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��!06 �"�� �" .�'�� �����! :��f� �"�6 "� +���� :�I7�T6

 :�5->��1�R �-&Z ��  N�!6������ )Qadir et al., 2004; Anjum et al., 2008  (�1"U ��M 

)Gupta et al., 2008 ( "���R 	�
� .�1� 
�' ��,
� ) ��"�8&� � ��7 R��c&�Liu et al., 2000 (

+��� J��G �� �
��&
 
"�'� 06�
��! P�� r�T10�  ��X�1  ���� ���1 :�5->�R �" {&,! ���. 

09��!� J��G 5�
 	���0 M� 0�-. �7�1F' 
��! ��$�� �� ���" % ��1H�&. +�$  ���;6 08�G �� �

�6�	 06�'��. 1�!"���) ��"�8&� � 0Quartacci et al., 2007 R�� "� 09��!� J��G �� �
��� ���
 (

 $01"�� �"�6 �
�	 �
�!P���R "��;6 :�5-> )(+�" � X�1 $^6 $���6��� $M��1"U  N��� ���� �"

0�I6 "��� 
��! 0���� NO� 0 �� � '��
�.��&
  

R�� �� �Z�! ���� 1� �� 0�K�" 0���	 09��!� J��G 
��	 �� ��7�! +��� 0��"�G��K � 0��"�G 
�

06 J5������&�
 +��� � XU $0�' $01" V�G ��\
 +�.��6�
 W���' �� � �'�� +��� +�6� � M�G

 �� ���
 +� #� 0.�"� ��8-&. +�"�� 0T�<6 X�-T6�
 W���' "� � 
��� "�	��1 P��Brassica 
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napus 06) �'��Cardone et al., 2003 .("� R�� N��_9$ ��f �\-K+�� s- O6 X�1 V�G �� +�" 

:��m �'"
5��
" ��5�6 $+5 �1� > +�� � "� ���#
 ��5�6 {&,! 5-> X�1 �
�	 �� "� 09��!� J��G  �

 +����"�6 01"�� "��S �>�	 V�G X�1 N�P�9 ���! �!�� 09��!� J��G W1�! 
��7U +�� ����.

��� J��G �� 0T�<6 �.��6�
 W���' �� "�	��1 0���	
��	 +��� J�6 
��	 + 0�P�9����;6 .���	  

        

B�" � ���6B�" � ���6B�" � ���6B�" � ���6�������� 

 :�'�� W���' :�'�� W���' :�'�� W���' :�'�� W���'"C� �
�	 �� �
�� :�;�;<! 5��6 �� +��� � 09��!� J��G �� 1� 0�K�" +��

0
��.�y +��"C� .�' ��#! ��"�
��6 
�' �
��Z ��" �1 �� ^9 "� 0
�� 9+ ��N Y���� "� $�"��>�R 


�6  J�1*3(4 �� ���-	q9 +��) V�G �� 
�' �9 06�	�-�� �1 08� 13  � Y; �6 (���-	 �� "� ��.

�
�O-	 "� ���U +�t> ��b �� �� � ��"�� |��
 �� +��	�-Z +��� 08� 1q9 
"���� � s;1 N'�9 �� +�

 .�
�' ��� $0>�� +��� ����Z �#Z�#Z 
��6UV�G +��1$ �� �� �� ��5�6 *DD ��	�-�� [�G 

0.�"� � ��K
��7U ��b�� �� 1�#'  �8
{&Z+"�U ����	 V�G "� X�1 0	��7U �"��
� 1� "��;6) +��

 "� +�"����pH  �� � &�) $]D "� �  pH �� � ���) $)] 0-�606 ��	�-�� �� ��	��,�� +��� .(�'�� 

0	��7U X�1 "� �� [�G�\-K �� 0.��L6 "�b +��D $3DD  �ADD 0-�6 $X�1 ��	�-�� "� ��	

��:"�m M&
 �M&
 .�' 
��� 1� X�1 ���- �� ���-	 ���5,6 "�b  "�*DD 0-�6� �7 XU Y� �T;6 � 

��:"�m ��P ��P �� aT1 �GV +��1� � 
�' �GV �� ���-	 �
�	��Z �� �"�b �G���/�  .�' ��-O6

V�G 
��7U +�� ���� �� � �� "� "�� ��2DD 0-�6 � 
�' +"���U X�U � �7�#Z ���o! � J��I! Z�+�5 

�GV � 5-> X�1 � ���&�+��1 W���' 0	��7U 0.��L6 �� W���' 0	��7U 0I��b �� 
�6 �1 :�6"� 

W���' +��� ���U "��S 
��� �' )Khodaverdiloo et al., 2012(. 0���&�' � 0/�5�> :��m�LG 

