9#	=�  �=� �=%# .�  {�=�!�  �	=��	6� �  ��=�  �=�	
� �  

,�)�* 78�� 7� ($ � �	� K� 1�� � �	�; �� �	��	6� 7�S�� �  ��=� 
($ V	�@) ���� ."�%J�# �	��	6� ?���� ?�� �52G  �=6:;?) 

�)&23 "�'%4 �4) 1�� R	!;) .  
g�# �) "�) 9#�cY �4�7� ,�)�* 7�8	� �)/H 7� �����  �=�	
� � 

>7�	� ��7� ���$W�4?	# ?�	@ �	��!� "#$ �  &=%'%� �   �=4�7� 
��	
;) ��	
� � �	��!� ����) � ��	�@) "#$ � &%'%� � ���	:�  	=� 

"�� �	� � 9:; 	I;$ � ����� �	
�� ����	�.  
  

������������������������������������������������������������
1- Coating 
2- Nodule 
3- Concretion 

���� � ����	  
�:6%�  ���	6� ���   �	%��7�� �  7I��; "�� |7*?	# '27 °36 

	� '40 °36 ��	�� � W�f?	# '32 °51 	� '43 °51 �C7� �C)�  1�=� 
�4) .K�e� ���)7@ �	� � �:6%� ��� ���	6� ���� ��  {	=���)  "�=� 

F�&�    F��7� � 7�r��   1�� � K�e� ����f� ($ F���  �=4).  O=Y �) 
�4�7� �S:; "��� ?	#    ���C�� <�:6%� �3)7H�Y�� � �4	%�7  >7�	=� 
 1� 	�?�%�   (	�+� � s64 1�7H7��          ?�	=@ �=+#$ 7��=� }%=4 	=� 

     1�� "���� &%'%� � "#$ �	��!�<      �=;��; � ��)7N=� s�7S�   ?�)7=�
($  �37�/Y R	!;) 	# .>7�	�        9��Y �N� (	��#�� � �q� �@)�; � 	#

  %��) �)7C ,'%0� .     �=�&!� R	=!;) �=I0       <��	���=� � �=+�&�3 ?	=#
�;��;        F=�) �) <(7=� FS�)�# �) OY 75; ��� ?	#2 �=2��   ?7=��

    9�	��$ � 1�� 1) ��
*    ,�	� R�v ?	#  �u)7CpH   {	
�) 1�	�* � < 
?7������# i�� �� �3	� "���� )27(	� ��$ "�7� < i�� (��=4)7���  

)5(      �;���	� W	
� ��37t � )CEC ( � 	�       � R�=�;��$ �	�=4) i�2/8 
pH= )27 ( ��7H R	!;) . �)7��4 �)-?�	;���- �=�   �	=%�7�(CDB) 

 1�)�;) �I0      )�$ "=#$ ?	#����) ?7�H)19(       � R�=�;��$ �v)&=H) �) <
  1�)�;) ?)7� �+��	�   �� "#$ ?	#����) ?7�H  ,+�)17 ( �)i�� KX# 

y4�� ��4)   F�7��;4 W	�7;   1�)�;) �I0    &%'%� � "#$ ?7�H    �=�	
� � 
)24 (�   �) DTPA      ,�	C � W�2N� R73 D)7E�4) ?)7�  W	
���	
�) 15 (

 ��7H 1	��4)  .	��!�� "#$ � &%'%�  	� �C �)  �	=�  ��	=!�  )�=0 
1�� � ?	#����) "#$ ��         &=%'%� � "#$ � )�$ "#$ ?	#����) <,+�

 ��	
� �F�7��; ��4) 	� D)7E�4) ,�	C )4W	�7;  (  �	=� � �	��!� �
�	!� 1�)�;) �?7�H �;�� .�52G &%'%� < R73    � "#$ x2�E� ?	# ��	
�  

             W�=� �=��) -/=0 1	'�4 �2�4� �� �)7+� � 	�Shimadzu) 670-
AA (1�)�;) �� ?7�H. L�7M  �%G (�� ?)7� 7�	%*  D)7E�=4)  1�=� 

�� ���� 7�� x�7�� ��7H )32(:   
K= Cn/Cs  

�� � ($ Cn �52G 7�	%* � �	��!� � Cs �52G 	%*7� �  "�=� 
�	� ����	� .L�7M �%G(�� K (��� �@)� 1�� � 7�H�&� (�� ($ 

�) 1 (	S;1�%# ��!� 7�	%* �  �	=��!�  �=� �=�	� . �;	=� �=4	%� 
�	��!� "#$ � &%'%� 	� 1	��4) �) 1	'�4 P7�� ���) O+�)  W�=� -
O%���D5000  	� ���)CuK� ) 5409/1=� R�7��';$ (�  e	=���30 

����2�� � ��� (	�7030 �2��7q�$ R	!;) �� .  Q�+4�7+�� �	��	6�
 �S��� �;�7�+�))SEM ( � ?7�=%* ��&!� )EDS(<  7=� ?��  �=;��; 

        ?7�%* ��&!� �4�7� g�# 	� <1��E; �4      ,�	=� �6:; �4 �)1 (
   <�	� "��)2(       � �	��!� � �	� y4)� �@)3 (  �	��!�    �) 1	��=4) 	�

     q=�2�3 �S��� �;�7�+�) Q�+4�7+�� 1	'�4    W�=� OXL30   R	=!;) 
��7H .1� >7�	� ?�%�	#    V	=4)7� �=�2� 1�      ��	=+�7�$ ?�=%�)28( <
"���� ��7H.          �)&=3) R7=; �2�4� �� �'��
�# &��	;$ SPSS.16   R	=!;) 

��.   
  



