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-d%�� 
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)�" 	 *��+  
      "�# ������� 
 ������ (��d�J# '� �#��       �+>��p* %�+* ���

   G
-7 %1    !	� $-� $%�% C�N�  .  �* C�N� O��)�      (��d�J+# �� -�%
"�#        -/)U� �%�#�� �>�	
 (����e& �/*�% '� ��.     F (��+��e& �/*�% 

25   �& 55     ;+	�)* �� 44          �+/*�% ���% !8�+	 
 -+d% 33    �+& 55   �+� 
  ;	�)*43  !	� -d%  ."�#        ���% �+>��p* %�* ���pH    
 ���+�89 

        -/)U� 5���A ��D 5��� �-3* 
 ����)��� !��-� !�8��9.   (����e&pH 
5/7   �& 1/8      ����)��� !��-� !�8��9 
 12/0   �& 25/0 �	%      �+� </��'

 !	� �)* .   "�#  G%�>* _�U8� (�/��� 
 ��D 5��� (����e& �/*�%  �� ��
  a�&�&30/0   �& 19/1   
 3/11   �& 0/41    !+	� -+d%  .    (��+��e& �+/*�%

   "�# ����&�� G%�T& P��=/�     �+�5/11    �+& 5/22  �)��+	        % �+� G�+*
  !	� "�# ,���8�� . <* �-3*  $%��)	� E��9      �+/*�% % 54/0   �+&50/1 

�8�*    �8�� % ,�� !	� ,�� .   "�# <* E� �-3*       % �+>��p* %�* ���
 �/*�%15 �& 25�8�*  !	� ,���8�� % ,��.  
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 ,	�.1-/0 %��2�� 	 %��#�3 4�5�60 %0'"  �789� ���� 
�  

;�  <���   4="'�
,�7� >�?��  

 �"'�
%8@  

 ��2�
/0  )�(  

pH 
 %��'��8� <����

)dS m-1(  
 ,�C� D�E=F

 %+����)cmolc kg-1(  
 !� ������ �"G
)mg kg-1(  

 �� !�
)mg kg-1(  

1  55  40 7/28 72/0 8/7  13/0 9/20 18/1  24  
2  53  44 6/35 30/0 1/8  13/0 3/19 50/1  23  
3  49  39 4/29 51/0 9/7  12/0 5/22 86/0  19  
4  46  42 4/26 71/0 8/7  14/0 6/21 12/1  18  
5  41  42 2/32 54/0 1/8  13/0 0/16 07/1  18  
6  37  44 5/32 80/0 6/7  16/0 6/15 85/0  17  
7  25  33 0/41 47/0 7/7  21/0 5/11 54/0  15  
8  38  55 1/23 19/1 1/8  24/0 9/17 30/1  21  
9  48  46 3/11 16/1 8/7  25/0 5/18 89/0  21  
10  49  46 8/14 97/0 9/7  23/0 9/17 41/1  25  
  

    ��� ���.�/��) 
 ������	 �������     
 �+%'
��� ���
-$��  

     ��
���* F�*��� 5��� 
 G�84* ��D 5��� �E� ��D 5��� ��%�3*
 "�# %          G
-+7 % $%�& 
 ���	
�� ���2       !+	� $-+� $%�% C�N+�  .

                  �+�D 5��+� �E+� �+�D 5��+� 5�V��+�* �� %�% C�N� G
-7 5�� O��)�
      "�# % ��
���* F�*��� 5��� 
 G�84*        P���+�� ���+	
�� ��+�

�/>*    ��%)01/0p< (   �� !TU�"�#    -/)��% $%�& ��� . "�# %    ��+�
         �+/*�% E+� �+�D 5��� ���	
��38/0    �+& 30/1      5�V��+�* �+� 80/0 

-d%      �/*�% G�84* ��D 5��� �39   �& 104     5�V��+�* �� 67  �+8�*     ,�+�
         �/*�% ��
���* F�*��� 5��� 
 �)�� % 5���139   �& 436    5�V��+�* �� 

279 �8�*       -/)��% ,���8�� % 5��� ,�� .����%  �  "�# % �    $%�& ���
     �/*�% E� ��D 5���34/0   �& 23/1    5�V���* �� 76/0 -d%   ��D 5��� �

   �/*�% G�84*21   �& 76    5�V���* �� 48 �8�*          5��+� 
 �)�� % 5��� ,��
    �/*�% ��
���* F�*���119  �& 278 5�V���* �� 192�8�*     5��+� ,�+�

-/)��% ,���8�� %.  
 "�# %           4* �+�D 5��+� 5�+� �$%�+& ���       F�+*��� 5��+� 
 G�+8

    �+/>* �V)U+T�� a��+b ��
���*    -+*D !+	-� ��%)**77/0 r= .(
           �+/>* �+�
���* F�+*��� 5��� 
 E� ��D 5��� �V)UT��    %�+T� �% .