�� V�G��1� B�"0������6�U �"��
� 1� +��  J��Z) ����	 R��I!* [�G �>�� R��I! +��� .( ��

) +� 6�"��� B�"Gee and Bauder, 1986B�" �� 07U R��� � 
�
�' 0o�G ���6 Y� �m"� $( 

) ���1�� �!Nelson, 1982����� 
�� 1� �� V�G 08�� 87� ����� $() ��1Rhoades, 1996 $(pH 

 W1�! x��'� 
"�L. "�pH ) � 6Thomas, 1996) J��-,� B�" �� [�G Y� �p�� �
 $(Bremner, 

1996$( ) R�7�� B�" �� XCZ Y��S ���>Kuo, 1996 ���
�6U :� 1� B�" �� XCZ Y��S %�1� 9 $(
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) x��'� 
"�L. "� J�6�
Helmke and spark, 1996 
��� 1� �� +��1� %t� �� ^9 X�1 �\-K � (

 J�6 0&!� XCZ 
�� 1� ��GBC-932 AA 
���
�+��	 .�' 

"� J�b 
"�� N��6�U ��� 0�� >U ��� ����" F-K� R��
��6 � 
�oz��� � YS��� +�6� ��" � F'  "�

 �
�O-	��F�!�! 2( � *� �Z"�  
�10���	 � R��
��6 ���b" 0��
 �*% ��� .+"���U ���-	�� �� :"�m

�� � ���6 "� ��" M� ��5�63DD 0-�6"� � �7 J�b 
"�� $�'" XU ��  �� ^9 �����	 � 
�' ��,
� +�#'

) (N��� ��> ��KU "�) � �� .�
�' �'���� +�'" :��m�LG 0G�� N,�1 �#Z  
        

 J��Z J��Z J��Z J��Z****-    N��_9 R�� "� 
��� 1� �"�6 V�G 0���&�' � 08�5�> :�LO�6N��_9 R�� "� 
��� 1� �"�6 V�G 0���&�' � 08�5�> :�LO�6N��_9 R�� "� 
��� 1� �"�6 V�G 0���&�' � 08�5�> :�LO�6N��_9 R�� "� 
��� 1� �"�6 V�G 0���&�' � 08�5�> :�LO�6        

�LO�6  "��;6  �LO�6  "��;6  

V�G �>��  01"  N% *2/D  

 �")�(  4)  )1-P (mg Kg  2  

 �-�1)�(  3(  )1-K (mg Kg  4/*])  

 �1�6)�(  *4  )1-Fe (mg Kg  (�/**  

pH  ]2/)  )1-Zn (mg Kg  ]*/D  

)1-EC (dSm  **/*  )1-Cu (mg Kg  2/2  

TNV% ))/*3  )1-Mn (mg Kg  �)/*  

OC% 22/*  )1-Pb (mg Kg  *]  

        


���
�
���
�
���
�
���
� :�'" :��m +��	 :�'" :��m +��	 :�'" :��m +��	 :�'" :��m +��	 0<T1 XU ^�1 � 
�' � �' XU �� �����	 ���" �� �� $�'���� �� ^9

���"���" �U �� �I� .�' � >�	 +CK�� J�& 1� �� �� ����	 ��Z 0���� NO� ��  ��� � J�b ��U�� 


���
�
���
� �#Z .�' +��	�
�&
 $M�G ��� +��	�� �� :�6)2  +�6� "� �.�1)] "� �Z

 
�10���	 .�
�' R���! v���,6 � �� >�	 "��S ��U "� 

��"�\�6 R��I! dG�' $
_�� `�� �&�S ��) `�� �1 
��	 �� �� ��Z (P�� � �
��6 $R���9 s- O6 +��

^9 � 
�'  ��
���
�$�! ��� +��	 �
�&
�� ��:�6 4� �.�1 "� ��U "� �Z"�  :"���)] �Z"� 

 
�10���	 M�G � R���! 
���
� �#Z .�
�'+��	 aT1 `�� ��
 �� "�5>�ImageJ � �' 
��� 1� 

^�1 aT1 `��  
_��)SLA( �� F�� 0 
�1� 6 {��6 �� R��I! ��	 ) ����	Arias, 2007 J�6�>) (

 �T��"*                                                                     
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���
�
���
�
���
�
���
� :Y&<! dG�' +��	 :Y&<! dG�' +��	 :Y&<! dG�' +��	 :Y&<! dG�' +��	�
�	 Y&<! 0����"� +���) Y&<! dG�' $R���1 :�5-> �� ��Stress 

tolerance) (TOL) R�-�6�� � Y��" +��#���9 J�6�> �� (Rosielle and Hamblin, 1981( 

 J�6�>)2 dG�' � () N�! Y&<!Stress tolerance index ��
�
�> +��#���9 J�6�> �� (

)Fernandez, 1992 J�6�>) (3.�' ��1�<6 (  

 �T��"2                                     

  �T��"3                          

    :X�1 �\-K N,�1 :X�1 �\-K N,�1 :X�1 �\-K N,�1 :X�1 �\-K N,�1+��� w��O 1� X�1  ��5�6*/D ��	 �� ��� M�G NO� 0���� � ���" 