"#��$ ����% &'�*� "	�$ �� "+'��,'�# 
�/ 4�:�;% <=� 
 >�?�@     1173  
  

����1- ���� ������� ���!�" � ����#�$ %������	��$ �&'�(�   
)"��% pH  OC

%  
CEC

cmol+/kg  Mnt*  Fed*  Feo*  Fet*  Cot
(mg/kg)  

Fed /clay  +"�  +#,   
cm .$ )�/  0�        %      

���#$ %����1 Very fine, mixed, active, mesic, Oxiaquic Paleudalfs    
A  15-0  14  40  46  20/7  22/2  20  23/0  1  8/006/3  5/33  02/0  

EB  50-15  5/12  5/37  50  38/7  80/0  4/18  16/0  01/1  63/009/3  7/29  02/0  
Btg1  90-50  5/7  5/22  70  60/7  53/0  30  07/0  70/2  46/050/4  2/23  03/0  
Btg2  130-

90  5/7  5/17  75  73/7  44/0  3/35  093/0  85/2  43/053/4  7/26  03/0  
 ���#$ %����2Very fine, smectitic, mesic, Oxiaquic Paleudalfs     

A1  20-0  16  40  44  05/7  22/2  24  18/0  85/1  70/0  3  11/25  04/0  
A2  40-20  10  40  50  35/7  70/1  5/22  083/0  40/1  58/066/3  20  02/0  
EB  80-40  10  5/27  5/62  57/7  62/0  20  087/0  2  44/052/3  94/17  03/0  
Btg  120-

80  5/7  5/22  0/70  21/7  44/0  32  097/0  50/2  5/078/3  5/18  03/0  
 ���#$ %����3 Very fine, mixed, active, thermic, Oxiaquic Paleudalfs    

    
A  20-0  14  48  38  18/7  67/2  21  23/0  40/1  56/071/2  85/28  03/0  
Bt  70-20  10  25  65  25/7  48/0  27  07/0  40/2  32/029/4  42/24  03/0  

Btg  110-
70  5/7  30  5/62  70/7  44/0  33  12/0  53/2  52/022/4  26  04/0  

���#$ %����4 Very fine, mixed, active, thermic, Oxiaquic Paleudalfs    
A  20-0  10  42  48  94/6  2  7/20  14/0  35/1  68/065/2  19  02/0  
Bt  60-20  10  20  70  67/7  75/0  5/30  087/0  85/2  32/010/4  9/12  03/0  

Btg1  90-60  5/13  5/16  70  81/7  66/0  31  077/0  65/2  14/072/3  2/8  03/0  
Btg2  120-

90  5/13  5/16  70  18/7  22/0  34  11/0  3  16/086/3  15  04/0  
 ���#$ %����5 Very fine, mixed, active, mesic, Oxiaquic Paleudalfs    

A  20-0  10  42  48  04/7  44/2  5/22  24/0  10/1  72/090/2  20  02/0  
Bt1  50-20  9  21  70  30/7  66/0  27  056/0  70/2  42/050/4  24  03/0  
Bt2  75-50  5  5/22  5/72  80/7  48/0  3/25  098/0  80/2  47/019/4  85/25  03/0  
Bt3  120-

75  8  20  72  54/7  17/0  33  132/0  60/2  35/013/4  5/26  03/0  
���#$ %����6 Very fine, mixed, active, mesic, Oxiaquic Paleudalfs    

A  15-0  20  42  38  11/7  4  5/25  235/0  25/1  04/135/2  2/23  03/0  
EB  50-15  15  25  50  57/7  66/0  7/20  114/0  70/1  54/051/3  4/22  03/0  

Btg1  80-50  5/7  5/27  65  11/7  44/0  28  103/0  2  45/057/4  4/21  03/0  
Btg2  115-

80  10  20  70  61/7  22/0  34  095/0  70/2  50/007/5  19  03/0  
 ���#$ %����7 Very fine, mixed, active, mesic, Oxiaquic Paleudalfs    

A  20-0  14  42  44  92/6  45/4  20  196/0  55/1  08/134/3  9/25  03/0  
Bt  60-20  10  5/22  5/67  66/7  22/0  28  08/0  50/2  53/049/4  22  03/0  

Btg  110-
60  5/7  5/17  70  81/7  17/0  35  094/0  50/3  42/018/4  15  04/0  

:Feo*  <R��;��$ �v)&H) 	� D)7E�4) ,�	C "#$ :Fed? �)7��4 	� D)7E�4) ,�	C "#$ <�	;���:Fet �;��4) 	� D)7E�4) ,�	C "#$ �7�F) 4W	�7;( Mnt  :  	� D)7E�4) ,�	C &%'%�
F�7��; ��4))4W	�7;( Cot : ��	
� ,�	C D)7E�4) 	� ��4) F�7��; )4W	�7;(  
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2��38  
y�)7� 9�	��) � 9#	� -�	%�� � �	�?	#  �=��	6�  1�=�  7=� 

?�� W	+�)  x=2�E�  "=#$ �  &=%'%� �  �	=�  ��=�)/H7�8	� �  �=*	� 
,�+S� R73?	#   	��!� �) ��2�E�       �=4) 1�� &%'%� � "#$ � .  �=%�)

  �)7��r�pH        �� (	S; )� ��	�2C ��� 	� �U%� �) �#) W��01(.  F#$ 
  �	� "�) � �)���� 	#        �� &�d	; �	��� ($ 7�	:� � 1�� ���� .   ()&=�� 

 ��$ "�7�) OC( 	�  9�)&=3)      9#	=� h=�*  �=�3	�   � �)    7U�)�=@ 45/4 
  ���   h3) �A  >7�	� 7 � ,C)�@ 17/0   � �=�� ) h=3   ?	=#Bt3 
  >7�	�5   � Btg  >7�	� 7 7�r�� �� .��� V� � h3) ?	=#  �;	=�N� 
9�)&3) ����	�         �;���	=� W	
� ��37t 9�)&3) L0�� �� )CEC (� 

"�) h3)  �4) 1�� 	# .�%�) �)7��r�           ��=4) 	=� 1�=� D)7E�=4) &=%'%� 
  F�7��;)Mnt (056/0    	�  24/0 ��� �� ��	� .    h=3) � &=%'%�  ?	=#
 � �N64    �� (	S; )� ()&�� "�7�S�    >7�	� 7U�) � � �#  ���	6� ?	#

     h3) � 9#	� �) ��� 1�� �;	�� ?	#< � h3)   �;	�N� ?	#9�)&3) )��Y 
���%� ."�7�S�� ()&�� "#$ 1�	�*         R�=�;��$ �v)&=H) 	=� 1�=� ?7�H

