
������ �	
� ��
� �
���  ���� ����
� ����� ����� ����66 ��� ! �3 �#�$�%1392  

 )�
*+328  -  319  

  

 ������ �	
� �

� 
	�� �
�� ���
� �
�� �
�  
	 
����� �� �	��� �
  !"#
 $%&�)VI ( 

��� �") ���� �	�**  

 

�	
+�� �,-��	� .���
 �/�01 2�
3� % �*
%
-� �
4-��	 �*
%
-�  

)������ 	���
 :28/3/1391  - ����
 	���
 :16/6/1392(  

 

,5���  
.��/ #�0� 1� 2�3� �����/  ����+ �� 4��5	647�
89  :�7;: ���: �	
#<�
�  15=��!�>� 47! .4��6 �
8�%  ��6��> � :��@5A� ����/ �!��

1�  B
8�% :��� �5	
� C�
3D�=  :�E�>� 4�F39 .G
H� �I�J KL7E �� >���� ���FH�
 M��N5>�  .��/ #�0)VI ( D�= �� 4�F39�� 1 �A   :�QE
1�
� ��� R
 3�>� S>� ��7%F/F/ �FTJ �� �� � U��/�= ����% V�� 1� ���W� ��F�   �Q39  ��Q;� 7Q! .  1Q> �5Q	�   �Q!�/�F�X�
  1Q50�)  � D�Q=
%F/F/� � D�= �U��/�= � D�= ����% V�� ( �� 4��*5>� ����F�  �39 � �F/Y�
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 ��1E�  :�E � D�= �6�F39 ���=�`9 �E 1� ������
� :
� .��/ #�0 �g� ���3��0 �E  �� �Q���l� ���
� 1� ���	�� :

���;� ��GG
�  ���F�J � �E��6 .F�m ����  �Q>� 47!
)Shanker et al., 2005 .(   .��Q/ 1Q/���9��)VI ( Q�F6� 

 �� 4��*5>� ��F� .��/ #�0 ��+� �Q�3��0  �QE  �5��Q+ :
 �`F\ ��8F0 � aE9 7�3FH ��Z� .�Q\  :��Q>  � :��Qn�9 �

 �>� a
� �� ��
��+�>� ��� ��FH  �5��+ :�E7�
9�0
  �6�FQ39 ��+� d�	� �� ��Q
�      .��Q/ #Q�0 1Q� �Q	
�

 �� !��)Salunkhe et al., 1998 .(�6�F39 D�=  �E 1Q� 
`�	%    �5��Q+ :�QE :�E7Q���%   ���� �Q% �� :�7Q�5� .

�g�:�E *��� ��  � D�= )��+F@=a��o E   pFQ> ��g9
  )8FQ@
� ��n� m � 7!� ��  �Qm���)Kumar, 2000 (

 �� ��N��%:�E7��  �6�F39D�=  �E   a�l�Q> )�#Q�0 1�
1� �F� � .��/ #�0 � ��/1 :��F� �F� 7�� . ��l
� :F> ��

 .��/ )���/�H iF�
� .�0)VI (  � q�Q��5>� )�F+ ��
�>F% �� V� H� 1� 4r
�  ���Z�[ :�E 8���   � Q> ���	�

�>� D���<= � .     �7Q�/ � :FQ��/ _5Q	�> �� if5Q=�
 ���� �_>9��>�	J  :�E� �5>F%   47Q�� � 1
� ����>

 s��� �� a50�6���A s��Fm ��#�0  .��Q/    � 7Q� )ATSDR, 
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�� .��QQ/)VI (1QQ� �FQQ� 
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� �
   ��QX; �Q!�7X� �����Q> ��� ����� �F;� �	� 

�
 �� ��7G� a50 ��3 �� .�6��n� �5)µg l-1 ( .fm�4��/ 
 �>�)Oze et al., 2007 .(  
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  :�E )����/�� ��FH  7Q� 1Q�   �Q5J��  1Q� 1Q
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�
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89 �E �gv�  �>�)Pilon-Smits, 2005 .(� �� Q
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1998 .(6� �� 4��*5>� ��F� 4�0�� :��4��6  �
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�  �� �� #�0 ��.�7�� :�E 
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)Begonia et al., 2005 .(    �
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���Q/
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�
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�
<>  B
�#0� ���� 7E�  � �>� an �� > 1� �7! 

 D�= ����7��;#
� � ��E��6 �����F! )Santos et al., 

2006 .(a
�������  � ��F� �� 4��*5>�t�� �E : �Q� ��6��> 
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�`F�<�  �H�F� 7E�F= �
F3�� �� � .  