  �/>* �V)UT�� 5�/^��    ��%)**83/0 (        
 G�+84* �+�D 5��+� 5��
    -*D !	-� E� ��D 5��� . "�# %       G�84* ��D 5��� ����	
�� ���

     F�+*��� 5��� ��      �+/>* �V)U+T�� a��+b �+�
���*  ��%)*73/0 (
!��% .          �+/>* �+�
���* F�*��� 5��� 
 E� ��D 5��� �V)UT��   �%

%�T� .  �/>* �V)UT�� 5�/^��    ��%)**90/0 (    G�84* ��D 5��� 5��
     -*D !	-� E� ��D 5��� 
.         (�+T���& �X7�+& E��9 ��%�3* $��� �N� 

       ]D % G�84* (�T���& E*�� ��D) -�	� ���-/9      ���-�+	� 
 �+�D ���
�/�*D (      ]D % G�84*��[ (�T���& 
)G�8	      �)	�A (�T���& �$���% ���

  �r�	�* 
 �N�  ( �* %�'D   -+/� .        �+� (�+T���& 5+�� '� ���U+�    �8�+	
 
    �* ���=& !K�	 �� C��-��7��        (�+T���& �)	��A �'�	%�'D �*� �-���

        �* ��	
�� % ��D $%�* P����� �� �=/* ��D    %��)34 .(   <y�
 
 W/��
)35 (                  E+��% �+� ��+	
�� ;�+4* % �+�D 5��+� �+� -+�%�� L���

                  F�+*��� 5��+� F�+	� 5�+�� �+� 
 �+)��� P���+�� �N+� (�4��&
  �* P����� ��
���*  -��� .    C����� 
 _��)28 ( �+/>* �V)UT��  ��%

  5��         �)��+� !+�>�7 
 G�+84* �+�D 5���  �       ���+	
�� "�+# % �+�
 -�%�� L��� . * 5�/^��    �)��� !�>�7 �� -�%�� $-��N  �    "�# % ��

  %�� "�# $%�& '� �)N�� ���	
�� .      P���+�� �+� -+/)��� �+=�)� �+X�D
               
 $�+�� �N+� (�4+��& E��% �� ��	
�� "�# % G�84* ��D 5���

%�� ��
���* !�>�7 .  
  

��� �� $��%&'� ()�* �! $��- 
 �+%'
��� ���  
         � ��+� "�+# % $%��)	� E��9 <* ��%�3*      % $%�+& 
 ���+	
�

  G
-73    !	� $-� $%�% C�N�  .          <+* �+� %�% C�N+� G
-+7 5�� O��)�
$�JK       $�JK '� $%��)	� �� $-� ����  "�+# % ������� ������   ��+�

 �� ���	
��   �/>* (�d    �%)01/0p<(   "�# '� �)��    !	� $%�& ��� .
  $�JK <* �/*�%      L
 �+� $-� ����     ��+�AB-DTPA�    W�+8X* 3� 

DTPA-TEA �HCl 01/0 W�++8X* �`�++* 1 _�U++8� -++��8� �01/0 
  W�8X* 
 `�*2   a+�&�& �+� 95/8-68/4 �81/5-39/3 �16/2-08/1 �

74/0-24/0  �66/0- 21/0   � 46/0-21/0   
 52/0-12/0 �8�*     % ,��
"�++# % ,���++8�� %�++� ���++	
�� ��++� .���++� %  <++* �++/*�% �++�

$�JK        $�JK 5�� '� $%��)	� �� $-� ����  ����    �� $%�& "�# % �   a�&�&
04/10-49/5 �58/6-49/3 �09/3-56/1 �09/1-36/0 �99/0-23/0 �
57/0-23/0 
 61/0-30/0�8�*  %�� ,���8�� % ,��.  
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 ,	�.2-/0 %����8��" 	 %��2�� 4�5�60 $� %0'"  ���� 	 
'��	#�� 
� 

 %8@ �"'� ��)�(    ,���� %8@ �"'�(mg C L-1)   �"'�%"	'��� ;���"(mg C kg-1)  /0 ��2�  
'��	#�� ����  '��	#�� ����  '��	#�� ���� 

1  82/0 76/0  62 43  436 172 
2  38/0 34/0  40  20  225 152 
3  55/0 53/0  39 26  167 119 
4  75/0 71/0  89 73  327 228 
5  51/0 48/0  47 21  245 188 
6  87/0 85/0  46 36  139 129 
7  59/0 49/0  47 39  208 129 
8  30/1 23/1  99 71  366 178 
9  24/1 18/1  104 76  396 287 
10  04/1 01/1  93 74  287 238 

5�V���**  a 80/0 b 76/0  a 67  b 48   a 279 b 192 
    * :C�N� !�d�J# �� ���� (
��)* 1
�� �/>* (
��& $-/�% 5�V���* �% �� G��)�� zp	 % 1�-/)U� . 

  
,	�. 3-��6J !� '����   ��� 
'�F)%��� K'F���� �� K'F (��6J $� ������ "  L��M� 
�'�F  

/0 ��2�  DTPA-TEA  AB-DTPA  M1  M2  M3  HCl  CaCl2  
      /0 
'��	#�� 
�        
1  16/2 95/8 32/0 12/0 81/5  26/0 38/0 
2  24/1  13/6 21/0 44/0 47/4 55/0 32/0 
3  08/1  02/5 31/0 23/0 63/3 24/0 21/0 
4  67/1  84/6 46/0 48/0 43/5 74/0 33/0 
5  48/1  60/5 66/0 52/0 42/4 72/0 28/0 
6  35/1  49/5 24/0 25/0 80/3 70/0 25/0 
7  27/1  68/4 58/0 19/0 39/3 46/0 26/0 
8  85/2  88/8 47/0 26/0 39/5 64/0 46/0 
9  00/2  24/7 52/0 29/0 64/4 50/0 44/0 
10  56/2  13/8 30/0 13/0 71/5 52/0 39/0 

