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 !"E�3 ���DE
 .)(  �'@8    B�C )%1S �C ; 8�1 �%-      8� ;�7�� ��	!7� 
���� )% B�C 2 S�
 ��	!� ��J � 8�1 ��J !1�( . ;��� ���
 .�"W�3

CEC �  pH B�C 8�2 S B�C 
� �EU�( 1 S  B�7C )75#� h�� ;���   
1S     �8�� @�EU�( h��9
 *���% ��"(�%  .   B�7C �� �3 )7(  �7'  �79�Z' 8

=�� � *�
��% @8�!`
 @���     B�7C 8� =�7� 8�!7`
 )7% !#��( 2 S 
 B�C 
� �EU�(1 S8� ;��(���� )% $��5	 B�C �� �3 8� *�
��% 8�!`
 

��(.  
  h�!?2              �7( B�7C ��	!7� � @8�71 � *�
��7% $�7
0�3 ����7� 

   Q�J�� ~C�1               .7	� 8� )79��:
 �8�7
 $�73��� �Z�7# ��75��� )7E��	
   �
 $�U# �8 c3�AY!3� .     h�!? )( )?�� �(2-N�� 
 !����   TU7C ���

   8�1 B�C 8� 45�6	���-        �� �D� �L�J b�:� �( ��	!� 10  �7��
-
   B�C Q�����% �( *�
��% Q��3/2  �7� 6     TU7C ���7
 
� �EU7�( �7(��( 

  8�1 ��J B�C 8� @!����-�L�J $��3 8� ��	!�  ��7( �73 .   !7"} �73
       )( B�C �� �3 8� 45�6	��� �Z�# ��5���15/0�L�J 8� !�8�  30 

���
  Q�����% �( Q��         �7��	 c3�7% !3�71 8���� )( �Z�#.  .�7"W�3  
 TUC ���
 !����  B�7C !3�1 8���� 8� ��#8�5���� 1S)    ����7�� $�!7(

���
��%(  ;4/3         B�C 8� !3�1 8���� 
� �EU�( �(��( 2S ��(  .    .7	� ,7���
  �
 �8 �
�          ��#8�5���� @[�( @8�(��( � ���� .	� $��( !"�Y8�1 )( $���

   ��� �Z�# @8�1 )( .  8�����  )%  ������ 8�      
� ��[�( ���
��% @�310 
���
        �7"9
 ���7D� Q���7��% �7( Q��  @8��)05/0p< (  8�   !7����  ���7


            !U7# �!3�U7
 B�C �� .�( 8� )(�U
 @�38���� 8� ��#8�5���� TUC .
  8�     � �D� ������ b�:�10 ���
     ���7
 ;B�C Q�����% �( *�
��% Q��

 )��� TUC    B�C 8� ���2S  ;6       
� �EU7�( �7(��(    B�7C1S  ��7(  .   ��7	 �
  $�8�5�3)33 (   )��� )% !#��% <8�0�      ��� T�# )( 8�(��( �3��� ���

          �
 !18 *% @8�1 �( TUC )��# m'�"
 8� r��!�� )% !7"% .  .	��(�7"(
��	
       B�C 8� ���� .	� *% ����1S �
    !7#��� )7(   ,7���     @8�71 ����7� 

     !1�( ���� !18 @�8 B�C @[�( . )��� @��(    �L�J 8� ���30  7��
 �-
               
� 47Y 
�8 !"} ���� � ��( N�9i !18 ;B�C Q�����% �( *�
��% Q��

)#��?    �L�J 8� �#
100 ���
           .�7( 
� B�C �� �3 8� Q�����% �( Q��
��8 .)(  �'           B�7C 8� *�
��% )( 45�6	��� � ��#8�5���� @8�(��( ��% 8

1S   )��� 
� �EU�(  ��( ��� .         �	�7� )7( �Z�# ;��#8�5���� c3�AY .	� 8�
3���                @8�71 )7( �Z�7# ��7�� .	��8�7(��( $��7"� )( ;)9��:
 �8�
 $�

!1 )EC�"1 .  
    $�8�5�3 � ���%)15 (        {�# )� 8� ��#8�5���� �U% �( �U	�

� 8�

              ��75��� .	�EU7�( )7% !7"E��	8� ��	!� 8���( � ��	!� ;8�1 B�C
    ��( ��	!� B�C 8� ��#8�5���� .     !"�Y8�1 $�3��� eS�� 8�Na   @��( �8 
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   � 8�U7� *�L"�    ,7-�%�� 8� @0�7�    �7
 ��7C  !7#
�!#� . @�7�  � ��}�7%
  $�8�5�3)29 (         )7( �	[�( @8�(��( 45�6	��� )% !"E��	8� �U3�AY 8�

        [�( @8�1 �	��1 8� � �8�� @8�1)  @8�15   �� 10     !	��% �E�� �( Q�� 
*	!� (�8�� )"�+( !18.  

  
�	��1-��� �!"�	 �#$� 	 
�%� &�# ����'�( 	 ���)�* 
�� ���� 
���+,�.�  

S2&�#  S1&�# 
Typic Endaquepts Typic Halaquepts  ���&�# 
�%�  

3/32  6/37 (%) .1  
3/40 30  (%) ���� 
4/27 4/32  (%) v8 

Q�� ��8 Q�� B�C �E��( v�%  
69/2 86/1  (%)��� ���
 
1/22 8/20  (cmolckg-1) CEC 
5/2 1/18 (dSm-1) ECe 

3 9/42  (%) ESP 
19/2  86/36  (mmol l-1/2) SAR 
5/30 37  (%) CCE 
1/8 6/7  pH 
42/21  11/10   ,% =�� (mg kg-1)  
47/1  54/1   ,% *�
��%(mg kg-1)  

29505  16944   ,% .3� (mg kg-1)  
62  103   ,% @�8(mg kg-1) 

11/14  29/9   ,% 4
 (mg kg-1)  
2/1  4/23  *���%  
4/0  2/5  0�"
*	 
8/23 0/187  *	!�  
0/0  0/0  *���EY  

$����% B�C h���
 8� \��J @�3)mg l-1(  

       
8/0 0/0  ��"(�%  
6/5  4/1   �(��"(�%  
2/15  0/181  ��%  
8/3  7/33  ��D��� 

$��#� B�C h���
 8� \��J @�3)mg l-1( 

ECe : qB�C {�Z1� �8�y� �5	�E5�� �	�!3CEC : q�#����% h��Z� ����wOM : q��� ���
CCE : qh��9
 *���% ��"(�%
SAR :*	!� =>? �Z�# � ESP :h��Z� ,(�S *	!� !�8�  

  
 �	��2- /�0�� 5#�( '6 ��*���78� �$�
 (Yc/Yo)$�'
9 	 �������,�9 :;�
<�$=> ?����!  �'����� �!��,> @
�A� B�.9 �� �$=)@,� ( ��$9 	

)E (��( &�# 	� ��-�'��9 ) 1S (��($�0 &�# 	- �'��9 )2S(  
@,� (F�����  

$ (%)  �$�
'6 ?����! �78�
�'
9�$=  �������,�9 ;�
<�$=>

S2 &�# S  &�#1 S2 &�# S  &�#1 S2 &�# S  &�#1

 GH
0 I� ��	)*� F����� 
 &�# �� ��((mg kg -1)  

100a  16a  100a  336a  100a   226a  0 
23b  5b  54b  60b   15b  89b  10  
1c  4b  43c  57b  15c  15c  30  

n.g.  n.g.  38d  32c  n.g.  n.g. #  100  



 
 &��$ '�*+�, /�
��" 
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E (E$9  
$ (%)?����! �78� �$�
'6

�'
9�$=  �������,�9 ;�
<�$=>
S2 &�# S  &�#1 S2 &�# S  &�#1 S2 &�# S  &�#1

 GH
0 I� ��	)*� E$9  
 &�# �� ��((mg kg -1)  