)Feo(  08/1 h3) � ��� A >7�	�  7 ����	� . "�) ()&�� "�7�S��
   h3) � "#$ R73       >7�	� �) ��7� � � 1�� �N64 ?	#     ($ ()&=�� 	=#

 h3) �?	# �;	�N� 9�)&3) ����	� .K#  "�=%d  �=%�)  �)7=��r�  "=#$ 
1�	�*? �)7��4 	� 1�� ?7�H  �	=;���)Fed( �)  ,C)�=@ 1  � �=��

 h3)A >7�	� 1 7U�)�@ 	� 5/3  h=3) � ���  Btg  >7�	=�7  7=�r�� 
�4) .()&�� "#$  D)7E�4) 1�� 	� �4)�    F=�7��;)Fet ( &=�; �  �=%�) 

35/2 	� 07/5 ��� ����	� .h3)      	=� �N6=4 ?	#   �=�$ "�7=�  	=�� 
  ()&=�� "�7=���Fed  � Fet �%��=# )�) )� .  �
�=; Fed/clay  � &=�; 

>7�	�    �� (	S; )� ���	8 �;�� 	#�#.    	=� 1�=� D)7E�=4) ��	
� ()&�� 
   F�7��; ��4))Cot (   �%�) �2/8 �2��  7H�2�� 7� R7HR �    h=3) Btg1 

  >7�	�4   	� 5/33 �2��  R7H�2�� 7� R7H �   h3) A >7�	� 1 7�r�� �4) 
)  W��01.(       	=� D)7E�4) ,�	C ��	
� DTPA     �	=� "=�) �     �	��=� 	=#

     1�)�;) 17��H � � 1�� &�d	;    �=�)�; �)7=C ?7�H.  ()&=��   �=�	
�    ,=� 
)Cot( 7�	:� 	�  Feo s64 �1� ���  Mnt s64 � 5���  �6�)� 
��%�� � �
U?�) (	S; �� 	� �� ��	@ � �#Fed  < CEC�  ��� 

V�    s64 � 5 ���    �6�)� ��%�  �%�� � ?�) �) .Feo     	=�   "�7=� 
��$   '��
�# &%'%� � �   %�� � �
U� � �) ?   )�    s64 �1   ���  (	S;

���#.Fed  � Fet '��=
�# �  =%�� � �=
U� ��) ?  	=� )� pH   �   
CEC  � V� ��� 64 � s1 �;�) ��� .pH�Fet    �=�$ "�7=� � 

      	� )� ?�) �%�� �6�)�Cot  ��; (	S;  �%#)W��02  .( �	=��!�  )�=0 
1�� �� ,+� F#7H � �E4 �;) � 1�)�;) ���  	=�  �=2��  �=�� 
1�� � �7� �NM)� )� 	� "�� �	� (	S; ���%# .     �	=��!� }=;�� 
h3)?	# 1	�4 1�� ���	6� ����	�) W��03.(  

U�)�@7 ()&�� "#$        F=�7��; ��=4) 	=� D)7E�4) ,�	C �  �	=��!� 
����) � ��	�@) "#$ � &%'%� �  "�=�  �	=�  �=�  L=��7� 43/5 �14/4 
��� � L�7M �%G(��   ($ "�';	��19/1 ��$ �4 �� ) W��=04 .(

   &%'%� ()&��    F�7��; ��4) 	� D)7E�4) ,�	C       "�� �	��!� � 35/0   	=� 
45/0 �	� "�� � � 015/0 	� 045/0 ���  7=�r��   L�7=M � 1�=� 

 "�';	�� (�� �%G?)7�  &=%'%� 3/12  �=� �=�	�.Feo   � �	=��!� � 
     L��7� �� �	� "���   �%�) 6/0   	�1/1   � 24/0   	� 53/0 ���  �)7=C 

���) � L�7M �%G (�� "�';	�� 19/2 )� (	S;  �=� �=#.  Fed  �
   "�� �	��!�2/2   	� 9/3      �	� "�� � � 3/1   	� 15/3    �=��    � 1�=�

 ($ (�� �%G L�7M34/1�� ��	� .�
�; Feo/Fed  �	=� �   "�=� 
08/0 	==� 27/0 � � �	==��!� "�==� 12/0 	==� 38/0 7==�r�� �==��==�	� .

    ��	
� ()&�� 7U�)�@      F�7��; ��4) 	� D)7E�4) ,�	C� !�    � "#$ �	��
 &%'%�3/71"�� � �   �	�8/11 �2��   R7H�=2�� 7=� R7=H  �=� �=�	� .
L�7M �%G (�� 	
��� "�� 43/4 	� 4/13 � �� ��f  "�';	=�� 28/7 

����	�) W��04.(  

  
����2-)'�;� �<3=;#	 )Cot(%���� ����#�$ � �����" ������� ���� �� @�� ��� ��	�       �&'�(�  

Cot  MntFetFeoFedCECOCclaypH
                1 pH 
              1  **676/0 clay 
            1  **852/0-  **677/0- OC 
          1  **599/0-  **780/0  **534/0 CEC 
        1   **856/0  **714/0-  **893/0  **673/0  Fed 
      1  **721/0- **605/0-  **859/0 **790/0-  **570/0- Feo 
    1  **597/0-  **784/0  **691/0  **760/0-  **865/0  **609/0  Fet 
  1 **795/0-  **745/0  **742/0-  **517/0-  **799/0  **818/0- **601/0-  Mnt 
1  *460/0  181/0-  **508/0  *448/0-  *401/0-  297/0  *400/0-  255/0  Cot 

**< *�%�� ��64 s64 � L��7� �� ?�)1 �5���   
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����3- ������� ��	�B+"� �� !C<C� � .	D ��&#EF �	�/��� ���� �  
%����  +"�  G�8  �8����"  �H��8�  I�$  H��  ��JF  K8�  

 
2 
 

 
Btg1  

  