5�V���**  b 77/1  b 70/6 b 41/0 b 29/0 b 67/4 b 53/0 b 33/0 
      /0 ���� 
�        
1  73/2  04/10 44/0 37/0 58/6 36/0 39/0 
2  90/1  10/7 23/0 61/0 21/5 03/1 36/0 
3  56/1  39/6 41/0 39/0 84/3 66/0 23/0 
4  74/1  84/7 86/0 61/0 81/5 89/0 42/0 
5  71/1  79/5 99/0 56/0 49/4 07/1 35/0 
6  15/2  19/7 27/0 43/0 75/4 30/1 29/0 
7  67/1  49/5 83/0 52/0 49/3 77/0 35/0 
8  99/2  54/9 62/0 31/0 67/5 71/0 57/0 
9  56/2  01/8 64/0 30/0 11/5 09/1 48/0 
10  09/3  23/9 43/0 31/0 47/6 97/0 43/0 

5�V���**  a 21/2  a 66/7 a 57/0 a 44/0 a 14/5 a 88/0 a 39/0 
*:C�N� C�)	 �� % (
��)* 1
��  �/>* (
��& $-/�% 5�V���* �% $�JK ��  "�# % ���  G��)�� zp	 % $%�& 
 ���	
�� ���1� -/)U�. 
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 "�# %         $�J+K <+* 5�V��+�* ���	
�� ���        �+� $-+� ��+��

L
  ��� AB-DTPA� W�8X* 3
  DTPA-TEA��    a+�&�&70/6 �
67/4   
 77/1 �8�*   ��   %�� ,���8�� % , .  ���+� %        <+* 5�V��+�* �+�

$�JK        $�JK 5�� '� $%��)	� �� $-� ����      "�+# % �+����      $%�+& ��+�
��    a�&�&66/7  �14/5   
 21/2 �8�*         %�+� ,���+8�� % ,�+� .  5�+/^��

  $�JK <* 5�V���*      �� $-� ����HCl 01/0    W�8X* �`�* 1   -+��8� �
  _�U8�01/0     W�8X* 
 `�* 2  �+�      a+�&�&53/0  �41/0  �33/0   
 29/0 
 "�# %      ���� % �%�� ���	
�� ��� $�JK ��%�3* 5�V���* ��   ��+��

     $�JK 5�� '� $%��)	� �� $-�    �# % �����  "    �� $%�& ���     a+�&�&88/0 �
57/0 �39/0 
 44/0�8�*  %�� ,���8�� % ,��.  

    C����� 
 ���)11 (    $�JK <* �� -�%�� L���     $-+� ����
 ��EDTA � DTPA  �-+�A P��� ���	
�� "�# % _�U8� -��8� 
 

%�� .  �* 
 G����    F���)5 (       E��9 <* �-3* P��� �� -�%�� L���
   �* ��	
�� % $%��)	�         �+�D (�+T���& �+� <* <�8y�� E��% �� -���&

-��� .    (�T���& '� �#��DOC         -+��% <* �� -���A ���� �%��' E���& 
)43 .($
��     U�
-�� 
 E*�K ���     (�T���& E�U����� 
 E�DOC   �+� 

   �+* $%��)	� E��9 ��[ E�� �� E�-T& �� �=/* 
 $%�% -���A <*   -��+�
)7 .(    C����� 
 
��&)53 (          �-+3* �+��e& �+� -+�%�� L���DOC  % 

           %�� <* ��%�T& 6�7 ���e& �� ��T� -� $
% % (v ��	
�� . ���&��
 C����� 
)9 ( �� -�%�� L��� DOC� "�# %   �+	 (v ��+	
�

   %�� "�# $%�& ����� .    -+�%�� L��+� �+X�DDOC �+��7     �+d�/K ���+7
_�     "�# % � '���        <�8y+�� E��N+& 2��u '� ��        P���+�� �+�D ��+�
�*       �� <* ��*� �-�%DOC  <�8y�� E��N&    �* ��9   -�% .  �� �5�����/�

 <�8y�� %�=��              !+�8��9 �G�+84* �+�D 5��� (�T���& �� <* ��D ���
 D $%��)	�    �* P��� $��� ���� C  -��� . �5�+/^��     �%�+�' 5�+334* )6 �

14   
 53 (           �+� !TU+� ��+	
�� (
��)* ������� 
 ��������� ;����
              �=�)� % 
 "�# % �d�/K 6��7� % ���e& �K�� � "�# $%�& P��+� 

$%�� L��� $��� ���� �d�/K $%��)	� !�8��9 % -��.  
  

��� �� �! "��#� $��- 
 �+%'
��� ���  
    "�# % <* 6��7� ��%�3*            G
-+7 % $%�+& 
 ���+	
�� ��+�4 

   !	� $-� $%�% C�N� .          "�+# % �+� %�% C�N+� G
-7 5�� O��)�    ��+�
      �� <* ��%�3* 5��)N�� �$%�& 
 ���	
��        �$-+����9�� 6��+7� % a�&�&

            $-+�-���A ���D $%�* �� $-�-���A ��/V/* 
 5�D ���-�U�� �� $-�-���A
 (�/��� ��    * 
 ��  %�� ��%�T& < .   �� O��)� F�	� ��     ��9 <* �$-*D !	%  

   (���8�	 �)#�	 % �)���       �+� �+� �+�          �)#�/+� $-+����9�� 6�+7 C��+/K
�*    %��)31 (    "�# % <* 6�7 5��)N��    ���    $%�& 
 ���	
�� %�+� .

