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Silicon, the second most abundant element in soil and earth's crust, can 

increase plant growth and improve various stresses, including heavy metal 

stress. To investigate the effect of silicon on some growth and physiological 

parameters of Brassica napus under arsenic and cadmium stress, two 

independent experiments were conducted as factorials in a completely 

randomized design with three replications. In this study, after reaching the 

four-leaf stage, plants were exposed to arsenic and cadmium treatments at 

600 μM and silicon at concentrations of 0, 0.5, 1, and 2 mM for 14 days. 

The results showed that applying cadmium and arsenic stress significantly 

reduced the plant growth parameters and total chlorophyll content. On the 

other hand, compared to the treatment containing arsenic or cadmium, the 

application of silicon improved the growth parameters and chlorophyll 

content. In addition, the application of silicon led to an increase in 

chlorophyll content and the activity of glutathione S-transferase enzyme in 

the shoot of the B.napus. The results indicated that the application of silicon 

can enhance the resistance of Brassica napus by improving growth 

parameters and boosting the antioxidant defense system, particularly under 

cadmium stress. Therefore, silicon can be utilized to foster growth and 

increase the resilience of this plant in heavy metal stress conditions, 

especially those involving cadmium. As a result, the use of silicon can 

improve crop production and strengthen plants' resistance to cadmium 

stress. 
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�)�) A���9 �1 K���ii:& �:ii���	( 	8:)  �: �-�iix� �

�)�) .�# ;�ii �ii1 �&1  ���ii =ii1 Nii?�� �� ���ii!

 ��#�E100  8��! �E�� �� Vii( .�ii"8-	
 ��	iiT ��	ii


���F� \��L ���# �	! �ii1 	iij* o9 �ii1 � {�iiO �&

 `UW25  �:����ii�� ��	ii1 .�:ii!� 	8:) �iiI�X �	ii:


�ii)�) 	ii& �� ��iiE� \��L �� ��:���A��ii�9 �10 

�I�X � �# �8#��	1 	8:)  �: ��iiE� ��:��� ��  �9

�ii1 ��:ii!�� ���8ii!� Gii:S c"ii! o2iiE  iiF+� 

)Shimadzu, 6200( �������	:
 �#. ��	1 ������ �	ii:


 �1 <:� M:"!�91 ��# d:T� \��L �� �	8:)  �: 	ii& �

���F� �� M� D:+	+ �1 ��&5  M����	�� �:!� 	8:)  �:

10  `:!�8( ���� ��O��10  M:1���ii!9 �:!� � �O��

5 �� �� ��iiE� M:"ii!�9 �iiI�X .�ii��	
 �-�x� �O

���F���:!� �1 �& iiF+� o2iiE c"ii! Gii:S ���8!� � 

)Shimadzu, 6200( �iii1 �iii���:& �iii:)�+ ��	iiiF&   

)FIG 100( ����ii�� �	:
	1 .�ii# ��� ���ii* a�ii!�

 �iiI�X ��ii��F� `iiUW ��<ii: � ��ii# ���[8ii!� M�?

 Mii�? ��� �	
�ii�:� 	ii1 �	ii
  �: D�W 	1 ;�<�-

.�# 3��<
  

�#
�&�7� %�8 ���)9� ���-:  =:)�	( ��<: =::]+ ��	1

�ii-�13�� ��  &�ii:
 ��ii& )Bates et al., 1973( 

=ii�� �ii1 .�ii# ���[8ii!�  �ii1 �ii� ;��iiO5/0  �� �	ii


���F�  
	1 ��&10  �:ii!� M:�:�)�!�[)�! 	8:)  �:3 

 ;�ii �� �ii]1 � �ii��	
 �-�iix� �iiO��48  ����ii!

�)�) ���8LNW�	 ��	1 � �# {�O �&  ���ii ��ii]1

 �� 	ii8:)  ii�: Mii� �ii1 �ii��� �� .�ii-	
 ��	iiT ���[8!�

��# {�O \��L ����F� 	& �1  =:� {	] 	8:)  �:

 � =���:&1  �-�iix� \�:ii!Q
 �:ii!� M:8ii!� 	8:)  �:

�)�) .�# ;� �1 �&1  ��ii#�E ���ii =ii1 �� ���ii!

100  �	ii! �� Vii( .���ii# ���� ��	T ��	
  8��! �E��

& ���8L �1 ���# �)�) 	2  ���<ii-� =p�ii)�+ 	ii8:)  �:

;����8L � �# �)�) Vii( .���ii# y��H y�:8W� �1 �&

 ;�ii ��10   ii)�15  ���ii# N:�ii�+ ��ii- �� �� �ii*:T�

 �ii1 � �ii-	
 ��	iiT ���[8ii!� ���ii  �Z�ii1 <	T \��L

o2iiE �	8�8-�8�|ii!� ���8!� �� ���[8!� �ii��F� �� �ii&

 v� \�S520 .�ii# �p�	T 	8����  a�ii!� 	ii1  ii"L"

 ��<ii: � ��ii# ���[8ii!� M�? ��� ���* � ������8!�

 D�W 	1 =:)�	( �I�X ����F� `UW �:  �	ii
 / �	


 ���.�# 3��<
 M�?  

#
�&��-���)9� ��� ��	 :��&�	�;�� :<��9� ��	1 

�������	:
 �"T��& \�"- 3�� �� \��L - !��: 

��[)�!M� �# ���[8!� )Dubois and Gilles, 1956 .(

1�j� d=�  3��1/0  �1 �	1 M�? �-�1 �� �	
10 



1-21 :<(=> / 1403 !��� .75 #�-� ./�+0�1 2� .���" �3�(� ��� ��!��                                   ����-� � �-��) �>1                        

6  

 �: )o9	8: �! ���& �� �	
 	j*��:�  2iiX�� �1 � �#

-�O  �	
 {�O�� �1 .2  �:)	8: �W \�ii�L ���NiiO 

50 �	�:)	ii8: \�ii"- 80  V|ii! � �iiO��5  �:)	ii8: 