�;) �E4 � F#7H  y4���  ��� �2��	� ���  K5%�	; � ?�7�  sM)�  &�	���  5YR2/5/1 

3  
 

Btg 
  

4 � F#7H�;) �E  	��  ��� �2��	� ���  K5%�	; � ?�7�  sM)�  &�	���  5YR2/5/1  
Btg1�;) �E4 � F#7H  y4���  ��� �2��	� ���  K5%�	; � ?�7�  sM)�  &�	���  2/5YR2/5/0   

6  
 Btg2 �;) �E4 � F#7H  	��  ��� �2��	� ���  K5%�	; � ?�7�  sM)�  &�	���  2/5YR2/5/0  
7  
  

Btg �;) �E4 � F#7H  y4���  ��� �2��	� ���  K5%�	; � ?�7�  sM)�  &�	���  5YR2/5/1 

  
T�	�; ��&!� ?7�%*) EDS (�) "��  �	=�  �=�  ��=4  �	=��!� 

(	S; 1�%# 9#	� � ()&�� R��%����$ R����2�4� �  9�)&=3)  "=#$ � 
&%'%� � �	��!� �4) .()&�� ��	
� � "�� �	� �� ��4 �	��!� 

9�)&==3) �S==@	3 )� (	S==; �==��==# )W��==0 5 � ,+==�2 .(T�	==�; 
�;	� �4	%� �	��!� "#$ � &%'%� (	S;1�%# ��X@ �;	�?	#  "=#$ 

��	4�7����q�< ����bH< ?73�)���# � �;	� &%'%� ��	�;7�� ��.    
  

���� 4- �=���� ������ ���$� L3M� .	D � !C<C� � )'�;� �� ��&#EF � @�� ���E�  
%����+"�FetMnt  FeoFedFeo/Fed  Cot

 %                                                mg/kg

    �	�  9/3  04/0  35/0  3/1  27/0  8/11 

2  Btg  �	��!�  3/54  44/0  1/1  9/2  38/0  3/52  
    K 39/1  11  14/3  23/2  �  43/4  
    �	�  14/4  03/0  53/0  4/2  22/0  1/6  
3  Btg  �	��!�  5  45/0  1/1  25/3  34/0  50  

    K 2/1  15  07/2  35/1  �  2/8  
    �	�  95/3�045/0  43/0  9/1  22/0  5/8  
  Btg1  �	��!�  2/4  446/0  6/0  2/2  28/0  3/71  
6    K 06/1  9/9  39/1  15/1  �  4/8  

    �	�  12/4  015/0  24/0  9/2  08/0  5/4  
  Btg2  �	��!�  9/4  35/0  74/0  9/3  19/0  3/60  
    K 18/1  4/23  08/3  35/1  �  4/13  
    �	�  1/4  04/0  39/0  15/3  2/0  9  
7  Btg  �	��!�  7/4  4/0  7/0  4/3  12/0  54  

    K 14/1  10  8/1  07/1  -  6  
    �	�  042/4  034/0  388/0  33/2  19/0  9/7  

"�';	��    �	��!�  846/4  418/0  848/0  13/3  26/0  58/57  
    K* 19/1  3/12  19/2  34/1  -  28/7  

*L�7M %G� (�� "�';	�� ="�';	�� �52G � �	��!� K��:� 7� "�';	�� �52G � �	�  
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I�$1- N��8 ���� ��!EF H� @�� �� )#/ ��&#EF  +"� �8�#8Btg %�#�8  3 )I;O H� ����D �H�/(  

  

@��                                                     ��&#EF                                         P/���Q  
I�$2-3�'� R��/����� �����F�S��� �8��)SEM( H� @�� �� )#/  +"� �8�#8 ��&#EFBtg%�#�8 3  

  

  
�	�  

  
y4)��@  

  
�	��!�  

I�$3- ����#8��	 ��!EF ���C, )EDS( H� @�� �� )#/  +"� �8�#8 ��&#EFBtg%�#�8 3  
  

����5- ���� �8H�)Wt%( � �#F�)At%( ���� ���C, I��Q H� ��!EF ���C,   
��C,  @��   P/���Q     ��&#EF  

 At% Wt% At% Wt% At% Wt% 
Al 69/18 15 13/20  13/15  15/18  76/10 
Si 64  52/53  92/57  32/45  19/41  87/25  
Fe 84/5  7/9  2/9  32/14  14/12  91/14  
Mn 42/0  68/0  49/0  75/0  56/9  55/11  
Co 31/0  52/0  44/0  72/0  57/0  74/0  
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��� � ���	�  

        1��$ �4 �� T�	�; �� �0�� 	�   "�) �)   �=4�7�pH<      � �=�$ "�7=� 
Fet �%�� �6�)���; (	S; ��	
� 	� )� ?�)�%# ) W��=02 (   R�=* �=�

�� (	S; )� 	I;$ �) ��	
� K�:��� ?7�/Y7�8	��#.  ()&=�� �0� "�) 	� 
�	��� &�d	; ��	
� ,�	C D)7E�4) 	� DTPA ���;)�� ��  ,=��  17��=H 
�U%� 	� ��	�2C pH �	� ?	=#  �=��	6�  1�=�  �=�	�. pH     �=*	� v	=� 

        �	%�7� � &%'%� � "#$ ?	#����) ���p@ � 9#	�	#<     �=�2�	C �=�
                7=�G � ��	�=��) -/=0 7'� g7f �) � 1�� <�;�) )� ��	
� ��
U�

    �� 9�)&3) )� ��	
� ��	���)         ,=�	C � W�2N� R73 ($ �
� �� �� �#
�� 9#	� ($ W	
���	� )1 .("#$ ,�	C D)7E�4) 	� �)7��4? �	=;��� 

�� ,�	� �	%�7+ "#$ � �;��Y 	� 1	� <��$  "=#$  7=�G  "���=2� �  "=#$ 
"���2� �4) .� 7U�) >7�	�           "���=2� "=#$ ()&=�� h=�* 9�)&3) 	� 	#
7�S��       7�S�� 7�	:� �*	� �� 1�� Fed     h=3) �=� �
�;     �N6=4 ?	=#
1��  �4))W��01 .(T�	�; ��2�3 � 7��4) 8(      �=4�� T�	=�; �=��� &=�;