        C����� 
 w���� �8�	
 �� �X��N* O��)�)31 (     !+	� $-+� L��+� .
�	����      C����� 
 �89
�)4 (��         <+* 
 $-+����9�� 6�7 �� -�%�� L�

          %�+� �-+3* 5��)N�� �/V/* 
 5�D ���-�U�� �� $-�-���A .   
 ��8��+#

  ��r7)27 (           "�+# % <+* �-+3* 5��)N+�� �� -�%�� $-��N*    ��+�
          %�+� �+)��� ��9 $-����9�� 6�7 % C���� ]�[ ���D .   G
-+75   C�N+� 

�*   "�# % <* 6��7� 5�V���* (
��& �� -�% 
�� ���  !TU+� ���	
  "�+# ��       �+/>* $%�+& ��+�    �%)05/0p<(  %�+�  .       <+* 
 ��%�+T& <+*

  (�/��� �� $-�-���A             % �+/V/* 
 5�D ���-�U�� �� $-�-���A <* 
 ��
"�#              $%�+* �� $-�-���A <* E��3* % 
 �)��� P��� ���	
�� ���

%�� �)��� P����� $-����9�� 6�7 
 ��D.  
 �# %  "       <* 5�V���* ���	
�� ���      �+� $-�-���A <* 
 ��%�T&

(�/���              �+/V/* 
 5+�D ���-�U�� �� $-�-���A <* 
 ��24/0) 16/1 
   E� <* '� -d%(  �37/0) 75/1     E+� <* '� -d%  (  
19/2) 35/10 
   E� <* '� -d% (�8�*     %�� ,���8�� % ,�� . ���� %      5+�� 5�V���* ��

  "�# % 6��7�     $%�& ���30/0) 44/1    E� <* '� -d% (  �47/0)25/2 
   E� <* '� -d% (  
42/2) 58/11    E� <* '� -d%  ( �+8�*     % ,�+�

 %�� ,���8�� .              6�+7 
 �+�D $%�+* �+� $-+�-���A <* 5�V���* 5�/^��
  "�# % $-����9��   ���	
�� ���76/0) 59/3  E+� <+* '� -d%  ( 


6/17) 18/83    E� <* '� -d%  (�8�* ���� % %�� ,���8�� % ,��  ��
  6��7� 5�� 5�V���*  "�# %      $%�& ���60/0) 87/2 E+� <* '� -d%  (

  
1/17) 86/81    E� <* '� -d%  (�8�*        %�+� ,���8�� % ,��)  E�+�
2.(  

           �/��+� 
 t	�� �8�	
 �� ��%�T& <* �-3* P���)59 (  L��+�
 !	� $-� .         
 !+	� �)�� 6��7� ���	 �� �U��3* % "�# % ��%�T& <*

        $%��)	� E��9 6�7 C��/K �� ��%�T& <*        !+	� $-+� L��+� C�+����
)50 .(       �* ��%�T& 
 G�84* 6��7� 5�� �� $
rK         �+�D (�+T���& �+� -/���&

�N++� '� $-++� z++��&  -++/�% -++���A �++�)37 .( % 6��++7� 5++�� 5�����++/�
"�#       -�%�� �-�A P��� ,-/� ���	
�� ��� .      C��+��� 
 
��+&)53 (

  (�/��� �� $-�-���A <* G�3)��  !8K � ��%�T& <* �� ��   5+�� P��+�
       -+�%�� C�+�� ���+	
�� "�+# % 6�7.  C��+��� 
 w+��
  )56 (  �+�

      "�# % <* 6��7� ���e& -�
 �	�� -/)#�%�A $%�& 
 ���	
�� ��� .
      -d% �� -�%�� L��� �X�D  <*  ��%�T&     �� $-�-���A <* 
%��*    �+�D

     �� ��%�3* �� ���	
�� "�# %    a�&�&81/9   
 42/10 -+d%   P���+�� 
-/)��� .%����     -���A <* -d% ��    (�/��� �� $-�       $-+�-���A <* 
 ��

       �+� ��%�+3* �+� �/V/* 
 5�D ���-�U�� ��   a+�&�&96/2 
 82/1 -+d% 
 -/)��� P��� .           P��+� 
 �+�D (�T���& P����� � !x8K C�N��pH  % 

  -�%�� C��� ��	
��.     
�/U� 
 
%�� )19 (      P��+� �+� -�%�� L���
   ���-�U�� �� $-�-���A 6�7    �+* �/V/* 
 5�D       ��+��� E+��% �+� -+���&

  -+��� �N� '� $-� %�'D ��D ���-�	� �8�	
 �� 5�D ���-�U��.  <+* 
      �* �/V/* 
 5�D ���-�U�� '� $-�%�'D         % ��+	
�� % -+���&  �)#�+	

(���8�	 �� �� �� �* �)#�/� $-����9�� 6�7 C��/K  %��%��� ��9.  
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 ,	�.4- !� L��M� O�#.� '���� )�%�� K'F���� �� K'F (/0 ��  ���� 	 
'��	#�� 
�  