�����	 ��"�\�6 �C� :�����! 07U ��:�6 � �.�1 "� YG�� 
"�� "� +�6� ])] �Z"�  
�10���	 


�
���1  �'�I� X�1 �\-K � �� %t� �� 
��� 1� �� +��1� 
�� 1�  0&!� XCZJ�6GBC Avanta 

ver.1.33  
���
�+��	 .�' 

���"� "�\�6���0 �
� 9�Y 	 w��O 1������$ ) 0 ��� j�-k! "� ��>BCF �� 
��	 ���" � 0���� NO� (

 J�6�> �� 
��� 1�4  �� ����	 ��1�<6C ���

���� 06 X�1 �\-K) �'��Bini et al., 1995.(  

 �T��"4                      

  

$0���� NO� �� ���" �� X�1 J�; 
� "� 
��	 0��
��! 0����"� �#Z ) J�; 
� "� ��>TF H�b X�1 (

) J�6�>].����	 ��1�<6 (  

 �T��"]                                                     


���
�
���
�
���
�
���
� ��5�6 +��	 ��5�6 +��	 ��5�6 +��	 ��5�6 +��	>��-�>��-�>��-�>��-�����YYYY    ����    h��!�"��h��!�"��h��!�"��h��!�"���������� : : : :���+ N,�1 6���5 >��-��Y � h��!�"���� �� B�"  ��
"U

)Arnon, 1949( 
��� 1� �'.  "��;6 �� ��D]/D  �� 
��	 �! �>�� �� ��	3 0-�6 �� 1� � �7�D�  
��h�1

�� ��-O6 ^�1 � �'�� 
�6U �1� :�6*D  "�� "� �;�S�g*3DDD  0
�S�> ��> �� � ����	 p����� 
�1

.�' 
��� 1� ��h��!�"�� � Y�>��-� N,�1 �#Z  

5,!5,!5,!5,!����"�6U �"�6U �"�6U �"�6U �++++:::: R�� N��6�U ��Y�"� ��> :"�m "� F7�S r�b vq6�z 0>��L! � �" �1 "��/! ��,
� �' 

�� ���-	 ��)����. M� "��8! 06�'��1 r�T1 J�� "� ��> .(�"�6 +��� 6�"�9 ��� "� ��> � X� "� �\
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�
�	�� 
��� 1� �� +"�6U :��1�<6 .��� �I7�T6 �"�6 +�� ��
 "�5>�SAS �;6 ��6 ����
��R ��6�U �� ��

8
�� �m"� ��9 aT1 "� R :"�m	.�>� 

  

��� 
��� 
��� 
��� 
 

����"�����"�����"�����"�:�'" :��m 0:�'" :��m 0:�'" :��m 0:�'" :��m 0 �� �� ��� ���
 ^
��"�� 5�7�
U ��� 
 M�G ��� � ���" J�b "� �
�	 �f� �5Z

 X�1 Y��; 6 �f� � �
�	 $X�1 �f� $0���� NO� ×e�� "� �
�	0�I6 �'" :��m �� M� J��Z) ���
 "��

2.( R��
��6 ����;6 ��� 
0�I6 �f� X�1 +��"�&�! �� ��� ���
 �� "� +"��e���m �� M� �'" :�

+��� J��G � 09��!� J��G 
��	 01"�� �"�6  J��Z) �'��
 ���' �� ����;6 "�3.(  
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J��Z 2�  ��� 
 ^
��"�� ��5,! Y��; 6 �f� � �
�	 $X�1 �f�X�1 × �
�	 �'" :��m 0G�� ��  

 {���6

:����k! 

 �Z"�

+���U 

���" J�b  NO� J�b

0���� 

 M�G ���

���" 

 M�G ���

0���� NO�  

�� `�� aT1 
_

0����9 `��  

 
_�� `�� aT1

0
��6 `��  

 
_�� `�� aT1

0�P�� `��  

            
X�1 2 ns)A/*4 ns*4/)4 nsD*/D nsD]/D  ns2]/22]�  ns4D/]2*  ns2D/AA)A  

�
�	  *  ***]/**4  ns�4/2  nsDD/D  **2]/D  ns44/34A(  ns2D/*4*(  ns3A/D  

X�1 × 

�
�	 

2  nsD]/)  nsA]/*3  nsD4/D  nsD*/D  ns])/(�D  ns)�/2�2A  ns43/*]2(  

�TG *2  2)/** )2/*DD D3/D D3/D  A3/*)]�  *�/2(A]  )�/4*])  

