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5- Fractionation 
6- Sequential extraction 
7- Single step extraction 
8- Dissolved Organic Carbon 
9- Translocation index 
10- Accumulation factor 
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 ��, � �������
)       J!<Q
 83 
� �=���8I =� 8Y! -"f�GN!

FC (  -/�01� ��
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2- Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS) 
3- Deionized 
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 F�)2-F�) ���� I�< �� L$C J���'�) K
�B� ��	 �$GC�+�� $�H  

  
 ����3-�/"�8� ���� =�> J���'�)���+�< M��N��> 

 ���
F�  

 L$C
F�  L$C  +DOD� ��� P� ;	Q $G@<  R�C��S   T.N.V O.C S.P  F.C   EC pH CEC  ?<��  

mg.Kg-1  % dS.m-1  Cmolc.Kg-1

5/174  5/32  2/7 9/6 1/28 0/7 3/2 6/8 0/343   7/13 5/0 24 5/15  72/0  7/7  13  *</  
CEC : B�1<�	�# @��0	 J�G�KSP : B_�0�� J!<Q
 8f
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������������������������������������������������������������
1- Translocation Index 
2- Accumulation Factor 
3- Hyperaccumulator plant  
4- metal excluder 
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 F�)3- T�U�� �� ��� � L$C ������ �����< ��) JC�$� 
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 F�)4- �����< E'V. T�U�� �� ��� � L$C ��) JC�$� 
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1- Heterogeneity 
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� �
 4.�A � �.2 ���
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 ����4-M�Y � �+
� K
�B� T�U�� �Z�� � J���	 T���� �� L$C � ��� LW� � ?[
H \C���   
L$C LW� ��� LW� ,Z> &I� L$C ?[
H ��� ?[
H

J
��&��
% �� T$% T$% J
��T$%�
�� �� T$%
     T�U��    

b 003/0 ± 065/0  c 02/0 ±18/0  b 49/0 ± 70/5  b 37/0 ± 95/9  c 08/1 ± 17/32 �k�#� M+
 ��"#
b 002/0 ± 027/0  c 01/0 ± 18/0  b 22/0 ± 07/5  a 31/0 ± 72/13  bc 36/1 ± 10/36  *�G
= M+
 ��"#
a 005/0 ± 101/0  a 01/0 ± 38/0  a 44/0 ± 74/7  a 50/0 ± 32/13  b 92/0 ± 80/38   T<�� M+
 ��"#401
a 009/0 ± 103/0  b 02/0 ± 30/0  a 38/0 ± 68/7  a 67/0 ± 45/12  a 77/1 ± 97/49   M+
 ��"#RGS003
b 004/0 ± 070/0  b 04/0 ±27/1  a 44/0 ± 16/12  b 12/0 ± 82/5  b 03/1 ± 32/104   M+
 $
%504  
a 007/0 ± 112/0  a 06/0 ± 79/1  a 51/0 ± 45/13  a 42/0 ± 12/8  a 40/1 ± 25/133   M+
 $
%301
a 004/0 ± 113./0  b 09/0 ± 32/1  a 77/0 ± 03/13  a 26/0 ± 45/8  b 31/1 ± 82/100   M+
 $
%704

���
<� 

*�8
1�

  

c 001/0 ± 050/0  b 02/0 ± 60/0  b 09/0 ± 82/2  b 30/0 ± 55/16  c 9/0 ± 0/214  �k�#� M+
 ��"#
d 001/0 ± 030/0  c 04/0 ± 46/0  d 07/0 ± 78/1  b 45/0 ± 45/16  b 2/20 ± 5/257  *�G
= M+
 ��"#
b 002/0 ± 061/0  a 03/0 ± 85/0  c 10/0 ± 49/2  a 43/0 ± 18/23  a 7/14 ± 0/342   T<�� M+
 ��"#401
a 004/0 ± 072/0  a 01/0 ± 80/0  a 04/0 ± 10/4  b 11/1 ± 48/17  c 8/1 ± 2/194   M+
 ��"#RGS003
c 005/0 ± 083/0  b 08/0 ± 11/1  c 19/0 ± 24/4  b 72/0 ± 17/18  a 7/18 ± 2/261   M+
 $
%504  
a 011/0 ± 181/0  a 01/0 ± 62/1  b 14/0 ± 70/7  a 28/1 ± 20/23  b 2/4 ± 8/209   M+
 $
%301
b 008/0 ± 124/0  a 08/0 ± 81/1  a 32/0 ± 44/8  c 60/0 ± 67/14  b 3/7 ± 8/214   M+
 $
%704