/0 ��2�  %8�C�  4="'� " ����+��P �   	 ��@ 
���?�� " ����+��P#=Q=�  ��� " ����+��P %8@  ��+2�G"  
      /0 
'��	#�� 
�      
1  27/0 19/0 85/2 48/0 2/21 
2  26/0  38/0 02/2 64/0 2/20 
3  17/0  18/0 81/1 42/0 0/17 
4  23/0  16/0 50/2 94/0 9/16 
5  21/0  52/0 09/2 60/0 8/15 
6  25/0  40/0 38/1 52/0 1/14 
7  15/0  47/0 24/1 41/0 7/12 
8  30/0  57/0 71/2 18/1 0/18 
9  36/0  44/0 73/2 13/1 7/18 
10  25/0  35/0 60/2 30/1 2/21 

5�V���**  b 24/0  b 37/0 b 19/2 a 76/0 a 6/17 
      /0  
�����      
1  27/0 48/0 05/3 44/0 2/21 
2  28/0 37/0 16/2 32/0 4/19 
3  21/0 34/0 05/2 30/0 2/15 
4  30/0 26/0 66/2 55/0 9/15 
5  25/0 70/0 11/2 46/0 5/15 
6  32/0 62/0 92/1 31/0 1/14 
7  21/0 53/0 54/1 36/0 3/12 
8  38/0 55/0 87/2 06/1 9/17 
9  42/0 49/0 98/2 00/1 6/18 
10  36/0 39/0 79/2 23/1 5/20 

5�V���**  a 30/0 a 47/0 a 42/2 b 60/0 b 1/17 
              * :C�N� C�)	 �� % (
��)* 1
�� �/>* (
��& $-/�% 5�V���* �% "�# % 6�7 ��   G��)�� zp	 % $%�& 
 ���	
�� ���5� -/)U�. 

  

 
 ���2-�#.� �5�� /0 �� !� O 	 
'��	#�� 
�����   
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 ,	�.5- %Q�?C2� S�'T )r (��6J !� 	 !� L��M� O�#.� '���� ��" �	� $� ������ " ��� 
'�F %��2�� 
�  

��6J '�F   %8�C�  4="'� " ����+��P �   	 ��@ 
���?�� " ����+��P#=Q=�  ��� " ����+��P %8@  ��+2�G"  
   /0 
'��	#�� 
�   

DTPA-TEA *76/0 ns 08/0 *76/0 **80/0 *71/0 
AB-DTPA  ns 62/0 ns 22/0- **89/0 *61/0 **80/0 

M 1  ns 12/0- ns 24/0 ns 06/0- ns 10/0 ns40/0- 
M 2 ns 57/0- ns 12/0-  ns 54/0- *66/0- 40/0- 
M 3 ns 56/0  ns 28/0-  **85/0 ns 54/0 **84/0 
HCl  ns 35/0  ns 28/0  ns 30/0- ns 06/0 ns 27/0- 

CaCl2  *76/0 ns 02/0 *72/0 **80/0 ns 48/0 
   /0 ���� 
�   

DTPA-TEA ns60/0 ns 23/0 **78/0 **78/0 ns 54/0 
AB-DTPA  *68/0 ns 05/0- **90/0 *64/0 * 75/0 

M1  ns 12/0- ns 47/0 ns 04/0 ns 09/0 ns 44/0- 
M 2 ns 04/0- ns 14/0 ns 05/0- ns 01/0- ns 18/0- 
M 3 ns 53/0  ns 21/0- **90/0 ns 54/0 *76/0 
HCl  ns 16/0 ns 46/0 ns 06/0- ns 36/0 ns 32/0- 

CaCl2  **81/0 ns 25/0 **85/0 **81/0 ns 62/0 
              :**�/>*  C�/��u� zp	 % �%1 �-d% :*�/>*   C�/��u� zp	 % �%5 
 -d% ns:�/>*��[  �%  

  
�;&<=��  $���> �! ��?@! 
 �! "��#� A�)    �,) $?	 �+��

$���> B� $��%&'� ���+��������	   
   $%�	 �V)UT��)r (        $�J+K <+* 
 <* 6��7� ��%�3* 5��    ��+��

  $�JK �� $-�        G
-+7 % ������� ������5       !+	� $-+� $%�% C�N+�  .
       "�# % �� %�% C�N� G
-7 5�� O��)�       �� ��%�T& <* ����	
�� ���

$�J++K <++*  �++� $-++� ��++��DTPA-TEA 
 CaCl2 01/0 `�++* 
�/>* �V)UT��  ��%)05/0p< (!��% .  

            <+* �� �/V/* 
 5�D ���-�U�� �� $-�-���A <* 5�� �V)UT��
$�J++K   �++� $-++� ��++��DTPA-TEA �AB-DTPA W�++8X* �3 
 
CaCl2 01/0  �/>* `�*     �%)05/0p< (%�� .       $%�+* �+� $-+�-���A <*

     $�J+K <+* �� ��D         �+� $-+� ��+��DTPA-TEA  �AB-DTPA  
 
CaCl2 01/0  �/>* `�*     �%)05/0p< (%�� .        <+* �+� $-+����9�� 6�+7
$�J++K   �++� $-++� ��++��DTPA-TEA �AB-DTPA W�++8X* 
 3 

�/>*    �%)05/0p< (%��.   "�+# %             <+* �+� ��%�+T& <+* �$%�+& ��+�
$�JK      �� $-� ����DTPA-TEA   
 CaCl2 01/0   �V)UT�� `�* 
�++/>*  ��%)05/0p< (!++��% . �++� $-++�-���A <++* 5�++� �V)U++T��

      K <* �� �/V/* 
 5�D ���-�U��$�J       �+� $-� ����DTPA-TEA �
AB-DTPA W�++8X* �3 
 CaCl2 01/0�++/>* `�++*   �%)05/0p< (

%�� .       $�JK <* �� ��D $%�* �� $-�-���A <*        �+� $-+� ����DTPA-
TEA  �AB-DTPA   
 CaCl2 01/0  �/>* `�*     �%)05/0p< ( %�+� .