���FH 1� 1;FH ���
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�  :�  �4��5Q	6

 ��>9 ��WnH)Castiglione et al., 2007( � N�H y�� Q� �
 � 8�QQ��9 �QQ�H 1QQ� � i�QQG5�� ��QQn���89 �5QQ�
 1QQ� 47QQ�

.�7�� :�E �FE�
 � ��
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 �K � �� L7QE Q
  BE�rQ% a
�>���  ��FH4��6 �
8�%  .��/ #�0)VI ( �>FHi�X� �E: 

R
 3�>�  SQ>� �� ��7 �QZ�[  :�QE  �F6�Q�F6  6�FQ39�  �
a��o E >���� ��gzH  ���#0�  �Q39 ���Q�    �� D�Q= 1Q�

�GH��: ���/�
 4��6 �
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  h�Q� �� �2
�F5/�0 ��
���9 h�� d3�A �� BE�r% a
�

�%� {f��/  �� �0��@H1>  7Q! .���� ���nH .  :�QE�F5/�0

     � �Q!�/ :�E�5Q	� 2��Q! �Q>��� ��F� �QZ�[  :�QE 
39�F� .��/ �6�F .
#�H�   :��Q�94���   �QE   �� 4��*5Q>� �Q�

.��  ��#0�  :��Q�9SAS  � Q	
�G��  a�l��Q��   �QE  t�� 1Q�
 �/FH)���9� HSD1 (7! .���� 7+�� R
 e<> �� .  

[ D�=��F39��   � �� 4��*5Q>� ��FQ� Q
 �Q��9 a
 �� B
 K m�*+  �H30 �5��> :�5� m�#�� !�F�9�- Q�E�r%� 

  ���QXH 4�l����)E ′57 50⁰  �N ′48 35⁰ (XH Q� 7Q! 1 .

                                                           
1. Highest Significant Difference 



 *+!�,- ����  �
���. ��/��0 �
1�' 2�3! 4�5  6��. %�7 8� /�9,- :�; �� ��<�=>)VI (                                                                     ���� 321 

 

�F/Y� D�=�  �� }%R�=  ��FE s��� �� �7! R3� ��
�� ����  :�5� � 4��� �F�m1� �F�   wFQ�N� 2��/ 7Q!  �

QQ+F@=�0 )��#
QQn� QQ! �� ���
   �� 4��*5QQ>� �QQ� �9
t�� �E:  ���7��5Q>�  4��7Q��   :�Q�6 7Q!7� . :��Q�  Q�XH� 
i�X� �E �
 ��Q;� �� 2�A i�> R:  �Q��9
 �B 1Q �A   �
�QE


  �Q� ��	n  iFQ�) cm3 ± 25(  �Q<A �) mm1 ± 8 ( �
��7�H ��E  �� 1��F;
���� �=�� R:  SQ> ��*��� ��7

)Populus alba L. (XH�1 ��� �: 1�
� ��� �7!1�  )7�
QQ
R QQ	� ��5QQ	3�X� �� i�QQ>��5QQ>�X! #�QQ> ��  M�QQ/

��7Xl� � ��A���: 7�7! . Q� �� 7�� i�>� a 1Q �A   :�QE
1�
� ���  `�N5���0�6 )�F+ �7��  �i�X� �E�
  �� 1/

 �F/Y� )�*+ �Z�
��� 7��F� ��	n:  �Q��9
 ��7Q�6 B� 
7�7! 150�6 �Z� ��.   
%F/F/ �U��/�=� � ���% V���  1Q�  2Q�3�   ��FQ�����

��
� �
��G� �39 ���� )�lJf+�(�  ��Q�:   �Q�XH �E�5Q	�: 
7�7QQ! 1QQ50�6 �QQZ��� �QQ!�/ .�QQ6r
�  :�QQEQQ!� ���
 

�E�lJf+�:  i�7; �� �F/Y�1 �>� 47! 1$��� .� ��
 a
���9
 B��X\ �5	�     7Q! 1Q50�6 �QZ� �� �Q!�/ .  �5Q	�

 �!�/R
  %F/F/ � D�Q= 2��! Q�  1Q� .�7Q/�E �  ���7Q�� 
 ���7QQ�6 _QQ�J ~QQ@� �QQ!�/ �5QQ	���  � D�QQ= 2��QQ!

 .�7/�E U��/�= 1Q�  ���7Q��     �5Q	� ���7Q�6 _Q�J ~Q@� 
 �!�/1> �= 2��! � D��% V��  .�7/�E1� ���7��  ~@�

 � ��7�6 _�J �!�/ �5	���X\   D�Q=) 7Q���   ���#Q0�
�39 ���� (1�  ���W��5	� ��H 7E�! �!�/
7�7! ~ .  