��[)�!M� !��: �X�: �ii��F� .�# �-�x��ii& �ii1 ;�ii 

10 �*:T� L ��e: ���iiC��� � Vii( � ;�ii �ii1 �9 �

10-20 T��iii*:  �	iii
 o9 ��iiiFW ��20 -25  �iiiE��

8��! \�ii�L o2iiE V|ii! .���# ���� ��	T ��	
�ii& 

eii!�+ ���8ii!� 	8�8-�8�|ii!�  v�ii \�iiS ��490 

�	
 �p�	T	8���� � ������8ii!�  ii"L" a�ii!� 	ii1 � ��

 ��ii��F� `iiUW ��<: � ��# ���[8!� M�? ��� ���*

���8L �I�X ��& ;���:&�1	� �L\�   �	ii
  ii�:

	1  M�? ��� �	
.�# 3��<
  

#
�&��2$%�&�	 &�=���8 ���)9� ���-:  =:ii:]+ ��	ii1

3�� �� ��K���iii:& �:iii���	( ���iii8L Sergiev  �

) �����F&1997 ��ii�� �1 (  .�ii# ���[8ii!� 	ii::r+12/0 

 �1  
	1 	+ �-�1 �� �	
3  M:8ii!� �	�� �	+ 	8:)  �:

�:ii!�  (TCA)1/0 �:��ii! ���ii& �� �iiO�� � �ii# �

���@��� NiiO�W �12000  ;�ii �ii1 ����15  �ii*:T�

 V|! .���	
 K�:[�	8��!5/0   ii��� l��ii �� 	8:)  �:

 �1 � �8#��	15/0  ;�[�- 	-�1 	8:)  �:2/0  � �Z�ii1 

 `:ii!�8( �ii��� 	8:)  �:1  o2iiE .�ii# �-�iix� �Z�ii

 �� 	8�8-�	8�|ii!� ���8ii!� eii!�+ ��ii# 	�s y��H

 v� \�S390 	8����  �# �p�	T� �� ���C� ��8L 

2O2H �1 ���[8ii!� �� D�	iix  ii#��?1 )EC(  1-mM

1-cm 28 �B!�L ���	
.  

#
�&,,��-��,,� �2�3,,�  �>1.,,� 3,,�6� ?�,,?��-2�� 

 :
��@=���? ���*350 	8:)�	�: ii!�8( ;�[�-	-�1 ��`: 

100  �: �Z� )PH=7 ( �1 ��200 	ii8:)�	�:  \�ii�L

+�+��
��: W���: 5/3  �: �Z� )GSSG( �	+D:  ��	�

��# y��H �� �]1 � � ��ii9 �ii!� �ii1 \��L �150 

	ii8:)�	�: 1 - �	ii�� 2�4 - �� ��	ii8:  �<ii"130  ii�: 

                                                           

1 Extinción coefficient 

�Z�ii )CDNB(  �50 �	�:)	ii8: ���ii@�� <�9 iiF� 

r+ V|! .�# �-�x�;�	ii:: �ii��F� o2iiE�ii& �� \�iiS 

v� 340 	8���� �� ;� 1 �*:T�  �BJ ��<ii: .���	


'�� �:)�]-  ii#��? D�	x =8-	
 	I� �� �1 �`�<�9 �

)1-cm 1-mM 9.6EC=  ii�: 	1 �W�� D�W 	1 ( �	ii


) ���	
 �B!�L =:�+�	(Souri et al., 2020.(  

3� �,,�6 ���,,�6 #����,,	:  e��	ii# �� A&�'ii( =ii��

���H�
 �ii��
��E Nii���8��- A��ii�9 �� ;��O �1 ���

ii)�T �� (���:�:! � ��:��� � ���:�:! � M:"!�9) D

 �ii�<U+ .�ii# ��iiU�� ��	ii�+ �! ��  -��@+ Q�� R	S

���� N:�L+� �� ���[8ii!� �ii1 dii:*L+ =ii�� �� NO�W ��&

���9 ��<-� �	� SPSS �-	
 ;��O . ��	ii1 =:ii"_F&

����*=:���: � \�iiF8W� �j! �� =���� ���9 �� �&

5 ����F� .���	
 ���[8!� �O����<-� �	� e!�+ <:� �&  

Excel !	+`: �#.  

  

A��)�  

�� 2�'���� �B� 5�*��6 ��CD % 4������  <�,,E �;

����	 FG; �? 2
% % :��W �� �iiI�X �� ��:��� �

 �+ 	[O2  �: AiiH1 	ii+ ��� � \�iiS ���:�:! �Z�

�ii1 .�	� ��:( A��<-� ��:
  ���& �iiI�X �� �ii����S2 

 �ii&	8���( =ii�� A��<ii-� =�	8�:1 ����:�:! �Z�  �:

N�ii#) �ii# ��&��1� .( A��<ii-� M:"ii!�9 ��ii�W �

 	ii+ ��� � \�iiS ��<: ��  8Bq 	:Jn+ ���:�:! R�j!

�1 � �8#��  ���& AH1 �iiI�X �� �'ii��2  �: �Z�ii

 ��<ii: �ii1 	ii+ ��� A��<ii-� �ii1	U"8/80  � �iiO��

 ��<ii: �ii1  ���ii& AiiH1 \�iiS A��<ii-�5/22  �iiO��

 �� .�ii!� ��ii��	
 ���:�:ii! 	[iiO ��iiF:+ �ii1 �Bii��

! �	1��� ��� e��	# ��  ���ii& AH1 	+ ��� ����:�:

 �&�ii# ��iiF:+ �ii1 �Bii�� M:"ii!�9 � ��:��ii� ���W

 "] A&�� �	1��ii� ��ii� e��	ii# �� .�	ii� ��ii:( ����

 ��ii:
  ���ii& AiiH1 \�S ���:��� ���W � ���:�:!

 "] ��j1 	ii� =ii�� �ii� �-	�� ��	T 	:J�+ �L+ ����
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  A"ii+ �ii1 �ii�1�* �� ��ii:
  B�� ;��* 	���:1 ����+

��� .�ii#�1 ���:�:ii! ��iiE� ��� e��	# ��  8W ��:

 	ii+ ��� � \�iiS A��<ii-� �ii1 	iiU" ���:�:ii! �	1���

 �ii1 �Bii�� M:"!�9 � ��:��� ���W ��  ���& AH1

 	iiJ� =:ii"_F& .�ii��	
 =:�"ii! <ii�- ���W ��� ��F:+

AiiH1 	ii+ ��� � \�iiS A��<ii-� �� ���:�:ii! �iiBq 

 M:"ii!�9 �ii1 �Bii�� ��:��ii� A"ii+ ���W ��  ���&

8�:1.�!� ���1 	  
   

 <%&H1: c��8� NO�W �� <:)��9 V������ 	J� ��F:+��& ���:�:! � M:"!�9 	1 ��ii8L �Nii:-�	�� �  ���ii& AiiH1 \�iiS  	ii+ ���

��:
  ���& AH1 �<��.  

lB" r+::;�	  �E��  

���9�  

;�]1	 =:���:  

-�	��:N a  -�	��:N b  -�	��:N N�  
\�S  AH1

 ���&  
2
%  FG; �?