100a  16 a   100a  336a  100a  226a  0 
99a  12b  56b  260b  98b  161b  250 
85a  10 b  42b  227c  99b  109c  500 
45b  7b  6c  222c  92b  91c  1000 

$ :�� !�8� �Z�#8���� �3 8� ���� TUC ���
 ��5�(Yc)  B�C 8� !3�1 8���� TUC ���
 )( 2S (Yo).  
# : ���� !18 Q!�)( ,���*�
��% ���� .  
* : ���D� ���DE
 &��� �( ��!�� ;$�E� �3 8��"9
!#8�� !�8� a"Y h��E�� |:� 8� @8��.  

  
      h�!? )( )?�� �( ;.�"W�32- =        45�6	�7�� TU7C ���
 !���� 

  8�1 B�C 8�-        � �D� �L�J b�:� �( ��	!� 250 ���
    =�7� Q�7�
    ;B�C Q�����% �(5/2  EU�( �(��(            B�7C 8� @!7���� TU7C ���7
 
� �

��J 8�1-   �L�J $��3 8� ��	!� ��( �3 .   �D� h�� .	� �( �"9
 �� @8��
       ������ 8� 45�6	��� ���� TUC ���
 !���� 8�    
� �EU�( @�3500  � 

1000 ���
           !U# �!3�U
 B�C �� .�( 8� B�C Q�����% �( =�� Q�� .
.�"W�3    TU7C ���
 !����       B�7C 8� ��#8�5���7� 1S     ����7�� $�!7( 

 ;���
��77%5/3����77�� 8� � �77(��(  �(�77� @�773250 ;500 � 1000 
���
   �( Q��  ;Q�����%5/2        B�7C 8� )(�U
 @�38���� 
� �EU�( �(��( 2S 

��( .  )��� TUC ���
    B�C 8� ���2S  ;6   �� 8       B�7C 
� �EU�( �(��( 1S 
   ��( �38���� )�3 8� .             �7( ��7�� TU7C ���7
 c3�% ��# ;.	� �( $�0��

 �L�J c	�0��      ��( B�C {�# ����� ��� =�� @�3 . )#�� )(    8� )7% @�
 8�1 B�C-  �5��� ��	!�  )��� �           )7( =�7� �7L�J c	�07�� �7( ���

 8� �77��	 c3�77% �!771���77� )77% B�77C 8� 2S @��775��� c3�77% 
*U}       !U# �!3�U
 =�� �L�J c	�0�� �( ���.    TUC ���
 ��#8�5���� 

   B�C 8�1S   �   )��� � 45�6	���  ���   B�C 8�2S   ��7( [�(  .    a	�7E# .7	�
          ��7�� !718 �7( �(�� ������ ����� )% ��� $�U# )7(  �7' ��E�7� 8  )7( �

��A	�          �8�� �/E�7( ��7�� {�7# � B�7C @�3 .       �8�7
 $�73��� .�7( 8�
      �L�J 8� ��#8�5���� �+"� ;)9��:
100 ���
       Q���7��% �7( *�
��% Q��

  ��% !18 B�C .              $��7"� )7( ;��75��� *7% c3�7% ��7# �( ��#8�5����
              .7	� 8� ���
��7% � �(�� ������ � @8�1 )( �Z�# ���� .	��8�(��(

!1 )EC�"1 c3�AY.  
  h�!?3    �����k� !#�8    =�� � *�
��% �L�J   ���7
 8�    TU7C @

��1  8��         )��7� � ��#8�5���7� ;45�6	�7�� $�73��� �      b�:7� 8� �8 ��7�
       B�C �� 8� ���
��% ������ N�EM
1S   � 2S  �
 $�U# !3� .   )7?�� �(

   h�!? )(3-     8�1��J B�C 8� 45�6	��� N�� -    �	[�( *�
��% ��	!� 
    8� ��% =>?����  )%  ��1 8�  8�1 �	-       .	�EU7�( ��#8�5���7� ��	!7� 