 RQQQ � ��:�  )�QQQ���/ _�QQQ>�5%)K2Cr2O7 ( :��QQQ�
4�F39 7! 4��*5>� D�= ���/ . �!�/ :�E�5	�1�XH   47Q!

 �
��G� ��50 �100  �150 ���� .�6   �� .��Q/ .�6F��/ ��
 �� M��= ��7Q�6  �QE  1Q�   )�FQ+    }SQ> � 4�FQ39 �Q=�F�n


��7�6 �E �9 ��  7�7Q! �% .  B
�Q��9 aQ
� �� ��  ��7Q�6  �QE :
 �QQ�0�� �QQ� �n�5QQ>f%25  4��*5QQ>� �QQ5�37QQ! . �� }QQ%

4�F39  i���H �3�J 1� �7�>� :��� ��!�/ :�E�5	� ���/
1�   7�7Q! �E� �F= i�J 1� 4�� R
 )7�)Alizadeh et al., 

2012 .( i�G5�� �� }%i�X� �E  1���7�6  �QE ) ��5Q	�� ��( �Q� � 
�QQ�9 �
�QQ5� 1QQ� 1QQ;FH )�*3FQQ> � 4��� :�QQE�F/ �D�QQ= #�3

 �� �@�m �� a
� �F� / �� :��6F�; :��� _�>�5%i�X�  �QE 
7! 10�I� D�= 1� . iF� �� ����    D�Q= �Q�F�� �BQ
��

 ��7J70  �H90  ��F�� 7+��1m�#�  :� a
�FH K
�� �� �
��7�6 �E 7! �*J B
���9 iF� �� .    :��Q��9 �Q� 2Q m a
�

R
  ������ �����7�6 �E  2@0 ��   2Q@0 �� 4����QE � ��X�
7! .���� ��5	��H .  

 2�<A1. �0C
�  4�5$�#���
 �5�DEFG�4 /��HI>� ��9�  

1@N��  %F/F/��  U��/�=  ��% V��  

R � ��7G�  g l-1 12/1  g kg-1 2/1  g l-1 95/0  

 ��7G��39 ����   %86  %38   %96  

pH  1/6  2/6  7/5  

K2O  mg l-1 264   %78  mg l-1 178  

P2O5  mg l-1 93  mg kg-1 2/23  mg l-1 83  

N  mg l-1 85  %74/0  mg l-1 81  

.��/ #�0 ��7G�   -   -   -  

        

�% ��
 ������ ��
 B)�% Q
 �XQ! ��
�F( � i�QX�  �QE  ��
��7�6 �E � M��=�  }Q%  �� �Q	!  FQ!�:    `9 �Q� 2Q��/

9 �� ��<G� �Q�� �� ��: 70  Q;���  VF�Q	�>   RQ�=
7!7�  ��� �:� 4�FH ���:   �� .�7Q/�E .�7Q��  �QE: 6 Q� 4�

)�
1A�> �1�/1=�!  �EU�� � ( ��g 7Q! . }SQ>�  ��Q�: 
4��7��  :��6  .��Q/ ��7G� ̀ YQ;    �Q>FH 47Q! i�QX�  �QE �
.�7�� :�E 6�E�� ��  � ��= f��/ `��>9 t�� �Q�   _QTE

 �H) �� 4��*5>� ��>��7 �F*3F>
�[ R� ��`9   1�r�Q	/� �
�� 4�l5>�
7	�i�( _TE 7!7�    #Q�0 ��7QG� � .��Q/  ��

>� �� 1�F � �E4�l5 ICP-OES1  7! a���H)Vicentim 

and Ferraz, 2007( .  

                                                           

1. Inductively Coupled Plasma – Optical Emission 
Spectroscopy 
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3 .
+��<  

     1Q�3�<� aQ
� �� 4��*5Q>� ��FQ� D�= � �m .��Finely 
loamy, Mixed, Xeric Haplocambids, Super 

active thermic     �9 �
�� �Q! � �Qn
#�0 )��Q+F@= �
 i�7; ��2 �>� 47! 1$���.  :�E�g� �6�F39 e<> ��+�

 � �!�/ �5	��� 7�3FH ��F�:� �FH� 1A�> �U��/ � 1=�!
 e<> �� 1�
�   7Q+�� RQ
 �Q��� ���  �FQ� .   2Q��G5� �Qg�

 � �6�F39 hF<>  �Q!�/ �5	�   7Q�3FH ��FQ� ��:�  �FQH� 
1A�>/ 1=�!���� ����   �Q�� �QZ���   7Q�3FH:�  �FQH�   � U�Q�

��[ 1�
����� ���  �F�) i�7;3 .( �
�5� K�� 1Q$���   47Q!
 i�7QQ; ��4 a
�5QQ��� ���7QQG� 3FH 7QQ�:� �FQQH�  � U�QQ�

1A�QQ>/ 1=�QQ!1QQ�  dQQ�H�H73/152  �33/253  ��� .�QQ6
 � �*+ �6�F39 e<> �� �R�=  �Q!�/ �5	� ��)  D�Q=

U��/�= �(� 7! 47E��� . 7�3FH ��7G� a
�5���:�  �FQH� 
1�
�   �� .��/ �*+ �6�F39 e<> ��  �Q!�/ �5	�  RQ


)��%F/F/ � D�= (  ��Q50� q�Q*H� .  a
�Q5 / ��7QG�   7Q�3FH
:� �FH� ��1A�> �U/    e<Q> 1Q� wFQ��� #�� 1�
� � 1=�!

 �6�F39150  �Q���  .�Q6   �5Q	� �� .��Q/    ��QX\ �Q!�/
)D�= ( �1�  d�H�H73/39 �93/104  �43/28   .�Q6 ���

 R�=�F� . a
�5��� ��7G� 7�3FH B
�#0�:�  �FQH�   U�Q�
 �
H��gzH  �!�/ :�E�5	�i� m�   )��Q*H 1� 47!  �5Q	�

 �!�/ 7E�! � R
) D�Q= ( Q�1   ���7Q�� 17/54   .�Q6 ���
R�= wF��� �F� .     7Q�3FH ��FQ��� ��7QG� aQ
�:�  �FQH� 

1A�>/ 1�
� � 1=�!1�  �� d�H�H �!�/ �5	�   e<Q> RQ

 �6�F3950 ���� .�6  �  �Q!�/ �5	�   �6�FQ39 e<Q> ��

150 ���� .�6  ��� y� .��/) i�7;4.( 

 2�<A2.:�; �
��#�$ � �J
%�7 K��G9L;  

��+F@=  ��7G�  ��+F@=  ��7G�  

a! )7+��(  41  RE9 7+��  2/13  

���> )�7+�(  35   .��/M��N5>� ��7! �� 1DTPA )���� .�6 �� /.�6F��(  09/0  

V� )7+��(  24  ��0�� i���H ��F�H�/ )�5��> iF� ��� �� .�6F��/(  25  

a��/ �39 )7+��(  86/0  �*	0 `Y; ��7! )���� .�6 �� /.�6F��(  18  

�u��5�� )7+��(  076/0  _�>�5% `Y; ��7! )���� .�6 �� .�6F��/(  232  

EC )�>� }� 
� �� �5�(  42/4  }� M��N5>� ��7! �� DTPA )���� .�6 �� /.�6F��(  002/0  

pH  5/7  9aE M��N5>� ��7! �� DTPA )���� .�6 �� /.�6F��(  1/5  

)����/ _�	�/ i���� )7+��(  1/8 :�� M��N5>� ��7! �� DTPA )���� .�6 �� /.�6F��(  01/1  

Field Capacity (F.C) )7+��( 26 #�l�� M��N5>�  ��7! �� DTPA )���� .�6 �� /.�6F��(  854/7 
  

 2�<A3. �I!
 2�<A M
%�N� ���
 O!�,9N� <4� �9N� 2�3! 4�5 =>���< 

�H ��������  
��l���)����� a  

;��� ���9: )df(  :� �FH�  U��)g(  :� �FH� 1A�>/1=�! )g(  :� �FH� �
1� )g(  

6�F39 e<>�  3  **09/11153  **02/22567  **32/648  

�!�/ �5	�  3  **49/4816  **1/5577  **52/452  

6�F39 e<>�×�!�/ �5	�  9  ns77/118  **61/108  ns93/5  

�I
�H d��)��    07/10  65/7  77/4  
** :���� ���:  e<> ��7+�� R
   

ns :��F��  Lf5=����� ���  

                                                           

1. Diethylene Triamine Pentaacetic Acid 
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 �
�5� �
#�H �� .��/ �!���� }��
���.�7�� :�E   �E�Q�6
 �  2Q/ `Y;   i�7Q; �� .��Q/5    �Q>� 47Q! 4��� ��Q�� .