��	��  
"!�9:M  1  0/613***

 0/055ns
 1/037***

 230/826***
 30/550*** 

!:�:���  3  0/046ns
 0/024ns

 0/027ns
 1/146ns

 0/616ns
 

"!�9:M ×!:�:���  3  0/078ns 0/008ns
 0/118ns 9/277* 0/371ns 

�j?  16            
(%);�	::r+ D�	x    9/23  8/28  5/21  2/19  8/41  

* �**  �*** �1+	+:D ��"&� ���� Q8?�"] { ���  �j! ��05/0 �01/0 �001/0  �#�1 .ns ��"&� ����� "] ;��[+ ��E� ��� ��� ��  �j!05/0 �!�.  
  

 <%&H2 :c��8� NO�W �� <:)��9 V������ 	J� ��F:+��& ���:�:! � 	1 ��:��� ��8L �N:-�	�� ��:p�"+���� \�S ���� ��T�! � 

��� 	+ ���� �<�� ��:
  ���& AH1 �  

"lB r+::;�	  �E��  

���9�  

;�]1	 =:���:  
-�	��:N a  -�	��:N b  -�	��:N N�  \�S  ���& AH1  ��� ��& AH1 	+ �  

���:��  1  0/202ns
 0/092**

 0/567**
 4/842ns

 0/858ns 

!:�:���  3  0/058ns
 0/008ns

 0/056ns
 1/367ns

 1/395**
 

���:�� ×!:�:���  3  0/097ns 0/038*
 0/238* 5/878ns 0/372ns 

�j?  16            
	xD� r+;�	::(%)    7/20  0/31  8/19  0/8  6/16  

* �**  �*** +	+ �1:D ��"&� ����� "] {Q8?� ���  �j! ��05/0 �01/0 �001/0  �#�1 .ns ��"&� ���� "] ;��[+ ��E� ��� ��� ��  �j!05/0 �!�.  
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0'J 1 - 	J� �I�X��& G�8H ���:�:! )�	[O 5/0� 1 �2  �: �Z�(� 600 �Z��	�: M:"!�9 � 600 �Z�ii�	�: ��:��ii� 

  ���& AH1 \�S ��<: 	1)G)� (�   ���& AH1 	+ ���)o( {�	iiW .�<ii�� ��:
 �1�ii� �� 	ii& ��8ii! 	���ii:1  ii"]��� ���iiB� 

;��[+�& �1 ���[8!� �� ���9 =���� �� �j! \�F8W� 5 �O��  �#�1.  

 

,,� �B�2�'��� 6 ��,,CD ��*,,��5� ���,,� %4��  �,,;

1%��� ���)9�:0�  ���8L ���:�:! R�j! A��<-� �1

Nii:-�	�� a �b  A"ii+ e��	ii# �� �<ii�� ��ii:
 �� Nii� �

�1 ��-�� A��<-� ��:���Z�1 �����S �9 ���ii8L =�	+

 �iiI�X ��2  .�ii# ��&�ii� ���:�:ii! �Z�ii  ii�:

���8L N:-�	�� ��F:+ �� N� 2  �:  ���:�:ii! �Z�

 �600 : =:���ii: �1) M:"!�9 �Z��	�596/1   ii�:

 �(��ii:
 	ii+ ��� �	
 	1 �	
76/39  �ii1 �Bii�� �iiO��

� ���:�:ii! �	1��ii� ��ii� e��	ii# 600 �Z�ii�	�: 

 =:���: �1) M:"!�9099/1  �: �	
 	1 �	ii
 ��� 	ii+ 

��� ��ii�� A��<ii-� (��ii:
.  �	1��ii� ��ii� e��	ii# ��

"ii!�9 ��ii�W �� N:-�	�� ���8L �<:� ���:�:! � M:

 "] ��S �1 <�- ���W ��� ��F:+ �1 �B�� ��:��� -

 �iiI�X �� .�ii!� �8ii#�� A&�� ����2  �Z�ii  ii�:

 ��<ii: ��:��ii� ��F:+ �� ��:
 N:-�	�� ��<: ���:�:!

 ~�ii@8?� ��? �1 M:"!�9 ��F:+ �1 �B�� �� �	8�:1

��� )N�#2  v �o �G)� .(  
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0'J 2: 	J� �I�X��& G�8H ���:�:! )O�	[ 5/0� 1 �2  �: �Z�(� 600 �Z��	�: M:"ii!�9  �600 �Z�ii�	�: ��ii�:�� 

	1 ���8L -�	��:N a )G)�(� -�	��:Nb )o (� -�	��:N N� )v ({�	W .�<�� �1�� �� 	& ��8! 1:	��� "] ��� ���B� ;��ii[+ -

�& �1 ���[8!� �� ���9 =���� �� �j! \�F8W� 5 �O��  �#�1.  

  

���� �B�5�*��6 ��CD�� 2�' % 4������  2�3,,�� �;

����,,	 F,,G; 4������ % 5�*��6 .J�L��:  ��ii� ��

 ��iiF:+ R�j! �� � ���:�:! ���W600  �Z�ii�	�:

 ��:��ii� � M:"!�9 �#�B�� ��<: ���:��� � M:"!�9

�1 D:+	+33  �145  A��<ii-� �&�# ��F:+ �1 �B�� 	1�	1

ii-� =�� ��:��� ��� �� �� ��	� ��:( Dii+�	 �ii1 A��<

 ��ii& �iiI�X �� ���:�:ii! �	1��ii� .�ii!� ���1 	8�:1

 ii"] 	:Jnii+ Gii�8H �ii#�B�� ��<ii: A&�ii� 	ii1 ����

 ��ii�W �� �� ��#��� M:"!�9 �'�� �1 =:�"! ;�<�-

 �ii#�B�� ��<ii: ����:�:ii! �iiI�X A��<ii-� �1 ��:���

 ���ii& AiiH1 ��:��ii�  ��iiF:+ �� .�ii-�� A&�ii�2 

 �:�Z�ii  � ���:�:ii!600  ���:��ii� �Z�ii�	�:

 A&�� ^��1 ���:�:! �	1���27 �ii1 �Bii�� ��iiO��

N�#) ��1 ���:�:! �T�- ��F:+3.(  
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0'J 3: 	J� �I�X��& G�8H ���:�:! )�	[O 5/0� 1 �2  �: �Z�(� 600 �Z��	�: M:"!�9 �600 �Z��	�: ��:���  	ii1

��:
  ���& AH1 =:�"! ;�<�- �#�B�� ��<: �	W .�<��{ �1�� �� 	& ��8! 	���:1  "]��� ���B� ;��[+�& �1 ���[8!� �� ��ii�9 

=���� �� �j! \�F8W� 5 �O��  �#�1.  