Y� *)        

** $*  �ns �����
 F�!�!0�I6 
���� aT1 "� ���� "��*� $]� 0�I6��K �06 ���� "��.��'��  

 J��Z3�  
��	 �� "� �'" :��m 0G�� R��
��6 ����;6B.carinita  �B.junceae � >�� �'"  R��
��6 .X�1 s- O6 r�T1 �� 
�' 
��7U V�G "�± +�TG  

 �"��
� 1� �� 3 $"��/! R��
��6�z s��" �� +�� YS��� +�"�� �M ��� � �6V ��'�� "�  aT1]� �q G� 0�I6+"�� .�
"��
 

     B.carinata        B.junceae    

                                    ) V�G X�1 �\-K1-mg kg(                          ) V�G X�1 �\-K1-mg kg(  

�'" :��m  *]             3DD              ADD               *] 3DD ADD       

         
) ���" J�bcm(  a           

*/3±3/3]  

ab         �/2±4/34  ab                 

]/D±]/34 

 abc             

*/*±)/32 

c                )/D±(/2) bc                   

�/*±]/2� 

) 0���� NO� J�bcm(  a          (/3±*/3D a    ]/4±�/2� a               �/4±*/3]  a            �/*±*/2A a               3/A±)/3D a              D/*D±A/34 

) ���" M�G ���1-g Plant(  a             */D±�/D  a            */D±�/D                  a*/D±)/D  a           */D±(/D a                D/D±)/D a                   */D±�/D 

) 0���� NO� M�G ���1-g Plantab               

D/D±3/* 

a             */D±4/* a                 */D±4/*  b          */D±D/* ab              */D±2/*        ab       */D±2/* 

aT1 `�� ) 0��h�9 `�� 
_��1-g2cma  ]/*(±3/2D2 a  3/*(±A/*A* a        2/34±)/*]]   a       4/2*±]/*]2 a          )/2(±(/*A* a        */*A±D/*22 

aT1 `�� ) 0
��6 `�� 
_��1-g2cma          

2/3D±A/*�* 

a      )/*D±)/*42 a        2/2(±]/*42      a  (/3(±A/*]3 a            

)/4)±(/2DD  

a         3/*3±]/*A] 

aT1 `�� ) 0�P�� `�� 
_��1-g2cma   3/])±A/22] a      ]/2±22/*]2 a           4/4D±D/*)D  a      �/4*±(/2*4 a           (/2�±�/*�) a              3/*)±3/*44 
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X�1 N�! �� �����	 +"����� 0����"�X�1 N�! �� �����	 +"����� 0����"�X�1 N�! �� �����	 +"����� 0����"�X�1 N�! �� �����	 +"����� 0����"� : : : : Y��; 6 �f� � �
�	 $X�1 �f� �� ��� ���
 ^
��"�� 5�7�
U ��� 


 X�1 ×0�I6 N�! Y&<! dG�' "� �
�	 J��Z) ���
 "��4.( R��
��6 ����;6 ��� 
 ��� ���
 5�
 ��

 � 09��!� J��G 
��	 �� �� ��+��� J��G STI  Y8') �
��� ���
 X�1 �� ���
 �" +����* .(  

 ^
��"�� 5�7�
U ��� 
 X�1 Y��; 6 �f� � �
�	 $X�1 �f� �� ��� ���
 ×0�I6 Y&<! dG�' "� �
�	 "��

 J��Z) ���
4 .(0�I6 �f� X�1 +��"�&�! R��c&� "� +"��TOL$  � 09��!� J��G 
��	 �� �� J��G

+���  Y8') �'��
 ���' �� ����;6 "�*.(  


5��
" ��5�6 "� X�1 �f�
5��
" ��5�6 "� X�1 �f�
5��
" ��5�6 "� X�1 �f�
5��
" ��5�6 "� X�1 �f� :+5 �1� > +�� :+5 �1� > +�� :+5 �1� > +�� :+5 �1� > +�� ^
��"�� 5�7�
U ��� 
X�1 �f� �� ��� ���
  "� �
�	 �

 Y�>��-�a Y�>��-� $b0�I6 ��h��!�"�� � Y� Y�>��-� $ �f� 07� $��� "�� X�1 Y��; 6 ×e�� "� �
�	-

 �� M�
5��
" 
��	 �� +5 �1� > +��0�I6���
 "��  J��Z)4 .( �f� X�1 0	��7U s- O6 r�T1