�� E  i�7; �� 1/�F�5  47E��� �Q�  �FQ! �   :�QE�g� �Q��/
 � �6�F39 hF<> ��+� �!�/ �5	� �  :�QE�g�   �QX�9 2Q��G5�

 ��F��� � E � �!���� )�*+ 2/ `Y;    2Q��G5� �Qg� �� �Q�[
������  e<> �� .��/ �6�� �!���� 7+�� R
 �Q��� ��� 7Q�. 

2n!  :�E1  �H3 1�       �U�Q� �� .��Q/ �Q!���� �
�Q5� dQ�H�H
1A�>/ � 1=�! ��
�i�X� :�E  :�E�5	� �� ��7�S> �F6�Q�F6 

 hF<QQ> � �QQ!�/�F6�QQ�F6  ��QQ�� �� �6�FQQ39�QQ� 7QQ�E� .
 �� .��/ �!���� ��7G� a
�5��� U�Q�   �QE ��   �Q!�/ �5Q	�


R  �6�F39 e<> �150  �Q���  .�Q6    �Q�g .��Q/ 7Q! . ��
 ��7G��� �6�� �!����  �Q� � �l
7n
 �� 150�
�F�X� :�E�5	� a

 �!�/ �5	�7E�! ��E    �Q��� )��Q*H 1Q�F6 :���   47E�Q��
7��� 1�  :��W5>� �6�F39 e<> �3�J50 ���� .�6   a�Q� 1/

 �!�/ �5	��� )U��/�= � D�= (�E�5	� �
�> ��   Lf5Q=�
���� :���  ���
�7! ) 2n!1 .(  

 2�<A4.��+�
 �4� �9N� <�,9N N /<$ �>92�3! 4�5 =>��5�I�� �� ��<4 
90�!90 0�9,- Q9R> �9SE �� �$�.�  6��.)VI( 

:� �FH� �
1� )g(  :� �FH� 1A�>/1=�! )g(  :� �FH� U�� )g(  6�F39 e<>� )mg kg-1(  �!�/ �5	�  

43/58 (a) 86/240 (ab) 13/134 (ab) 0 %F/F/ � D�=�� 

86/55 (ab) 63/223 (b) 13/127 (ab) 50  
46/49 (bcd) 8/167 (d) 06/81 (cd) 100  
06/43 (de) 23/154 (ed) 43/79 (cd) 150  
43/61 (a) 33/253 (a) 73/152 (a) 0 U��/�= � D�= 

33/58 (a) 26/204 (c) 86/110 (abc) 50  
76/54 (abc) 8/170 (d) 3/84 (cd) 100  
8/46 (cde) 66/153 (ed) 86/76 (d) 150  
16/58 (a) 03/246 (a) 26/139 (a) 0 % � D�=�� �V� 

46/54 (abc) 56/202 (c) 1/106 (abcd) 50  
86/48 (bcd) 93/162 (ed) 7/77 (cd) 100  
76/41 (de) 1/149 (e) 2/72 (de) 150  
4/49 (bcd) 66/205 (c) 5/101 (bcd) 0  D�=)7E�!( 

7/45 (d) 3/169 (d) 96/72 (de) 50  
43/40 (e) 53/125 (f) 66/41 (e) 100  
43/28 (f) 93/104 (g) 73/39 (e) 150  

 L��J1����  �F5> �E ������ 7�E�� ��F��  )��*H���� ��� �� e<> �� ��7m� aR
  7+���>�.  

 2�<A5 .�I!
 2�<A M
%�N� ���
 %�7 6��. �$��!� O!�)VI ( ��6�<!� 4�5 
90�!90 2�3! 4�5 =>���<  

�H ��������  

��l���)����� a    

 �;�����9:  

)df(  

U�� �� �!����  

)mg kg-1(  

�� �!���� 1A�>/1=�!  

)mg kg-1(  

� �� �!����
1�  

)mg kg-1(  

2/ `Y;  

)µg g-1(  

6�F39 e<>�  3  **53/1117  **11/5404  **04/18149  **4/335  

�!�/ �5	�  3  **04/174  **53/715  **48/1306  **2/512  

6�F39 e<>�×�!�/ �5	�  9  ns27/50  **92/201  **59/159  **64/435  

�I
�H d��)��    57/17  06/14  72/8  03/11  
** :���� ���:  e<> ��7+�� R
  
ns :��F��  Lf5=����� ���  
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 UJ$1. �
�+��  �� 6��. %�7 �$��!� �
��+�V��  �5 ��N��WXN 0�9,- Q9R> � �$�. 4�5�I��� )P<0.01(  

  