     8� �8 *�
��% =>?��1  8��  �1�� ��C @�3 .  )��� �8�
 8�    =>7? ��7�
  �L�J 8� *�
��%      ��7( ���7DE
 *�
��% N�EM
 @�3 .    =>7? .	�EU7�(

  �L�J 8� *�
��%   *% )10 ���
      Q���7��% �7( Q�7� (    B�7C 8�1S   8� � 
   ���E
 �L�J)30 ���
    Q���7��% �( Q�� (    B�7C 8�2S  ��7(  .  �7"ED�

       )��7� � 45�6	�7�� $�3��� )% ���      �7L�J 8� ��7�100  �7��
   Q�7�
      !"E�8 .�( 
� B�C Q�����% �( *�
��% .  �+"	�� � �EY��) 13 (  !#��� $�U#

 )��� )%            ��07�� 
� �	[�7( �	��`
 c	[�Y � <
�!#� �	�#��� ���)Ni ;
Cr ;Pb � Cd (c77M( 8� �8�8�� ��77C �	��773 @�773. *77% b�:77� 8� 

 % ������ )��� ���
��         �8 *�
��7% �/E71�Z#� .	��[�( 45�6	��� � ���
     B�C 8� \���� )(1S  B�C � 2S !"E1��  .      )% ��� $� �/#��( a	�E# .	�

            � B�7C ����7�� b�:7� )7( *�
��% =>? @��( ���� ,��#�EY ��%�!�
    �8�� �/E�( B�C {�# .�"W�3 .       ���� � ����?!# ���� )% �U	�

� 8�

)23 (  	��� ;���� Q�f#�      Q�!#� 8� �8 *�
��% <
�!#� .	�EU�( 45�6 @�3
        B�C c	[�Y 8� $� �	�#��� �/#��( )% �1�� ��C    *�
��% )( ����� @�3

       Q�!#� � )U	8 !18 h�� .	� �( ;���          �7( 45�6	�7�� ��7�� �	��73 @�73
      �"9
 c3�% B�C 8� *�
��% �L�J c	�0��  ��� $�U# @8�� . .�"W�3

       
� �EU�( )U	8 8� *�
��% �1�Z#�Q�!#�  ��( �	��3 @�3 .    ;.7	� �( ����
      �L�J 8� *�
��% �/E1�Z#� .	�E�%30 ���
      Q���7��% �( *�
��% Q��

Q�!77#� 8� B�77C   B�77C 8� 45�6	�77�� )77( ��77(�
 �	��773 @�7731S   
)mg kg-119 (B�C 8� ��#8�5���� � 2S) mg kg-18 ( ��7( .  
� @8���7(

          8� �71�Z#� 
� 47Y *�
��% )% !#��% <8�0� $��/U3�AY Q�!7#�   @�73
   �8�(�� �	��3  �
�( )U	8 )(  ����)8 .(     $�8�75�3 � �	�"J)10 (  <8�07�

 )% !#��%Salicornia Europaea�  Atriplex halimus  \7���� )( 
 <
�!#� �	�#���7/2-8/1   � 1/7         ���7
 Q�7� �73 8� *�
��% h�
��5�
 

 �L�J 8� �8 TUC100!#8�� *�
��% h�
��5�
 .  
     h�!? )( )?�� �(3-  ��� =      8�71��J B�7C 8� 45�6	-   ��	!7� 

 8� ��77% =>77? �	[�77( =�77����77� )77%8�771 �	��771 8� - ��	!77� 
  )��� � ��#8�5����       8� �8 =�� =>? .	�EU�( ��� ��71   8�7�   ��7C @�3

!"E1�� .  
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 �	��3-���� �� E$9 	 F����� GH
0 �'
9 	 �������,�9 :;�
<�$=> ?����! JK# 
�'����� �!��,> @
�A� B�.9 �� �$=) @,� ( ��$9 	)E (