�4) 1��$ . �
�;clay/ Fed�	� "�) � &�;    )� ���	=8 	=
�7:� �=;�� 	#
 �� (	S;  (	S; �� �#  (	�&�# ��7@ 1�%#migration) (co-  "#$ 

h3) �� V� � �=4) "�7�� ?	# ) W��=01 .(   ?v	=� �'��=
�#Fed � 
   �� &�; V� ()&��    ��	� L26� "�) ���� �;)�� .    V� (	�+� 	
�7:� �;��

 �Fed (	S==; >7�	==� �   +�;	==+� W	==:�;) 1�==%# �;�==�� �)�o �
Fd��(Lessivage) < h3) �) A  �� B  �=4) )12.(   �=6�)�  �=
U� � 

�%�� �) CEC 	�  Fed �  V� �=� �4) L26� "�) 1�%# (	S; V� 
         7� 78�� ,�)�* "���2� W	+�) � "#$ �CEC  �%��=# )  W��=02(<   	=� 

�� �0�� pH �	� ��	�2C 	� �U%�  �	� ?7�	:� �0� 1�� ���	6� ?	#
�� ����)� pH   �=4) ,=��N� 	I;$ � &�;  . �'��=
�# =�%� � �=�	
�  

)Cot(    V� 	� � Fed) W��02( (	S;1�%#  (�� ��	���   �=�	
� ����� 
  "���2� W	+�) 	� <"#$    V�  7�8	� �     73 �) ($ ��=;) ?7�/Y$    W	=:�;) �=%�

     "#$ � V� (	�&�#    �
� �� �($ CEC �4)  ."�) � ��	@  �=4)   �=�
�'��
�# ��%� ��	
� 	� V� � CEC 	� T�	�;  �uv � ()�	+�#) 16 (

�� �6�)�  ���:��=� )�  "�=�  �)�=:�  �=�	
�  	=� V� � CEC  i�)&=H 
1��;�;) � 	X� ����	� .�6�)� K�:��� � �%���)  �=�	
�  	=�  &=%'%� 

,� � ����)?	# "#$ g���$) W��0 2 (y4�� ,�	4 � ()�	+�#) 29 (
� �uv � ()�	+�#) 16 (&�;  i�)&=H  1�=�  �=4) . �=
�#�'�  �=�%� � 

�%���) "�� Mnt V� � CEC (	S; 1�%# R�* �#)7�# ?	#����) 
&%'%� � W	:�;) V� �4). �6�)�  �
U� � �%���) &%'%� 	� "�7�  �=�$ 

)W��02 (� 9�)&3) ($ � h3)?	# �;	�N� ?�	@ V� v	�  	=�  y�)7=� 
�S#	�) W��01(<   �7N� �*	� �� 7�S��    &%'%� ��2
� R�* � ��<�� 

(	S;1�%# ��X@ &%'%� � W	+�) ��3	��;��Y 	� 1	�   "���2�7�G � ��$ 
�4)  .F� ?&%�) 18 ((	�� 7�  &=%'%� �  �	=�  �	��=�*  �=�  ,+=� 

g���$ � � �;��Y 	� 1	� ��$ ��X@ �) .Feo   h=3) �     �N6=4 ?	=#
  h3) �) 7�S��  �4) �;	�N� ?	#)W��01 (�� ($ ,�v �) ��   �=� ()�=�

  �� �H��)�# (	+�) �;	� 7�S?	# ����) � V�	# � h3)   �N6=4 ?	#
 ��2
� �;	� �� v	� ��$ 1	� �0� �"#$ ���� ,+�  7=� 1�	=�) �� 

)26 .(              	=� �=;��Y � "=#$ ,�	� R��;��$ �v)&H) 	� D)7E�4) ,�	C "#$
      ()&=�� �) ��$ 1	� ()&�� 9#	� 	� � �4) "���2� 7�G "#$ � ��$ 1	�

  �� ��4	� ($��<  v "�)      �=
U� �'��
�# ,�Feo        )� �=�$ 1	=� 	=� 
 �� ��0���%� .  >7�	� ��7� �       h3) � ��$ 1	� 9#	� KG� �� 	# ?	#

   9�)&3) <�;	�N�Feo 1�#	S� )�  �=� �=�)  W��=01 (   )� ($ �=2* �=�
�� ()�� �0� y�)7� ��	�@) h3) 7�     ��=;) �;	=�N� ?	=#     �=*	� �=�

 R73 9�)&3)    �4) 1�� "���2� 7�G ?	# . ,=;��� �  "����=�) 6 ( (	=�� 
�;7� y�)7� �S#	� 7!%� �� ?�)��	Y	; W	+�)  "���=2�  "=#$  1�=� � 
()&�� R73?	# "���2�7�G 9�)&3) ����	� .�+�;	���) 34 ((	��  7=� 
����)?	# "#$    � "���2�7�G W	+�) � y�)7� �S#	� �	C �� ��
U� 
��	
� �%��# .�6�)� �%���) ��	
� 	� "#$  "���=2�7�G � � &=%'%  ,=� 

)W��02 ((	S;1�%# ��X@ ����C �) ��	
� � �	��	4	#? g���$ � 
�6�)7� �4) �� �;	� �) ��2
� �;	�	# 1��  �=4) . "�=%J�#  �=�	
;) 

��	
� y4�� �	��!� "#$ � &%'%� 	� 7�	:� ��v	� �) "#$ "���2�7�G 
� &%'%� )W��04( ���;)�� "�) y�)�� )� ��0�� �%�.  