  
 UJ$2. �
�+�� 8Y�> �� 6��. %�7 �$��!� �
��+�/ ��N 8;�$��WXN 0�9,- Q9R> � �$�. 4�5�I��� )P<0.01(  

 �!�/ :�E�5	�i� m�  ���� 47! �Q�  7QE�   �
��QG�
 �� 1�
� �� .��/ �!������/�  :�E�5	�hf+�  47!  �Q�

�5	�  �!�/ 7E�!)D�=(   )��Q*H �Q��� ���:  �Q!�� .
 �� �!���� ��7G� a
�5����5	�  �!�/   e<Q> �� RQ


 �6�F39150 ���� .�6  ��g .��/ 7Q! . ��7QG�   �Q!����
1�
�  :� �!�/ :�E�5	� ��hf+�     2Q+�0 7QJ �� 47!

 �6�F39 hF<>100  �150 ����  .�Q6   .��Q/ �Q��� ��� 
�F��� �3�J�� 1/  ���5	�  �!�/    �Q�
�#0� 7Q��� 7E�Q!

 Lf5=� �Q��� ���  ��� ��Q�� �� :)  2nQ!3.(   i�7Q;6 
 �
��G�`Y;  2/  �� .��/i�X� :�E  �
H ��7�S>��gzH 

    �� �Q!�/ :�E�5Q	� � .��Q/ �6�F39 hF<> :�E�� �H
�� ���� �7E .`Y;  2/    �Q!���� ��7QG� .� H �� )���m

 �� 47�
89��/� .�7�� :�E  �Q>� 4��6 R
 . 1Q�  ��W5Q>�: 
�5	�  �!�/   �6�FQ39 hF<Q> 2+�0 7J �� R
100  �
150 ����  .�Q6     �Q�
�#0� 7Q��� �.��Q/ ̀ YQ;   2Q/   �Q�

 {f��Q/ �6�F39 e<> B
�#0�   �Q>� �FXQ�� .  a
�5Q���
 ��7G�`Y;  2/    FQ39 e<Q> � RQ
 �!�/�5	� �� �6�
100 ���� .�6   7Q! �Q�g .��/�  �3�QJ��  1Q/   a
�Q5 /
��7G�      1Q� �6�FQ39 e<Q> �QE �� �5Q	�   �Q!�/  7E�Q!

 wF����F� .  
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 UJ$3. �
�+�� � �� 6��. %�7 �$��!� �
��+�
 ��N 8 ��WXN 0�9,- Q9R> � �$�. 4�5�I��� )P<0.01(  

  

 2�<A)6 :(��+�
\]A � U.  6��. %�7)VI ()µg g-1 ( Q9R> ��90�!90
 0�9,-� �5�I�� �4 
90�!90  �>9N �$�.2�3! 4�5 =>���<  

6�F39 e<>� )mg kg-1(  �!�/ �5	� 

150 100 50 0  

64/54 (a) 71/51 (a) 71/21 (cde) 52/3 (gh) %F/F/ � D�=�� 

62/53 (a) 92/47 (a) 10/29 (bc) 92/3 (gh) U��/�= � D�= 

46/53 (ab) 34/33 (cd) 44/18 (def) 01/4 (gh)  � D�=��% ��V 

96/41 (cdef) 16/25 (efg) 10/12 (fgh) 81/2 (h)  D�=)7E�!( 

 L��J1����  �F5> �E ������ 7�E�� ��F��  )��*H���� ��� �� e<> �� ��7m� a
�>� 7+�� R.  

4 .>?�  %�@�+� �&��  

� ��
 aK�G
H  ��FH4��6 �
8�%    .��Q/ #Q�0)VI (  �Q>FH
i�X� :�E  1Q�
� ���  RQ
  3�Q>�  SQ>� �� ��7 �QZ�[  :�QE 

�F6��F6 6�F39� >���� 7! .��6 a� 4��*5>� ��F� ��E�
9�0 ��
 7�4��6 �
8�% ���F�+ }�;� 1� 2�3�  �Q��FH�
  ��

3FH� 7:� �FH� � Q
 �� N�H y�Q� � Q� 8�Q� ��    1Q;FH �F��Q/
BE�r% :�E 4��6  �
8�Q%  �Q>� .  Q>��� V�Q>����  �QE: 

1� 2 m  �47�9 �F�/�H��E�r%  ���Q���  4�Q�6  �
8�Q%   #Q�0
.��/    �Q��FH �Q�� �1Q50�l� )�F+ ��F�+ }�; �>FH�
 

 �� ��F�+4��6 �
8�% �>
 l�Q> )�#�0 �� � a 47Q�
89  �QE 
1� �F� >��� 4��5	6�    �Q>� 47Q!)Alizadeh et al., 