0�I6+"��  ����5�6 
5��
" J��G 
��	 +5 �1� > +�� 
��	 "� 07� $�'��
 ���' �� ����;6 "� 09��!�

 "�&�! $���' �� ����;6 "� +��� J��GADD 0-�60�I6 N��� �� �,�6 X�1 ��	�-�� "� ��	 "��

 ��5�6 Y�>��-�a Y�>��-� $b Y� Y�>��-� �  �<! ��h��!�"�� ��5�6 N��� R��c&� � ����	

 +��"�&�!3DD  �ADD 0-�6��6 X�1 ��	�-�� "� ��	 �' 
�� J��Z)].(  

  

  

  
 Y8' Y8' Y8' Y8'**** � � � �    �\-K �f��\-K �f��\-K �f��\-K �f� �
�	 �� (X) Y&<! dG�' � (s7�) N�! Y&<! dG�' "� X�1 s- O6 +�� �
�	 �� (X) Y&<! dG�' � (s7�) N�! Y&<! dG�' "� X�1 s- O6 +�� �
�	 �� (X) Y&<! dG�' � (s7�) N�! Y&<! dG�' "� X�1 s- O6 +�� �
�	 �� (X) Y&<! dG�' � (s7�) N�! Y&<! dG�' "� X�1 s- O6 +��B.carinita     � � � �

B.junceae....    �-�6�-�6�-�6�-�6���
 �����
 �����
 �����
 ��06 �"��
� 1� +�TG 
����06 �"��
� 1� +�TG 
����06 �"��
� 1� +�TG 
����06 �"��
� 1� +�TG 
����R��
��6 $"���&
 �� "� $�'��R��
��6 $"���&
 �� "� $�'��R��
��6 $"���&
 �� "� $�'��R��
��6 $"���&
 �� "� $�'���z 0����z 0����z 0����z 0��� YS���YS���YS���YS��� +�"��+�"��+�"��+�"�� ����MMMM ������������ 

[� �6[� �6[� �6[� �6 ��'����'����'����'�� "�"�"�"�  aT1 aT1 aT1 aT1]�]�]�]�    �q G��q G��q G��q G� 0�I60�I60�I60�I6+"��+"��+"��+"�� ��
��
��
��
.�
".�
".�
".�
"        
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J��ZJ��ZJ��ZJ��Z    4444 � � � �     ��� 
 ��� 
 ��� 
 ��� 
 ^
��"�� ��5,! ^
��"�� ��5,! ^
��"�� ��5,! ^
��"�� ��5,!�f��f��f��f�    Y��; 6 �f� � �
�	 $X�1Y��; 6 �f� � �
�	 $X�1Y��; 6 �f� � �
�	 $X�1Y��; 6 �f� � �
�	 $X�1 X�1X�1X�1X�1    ××××    �
�	�
�	�
�	�
�	    
5��
" � Y&<! dG�' ��
5��
" � Y&<! dG�' ��
5��
" � Y&<! dG�' ��
5��
" � Y&<! dG�' ��+5 �1� > +��+5 �1� > +��+5 �1� > +��+5 �1� > +�� 

 {���6

:����k! 

 �Z"�

+���U  

 Y&<! dG�'

N�!  

 dG�'

Y&<!  

 Y�>��-�a   Y�>��-�

b  

 Y�>��-�

Y�  

��h��!�"��  

                
X�1 2 D/DD�*ns D/D*22ns D/D*]2**  D/DD2A*

* 
D/D2(�**  D/A3*]*  

�
�	  *  D/D)4Dns D/DDADns D/D3(2**  D/DD(3*

*  

D/D�(A**  4/*�]A**  

X�1 × �
�	  2  D/D2**ns D/D*A*ns D/DDD3ns D/DDD3n

s 

D/DDD(ns D/34)3ns 

�TG  *2  D2DD/D  *4D*/D  DD2]/D  DDD4/D  DD4]/D  *AD)/D  

Y�  *)       

* $**  �ns �����
 F�!�!0�I6 
����aT1 "� ���� "�� *� $]� 0�I6��K �06 ���� "��.��'��  

 
J��ZJ��ZJ��ZJ��Z    ]]]] � � � �    
5��
" R��
��6 ����;6
5��
" R��
��6 ����;6
5��
" R��
��6 ����;6
5��
" R��
��6 ����;6 +5 �1� > +�� +5 �1� > +�� +5 �1� > +�� +5 �1� > +��0-�6)0-�6)0-�6)0-�6)(�! ��� ��	 �� ��	(�! ��� ��	 �� ��	(�! ��� ��	 �� ��	(�! ��� ��	 �� ��	    +��� J��G � 09��!� J��G 
��	 ��+��� J��G � 09��!� J��G 
��	 ��+��� J��G � 09��!� J��G 
��	 ��+��� J��G � 09��!� J��G 
��	 ��     �'" �'" �'" �'"

X�1 s- O6 r�T1 "� � >��X�1 s- O6 r�T1 "� � >��X�1 s- O6 r�T1 "� � >��X�1 s- O6 r�T1 "� � >�� 