L�7M �%G (�� "#$   �
�; �	��!� � �� &%'%� 7�	:�  �	��=� 
?7��� )� (	S; ��  �#)W��0 4(< T�	�;  ,=�	@ �)  �=�&!�   ?7�=%*

)EDS (&�; ���� "�) L26� �� �=�	�)  W��=05<  ,+=�2 .( &=%'%� � 
���	:� 	� "#$ ,��;	�Y 9�	��) ?7�v	�  ��=�) � �  �=!��;  �7=N� 
?7�S�� � �	� <�) "�%J�# "#$  ��X=@  ?7�S=�� �  �;	=� 	=# � 

?	#�	��	4 "�� �	� <�) "�) y�)7� �� �=;)��  L�7=M  �=%G (�=� 
7��� "#$ )� ��0��   ��	�;)11.( 9#	�  ()&�� R��%����$ � R����2�4  �)

  �� �	� "�� ��4    �	��!� ,�)) W��=05<  ,+=�2 ( (	S=;  1�=%# 
o��; 7��� V�?	# ��	+�2�4 �� (�� �	��!� �4) ."� �  ()�	=+�# 

)31(  (	�� �;7� � �f  ,�+S=�  �	=��!�  y�=N�  	=I;$  �=�  T���=� 
���� 7� 1�� � o��; V�  �=� (��  	=I;$  9#	=�  �=�       �=�� 	=� � �=�	�

            �=� ($ "�&'�	0 �� � 1� �	%� )� �4� "�� &%'%� � "#$ ?	#��2�-
��. ,�v  ��2�E� )� ��()�� ?)7�  ()&�� ��	
;)  7�S=��  �=�	
� � 

�	��!� 7�o 7� .����)?	#  "=#$ � � &=%'% � pH  ?	=#  �=U%�  	=� 
��	�2C ?)�) �	� �
U� 1�� �  ��	=;)��  ��v	=� �  -/=0  ��	�=��) � 

��	���)7�G ?7�	%* (�J�# ��	
� �;�) . ��	=4�7����q�  ��X=@ 
17��H?) � �	��!� "#$ � &%'%�   �))26 .(  ?���$)1 ( (	=��  7=� 
��X@ ��	4�7����q� (	S; 1�%# -�	%� y�)7�  9�	�=�) �  9#	=� 
�4) .�) g7f 7'� ����bH �;	� L�	G �  y�N�?	# ?����)  �4)

)33 .(��X@ "�) � �;	� � �	��!� (	S;1�%#  �=
��7� �)  y�)7=� 
9�	��) � 9#	� � 9�)��Y "�) (���7+��?	# �	�  �=4) . �=0� 

-�	%� y�)7� 9�	��) �  9#	=�  7=!%�  �=�  �=0�  (�=�$  �=�v ?	=# 
x2�E� �) "#$ � &%'%� � 	��!�� ���� .V��)�	q4	H �  ()�	=+�# 



1178      ����� ��� ���	 
 ��26����� � 5  ��� �- � 1391  

)9 (�	It) �%��) �	��!� "#$ � &%'%�  ?)�) �	��	4 ��v?)  �=�	; 
�) ��	�� � ,��;	�Y (��4)����) "#$ � &%'%�  <�%��=#  "=�)  �	��	=4 

��v?) (	S;1�%# ,+�?7�H 1��?) �	��!� <�4) "�)  K�=�;	+� 
�S�)��Y �*	� �� R) (	�3) �)&23 �%�'%4 ��%;	 ��	
� �  ?�	=4)�0 

	I;$ �) y�N� ���� .L�7M �%G(��  7=���  ?	#���=�)  "=#$  )�$
)Fed (� �	��!� �
�; �� "#$   "���2�7�G)Feo (7!%�  �=�  9�)&=3) 

�
�; Feo/Fed � �	��!� �
�; �� "�� �	� 1�� �4) )W��04 .(
"#$ ,�	C D)7E�4) 	� �v)&H) R��;��$) Feo (,�	� "#$  "���=2�7�G � 
"#$ � �;��Y 	� 1	� ��$ �4) � �!��; 7�	:� 7�v	� ($ �  �	=��!� 

(	S;1�%# ()&�� 7�v	� �	��	4?	#  g��=�$ �  �	=
��7�  �=�$  7�S=�� 
�
�; �� "�� �	� �4) . �	��	=4 ?	=#  g��=�$  s6=4  1c=��  ��v	=� 
���) � "�) 7�) ��73 ���� )� ?)7� ?7�H�)7C 7�	%* "�'%4 (�� 

"�) 	#�	��	4 )73K# �� �%�)11 .(  
��X==@ ()&==�� ��v	==� �) &==%'%� � �	==��!� ���==�) �  ��	==�@)

)W��04 (���;)�� �) ,�v �2�) ��	
;)  �=�	
� �  �	=��!�  �=�	� .
	�	�� � ()�	+�#) 21(< �	It) �%��) ����)?	# &%'%�  ��	;)��  ��v	=� 
?)7�  (��4)���=�) Co2+  �=� Co3+  �=;�). Co3+ ?)�)  {	�=�  �;�=� 

&;F� �� &%'%� 1�� � "�&'�	0 ($ �  �	��	=4  ���=�) ?	=#  &=%'%� 
���� ."�) 9%�)� ��74 � ,�	C7�G �SH7�  1�=� �   �=52G  7�v	=� 

7�	%* 7'� &�; �	C �� D�	� "��	4 ��	
� �%#)�E; ��.  
  

�E�38���T  
pH  <OC   � Fet  �%�� �6�)�        (	S; ,� ��	
� 	� )� ?�)<�;)�;  	�)

  �� 75; ��  �4�7�	:� &�d	; ��	
� ,�	C D)7E�4) 	� DTPA ��  ,=�� 
pH ��	�2C ?	I�	� ���	6� 1�� ��	�.           �=� K=# ,=� "=#$ � ��$ 1	�

     �;	� �	��	4 � ($ 1��* 9E�           "=�) � ?78�=� ,=�)�* �) �)7=C 	#
��; �6�)��%�	�.   �=�%� �'��=
�#    	=� �=�	
� <V�CEC � Fed �  

  s645 ���  (	S;  7�8	� 1�%#  ?7�/Y         � V� �=���� �) �=�	
� ��=;)
      �� 	I;$ (	�&�# W	:�;) � "���2� "#$ �=�	� .     ?�=C ,=� �=�	
�  "�7=�

           g��=�$ "=#$ 	=� )� �=
U� �'��
�#      �=� (	S=; &=%'%� �    �=� �=#
(	S; 1�%# ��X@ ����C �) ��	
� � �	��	4	#? g���$ �  �6�)7=� 
�4) �� �;	� �) ��2
� �;	�	# 1�� �4) .     � &=%'%� (�� �%G L�7M 