  

 <%&H3: c��8� NO�W �� <:)�ii�9 V��ii���� 	iiJ� ��iiF:+��ii& ���:�:ii! � M:"ii!�9 	ii1 ��ii8L �;���ii:&�1	� �=:�+�	ii( �=:)�	ii( 

��K���:&�:���	( ��:+�+��
 ��	[���	+  AH1 �� ���& ��:
 �<��  

lB" r+::;�	  �E��  

���9�  

;�]1	 =:���:  
;���:&�1	�  =:)�	(  �K���:& �:���	(  ��	[���	+ ��:+�+��
  

M:"!�9  1  7/777***
 16/575**

 ***٨٤٠/١٢٨  201362/722*** 

!:�:���  3  0/259ns
 1/032ns

 1/980ns 12335/076*
 

M:"!�9 ×!:�:���  3  0/644ns 0/696ns 1/393ns 7737/708ns
 

�j?  16          

(%);�	::r+ D�	x    7/34  2/35  0/53  9/71  
* �**  �*** +	+ �1:D ��"&� ����� "] {Q8?� ���  �j! ��05/0 �01/0 �001/0  �#�1 .ns ��"&� ����� ��E� ��� "] ;��[+ ��� ��  �j!05/0 �!�.  

  

<%&H 4 :NiiO�W c��8� �� <:)�ii�9 V��ii���� 	iiJ� ��iiF:+��ii& :ii!���:� � ��:��ii� 	ii1 ��ii8L �;���ii:&�1	� �=:�+�	ii( �=:)�	ii( 

��K���:&�:���	( ��:+�+��
  ���& AH1 �� ��	[���	+ ��:
 �<��  

  

lB" r+::;�	  
�E��  

���9�  

;�]1	 =:���:  
;���:&�1	�  =:�+�	(  =:)�	(  �:���	(�K���:&  ��	[���	+ ��:+�+��
  

��:���  1  26/148***
 10/507ns

 99/792*** 51/042*** 815/250 *** 

!:�:���  3  0/520ns
 16/984*

 14/263*** 2/416ns 372/16 * 

��:��� ×!:�:���  3  1/540ns 4/954ns
 5/261** 0/099ns 6/131ns 

�j?  16            

(%);�	::r+ D�	x    9/48    0/53  8/42  5/73  
* �**  �*** +	+ �1:D ��"&� ����� "] {Q8?� ���  �j! ��05/0 �01/0 �001/0  �#�1 .ns ��"&� ����� "] ;��[+ ��E� ��� ��� ��  �j!05/0 �!�.  

  

   N�ii# �� NiiO�W c��ii8� �ii1 �iiE�+ �ii14 -Gii)�  ��

 ���ii8L ����:�:ii! �	1��� ��� e��	#&�1	�;���ii: 

\��L ��iiF:+ �1 �B�� ��:��� � M:"!�9 ���W �� 

 ii"] A��<ii-� =�� � �8#�� A��<-� <�- ���W ��� ���



 #�-� ./�+0�1 2� .���" �3�(� ��� ��!��75 !��� .1403/  :<(=>20-1                    ����� ��	
 ����� � �	�������	� ��� ��...   
 

11 

 ���ii1 �iiI�X A��<ii-� �ii1 ��:��ii� ��ii�W �� .�ii!�

 �jiii! �� ���:�:iii!1  ���iii8L ��Z�iii  iii�:

���iiS �ii1 �ii8-�� A��<ii-� \�ii�L ;���ii:&�1	�  �ii�

�ii1 ��:
 \��L ;���:&�1	� ���8L =�	+Z�1 =:���ii: 

1/5  ��iiF:+ �� Mii�? ��� �	ii
 	ii1 �	ii
  ii�:600 

 ��	F& �1 ��:��� �Z��	�:1  ���:�:ii! �Z�ii  �:

�ii�& ���ii8L .�ii# �� �iiI�X �� ;���ii:&�1	�2 

 �: NiiBT ��F:+ �1 �B�� ���:�:! �Z�5/32  �iiO��

��� ���� A&�� . ��:
  ���& AH1 �� =:)�	( ���8L

 ��iiF:+ \�iiF�� �ii1 �<ii��600  � M:"ii!�9 �Z�ii�	�:

 �iiL+ =:)�	ii( A��<ii-� �6	
� ��-�� A��<-� ���:���

�1 ��:��� A"+ "] ��S�� 	8�:1 ����  .��ii1 M:"!�9

 �iiI�X A��<ii-� �ii1 ��:��ii� ��ii�W �� =:ii"_F&

 �B�� ��:
 =:)�	( ���8L ����:�:! ��ii� e��	ii# �1

 �	1��� ii"] ��iiS �ii1 ���:�:! .�ii-�� A��<ii-� ����

�1 ��iiF:+ �� =:)�	ii( ���ii8L =�	8ii�:1 �ii����S5/0 

 ii�: � ���:�:ii! �Z�ii600  ��:��ii� �Z�ii�	�:

 N�#) �# NO�W4 .(o  

  

  
J0' 4: 	J� �I�X��& G�8H ���:�:! )�	[O 5/0� 1 �2  �: �Z�(� 600 �Z��	�: M:"ii!�9 � 600 �Z�ii�	�: ��:��ii� 

 \��L ;���:&�1	� ���8L 	1  )G)� ( �=:)�	( (o) AH1 ��:
  ���& {�	W .�<�� �1�� �� 	& ��8! 	���:1  ii"]��� ���iiB� 

;��[+�& �1 ���[8!� �� ���9 =���� �� �j! \�F8W� 5 �O��  .�#�1 

  

2�'���,,� �B� �� ��,,CD 5�*,,��6 % 4�����,,�  �,,;