��	 

  

 "� X�1 �\-K

) V�G1-mg kg(  

 Y�>��-�a   Y�>��-�b Y� Y�>��-� ��h��!�"��  

        
  

B.carinata  

*] D/33 ±D/D*a                       D/*] D/4� ±D/D2a 2/(] D±/2Da 
3DD D/2( D/*] ±D/D*a D/44 ±D/D4a 3/*2 D±/24a 

ADD D/24 D/*2 D/3A ±D/D4ab 2/44 D±/23a 

      
  

B.junceae 

*] D/24 D/*2 D/3) 2/3( D±/2Da 

3DD D/2D D/D( D/2(  */A2 D±/*Ab 

ADD D/*3 ±D/D2c D/D) D/2D± */AD D±/3*b 

R��
��6±+�TG �"��
� 1� �� 3 $"��/! R��
��6�z �� 1 �� +�� YS��� +�"�� �M ��� 6� �V ��'�� "�  aT1]� 

0�I6 �q G�+"�� .�
"��
 

 :�����	 "� X�1 �'��
� ��5�6 :�����	 "� X�1 �'��
� ��5�6 :�����	 "� X�1 �'��
� ��5�6 :�����	 "� X�1 �'��
� ��5�6 W�!�6 +��� 6�"�9 06�&! �� X�1 �f� �� ��� ���
 ^
��"�� 5�7�
U ��� 


 X�1 Y��; 6 �f� � �\-K �� ×"� �
�	 0�I6 J�; 
� "� ��> � ���" 0 ��� j�-k! "� ��> .��� "��

 �f� R��c&� �
�	e�� �� M��\-K �� W�!�6 +��� 6�"�9 �� 0�I6 J��Z) ���
 "��A .(N��5>� ��  �\-K

X�1 0	��7U "� �GVX�1 �\-K $  .�>�� N��5>� 
��	 �� �� ���" "� 0 ��� j�-k! "� ��> �

��+"�b "�&�! �� ����;6 "� X�1 +P�� 0	��7U "� ��3DD 0-�6 ���" X�1 �\-K $��	�-�� "� ��	
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��!� J��G "� F�!�!09�� �� +��� � ��5�6A/2  �4  V�G "� X�1 0	��7U N��5>� .�>�� N��5>� �����

 �f�0�I6 ��5�6 "� +"��09��!� J��G 0���� NO� X�1 )�� "�&�! �5ZADD 0-�6 ��	�-�� "� ��	
X�1 "� +��� J��G � (  

J��ZJ��ZJ��ZJ��Z    AAAA � � � �     ��� 
 ��� 
 ��� 
 ��� 
^
��"�� ��5,!^
��"�� ��5,!^
��"�� ��5,!^
��"�� ��5,!    �>�b���>�b���>�b���>�b��    Y��; 6 �f� � �
�	 $X�1 �f�Y��; 6 �f� � �
�	 $X�1 �f�Y��; 6 �f� � �
�	 $X�1 �f�Y��; 6 �f� � �
�	 $X�1 �f� X�1X�1X�1X�1    ××××    �
�	�
�	�
�	�
�	    ��������     � 0 ��� j�-k! "� ��> $X�1 �\-K � 0 ��� j�-k! "� ��> $X�1 �\-K � 0 ��� j�-k! "� ��> $X�1 �\-K � 0 ��� j�-k! "� ��> $X�1 �\-K

J�; 
� "� ��>J�; 
� "� ��>J�; 
� "� ��>J�; 
� "� ��> 
 {���6

:����k!  

 �Z"�

+���U   

���" X�1 �\-K  X�1 �\-K

0���� NO�  

 j�-k! "� ��>

���" 0 ���  

 0 ��� j�-k! "� ��>

0���� NO�  

 "� ��>

J�; 
� 

        X�1  2 **44)/**3DD3 **3((/44)  **32D/D    **DD4/D      **�23/D   

�
�	  *      ns   ]3(/3D]  ns  D)4/23  nsDDD/D    nsDDD/D     nsD��/D   

X�1 × �
�	 2  ns      �3)/*)3*  ns*A�/*3)  *DD(/D      nsDD*/D    ***]]/D  

�TG  *2         �3�/]*4   *A]/)) DD*/D DDD/D  D23/D  

Y�  *)      
*$ **  �ns �����
 F�!�!0�I6 
���� aT1 "� ���� "��*� $]� 0�I6��K �06 ���� "��.��'�� 

  