    $�JK <* �� $-����9�� 6�7        �+� $-+� ����AB-DTPA     W�+8X* 
 3 
�/>* % �)05/0p< (%��.  

  
  C��	 A�) �;&<=��      $���> �! �) D?E� ���     $?,	 �+��

$���> B� $��%&'� �) �! "��#� 
 ������	 ���+��  
\#��      "�# % ,-/� $��� ���            G
-+7 % �+>��p* %�+* ��+�6 

 !	� $-� $%�% C�N� . $�J+K <* ��%�3* 5�� �V)UT��    $-+� ��+��
$�J++K �++� \#�++� 
 ������++� ��++���� ++/� ��++�"�++# % ,-  ��++�

      G
-7 % $%�& 
 ���	
��7       !+	� $-+� $%�% C�N+�  .   �+� �p��+��
      �+* C�N+� G
-7 5�� O��)�     -+�%  "�+# %         $%�+& 
 ���+	
�� ��+�

\#��         $�J+K <+* �+� !Z8[ ���         �+� $-+� ��+��AB-DTPA  
 
 W�++8X*3 �++/>* �V)U++T��   ��%)05/0p< (!++��% . % 5�++/^��

"�#    \#�� ���	
�� ���        <+* �+� ]@7  $�J+K        �+� $-+� ��+��
CaCl2 01/0    �+/>* �V)UT�� `�*     ��%)05/0p< ( !+��% .  O��+)�

 �* C�N�         $�J+K <* 5�� �V)UT�� a��b �� -�%        �+� $-+� ��+��
$�JK     \#�� 
 ������� ������           ���+	
�� "�+# % ,-+/� ��+�

!	� $%�& "�# '� �)N�� .  
   G
-7 O��)�8    "�# % �� %�% C�N�      $%�+& 
 ���+	
�� ��+� %

 $�JK 5��               <+* 5�+� �V)U+T�� 5��)N+�� �$%��)+	� %�+* ������
$�JK        W�8X* L
 �� $-� ����3          ,-+/� % <+* !+Z8[ \#�� 
 

 !��% %�7
.  ���� %       $�J+K <* 5�� �V)UT�� ��        �+� $-+� ��+��
 W�++8X* L
3  % �++�D $%�++* �++� $-++�-���A <++* 
 ��%�++T& <++* 
 

"�# �/>* $%�& 
 ���	
�� ��� %�T� �%.  
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 ,	�.6-V0�  /0 �� K�=F ��F 
� �789� ���� 
� 

 WX.)%���  �� K'F!�"	#��(  �'��2J) �� K'F!�"	#��(  <Y�Z)%��� K'F���� �� K'F( /0 ��2�  
031/0 19/4 33/7 1  
040/0 75/6 90/5 2  
029/0 77/5 95/4 3  
036/0 02/6 00/6 4  
033/0 82/5 73/5 5  
021/0 31/4 83/4 6  
019/0 34/4 27/4 7  
038/0 86/6 60/5 8  
048/0 72/8 55/5 9  
038/0 15/6 25/6 10  

  
,	�. 7- ��� %Q�?C2� S�'T )r (��6J !� '���� ��" ��6J $� ������ " ��� 
'�F V0� 	 %��2�� 
�'�F  K�=F ��F 
�  

V0� ��F 
�  DTPA-TEA  AB-DTPA  M1  M2  M3  HCl  CaCl2  
    /0 �
'��	#�� 
    

!Z8[  ns 52/0 **77/0  ns 22/0- ns 04/0- **88/0 ns 15/0- ns 55/0 
%��8�K  ns 30/0  ns 26/0  ns 17/0 ns 32/0 ns 21/0 ns 18/0 ns 57/0 
]@7  ns 49/0  ns 55/0  ns 05/0 ns 28/0 ns 57/0 ns 13/0 *74/0 
    /0 ���� 
�     

!Z8[  ns 52/0  *74/0  ns 14/0- ns 14/0- **86/0  40/0- ns 37/0 
%��8�K  ns 25/0  ns 16/0  ns 08/0 ns 25/0- ns 14/0  ns 29/0 ns 55/0 
]@7  ns 44/0  ns 45/0  ns 01/0 ns 25/0- ns 51/0  ns 12/0 *65/0 

          :**�/>*  C�/��u� zp	 % �%1 �-d% :*�/>*   C�/��u� zp	 % �%5 
 -d% :ns�/>*��[  �%  
  

  �V)UT��$�JK <* 5�� $�JK �� $-� ����   ������+� ������
    (�/��� �� $-�-���A <* ��    "�# % ��      �/>* $%�& 
 ���	
�� ���   �%

%�T�.            <* 
 �/V/* 
 5�D ���-�U�� �� $-�-���A <* !���� 5�����/� 
                   '� $%��)+	� �+� ,-+/� $%��)+	� E+��9 <+* �-+3* %
D�+� % $-����9��

$�JK '� ������� ������%�� �)N�� <* 6��7� ���	     .  
  G
-78    \#�� 5�� �V)UT�� a���b          <+* 6��+7� 
 ,-/� ���

 "�# %        �* C�N� � $%�& 
 ���	
�� ���   -+�% .      G
-+7 5+�� O��+)�
   \#�� �� %�% C�N�          "�# % ��%�T& <* �� ]@7 
 %��8�K ���   ���

    �/>* �V)UT�� $%�& 
 ���	
��    ��%)05/0p< (-/)��% .  5�+/^��
��  \#�� 5�� �V)UT                 �+� $-+�-���A <+* �+� ]@+7 
 !+Z8[ ��+�

     "�# % �/V/* 
 5�D ���-�U��          �+/>* $%�+& 
 ���+	
�� ��+�  �% 
)05/0p< (%�� . \#�+�                % $-+����9�� 6�+7 �+� ]@+7 
 !+Z8[ ��+�

"�#      �/>* $%�& 
 ���	
�� ���  �%) 05/0p< ( %�+� .  "�+# %    ��+�
  \#�� 5�� ���	
��       * �� ]@7 
 %��8�K ���   $%�+* �� $-�-���A <

 �/>* ��D  �%  �)05/0p< (!��% %�7
 .���� % "�# % ��   $%�+& ���
 \#�� 5��           �+/>* �V)UT�� ��D $%�* �� $-�-���A <* �� ]@7   �% �

)05/0p< ( !��% %�7
 .   \#�+� 5�� �V)UT��          <+* �+� $�+�� ��+�

  (�/��� �� $-�-���A    "�# % ��       �+/>* $%�& 
 ���	
�� ���    %�+T� �% .
�       
 5+�D ���-�U+�� �+� $-�-���A <* ���%�T& <* �� %�% C�N� O��)

              E+��9 <* 5�*�& % $-����9�� 6�7 
 ��D $%�* �� $-�-���A <* ��/V/*
-��% P3� ,-/� $%��)	� .  

G
-7 O��)� �� �p���� 9�* C�N�    5�+� �V)UT�� a���b -�%
   "�# % <* 6��7�      \#�+� �+� ���	
�� ���     '� �)N+�� ,-+/� ��+�

     \#�� �� 6��7� 5�� �V)UT�� a���b     "�# % ,-/� ���      $%�+& ��+�
%�� .    �7 $-� ,�=�� (�3�34& %  6 �� ��8):* ���     6��+7� �+� 6�+7 C��/K

    $-� L��� $��� $%��)	� E��9  -�� .����%       ,�=�� (�3�34& �#�� % ��
               % �+d�/K �!U+�� $�+�� $%��)	� E��9 $-����9�� 6�7 
 E� �-3* �$-�

 # G�84*              
 -+��% $�+�� ���+� �%��' $%��)	� !�8��9 ��%�T& 6�7 
 "�
  -+���A 6��7� 5�/^��    (�+/��� �+� $-+�   -+���A ��+�     
 ��-�U+�� �+� $-+�

-���A    $%�* �� $-�    �* ��� ��D        -/��� $��� $%��)	� E��9 -/���&)21 .( w����
   C����� 
)31 (           <+* �-3* �� ����� % <* !Z8[ �� -�%�� L���
 � $-�-���A        �V)U+T�� <+* E+� �-+3* 
 �+/V/* 
 5�D ���-�U�� �

�/>*    ��%)    �+� �V)U+T�� a���b     a+�&�&*88/0   
 *72/0 (   
 !+��%
              ���-�U+�� �+� $-+�-���A <+* �-3* �� <* ]@7 \#�� 5�/^��
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�++/>* �V)U++T�� <++* E++� �-++3* 
 �++/V/* 
 5++�D  ��%) a���++b
 �� �V)UT��    a�&�&*92/0   
 *83/0 (!��% .  
 �89
� �	����  C����� 

)4 (      ���% % <* !Z8[ �� -�%�� $-��N*         
 ��%�+T& <* �� ,-/� ���
  �/>* �V)UT�� G�84*           ���-�U+�� �� $-�-���A 6�7 �� 
 �)��-� ��%

    �/>* �V)UT�� �/V/* 
 5�D    ��%)*336/0 ( !+��%.     �+���� -�+	� 
             $%��)	� !�8��9 P����� �� �=/* 
 �)��% � <* �J/K �� -���A ������&

 * <*�    %��)45 .( ���� %    $%�* 6��7� ��           �%�+�' ���+�8* C'
 �+� �+�D
    -���A �d�/K '� ��� �-3*           �+* %�'D _+� !K�+	 �� � $-�     -+//�)16( .

  <��	)47 (      ]@+7 <* �-3* �� %�� L���          <+* �-+3* �+� $-+�
  $%�* �� $-�-���A            E� �-3* 
 �/V/* 
 5�D ���-�U�� �� $-�-���A ���D

  �/>* �V)UT�� <*  �%  !+��% �.       C��+��� 
 w+��
 )57 (  L��+�
       P:� % <* !Z8[ �� <* 6��7� ��-�%��       �V)U+T�� ,-+/� ����� 

�++/>*  
 -/)++��-� ��%  <++* 
 ��%�++T& <++* �]D % G�++84* <++*
  (�/��� �� $-�-���A    ���         �+/V/* 
 5+�D ���-�U+�� �� $-�-���A <*  


     �V)U+T�� ,-+/� �N+� % <+* !Z8[ 
 ��D $%�* �� $-�-���A <* 
�/>*    ��%)   a�&�& �� �V)UT�� a���b69/0 �52/0 
 49/0 (-/)��% .