     �� (	S; )� ��v	� 7�	:� �	��!��# .     7�v	=� 7='� g7=f �)  (�=� 
�
�; Feo/Fed � �	��!� �
�; �� "�� �	�  (	S=; 1�=%#  ()&=�� 
7�S�� ?	#�	��	4 "���2�7�G< )�� ��$  7�v	=� �  (	=��  ,�+S=�  7=��� 

?	#����) "#$ � �	��!� �4).  L�7M  �%G (�� � 7�	:�  ?v	=� 
��	
� � �	��!� ��)��  ��	�@) � "#$ � &%'%� (	S; 1�=%#  y�)7=� 
&�	��� 	I;$ 	� "�� �	� � ��	;)�� ?v	� "�)  ���!� �@)�; � -/0 � 
��	
;) ��	
� ����	�.      "���=2�7�G "#$ 	� ��	
� �'��
�#     &=%'%� �

 >7�	� �             7=�G "=#$ ?v	=� 7�	=:� 	� �	��!� � ��	
� ��	
;) � 	#
   �� &%'%� � "���2��;)�� (	S;         	=� �=�	
� ����� � ��	
;) �	
��) 1�%#

 73 �v��N�$�%�?	#     ��	� ?�	��	� �S#	� � �S�	��) .  	=�  �=0�� 
            &%'%� � "#$ �	��!� �) 1��$ �4 ��  T�	�; ���	��	6� 17��H?7� 

� ��� 9:; "�)  (���7=+�� 	=# �  �=�	
;)  7=�	%* �  �	=� �   �=� 
?7�H�	� y�)7� �  �	��	=4  �S=�)��Y  	=I;$ �  =�%�W7  �=52G  �)&=23 

"�'%4 �) �2�0 ��	
� �	�; �4).  
 

 U��C�  
1- Alloway B.J. 1995..Heavy Metal in Soils.2nd ed. Glasgow.UK. 
2- Appel  C., and Ma  L. 2001. Concentration, pH and surface charge effect on cadmium and lead sorption in three 

tropical soils. Journal of Enviromental Qualiy, 21:581-589. 
3- Bakkaus  E., Collins R.N., Morel  J.L., Gouget B. 2008. Potential phytoavailability of anthropogenic cobalt in soils 

as measured by isotope dilution techniques. Science of the Total Environment, 406:108-115. 
4- Banza  C.L.N., Nawrot  T., Haufroid  V., Decrée  S., De Putter  T., Smolders  E., Kabyla B.I., Luboya  O.N., Ilunga  

A.N., Mutombo  A.M., and Nemery, B. 2009. High human exposure to cobalt and other metals in Katanga, a 
mining area of the Democratic Republic of Congo. Environmental Research, 109: 745-7452. 

5- Carter, M.R. and Gregorich, E.G. 2008. Soil Sampling and Methods of Analysis. p. 1224. 2nd ed. Canadian Society 
of Soil Science. 

6- Cornell  R.M., and Shwertmann U.2003.The iron oxides:Structure,Properties,Reactions, Occurance and Uses.2nd 
ed.VCH,Weinheim,Germany. 

7- Cornu  S., Deschatrettes V.,Salvador-Blanes S., Clozel B.,Hardy M.,Branchut S., and Le Forestier L. 2005. Trace 
element accumulation in Mn-Fe oxide nodules of a planosolic horizen. Geoderma, 125:11-24. 

8- Fiedler  S., and  Sommer M. 2004. Water and redox conditions in wetland soils-their influence on pedogenic oxides 
and morphology. Soil Science Society of American Journal, 68:326-335. 

9- Gasparatos  D.,Tarenidis D., Haidouti C., and Oikonomou G. 2005. Microscopic structural Fe-Mn nodule : 
environmental impilication. Enviromental Chemistry, 2:175-178. 

10- Huang L., Hong J., Tan W., Hu H., Liu F., and Wang M. 2008. Characteristics of micromorphology and element 
distribution of iron-manganese cutan in typical soils of central china. Geoderma, 146:40-47. 

11- Huang L., Liu F., Tan W., Hu H., and. Wang M. 2009. Geochemical characteristics of selected element  in iron-



"#��$ ����% &'�*� "	�$ �� "+'��,'�# 
�/ 4�:�;% <=� 
 >�?�@     1179  

manganese cutan and matrices of alfisol in central china. Journal of Geochemical Exploration, 103:30-36. 
12- Jao A.S.R., Moorman  F.R., and  Maduakor H.O. 1974. Form and pedogenic distribution of  extractable Al and Fe 

in selected soils of Nigeria. Geoderma, 11:168-179. 
13- Latrille C., Elasass F., Van Oort  F., Denix L. 2001. Physical speciation of trace metals in  Fe-Mn concretions from 

a rendzic lithosol developed on Sinemurian limestones (France). Geoderma, 100: 127-146. 
14- Li z, Mclaren R.G., and Metherel A.K. 1999. The effect of soil manganese status on bioavaibility of soil cobalt for 

pasture uptake in New zealeand soils. Proceeding of New zealeand Grassland association, 61:133-137. 
15- Lindsay  W.L., and Norvell W.A. 1978. Development of a DTPA soil test for zinc, iron, manganese and copper. 

Soil Science Society of American Journal, 42:421-428. 
16- Luo D., Zheng H.,Yanhui C.,Wang  G., and Fenghua D. 2010.Transfer characteristics of cobalt from soil to 

crops in the suburban areas of Fujian Province, southeast China. Journal of Environmental Mamagement, 91: 2248-
2253. 

17- McKeague  J.A., and. Day J.H. 1966. Dithionite and oxalate-extractable Fe and Al as aids in differentiating various 
classes of soils. Canadian Society of Soil Science. 46:13-22.  