��( &�# 	� ��-�'��9 ) 1S (��($�0 &�# 	- �'��9 )2S(  
@,� (F�����  

���� �� F����� GH
0 JK# 
L�( ��9 ?����! �)mg kg-1(
�'
9�$=  �������,�9 ;�
<�$=>

S2 &�# S  &�#1 S2 &�# S  &�#1 S2 &�# S # &�1

 GH
0 I� ��	)*� F����� 
 &�# �� ��((mg kg-1)  

0  0  0  0  0  0$  0 
9/8 ±  2/0 a  9/18  ± 4/0 a  0/8  ± 1/0 a  2/10  ± 2/1 a  4/39  ± 7/10 a  5/0  ± 1/0 a  10  

5/59  ± 9/1 b  7/32  ± 0b  4/8  ± 0/2 a  3/30  ± 8/7 b  4/46  ± 8/5 a  9/18  ± 2/1 b  30  
n.g.  n.g.  0/54  ± 0b  8/102  ± 9/3 c  n.g.  n.g. #  100  

  
E (E$9  

H
0���� �� E$9 G JK# 
L�( ��9 ?����! �)mg kg-1(
�'
9�$=  �������,�9 ;�
<�$=>

S2 &�# S  &�#1 S2 &�# S  &�#1 S2 &�# S  &�#1

 GH
0 I�E$9  ��	)*� 
 &�# �� ��((mg kg-1)  

0  0  0  0  0  0$  0 
9/4  ± 8/2 a  1/29  ± 9/29 a  9/29  ± 1/4 a  7/21  ± 8/2 a  0/38  ± 7/8 a  8/13  ± 1/1 a  250 
6/34  ± 5/3 b  5/67  ± 3/30 b  0/32  ± 3/2 b  9/61  ± 3/2 b  5/54  ± 6/0 b  0/45  ± 1/24 b  500 
7/73  ± 6/28 c  8/85  ± 1/12 c  2/54  ± 6/5 c  0/79  ± 7/1 c  9/85  ± 7/5 c  1/68  ± 2/7 c  1000 

: # ���� !18 Q!�)( ,���*�
��% ����   
$ :��� 8� =�� � *�
��% �L�J!1 )E��� �L# 8� �D� ���� =>? ��/E�� ���� �-��S Q!� ,��� )( !3�1 8�. 
* :�"9
 ���D� ���DE
 &��� �( ��!�� ;$�E� �3 8�!#8�� !�8� a"Y h��E�� |:� 8� @8��.  

  
    � 8�771��J B�77C 8� )77% �#�773��� 8� =�77� �771�Z#� \77����

  ��	!���J)  B�C2S (     45�6	��� �8�� )( !#��( ���% !18<)��� -
  ����      8�71 B�C 8� � ��#8�5���� -    ��	!7� )   B�7C1S ( )7(   �8�7�

  ��#8�5����� )���   ���<  ��( 45�6	���  .  )% ��� $� �/#��( a	�E# .	�
            ��	!� � @8�1 �	��1 8� �8 =�� @[�( <
�!#� �	�#��� ��#8�5����

8�1��J �	��1 8� 45�6	��� � B�C- �8�� ��	!�.  
 $�8�775�3 � .
�775	�)31 ( � ��77Z+( @��77( 45�6	�77�� ,��77#�EY

c	[�Y              )7( �8 45�6	�7�� � ���% �(�	
8� �8 ����� m'�"
 
� *�"�� 0Z�
    c�( .	�E+( 
� �5	 $��"�   B�C 8� *�"�� @�3
�!#�    �7��9
 8�1 @�3

!77#��%.  �77��� *�
��77% =>77? c	�077�� )77( �77f"
 @8�771 c	�077��
����Tamarix smyrnensis �
  ��1)20 (  �7
� .	� ����E�� ,��� )%

    =��8 8� ��0�� @[�( Bt���1       �EU�( =� =>? �	 � ))(  ,���   c	�07�� 
h�`E#� (  $�	�? )( �f"
2        !1�( ���� $�8� )( ��0�� @[�( )7.(   $�73��� 