   G
-7 O��)�9             �+� $-+�-���A <* �� <* !Z8[ \#�� �� %�% C�N� 
        "�# % $-����9�� 6�7 
 �/V/* 
 5�D ���-�U��       
 ���+	
�� ��+�

        !+��% � �V)U+T�� a��+b 5��)N�� �$%�& .    <+* !+���� 5�����+/�
     5�D ���-�U�� �� $-�-���A          <+* 5�*�+& % $-����9�� <* 
 �/V/* 


%�� �)N�� <* 6��7� ���	 '� ,-/� $%��)	� E��9.  
 

�E��+ 
'�F  
             
 G�+84* ��D 5��� ���D 5��� �� -�%�% C�N� P�
�A 5�� O��)�

    "�# % ��
���* F�*��� 5���       �+/>* P���+�� ���	
�� ���   ��%
-/)��% . $�JK <* �-3* �� %�% C�N� O��)� $-� ����   '� $%��)+	� �+� 
$�JK     "�# % ������� ������     ���	
�� �����   "�+# '� �)    ��+�

 %�� $%�& .    "�# % <* 6��7� 5�/^��      "�+# �+� ���	
�� ���   ��+�
  �/>* (
��& $%�&   -/)��% ��% .         
 5+�D ���-�U+�� �+� $-�-���A <*

  "�++# % $-++����9�� <++* 
 �++/V/*    �++� $%�++& 
 ���++	
�� ��++�
$�JK    ������DTPA-TEA  �AB-DTPA     W�+8X* 
 3   �V)U+T�� 
�/>*   -/)��% ��% .      $�JK <* 
 !Z8[ \#�� 5�� �V)UT��   ����

   �� $-�AB-DTPA     W�+8X* 
 3   "�+# %          $%�+& 
 ���+	
�� ��+�
�/>*   %�� �% .       $�J+K <+* �� ]@7 \#�� 5�/^��        �+� $-+� ��+��

   _�U8� -��8�01/0   `�*  "�# %        �V)U+T�� $%�& 
 ���	
�� ���
�/>*   !��% ��% .    \#�� �� %�% C�N� O��)�         �+� ]@+7 
 !Z8[ ���

                  % 
 $-+����9�� <+* 
 �+/V/* 
 5+�D ���-�U+�� �� $-� -���A <*
"�#         �+/>* �V)U+T�� $%�& 
 ���	
�� ���    !+��% ��% .  a��+b

  \#�� 5�� �V)UT��      $�JK <* 
 ,-/� ���       $%��)+	� �� $-� ����
 L
 '�        "�# % <* 6��7� 
 ������� ���       '� �)N+�� ���	
�� ���

"�#  %�� $%�& ��� .  $%��)+	� !�8��9 �>��p* %�% C�N� �>��p* 5�� O��)�
                
 �'
�N+� (�+>��p* % �+���� 5+�� !+���� E��% �� ��	
�� <*

�N� �� (
�=* E��% �� �p�4* !U�' !	� �
�b ��U� �� .  
  

 ,	�.8- %Q�?C2� S�'T )r (� 	 !� L��M� O�#.� '���� ��"V0 K�=F ��F 
�  

V0� ��F 
�  %8�C�  4="'� " ����+��P �   	 ��@ 
���?�� " ����+��P#=Q=�  ��� " ����+��P %8@  ��+2�G"  
    /0 
'��	#�� 
�   

!Z8[  ns 44/0 ns 38/0-  **81/0 ns 28/0 **84/0 
%��8�K  *65/0  ns 26/0  ns 51/0 *69/0 ns 39/0 
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Abstract 

Rhizosphere is a small zone and has quite different chemical, physical and biological properties from bulk 
soil. This research was conducted to investigate the availability and fractionation of copper in the wheat 
rhizosphere and bulk soils by using rhizobox at greenhouse conditions. Three seeds of wheat were plant in the 
rhizobox. After 8 weeks, plants were harvested and rhizosphere and bulk soils were separated. Total organic 
carbon (TOC), dissolved organic carbon (DOC), microbial biomass carbon (MBC) and available Cu (by using 7 
chemical procedures) and Cu-fractions were determined in the rhizosphere and bulk soils. The results indicated 
that TOC, DOC and MBC in the rhizosphere were increased significantly (p<0.01). Cu extracted using several 
chemical extractants in the rhizosphere were significantly (p<0.05) lower than in the bulk soils. In the 
rhizosphere soils exchangeable Cu, Cu associated with carbonates and Cu associated with manganese-iron 
oxides were decreased and Cu associated with organic matter and residual Cu were increased. Moreover, results 
indicated that correlation between Cu associated with iron-manganese oxides and residual fraction with extracted 
Cu using DTPA-TEA, AB-DTPA and Mehlich 3 with were significant (p<0.05) in the rhizosphere and bulk 
soils. Correlation between concentration index and extracted Cu using AB-DTPA and Mehlich 3 were 
significantly (p<0.05) in the rhizosphere and bulk soils. In addition, correlation between uptake index and 
extracted Cu using 0.01 M CaCl2 was significantly (p<0.05) in the rhizosphere and bulk soils. The result showed 
that significant correlation (p<0.05) between concentration and uptake indices and Cu associated with iron-
manganese and residual fractions in the wheat rhizosphere and bulk soils were found. Result revealed that 
coefficients in the rhizosphere soils were higher than in the bulk soils. 
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