 
 Y8' Y8' Y8' Y8'2222 � � � �    �\-K �f��\-K �f��\-K �f��\-K �f� $(X) 0���� NO� $(s7�) ���" X�1 �\-K "� V�G X�1 s- O6 +�� $(X) 0���� NO� $(s7�) ���" X�1 �\-K "� V�G X�1 s- O6 +�� $(X) 0���� NO� $(s7�) ���" X�1 �\-K "� V�G X�1 s- O6 +�� $(X) 0���� NO� $(s7�) ���" X�1 �\-K "� V�G X�1 s- O6 +�� (w) ���" 0 ��� j�-k! "� ��> (w) ���" 0 ��� j�-k! "� ��> (w) ���" 0 ��� j�-k! "� ��> (w) ���" 0 ��� j�-k! "� ��>

(
) J�; 
� "� ��> � (�) 0���� NO� �(
) J�; 
� "� ��> � (�) 0���� NO� �(
) J�; 
� "� ��> � (�) 0���� NO� �(
) J�; 
� "� ��> � (�) 0���� NO� �     
��	 �� 
��	 �� 
��	 �� 
��	 ��B.carinita     � � � �B.junceae....    �-�6�-�6�-�6�-�6���
 �����
 �����
 �����
 ��06 �"��
� 1� +�TG 
����06 �"��
� 1� +�TG 
����06 �"��
� 1� +�TG 
����06 �"��
� 1� +�TG 
���� $�'�� $�'�� $�'�� $�'��

R��
��6 $"���&
 �� "�R��
��6 $"���&
 �� "�R��
��6 $"���&
 �� "�R��
��6 $"���&
 �� "��z 0����z 0����z 0����z 0��� YS���YS���YS���YS��� +�"��+�"��+�"��+�"�� ����MMMM ������������ [� �6[� �6[� �6[� �6 ��'����'����'����'�� "�"�"�"�  aT1 aT1 aT1 aT1]�]�]�]�    �q G��q G��q G��q G� 0�I60�I60�I60�I6+"��+"��+"��+"��  .�
"��
 .�
"��
 .�
"��
 .�
"��
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.�'��
 ���' �� ����;6  NO� 0 ��� j�-k! R�� ��� � ��� ���
 �" J�; 
� "� ��> ��5�6 R��!P�� 
��	 �� �� ���' "�&�!

 "�&�! �<! 0����3DD 0-�6+��� J��G 
��	 "� X�1 ��	�-�� "� ��	  
����6 Y8') ����	2(.        

�<��<��<��<�    ����    �,� 
�,� 
�,� 
�,� 
+��	+��	+��	+��	  

06 ���
 �I7�T6 R�� ��� 
0�I6 �f� X�1 +��"�&�! �� ��� "� +"��e�� �"�6 �'" :��m �� M�

+��� � 09��!� J��G 
��	 01"�� .�'��
 +�1� J�E"��� � ��"�8&� )Asadi Kapourchal et al., 

2009 (5�
 ���
 �
��� �� �<! �\-K *DDD 0-�6��	 �� ����	�- X�1 "� $V�G e���
�	 %hq. 

��6�&�6 "� 
��	 �c��! )Raphanus sativus (
����6 ��
 .R��c&� "� R�� �I7�T6 W;> 3)/D� �� 

Y� X�1 V�G "� �� 1� 
��	 
��� �1� � �'��
� X�1 "� ���" � NO� 0���� 
��	 �c��! 

��F�!�! ����5�6 2D� � 2]/2) 0-�6��	 �� ��	�-�� 
��� �1� .�� �Z�! �� R���� +q�V�7 � ��"�8&� 

)Blaylock et al., 1997 (
"�'� 
��&
�
� �� pH �!P�� �� ]/) ��7q� X�1 �" N��� 06$��� �C7 

J�& �� �"�� "� H�;<! �y�� �� �-.pH +P�� $V�G ��7q� � "� �� 1� ���� X�1 %� 
��� � 

��5�6 �'��
� X�1 �<! "�&�! ADD 0-�6��	 �� ��	�-�� "� �����	 �"�6 �I7�T6 �y�� v����;! ����6 

�c��! 
��� ) ��"�8&� � ��
��� $����6 0,�� 
 "� .�1�Begonia et al., 1998(  �� �
��� B"�5	"� 

J��G +��� �� ������. M� 
��	 J�6 "� B�" 
��	0�P�9 r�T6 $�1� "� "�t� �\-K+�� s- O6 

X�1 )*DD�D 0-�6��	 "� � �7( :���! 0�I6+"�� "� 1aT Y� $`�� ��� �! � M�G ���" � �S�1 

���
 �� ���' 
����6 .��
  "���EN��_9 R� �5>��N � 
��!� �0 	�
� ��  %� �\-K �� 
��� 1�

PU�
����+ 5->+ �1� 
�' B"�5	 )Breckle, 1991 .(  

"� ����;6 $Y&<! 0����"�  � 09��!� J��G 
��	 �� ��+��� J��G <! dG�' �" 0�P�� N�! Y&

) ��
�
�> .�
��� ���
 X�1 �� ���
Fernandes, 1992~�!�
p �� ��� dO�6 (+�� �!"����9 +�"�� 