 �>1.,,� 3,,�6� ?�,,?��-2�� 
��@,,=���?  ���,,)9� %

 2$%�&,,�	 &�,,=���8 `�<ii�9 �ii:)�]- ��<ii: =�	8ii�:1

 ��iiF:+ �ii1 dii�]8 ��	[���	+ ��:+�+��
2  �Z�ii  ii�:

 � ���:�:ii!600  �ii!� ���ii1 ��:��ii� �Z�ii�	�:

N�ii#)5 -ii)�G ��ii�W �� `�<ii�9 �ii:)�]- ��<ii: .(
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 �jii! �ii+ ���:�:! R�j! A��<-� �1 M:"!�91   ii�:

 `�<ii�9 �ii:)�]- �ii�:)�W�� ��	ii� ��ii:( A��<ii-� �Z�ii

 �I�X �� ��	[���	+ ��:+�+��
2  ���:�:ii! �Z�  �:

 ��<: �13/42  A&�ii� NiiBT ��iiF:+ �ii1 �Bii�� �iiO��

 ��ii�W�� ����:�:ii! 	[iiO ��iiF:+ �� =:"_F& .�-��

�9 �<ii�- ��ii�W ��ii� ��F:+ �1 �B�� ��:��� � M:"!

 ��	[ii���	+ ��:+�ii+��
 `�<ii�9 �:)�]- ��<: �� A��<-�

.�# ��&��  

 A��<ii-� ^ii��1 ��:��ii� � M:"ii!�9 ��ii&��F:+ \�iiF��

 "] �ii1 ��ii<F& .�ii# �<�� ��:
 �� �K���:& �:���	( ���

 �� �K���ii:& �:ii���	( ���8L ����:�:! R�j! A��<-�

  ���ii& AiiH1N�ii#) �	ii� ��ii:( A��<ii-� ��ii:
5 -o .(

 ��iiF:+ �� �K���ii:& �:ii���	( ���ii8L =�	8ii�:1600 

 � M:"!�9 �Z��	�:2  ii�: ��&�ii� ���:�:ii! �Z�ii

 M:"ii!�9 A"+ ���W �� �K���:& �:���	( ��<: �� �#

.��1 	8�:1 ��:
 �� ��:��� �1 �B��  

  
0'J5: 	J� �I�X��& G�8H ���:�:! )�	[O 5/0� 1 �2  �: �Z�(� 600 �Z��	�: M:"!�9  �600 �Z��	�: ��:���  	ii1

 ��	[���	+ ��:+�+��
 ���8L)G)� (  �K���:& �:���	( �)o (��:
 {�	iiW .�<ii�� �1�ii� �� 	ii& ��8ii! 	���ii:1  ii"]��� ���iiB� 

;��[+�& �1 ���[8!� �� ���9 =���� �� �j! \�F8W� 5 �O��  .�#�1  
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O9;  

  
 �#�:��&� L ��:e�&�  ;�<�- �1 ���)9�"ii!:= 

r+ �ii1 	iiU"ii::	 ii� ��:	�&� )�1�8:Fii� � A"ii+ 

ii���:+��:��  8� �� �:�iiU  �ii#� A&�ii� ��ii&�:
 ��

 ��	
 )Imtiaz et al., 2016( .;�])�j ���� ���� ���

��  ���:�:!!�!� A*�  �� ��  A"ii+ �1 ���* ��BC1


 ����&�: 	S ��d� 	L+M� <�9`��&� 98�  ii��� ���:� 

Q���	ii� �+� o�ii!� � �ii1 V�|iiF� N:�ii�+  �;�<ii�-

������ii"1 r+;�	ii:: ��8?�ii!� 
 ����ii&�: iiI"+ �`: 

�K�&� � ;�<�- ��"&� \�*8���[�  �"� )Imtiaz et al., 

2016.( ii! ���:�:ii �ii���+ 	S ��dii� -	� ��iiBC1�ii: 

8�9 ������: F! ��:��� �: �� ��&�:
 �� A&���ii&� 

)Azam et al., 2021.(  

   ��&�# ��:
 �1 ����* �� d:*L+ =�� ��	8���(�&� 

 N�# �#� ��ii�W ��  ���ii& AiiH1 	ii+ ��� � \�S

 .�"8ii#��   ii�&�� �ii��� ��:��ii� � M:"ii!�9 ;�<ii�-

�"!=: �1A"��� N:)���	ii8�)� ���ii+ � �	�2(  &��ii?

 ��8?�ii! �� \Q8ii?� ��iiU�� DiiE� ��ii���� �ii�  �Z�1

�+�	(�=: 1	6�  +�Q:�:p� )��! ��8?�! � ii   ���ii#

��  ��C �1
 �#���:  ii  iiC8" ��ii#)Azam et al., 

2021( ��ii:
 ���+ ���� A&�� ��	1 ��E� N�Z� �� .

 M:"!�9 �"��  +�<�- �B# � =:�"! ;�<�- A"+ �L+

 ������  ����� A&�� �\��! o9 A&�� �1 ���+ �

 �`:ii��� �ii"��  ��2X	iiO�"� o2iiE A&�ii� �  )��!