-O
�
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 ����5-F�) �@����  �$GC�+�� $�H =�> �� K
�B� T�U�� $GC�+�� �� ��� � L$C K
�B� J���'�) ��	)T-test(  
F4  F3  F2  F1  

mg.Kg-1

    T�U��    
6/0 ± 8/14  1/2 ± *6/53  6/2 ± 9/50  03/0 ± **89/0  �k�#� M+
 ��"#
7/0 ± 5/15  0/2 ± *6/55  2/2 ± 1/51  05/0 ± **97/0  *�G
= M+
 ��"#
5/1 ± 4/16  3/1 ± *9/51  6/1 ± 5/48  03/0 ± **79/0   T<�� M+
 ��"#401
4/0 ± 9/14  1/1 ± *3/56  9/2 ± 3/50  05/0 ± **94/0   M+
 ��"#RGS003
8/0 ± 3/14  3/2 ± 8/58  2/2 ± 5/49  03/0 ± **75/0   M+
 $
%504  
8/0 ± 5/14  7/2 ± 5/60  9/2 ± 5/50  04/0 ± *72/0   M+
 $
%301
3/0 ± 6/14  5/1 ± 0/56  2/1 ± 6/44  01/0 ± **87/0   M+
 $
%704
5/0 ± 8/15  7/2 ± 4/63  8/3 ± 2/52  04/0 ± 58/0  �������
 ��, ���  

��



  

39/0 ± *91/5  4/0 ± *0/13  26/0 ± 38/3  06/0 ± 00/2  �k�#� M+
 ��"#
34/0 ± **48/6  4/0 ± *1/13  11/0 ± 42/3  15/0 ± 99/1  *�G
= M+
 ��"#
45/0 ± **39/7  2/0 ± *8/12  22/0 ± 15/3  09/0 ± 80/1   T<�� M+
 ��"#401
19/0 ± **84/6  3/0 ± *0/13  08/0 ± 68/4  04/0 ± 83/1   M+
 ��"#RGS003

20/0 ± 79/4  4/0 ± 7/13  22/0 ± 63/3  14/0 ± 79/1   M+
 $
%504  
10/0 ± 99/4  4/0 ± 5/14  25/0 ± 08/4  08/0 ± 00/2   M+
 $
%301
18/0 ± 82/4  3/0 ± 6/13  25/0 ± 81/3  09/0 ± 87/1   M+
 $
%704
26/0 ± 35/4  5/0 ± 8/14  16/0 ± 75/3  08/0 ± 03/2  �������
 ��, ���  

��
�
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Abstract
In this research chemical forms of lead and zinc in bulk and rhizosphere soil of different cultivars of maize 

and canola were determined by sequential and single step extraction methods. Some factors affecting chemical 
transformation of the two elements such as pH, dissolved organic carbon (DOC), their uptake by plant and also 
cation exchange capacity in the rhizosphere and bulk soil were also assessed. Rhizosphere was obtained with 
gentle shaking and separating the soil around plant roots. Results showed that zinc uptake was more than lead in 
both plant cultivars. Zinc and lead accumulation in all cultivars roots were also more than shoots. Translocation 
index (The ratio of element concentration in shoot to root) in the corn cultivars was higher than canola cultivars 
(significant correlation= 1%) while the ratio was higher for lead in canola cultivars. Metal concentration in 
shoots to total metal concentrations in soil (Accumulation factor) showed a similar trend like the translocation 
index. In total, the corn ability in zinc and lead absorption and extraction in soil was higher compared to canola. 
There weren’t any significant changes in rhizosphere pH compared to bulk soil. Dissolved organic carbon in the 
rhizosphere of different cultivars was more than bulk soil and the amount of it in canola was significantly more 
than corn cultivars. Among each plant cultivars, the absorption rate increased with increasing root exudates. The 
results of sequential and single step extraction methods showed that the general trend and the soil system 
tendency (Root-Soil interface) is toward zinc availability in the rhizosphere. The amount of lead in rhizosphere 
showed no significant changes to bulk soil with none of the extractants in single step extraction method but with 
regards to the results of sequential extraction method, rhizosphere processes tend to reduce the availability of this 
element in both plant cultivars.  

Keywords: Dissolved Organic Carbon, Translocation Index, Sequential Extraction, Accumulation Factor, 
Rhizosphere 
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