18- McKenzie R.M. 1988. Manganese oxides and hydroxides .p.439-465 . In. Dixon J.B and Weed S.B. (ed) Minerals 
in soil environments.Part 9. SSSA, Madison. WI. 

19- Mehra O.P., and Jakson M.L.1960. Iron oxides removal from soil  and Clay  by a dithionate-citrate- system 
buffered with bicarbonate.Clays and Clay Minerals,7:13-22. 

20- Micó C., Li H.F., Zhao F.J., McGrath  S.P. 2008. Use of Co speciation and soil properties to explain variation in Co 
toxicity to root growth of barley (Hordeumvulgare L.) in different soils. Environmental Pollution, 156: 882-890. 

21- Miyata  N., Tani Y., Sakata M., and Iwahori K. 2004. Microbial manganese oxide formation and intraction with 
toxic metal. Journal of Biology and Biochemistry, 104:1-4.  

22- Norvell  W.A. 1988. Inorganic reactions of manganese in soil.In Graham, R.D, Hannam R.J, and Uren, N.C(ed). 
manganese in soil and plant. part3. BHP-UTAH,Australia. 

23- Palumbo B., Ballanca A., Neri R., and  Roe M.J. 2001. Trace metal partitioning in Fe-Mn nodules  from Silican 
soil, Italy. Chemical Geology, 173: 257-269. 

24- Richards  B.K., Steenhuisa T.S., Peverlyb J.H., and McBride M.B. 1998. Metal mobility at an old, heavily loaded 
sludge application site. Environmental Pollution, 99:365-377. 

25- Rooney  C.P., Zhao F.J. and McGrath S.P. 2006. Soil factors controlling the expression of copper toxicity to plants 
in a wide range of european soils. Environmental Toxicology and Chemistry, 25:726-732.  

26- Schwertmann U., and Taylor R.M. 1989. Iron oxides.p.380-427.In Dixon, B.J. and Weed,S.B(ed.).Mineral in Soil 
Environments.Part8.2nd ed.No1. SSSA. Madison, WI. 

27- Sparks, D.L. 1996. Method of Soil Analysis. Part 3. Chemical Methods. American Society of Agronomy. 
28- Soil Survey Staff.2010. Keys to Soil Taxonomy, United States Department of Agriculture. 11nd ed. Natural 

Resources Conservation Service.  
29- Suttle N.F., Bell J., Thornton I., and Agyriaki A. 2003. Predicting the risk of cobalt deprivation in grazing livestock 

from soil composition data. Environmental Geochemistry and Health, 25:33-39.  
30- Tan W., Liu F., Feng X., and Huang Q., Li X. 2005. Adsorption and redox reactions of heavy metals on Fe–Mn 

nodules from Chinese soils. Journal of Colloid and Interface Science, 284:600-605. 
31- Tan W., Liu F., Li Y., Hu H., and Huang Q .2006. Elemental Composition and Geochemical Characteristics of 

Iron-Manganese Nodules in Main Soils of China. Pedosphere, 16: 72-81. 
32- Teemofeeva Ya.O., and Golov V.I. 2007. Sorption of Heavy metal by Iron-magnetic nodules in soils of Primorskii 

Region. Eurasian Soil Science, 40: 1308-1315. 
33- Vempati R.K and Loppert R.H.1988. chemistry and mineralogy of  Fe- containing oxides and layer silicate in 

relation to plant available Fe. Journal of Plant Nutrition, 11:1557-1574. 
34- Vodyanitskii Yu .N. 2010. The Role of Iron in the Fixation of Heavy Metals and Metalloids.In soils: A Review of 

Publications.Eurasian Soil Science, 43: 519-532. 
35- Wiederhold  j., Teutsch N., Kraemer S., and Halliday A. 2007.Iron isotope fractionation                      

during  pedogenesis in reoxomorphic. Soil Science Society of American Journal, 71:1840-1850. 
 



1180      ����� ��� ���	 
 ��26����� � 5  ��� �- � 1391  

Investigation of Cobalt (Co) Distribution in Some Alfisols Containing Iron and 
Manganese Concentrations  

M. J. Mohebbi Sadegh1*-A. Heidari2-F. Sarmadian3-Gh. Savaghebi4

Received: 26-12-2011 
Accepted: 26-08-2012  

 

Abstract
 Cobalt distribution varies by changing soil properties. Fe and Mn concentrations are considered as absorbant 

agents for heavy metals such as cobalt. In order to study of effective factors on cobalt distribution and the role of 
Fe and Mn concentrations in Co accumulation in soil seven profiles with same classification and containing Fe 
and Mn concentrations were investigated. Nitric acid extractable Fe (Fet), Mn (Mnt), non crystalline Fe (Feo), 
free iron oxides (Fed) and some soil properties (OC, pH, CEC, clay) were measured and their correlation with 
cobalt (Cot)  were studied. Furthermore, both Fe and Mn concentrations and their adjacent soil analyzed for Fet, 
Mnt, Feo, Fed, and Cot and enrichment coefficients were measured for extracted elements. Mineralogical 
properties determined by X-ray diffraction (XRD). Scanning Electron Microscopy (SEM) and Energy Dispersive 
Spectrometry (EDS) were performed for Fe-Mn concentrations. Results showed that cobalt (Cot) positively and 
significantly correlated with Mnt and Feo while its correlation with clay and Fed as main controling factors of 
CEC was negative and significant. Cobalt’s correlation with Mnt and Feo demonstrated its occurrence in an 
unsuitable condition for crystallization.The negative correlation between cobalt with clay and Fed shows that its 
distribution slightkly affected by clay and crystalline Fe distribution and the resultant CEC. Mean enrichment 
coefficients of Mnt, Fet, Feo and Fed were 12.3, 1.19, 2.19,1.34 respectively. Cobalt enrichment coefficient was 
between 4.43-13.4 and in average 7.28 .These results prove the ability of Fe-Mn concentrations in heavy metals 
accumulation and their impacts on distribution of them especially cobalt. 

Keywords: Cobalt, Soil properties, Fe-Mn concentration, Enrichment coefficient 
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