9 �	ii� ���ii#� `�<ii:" � `:ii!�8( �=ii&)Pandey et al., 

2016( �iiW �� A:ii1 liiFU+ � �:+��:��� A"+ .2O2H 

 �� \Q8ii?� �  )��ii! Vii���� \��ii]+ ��ii� DB! <:�

�"�9	- w":)�"�:!   ��& �ii1	U" �ii��C� �� �ii� ��#

�ii# �ii&��?  )��ii! D:ii!9 � �#� ��C )Liu et al., 

2013; Azam et al., 2021.(  �iiL+ ���:�:ii! �	1��ii�

  �I-�L ��:
 ��8?�! �� ;�<�- A"+ =ii�F �� �"�

 ;�<ii�- ��ii# �ii+Q� �ii� � ���ii!��E Nii:)� �ii1 �!�

AH1 �� =:�"! �iiU:8� �� ��ii#�1 ��ii:
 ��
�ii��
 ��&

�ii1 =:�"! <�- �I�X ��ii:( A&�ii� ���9 ��ii� ;��iiO

 ii ��ii:( A��<-� ��:
 �#� � ���+ ���� � ��	� �ii"�

)Adrees et al., 2015 AiiH1 	+ ��� � \�S A��<-� .(

 A��<ii-� �1 ��F& ��:��� � M:"!�9 ���W ��  ���&

  �<�� ��:
 �� ���:�:! �I�X 	:Jnii+ Nii:)� �ii1 �ii���+

 A��<ii-� dii�	S �� <8"ii!�8- ��<ii: 	ii1 ���:�:! �Bq

N:-�	��� �ii#� �� A��<ii-� �9 DT�]8 � �&  �	ii��F�

 ��iii:
 	iii+ ��� �� A��<iii-� .�iii#�1 ��iii:
 =iii��

Brassicajuncea L. ��	ii� A"+ �L+ )Ashfaque et 

al., 2017( A��<ii-� � Mii�? ���   ���ii& AiiH1 �

���� �� �&Isatis cappadocica  �L+ ��:��ii� A"ii+

)Azam et al., 2021(  ��# 3��<
 ���:�:! �	1��� �1

.�!�   ��ii� e��	# �� �� ��� ���� A&�'( =�� c��8�

 �� Nii:-�	�� ���ii8L ����:�:! ���W ��ii:
�<ii��  ��

 ��	ii� ��ii:( A&�ii� ��:��ii� � M:"ii!�9 A"+ ���W

;�<�- .�!� =:�"! �1 ��:ii!� ��iiC `�<ii�9��ii&  �ii�


�ii":9 Mii:��)��) �:ii!� ���K��ii:&� �  �ii�:-�	���+�	(

��ii8���� DBii! Nii:-�	�� <8"ii!�:1 A&�ii�  ii���ii# 

)Azam et al., 2021.( N�� �� 	��� A&�ii� Nii:-�	�� 

�� e��	# A"+ ;�<�- :�"!	::r+ �= 	:�  Fii�:)�1�8 

�1 �F! �:)�+ =:)�	( ��!� �	�� ;��+��
  ���ii"� �ii1

A:(>	8� ��! <8"ii! Nii:-�	�� �  	:ii� �� =:)�	ii(

<8"!�:1 =:)�	( ���  ii ��ii� �1 )2021Souri et al.,  .(

 ��ii:
 �� Nii:-�	�� ���ii8L A&�ii� �iiU:8� ���<ii�� 

 `�<ii�9 �:)�]- A&�� N:)� �1 ����+��ii& ��ii# 	ii�s 

 �� �ii� =:)�	ii( ��<ii: A��<ii-� 	ii��� ��ii! �� .�#�1

 � M:"ii!�9 ���W �� � ���:�:! ���W ��� e��	#

  ��&�� ��:
 =�� �� ��:��� 	ii1 ��:�n+ ���#	ii::r+ 

	:�  .�ii!� =:)�	ii( 	8ii�:1 �ii:)�+ �F! �1 ;��+��


 =:�"ii! ;�<ii�- A"ii+ �� �!� ��# �H� =:"_F&

A��<-� DE� M:"!�9 � ��:��� �"��  `�<ii�9 �:)�]-

 A"ii+ �iiL+ ��ii&�:
 �� Nii:-�	�� ��<U+ � �Q:-�	��

 ii ��ii#)Saleem et al., 2022.( 	iix�W dii:*L+ �� 
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 ���:�:ii! �	1��ii� �1 ��<F& N:-�	�� ���8L A��<-�

  ���:��� � M:"!�9 A"+ e��	# �� Nii:)� �ii1 ����+

	:Jn+ �Bq Nii:-�	�� ���ii8L 	ii1 ���:�:ii!  dii�	S ��

o�iii!� �9 �� iii"C(M ��	iii1 	:Jniii+ ��8?�iii! 	iii1 

�!Q(�	�� � <:� A��<-�  �ii#�1 �	ii1 �jii! �W��

�ii� DBii! ��ii*+��  ��ii���+ ��ii:
 �� ���[8ii!� ��  ��ii�

 ��# . �ii#�B�� A&�ii� dii�	S �� ���:�:ii! =:"_F&

 � �<ii�� ��ii:
  ���ii& AiiH1 �� ��:��ii� � M:"ii!�9

 A&�ii� ^ii��1  ���:ii���  ii8�9 m�ii-� `8�:! M�	L+

 ;�<ii�- =ii��  F! ;�	J� Nii:-��� N:�ii�+ �� =:�"ii!

   �	:
��E N:-�	�� ��<U+ �� � ��# �"�)Azam 

et al., 2021.(  � ii�BT ;�ii])�j a�ii!� 	ii1 =:ii"_F&

�	1��� ���:�:! ���8L �c�	ii1 ��&�:
 N:-�	�� ��ii:1�) 

� �E �L+ ���:":�)9 A"+ ��	� �  M:"ii!�9)Souri 

et al., 2021(  �� ��:��ii� A"ii+ �iiL+ c�	ii1 ��ii:
 �

<-�A�� �!� ���� )Huang et al., 2018.(   

  �<:��� �#�B�� ��C �ii1 ,ii!�( �� �<8"ii!�8- ��ii&

 ��:ii!��:���	( �iiU:8� �ii!� =ii�F =:�"ii! <�- A"+

 �ii:)�+ ��<: A��<-� d�	S �� �!Q(�	�� ���XROS 

 ��FE ��2O2H  �ii#�1)2020, Souri et al.�(  =ii�� �ii�

 �� �ii A&�'( c��8� �1 d-��+ �� ;��&��+��y�iiB �ii1 

 A��<-�:��< 2O2H  ���ii8L A&�ii� �9 \�iiB�� �ii1 �

 ���W ���1) ��:��� � M:"!�9 A"+ �L+ N:-�	��

 ��ii�W ��ii�) �&�ii# ��iiF:+ �ii1 �Bii�� (���:�:ii!

 ii �<ii�� ��:
 �� (��:��� � M:"!�9 ����:�:! .�ii#�1

ii"_F&:= Ghori et al., 2019 3��<ii
 ��	ii��ii�� �ii� 

A&�ii� �ii1	U" ��:��ii� �Z�ii1 �I�X �ii������ ��ii&

 ��:
 �� �<8"!�8-Alternanthera bettzickiana  ��ii#

�!�� ���� �*1�j A&�'( =�� �� NO�W c��8� �1 ��.  