����;6  � 09��!� J��G 
��	 �� �� R��c&� .�� �� N�! Y&<! dG�' �!P��+���  Y&<! dG�'

) R�-�6�� � Y��" .�
��� ���
 X�1 �� ���
 �" 0����9Rosielle and Hamblin, 1981 
"�'� 5�
 (

�� �
��&
 "��;6 �
��
 Y&<! dG�' +P�� ��1��� ~�!�
p �� N�! $�1� ~�!�
p X�O 
� R��������� 

��1��� ����;6 06 Y&<! dG�' R���9 R���E .�'��
�86�%�  +��� �6��;6 �����	 �������+ 5->+ 

&10 �1� 
�' �h�"�. ���I!+  �� R��
�86�%��� J�L!� Y6�' �� ��
"�� 7�-10$  N��� ��. �� J�; 
�

��K+ �&1q90� $"�� 
� $�1q9�9U ��  Y�8�!^8-�&� "� %1q9� �1  � � J�; 
�{&,!  Yh���� "�

06 �'��)Hall, 2002; Rengel, 1997( .��6 �\
0 �� �1"�� ���
 +��� J��G +"�	��1 �5>��N 
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 :�5-> �\-KR���1 ��  �I1�!
�86�%���+ G|�
���1+ ��-h��0 �'�� �6U"�� )Meyers et al., 

2009(.  

 �f� X�1 0	��7U s- O6 r�T10�I6+"��  ����5�6 
5��
" 09��!� J��G 
��	 +5 �1� > +��

Y�>��-� ��5�6 N��� ��. $�'��
 �" 06���! �� %��
�86+�� 0.�>� NO� ��\
 s- O6 5-> +���

Yh���� "� R���1 
��	 W1�! $�1q9�9U �� "� ��;6N�! Y ���
 :�5->  "�&�! .���ADD 0-�6 "� ��	


5��
" N��� �� �,�6 X�1 ��	�-�� ��"�8&� � ��Z .����	 +��� J��G 
��	 "� +5 �1� > +��

)John et al., 2009�\-K �� �
��� ���
 (+�� $��m *]D $3DD  �ADD "P�6��8�6 X�1 :�6 0b 

4D ��" ��5�6 $0��"�&�!  Y�>��-�a$  Y�>��-� bY� � � +����h��!�"�� �-��6 "� �" +��� J��G 

N��5>� 0��-	 �6� $��� �� ����! W���' N�! �'C	 � ��5�6 $��6� 
5��
" R���� N���  N��z .�>��


5��
" ��5�6+�� +5 �1� > "�&�! �<! �����	 X�1 06�� �
��! 5 �1 s- O6 Y���6 0	�
"����� Y�7�


5��
" � Y�>��-z�'�� ���� +��Y�>��-z 0 ��� ��5,! .  %#6 Y6��. �� R���1 :�5-> "�t� "� 5�


06 X��<6 Y�>��-z N��z�') �Hegedus et al., 2001 5 �1��� +��-z %�5
U ��7�I> sS�! .(

� 7� ��1� 0�I� Y�>��-�-���7��7���6UM ��� �f� "� ��
p�"���� �1� 
�' B"�5	 W�<6 "� X�1 +��

 Y�>��-z ��5�6 N��� F�1 �z06) ���	Prassad and Prassad, 1987�"�� J�& �� R��c&� .( 

� G�1 X�1  
��� sS� 6 R�U � %�5��6 ��\
 +"��y �m��. XCZ N��z H��b �� �" Y�>��-� ��'

)Burzynski, 1987 ��� N��5>� 5�
 �" Y�>��-z ��5,! �q�>��-z %�5
U ��7�I> N��5>� �� � (

)Drazkiewicz, 1994.( 

"��;6 Z X�1 V�G �� 
�' XCW1�! "��� � ��0  ����	_0��+ >�5�p�7��80 	����� ��
�6 x�
 

	�$
� 1 � R1�% � "���  ���	_0��+ >�5�'�8�&�� 0���
�6 V�G ���!�� J���! ��>��$ �� <6+ 

�-� :������% $7U 
��6$0pH   � �\-K���>  �"��)Jarvis and Leuang, 2002 .(  ���
 �y�� ��� 


� �� �� ���N��5> X�1 0	��7U �\-K "�  �U ��5�6 � � >�� N��5>� 
��	 ���" "� X�1 {&,! $W�<6

�1� 
��� 0���� NO� �� � ��� "���� ���" "� ���
 ��
���� �U 5�E�
 J�; 
� � 5-> R�� %z [�<! +
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