     �
 ��C )U	8 8� �8 =��         )( �8 $� 
� �%!#� �	��`
 � !#
�!#���1 8�� �3
 ���S �  ��C �	��3 @�3   �7
 h�`E#�    !7"3�)17   � 36.(        )7( )7?�� �7(

������������������������������������������������������������
1- Sediment 
2- Flux 

  h�!?3-       8� =�7� <
�!7#� ;�(�7� ����7�� b�:7� c	�07�� �( = 
                 8� �8 =�7� <
�!7#� .	��[�7( ��7�� )7� �3 � ���	 c	�0�� $�3���

  �L�J1000 ���
      !"E1�� B�C Q�����% �( =�� Q�� .   )(�U7
 �f	�E#
   4�%��?���% � �5��#�
 ���� )19 (  ��� �!1 <8�0� .   $�7``�
 .	� 
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�!7#� @��7( @��/�U} ,��#�EY 45�6	���
   �J B�C 8� *�
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 �	�� 4- M�$N O�P���� $����� Q�
R=��8�S (BCF) �'
9 	 �������,�9 :;�
<�$=> ?����! 
�$� ��$9 	 �'����� �!��,> BTU� 
�$� �� �$=

> @
�A� B�.9 �'����� �!��,)@,� ( ��$9 	)E (��( &�# 	� ��-�'��9 ) 1S (��($�0 &�# 	- �'��9 )2S(  
@,� (F�����  

BCF$

�'
9�$=  �������,�9 ;�
<�$=>
S2 &�# S  &�#1 S2 &�# S  &�#1 S2 &�# S  &�#1

 GH
0 I� ��	)*� F�����
 &�# �� ��((mg kg -1)  

77 /0  ± 02/0 a  64/1  ± 04/0 a  69/0  ± 01/0 a  88/0  ± 12/0 a  44/3  ± 07/1 a  04/0  ± 01/0 a  10  
89/1  ± 06/0 b  04/1  ± 01/0 a  27/0  ± 07/0 b  96/0  ± 26/0 a  47/1  ± 19/0 b  60/0  ± 04/0 a  30  

n.g.  n.g.  53/0  ± 01/0 c  01/1  ± 04/0 a  n.g.  n.g. #  100  
  

E (E$9  
 BCF$

�'
9�$=  �������,�9 ;�
<�$=>
S2 &�# S  &�#1 S2 &�# S  &�#1 S2 &�# S  &�#1

 GH
0 I�E$9  ��	)*�  
&�# �� ��( (mg kg -1)  

02/0  ± 01/0 a  11/0  ± 12/0 a  11/0  ± 02/0 a  09/0  ± 01/0 a  14/0  ± 03/0 a  05/0  ± 01/0 a  250 
07/0  ± 01/0 b  13/0  ± 06/0 a  06/0  ± 01/0 b  12/0  ± 01/0 a  11/0  ± 01/0 b  09/0  ± 05/0 a  500 
07/0  ± 03/0 b  08/0  ± 04/0 a  05/0  ± 01/0 b  08/0  ± 01/0 a  08 /0  ± 01/0 b  07/0  ± 01/0 a  1000 

$ :8� ,% =�� � *�
��% �Z�# ���� TUC ���
 (Cp)8���� �3 8� (Yc)  B�C 8� =�� � *�
��% ,% �L�J )( (Cs)  
: # ���� !18 Q!�)( ,���*�
��% ���� .  
* :� �3 8��"9
 ���D� ���DE
 &��� �( ��!�� ;$�E!#8�� !�8� a"Y h��E�� |:� 8� @8��.  
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 �	��5- M�$N O�P���� $�����  �S	�����8�S  F��9(BCFNa) �'
9 	 �������,�9 :;�
<�$=> ?����! W9�= �!��,> @
�A� B�.9 �� �$=