 ���:�:ii! �	1��ii� ��ii� e��	# �� �	x�W A&�'( ��

 	8�:1 ��:�1 �<�� ��:
 �� ��:��� �#�B�� ��<: A��<-�

 �&�# ��F:+ �1 �B�� M:"!�9 �#�B�� ��<: A��<-� ��

1 �ii1 �Bii�� ��:��ii� 	8ii�:1 �#�B�� N�Z� ��  �� .��

  �M:"!�9�� ��:��ii� <ii�- 	8ii�:1 >	iiL+ �1 ����+ 

>�? �� ��	
	1 �� ;��O ���W �� e:L ���� �1 

 8W�� o2E ��# ��:
 � �1 ���ii����ii&  ���ii& ��ii:
 

\�*8��   .�1����Z �ii1 	ii�s �ii!� �ii� ii:��<  �ii#�B��

1 <:�   &�:
 ���
 �1 ��:��� �����  �8��1 �L�� �ii� 

���� ���� ;�])�j��� 
:��&� D# ������?  ��ii���+ �ii1

�ii���� ��:��ii� �ii#�B�� ��  �Z�ii1 )Babula et al., 

2009 .( �ii� ��� ��ii�� dii:*L+ =ii�� �� NiiO�W c��ii8�

�1 �L+ �� �<�� ��:
 �#� e:L �� ���:�:! �	:
���

 �ii#�B�� A&�ii� �ii1	U" ��ii#�� ��	iiT ��:��ii� A"+

��� ���:�:ii! ��ii�W ��ii� e��	ii# �1 ����* �� ��:

 .�#�H� ��# �!� ��  �ii#�B�� 	ii1 ���:�:ii! 	iiJ�

 ��:����:<  eB+	ii � �!� ;��[8 G�8H ��&�:
 ��

 	ii@"� �� 	& �I�X �� ;��[+ � ~�? ���
 �`T� �1

 ii ��ii&�:
  ��2X \��L ���ii#�1 )Vaculík et al., 

2009(. �1	I�  �!� ���:�:ii! Aii*� ��  A��<ii-� ��

 �� �9 o�!� �1 �=:�"! ;�<�- A"+ 	1�	1 �� ���*

����  )��! �������	1 ��&�T�! � �& ii y�ii1	 �ii& -

 �ii��1 �� ��:��ii� �ii"�� =:�"ii! ;�<�- \�*8�� �� ��#

 ii �iiE�� \Q8ii?� �1 �� ��:
 �~�ii? ��iiS �ii1 .�ii"�

���� �� �9 o�!� \�ii*8�� � o2iiE A&�� DE� �&

 ii =:�"ii! ;�<ii�-ii#�� )Ma and Yamaji, 2008 .(

 =:"_F&!:�:���  ���+� � ������� )��!   dii�	S ��

 V��|F� ��U���1 )�=:"�: lFU+ �"� ��:( <ii�- \�@+� � 

�9 �#�B�� � =:�"! �!Q(�(9 �� ��  A��<ii-��ii&�  �

���C� ��  \�*8������ii& � �� ���ii�����ii�� �ii1 �ii&�ii&� 

�ii& ��  A&�ii��ii&� )Emamverdian et al., 2018(. 

 �d:*L+ =�� �1 ��F&��� �I�X A&����:  �� AiiH1

 ���ii& 
��ii&�: ��ii"
 )Wu et al., 2019( A&�ii� � 

�I�X M:"!�9 �� ��&�:
  ���& AH1 c�	1  �	1��� �1

 ���:�:!)Guntzer et al., 2012(   .�!� ��# ��&�� 

  �8��c ��= �	ii# �� �ii� ��� ��ii�� A&�'(�e  A"ii+

���:�� �<-� �1�A  �I�X!:�:���  �iiI�X <iiE �ii1)1 
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:�  )�	( ���8L (�Z�:= 
ii:�� �<ii-��A (ii:��  ��	ii�

 .�!� �ii1 �ii!� =ii�F �A"+ e��	# �� =:)�	( lFU+

 �� �9 <8"! M�	L+ �� =:)�	( ��:!��:��� A&�� N:)�

 ��ii#�1 ��ii":�+�	( `�<ii�9 �ii:)�]- A��<ii-� �� ;��+��


`�<ii�9  
�""� �I-�L A*� =:)�	(  )�ii!�8:! ��ii&

[W) ��  )��ii! ��8?�ii! � (�Q:ii���1	� `�<�9 �� ���

 ����� ��iiC�	1=ii�� �� \��ii! �� A"ii+ e��	ii# �� ��

  �8#�B��) ��ii#Akbari Mogadam, 2012A��<ii-� .( 

���ii8L =:)�	ii( ��ii�� ����ii& ��iiF:+ �iiL+ c�	ii1 

3��<
 <:� M:"!�9 ��# �ii!�  )Choudhury et al., 

2011(. 	:
�ii�E A"ii+ ��ii�"& �� =:)�	ii( Aii*� �� �

`�<�9 D�	H+\��)��	�� ��<U+ �� �	:
��E ��& ��ii&

������ ���L8!� �[W �� �)�?� ���ii���( �  )��! �

����\�� �&� ���9  .�ii!� ��ii:
 �� A"ii+ �L+ ��:)�+

�1  	I� �� 	:Jnii+ =ii�� =:)�	( A��<-� �1 ���:�:! �!�

  ;�# 	ii1�	1 �� ��ii&�:
 NiiFL+ A��<-� �1 � ��H1

 ii MiiF� A"ii+�ii"� )Azam et al., 2021 	��ii! .(

 ���:�:ii! �1 ��:
 ��F:+ �� �!� ���� ���� <:� ;�])�j

 ^ii��1 `:*8ii� 	ii:X �ii� � `:*8� ��S �1 �!� =�F

�K ��*)� �ii� �9 �ii� � ��ii# =:)�	ii( <8"!�:1 	:� ��&

`�<�9 �:)�]- ���� A��<ii-� �� �iiC�9 <8"ii!�:1 	:ii� ��&

�#�1 )Kauss et al., 2003(�  ii-	S �� .  )�iiF8W� Nii:)

 �I�X �� =:)�	( ��<: A&��1  �: ���:�:ii! �Z�

�ii1 Z�iiF8W�`�<ii�9 <8"ii! Nii:)� ��:+�ii+��
 �ii"��  ��ii&

  ��	[���	+ �	8ii�1�! ���ii"� �1 ��:+�+��
 �� �� �#�1

  ���[8!� ;�ii�+��
 �� ��:+�ii+��
 <8"ii! ��	1 � �""�

  ���[8!�ii� d�	S �� =:)�	( N:��+ =��	1�"1 ���# 	:

  A&�� ;��+��
 �ii:)�]- ��<ii: A��<ii-� �ii� �ii1��

 �iiI�X �� ��	[ii���	+ ��:+�+��
 `�<�91  �Z�ii  ii�:

 =ii�� �:�n+ �� �<�� ��:
 �� ��:��� ���W �� ���:�:!