2012; Wu et al., 2010; Biro and Takacs, 2007; 

Castiglione et al., 2007 .( ��Q E �F�   BQN� �� 1Q/
�5�
 �7! 1$��� � i�QX�  :�QE  SQ>� �Q��FH ��7�
  8�Q��
  ��

4��6 �
8�% 3FH 1� 1/ 7���� ���� �F= �� .��/ #�0� 7��
� 
:� 4�FQQH � �QQ>FHQQ
 1QQ�F6 aN�H y�QQ� �QQ�8�QQ� �:  �9

QQQ���� ���QQQ6 .Biro and Takacs )2007 ( �Marin  �
 ����n E)2009 (  8�Q� ��FQH 1�: P. nigra  �P. tremula 

 ��4��6 �
8�%     4��Q!� `�Q> #Q�0 Q���/7. Wu   ����Qn E �
)2010( �Di Lonardo  ����QQQn E �)2010 ( �Justin  �

 ����n E)2010 (1� H�H����FH d�
 1 �A   :�QEE��� Q
 7
P. nigra × P. deltoides �P. alba  �P. deltoides 

�� 4��6 �
8�% ���/ #�0� ��� dQ>��� �� .F Q
���  7Q���/.  ��
��/� �E�5	�: �!�/� 3FH� 7:�  �>FH 4�FH i�QX�  �QE   �Q�
�#0�
6�F39 hF<> B�   BE�Q/
 �Q0� .  BE�Q/:�  �FQH� 

QQ6��� �QQ>� aQQn � 1QQ� 2QQ�3�  � ��7QQ�H BE�QQ/ ���7QQ��
iF�>  :�EU��  7!��)Nieman, 1965 .(  BE�Q/:�  �FQH� 

�
{8� 5J� 1� 1� 3� Q�� 2
  9�0 �� if5Q=� ��Q�
  Q	GH 7Q�� _
3F�>� �Y[ �+��m �F� / ��
 6 ��� �>� 4�)Foy, 1998 .(
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6 ��*H�� BE�/�� 4��� # �>� an 1� 3� Q�   7Q!� BE�Q/ 2
�
 � 1�1�      �YQ[ ��FQ� � `9 �Q5 / i�QG5�� �9 i�Q����
   1Q�

BN�  :�E�FE�
 6�7!�� 4� .�� E  �� 1/�F�2n!   :�QE1 
 �H3  ��>� 47! 4��� ���� �� ���/�E�5	�:  ��!�/  7Q���

 �� .��/ #�0 �!����.�7�� :�E �F6��F6 i�X�  :�QE  SQ>� ��7
1� )�F+ �
1�<1A�>/1=�!<  Q� U�Q��F .Pilon-smits  �

 ����n E)1998 ( X��Q�� 7����     #Q�0 �Q!���� ��FQ��� ��
 ���Q/� �� .F .�7Q��  :�QE  E ��F�Q+��� Q
 7P. alba × P. 

tremula  t��#QQ6QQ���/7.Biro   � Takacs )2007 ( ��
�QQG�G
H U�QQ� 7QQ���<�
1QQ�<1A�QQ>/ ��FQQ��� �� 1=�QQ!

���/ �!����� �� .FP. nigra 7���/ t��#6 . � �Q�m Q
 a
�� )��*H  �!���� 7��� �>� an � �F� 1�   �Q!�/ �5Q	�

���6�� )Wu et al., 2010 .(  
 �� 4�����t�� �E: �7�5�:  ��Q�:  �QGH��:  ���Q/�
 

4��6 �
8�%  4��*5>��� �F!  �9 1� 1/4��6 �
8�% n /� 
 qf���� �F! .6 �� 4��*5>�����H ��E�
 ��F� i� m� �15N

!� ���
 �F6��F6 �:�� �#0�
3fJ B�)�#�0 �  Q� ;��� 
�
 at�� �E�> .t�� �E: �� �� ��6��>� �A �� �Q� Q� 2

i� �5QQ>� �E�lJfQQ+��
 Z�QQ��QQE�F/ �: ��QQ6:  �
 �QQ>FS /)Clemebte et al., 2006 (QQ[�� �FQQ/ �� 

)Wei et al, 2010 (��� 1� #
 i� m� �FZ�� a �Q�  �FQ! .
� ��
 a�K�G
H   BQG� 1� ��FQ�   �Q39 �� �QGH��:  ���Q/�
 