 �'�����)@,� ( ��$9 	)E (��( &�# 	� ��-�'��9 ) 1S (��($�0 &�# 	-�9  �'�)2S(  
@,� (F�����  

BCF(Na)
 $

�'
9�$=  �������,�9 ;�
<�$=>
S2 &�# S  &�#1 S2 &�# S  &�#1 S2 &�# S  &�#1

 ��	)*� F����� I� GH
0 
 &�# �� ��((mg kg -1)  

13 ± 27/8 a  55 ± 85/2 a  486 ± 21a  202 ± 63a  518 ± 313a  67 ± 15a  0  
69 ± 10b  22 ± 16b  892 ± 107b  85 ± 14b  411  ± 484b  ±60  4a  10  
151 ± 69c  20 ± 09/2 b  446 ± 39/4 c  127 ± 66c  956 ± 192c  ±27  53 0 b  30  

n.g.  n.g.  193 ± 266d  148 ± 44c  n.g.  n.g. #  100  
E (E$9  

BCF(Na)
 $

�'
9�$=  �������,�9 >;�
<�$=
S2 &�# S  &�#1 S2 &�# S  &�#1 S2 &�# S  &�#1

 ��	)*� E$9 I� GH
0  
 &�# �� ��((mg kg -1)  

13 ± 27/8 a  55 ± 20a  486 ± 21a  202 ± 63a  518 ± 313a  67 ± 15a  0  
25 ± 13b  25 ± 17b  651 ± 45b  202 ± 63a  636 ± 87b  66 ± 32a  250 

13 ± 05/6 c  25 ± 19b  488 ± 22c  224 ± 81a  910 ± 139c  67 16± a  500 
26 ± 16/8 d  10 ± 34/4 c  390 ± 256d  178 ± 22b  532 ± 59d  80 ± 44/0 b  1000 

$ :8� ,% *	!� �Z�# ���� TUC ���
 (Cp)8���� �3 8� (Yc)  B�C 8� *	!� ,% �L�J )( (Cs).  
: # ���� !18 Q!�)( ,���*�
��% ���� .  
* :&��� �( ��!�� ;$�E� �3 8��"9
 ���D� ���DE
 !#8�� !�8� a"Y h��E�� |:� 8� @8��.  
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Abstract
Nowadays, environmental pollution by heavy metals is one of the most serious threats of the world which 

needs effective remediation actions. The aim of this study was to investigate the potential use of Atriplex 
[Atriplex verucifera], Salicornia [Salicornia europaea] and Chenopodium Album in simultaneous uptake and 
accumulation of Na and Cd or Pb in two calcareous soils with different properties. Two soils, including a saline-
sodic-calcareous (S1) and a calcareous (S2) soil, were selected. Different concentrations of Pb (0, 250, 500 and 
1000 mg Pb kg-1 soil) and Cd (0, 10, 30 and 100 mg Cd kg-1) were then added to the soils. . The contaminated 
soils were incubated under a wetting-drying moisture regime for nearly seven months. The plants seeds were 
grown in pots containing different treatments of polluted soils and in control treatment (no Cd and Pb 
contaminations). The plant yields and concentrations of Pb, Cd and Na in the soil and plant samples were 
measured. Results showed that relative yield of Salicornia was more in soil S1, whereas those of Atriplex and 
Chenopodium Album were more in soil S2. In saline- sodic soil, the values of Na bioconcentration factor 
(BCENa) in control treatment were 67, 202 and 57 for Atriplex, Salicornia and chenopodium album respectively. 
The high value of BCENa in Salicornia revealed the ability of this plant in absorption and accumulation of Na 
from soil. A considerable accumulation of soil Cd by Salicornia and Pb accumulation by Atriplex and Salicornia 
was observed under unsuitable conditions of the saline-sodic soil, whereas, Atriplex and Chenopodium had high 
capability for Cd in the soil S2. These results revealed that these plants could be used for remediation of Pb and 
Cd contaminated soils. In this study, Salicornia with lower rate of yield reduction had the highest tolerance to 
Cd-stress and it seems that one can use this plant for phytiremediation of Cd and Pb from saline- sodic soil even 
in high concentrations of Cd and Pb.  
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