�ii])�j �� .��ii1 c��ii8� �:Fii! ���:�:ii! �	ii��� �

 A&�ii� �iiU��� �� =:)�	ii( lFU+ A��<-� �1 �� ��:���

��� )Kabir et al., 2016(  �� �� ��ii9 �!� �1 c��8� �1

.����  ���HF& d:*L+ =��  

  �ii"T A��<ii-� A&�'ii( =ii�� c��ii8� =:ii"_F& ��ii&

 �� �<ii�� ��:
 �� ��:��� � M:"!�9 A"+ 	J� �� \��L

 �� �� �<Fii!� N:ii���8( A"ii+ �iiL+ ��&�:
 .��� ����

�:ii!��":9 liiFU+ d�	S �ii"T � =:�+�	ii( �=:)�	ii( ��ii&

  A&�� \��L�� .�"&��:)�F!� = �<Fii!� ���- �&

���ii�� �� �� o9 ���	E � ���� A��<-� �� `!Q(�8:! �ii&

�-�1 �  Z�1  &�:
 ��&) ��	1Ghafiyehsanj et al., 

2013���ii8L A��<ii-� �U:8� �� �( �ii"T \�ii�L ��ii&

 � o�ii�j �<Fii!� e��	ii# �ii[W ��	ii1  Fii�:���

\�ii�)��:1 � ��ii�X �� �ii��[W A"ii+ Nii1�* �� �ii&

�:���  `&�	- �:+� �ii""�)Choudhury et al., 2010(. 

�"T �#�B�� =�� 	1 ��Q�\��L ��&  �A"ii+ e��	# ��

A*� � �K	ii�� =:n+ 	I� �� ��  FC M�K�)��<:- ��&

  �[�� \��!  F8W �	 �� �	:
��E�ii"� )Souri et 

al., 2020.( �:)�F!� A��<-� =:"_F& �� ~�@H1 �&

\��!"+ �L+ ��&�:
 ��& \�ii*8�� �ii1 =:�"! ;�<�- A

 ii  C8" Np���� �� ;�B:�	+ =�� �#�B�� � �ii� ��ii#

�1 NiiF� M��ii�� =�� �� =:�"! <�- ��""� �+Q� ���"�

  ii A��<-� �� a	8!� 	1�	1 �� ��:
 NFL+ � �""� -

) �ii"&�Choudhury et al., 2010; Azam et al., 

2021 �=:�"ii! ;�<ii�- A"ii+ e��	ii# �� ���:�:ii! .(

�9	-�" o�ii�j �iiW �� �� `ii�:)�1�8 � Mii:)�1�8 ��&

� �8ii#�� ���  �� �� ��ii&�:
 �;���ii:&�1	� A��<ii-� �ii1
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 .�# �&��? <:� =:�+�	( ��8?�! =:ii"_F& �ii��*+ 	iiJ�

�ii"T �'ii�� �ii1 �;���:&�1	� <8"!�:1 	1 ���:�:! ��ii&

��
��ii! �:)�F!� NO� ���"� �1 �\��L  ��  ii?	1 ��

 	iiI� �� ��ii���� ��	iiT A"ii+ e��	ii# �L+ ��  ��&�:


  �8-	
��# )Hassanein et al., 2012(.  Nii�Z� =ii��
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 =ii�� �� NiiO�W c��ii8� �ii:��+ �� .�ii"� �ii:E�+ �� �<ii��

	1��ii� �A&�'ii( ���ii8L A��<ii-� DBii! ���:�:ii! �

<Bii! �QT�ii1 �� \�ii�L ��&�ii"T )Vicia faba L.( 

)Abu-Muriefah, 2015 (�ii"T ���8L A��<-� � ��ii&

) <:� c�	1 �� ��:��� A"+ �L+ \��LVerma and 

Dubey, 2001 .�!� ��# (  

   �� �ii� ��� ��ii�� d:*L+ =�� c��8� ��iiB� ���:�:ii!

8����+ ��:��� � M:"!�9 A"+ `�<ii�9 �ii:)�]- ��<: �

a� ��:+�ii+��
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 a� ��:+�+��
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 �ii1 �iiC�9 Dii:�	+ dii�	S ��

 \��ii! �ii���+`ii�:��
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)Zhao et al., 2009 =ii�� �� NO�W c��8� �1 ��F& �� (
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 ��  ii#�� �ii!� =ii�F ���:�:ii! ���W ��  ���:���

���
 �� ;��[+��iiF:+ ��ii� ;� �=! � &�:
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������:"��  F�<�9 ��& � a� ��:+�+��
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  	J� ��S �1 ����+� \��! ���&� 
	ii1�	1 ��  &�ii: 

A"ii+ ii����:+��: ��� � �ii"� �iiI-�L\�ii���ii&�  ���9

 �� ��ii# ��U����ii���(�ii"� � )Emamverdian et al., 

2018; Hasanuzzaman et al., 2017 �:)�]- A��<-� .(

`�<�9 8�9 ��& �:Fii! �iiL+  ii":� ����1 �� ���:���

��:��� )Shi et al., 2010( `�<�9 A&�� �  ii8�9 ��ii&

 c�	1 ��:
 �� <"�" �1 a��W `T� �� ���:���)Li et 

al., 2012 ( �1 �� �!� ��# 3��<
 ���:�:! �	1��� �1

� NO�W c��8� .����  ���HF& A&�'( =�� �   =�� ��
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 .�ii# ��&�ii� �<�� ��:
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:��&�  ii 

�	ii
 �)Bharwana et al., 2013; Farooq et al., 

2013.( �� ���*8] =:*:*L ��  ?	1 2O2H �ii1 ��iiU�� 

NFL+ �� �I�X `� �� MF� A"+ �1 ���
��!  ii -

��"� ��  )�W �� �� �I�X DB! Z�1 D:!9  �  )��ii!

�1	U" �	 \��ii! ��ii# )Stone and Yang, 2006(. 

 ���iii8L A��<iii-�2O2H  �� ���:�:iii! ��iii�W ��
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