4��6 �
8�%  .��/ #�0�� #7! 15=���%. ��F�  �39�� ��
 K
�#0�
���/ B�
 6 �>FH `9�4��% �
��7:   �D�Q= ��5=�>

>�	J BE�/� 6��Q�0 1� D�= ��� �
��� Q� �� `9 R
D�= )Quiroga et al., 2006( ��WH� �4�FH  :�E  D�Q=

 ��	
� _E��0 ���/ �F�H�/  :�E #Q�0: )Khaled and 

Fawy, 2011; Boguta and Sokolowska, 2012( �
#0��
0�� B�  H�Q/ i��Q�H ���F�   D�Q=)Bohn et al., 

1985 ( ���#QQQ0
FXH BQQQ
 D�QQQ= ��5=�QQQ> �FQQQ�X� � 1
)Martínez-Fernández and Walker, 2011 ( d�Q> 

�#0�
3FH B� 7:�  �FQH�   �E�Q�6 �Q�  7�FQ! .Zalesny  �

 ����n E)2007 (��   �E�5Q	� �Q�W� BG�:   �Q!�/ ��
�#0�
3FH B� 7:� �FH� 6�E�� E ��F�+���
 7P. deltoides 

× P. nigra  7�/zH7���/ .� ��
���9 a
 �B �� 4��*5>�  ��FQ�
 �39  Q6�� �Q!���� ��7G� ���  �G� �� .��Q/
   �5Q	� �Q� 1Q	 

7E�! �!�/ ���� ��gzH :��� �!�7�. �
 a ��gzQH   ��FQ���
1A�> �!����/� 1=�!�   �Q!���� ��FQ��� � �5� 1Q�
�  :�

� )��*H��E�5	� a: �F�X� �!�/
  E�Q! �5Q	� �� 150� 7
 ����/� 6�F39 hF<>� ���� ���  �F�)2n!   :�QE1-3 .(

3FH ���� 7:� 4�FH  �� .��/ �!���� �.�7��  :�QE 6 Q�E�� 
a�� �E�5	�:  �!�/150�
�F�X�  #���F� )��*5� .3� Q� 2

�
     ��5=�Q> 1Q� �Q>� aQn � ��� a 7Q�o�%�  ��FQ�   �Q39
��  ���6)Kabata-Pendias and Mukherjee, 2007 .(  

�+� L7E� ��;� ��: h��  :�E 4�Q�6  �
8�Q%   � `YQ;
89 M��N5>�

� �� 47���>� D�= � .  �Q5� 1Q� 1;FH ��
 �

1$���  i�7; �� 47!6�E�5	� �: �F�X� �!�/
 150�  d�Q>
�#0�
 B���� ��� `Y;  2/ 
� �� .��/� 7�7Q! D�= �� 
�H�
�;  1/�
�#0� a
 �� B   �Q!�/ �5Q	� RQ
    1Q� ��Q	�

 �!�/ �5	� ��7J 1� 7E�!��  Q>� ������7. � Q
  )��Q*H a
 ����7G� `Y;  2/    �Q�W� BQG� �� .��/   �Q39 ��FQ� ��
�#0�
3FH B� 7:� �FH�   �E�Q�6 )zQ��  �Q�  ��Q�6 .  �Q��5�
G
H�1� �I�J K  ���W� 
150� :� �� �� ��6��>� ����  Q��FH 7
���: 9�0 1� R /
 7� 4�Q�6  �
8�Q%   7Q!�� h�Q<� .  1Q\�6�

 ��Z� �
�� �! 2��Fm �� 4��*5>�EDTA1�  d�>  :�QGH��
\ )�#�0 �!���� :����� a
7�)15	� 4��6 �F� 1��   #Q�0 �F�

 ��Q
� �
��! � (  4�Q�6 �� �Q�  �FQ! )Doumett et al., 

2008( ��� �
�E7���% �_E  �F\     1Q� �QX�9 xFQ*� � t���QH
K0�  :�E �D�= a
�
�`9 �E   � �
<Q> �Q
 � ������
� :

a��o E � >  �7! � ��E��6 ����7��;#
� w�G� �� D�=
   aQ
� ~�QIt�� �E  �Q>)Santos et al., 2006.(  t��

4��*5QQ>�  aQQ
� �� 47QQ! KQQ�G
H :��QQ� :�QQGH�� �
���QQ/
4�QQ�6   7QQA�0 �
8�QQ% 2$�QQ	� E�� � �FQQ� �F/YQQ� :��QQn
�	
� �<�
�  `F	
��� �F!.  

                                                           
1. Ethylene Diamine Tetraacetic Acid 
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