
                 
                      ��� ������	  

          
��
 ��� / 
������
/ ������	 1395 )171-159(  
  

  

	  �!"# $%���% &� �'�&��( � ��)��* &�+,� ,-.") /%01�2304 $1�� 5�����  
  

,.�6( 0-7"�8 /-90	1*5
�.; /-; <25��2
 5!>% <3  �080-7"�8 /-90	 ,1�1  

  

������ ����	 :17/6/93                                                                ����� ����	: 13/6/94  


!�7?  

	 ����� ����� ����� !" �#$�%� �� ���&� '()�*#! +�! ) �#��*� �#,�*!" -�. �� /0�1 �*#$�2�3 43�##5	 ) '30#673

 -��2#� �� �893�� /0�1 �:;�� �����3<�� ��=�)FHB(@  �3�A	 �� �� ����&	 B=��7 C�D E$�F �� G���*7�� 4��H �� �I���<"

 ���:#���3 JKL� M�NI!3� -<�)�I7 M0AI!3� 0O 3�93 . -��2#� QR� )� G��O S���<" -�.��*7��)M��$" @0.�O(@  QR� ��

 �#��*�)80 @100 ) 120 ��*A. �� �#��*� /�1�:#7 ( �� )W;��  '()�*#!)�#6:7 43�*#!@  /�#!��" 4�X$�� �;#7�	 ��2#	 )

 G��O75 0H��  ) �#6:7 43�*#!25 0H�� �#!��" 4�X$�� (��� .�� !" �#$�%� '3 #� �7 �3� '�I! Z��*! 0#673���� -�.

�:� ) <[�	�7 @<�	�#26��G��0�F ) \#$)�� '3 #� ) <30#673-�. -��2#� �,3 �� ]�:L�FHB  ���7 ) S�3 �3 43�*#! ) �#��*� ��

���� . @G��K� ��-��2#� �,3 �� \� #$ ) G7 \#^	)�� '3 #� FHB 	 �L	 \#!�#*� '3 #� ) S.�7 �#��*� �����7 )� -��2#� �#,

��7 30#� S.�7 .�� ��! ���� !" �#$�%� S�3 �3 �� �_�� /0�1 �����3<�� �N*`�� -��2#� 0���*!" -�. '30#673��O� ) �

����7	 /�#!��" �����7 �� �;6! 43�*#! ) �#��*� �� -�*I#� �#,� S.�7 ���," 3��< @��3� -��2#� a�:R��! /�#!��" �� 0!3�	

�#$�2�3 '3 #��� !" �#$�%� ) �.�*!" -�.0.� S.�7 3� '30#673. 

  


'2� 5�@ 5!�-9 :�� !"�*!" -�.'30#673@  @\#!�#*� @\� #$ @\#$)��FHB 

  

  

  

  

  

  

  

  

  

  

  

1- � -�_I!3�7*-�@ 4�	�;! C=H3 ) �c3�< M)�1@ �:#���3 JKL� M�NI!3� -<�)�I7 M0AI!3� '3��3 @G#���3 @  

2- ��#I!3�@ 4�	�;! C=H3 ) �c3�< M)�1@ �:#���3 JKL� M�NI!3� -<�)�I7 M0AI!3�@  '3��3 @G#���3  

3- �����*�3@ M�#1 M)�1�AO �@ �:#���3 JKL� M�NI!3� -<�)�I7 M0AI!3�3 @ '3��3 @G#���  
* ]�^6� M0�6��!:  nasibehtavakoli93@gmail.com   

  

  

  

ز�  
م ���ور��  
  د��



 �:A�6e �:7�	'3��A2. )                                                                         4=f 4�K#KL	 /�IO M�)� //)� M��2O / ��8�1395  

,%!�%  

/0�1 �:;�� �����3<�� ��=� -��2#� -��2#� <3 -�.

�� ��2O �� '3��3 ) �#!� �� ]�&L� \�3 a�g� ) �8� �)�

a�D�� ) /�1 -3�. ) a" �� �e3�! �� �7  �:e�� ��

�� �.�h /0�1 �.0:1 ��O.  G;F ]�� 0�i <3 -��2#� \�3

 <3 M<)��3 ) �*O3� ��9) '3��3 �� M0�73�� 4��H ��

-��2#� '�*�3 �� /0�1 �8� -�.  @'�*6:1 @'3�0!<�� -�.

 G#���3 ) j���)'�5� �O� (�� ��2O �� �)� .�!�1 -�.

G#`� -��2#� \�3 ��_�3 �� /���3<�� k�9 <3 -�0%*� 

��0�O�� .E7�� �!�1 @��9) \�3 ��Fusarium 

graminearum species complex   G��c '3��c ��

 -��2#� �:H3FHB  ��3 M0O �*`��O JD��� E:f3 ��

)Davari et al., 2013.(  0#$�	 �� ���F /���3<�� l��F

 �i��F ��3�.<)mycotoxin ( ��3�.< \��*28� ) M���

 m��	 M0O 0#$�	 �i��F���3<���673� @/ ]��$3�#!

(DON) ��0O�� .-��2#� �9�� '3 #� �� /���3<�� ��3<

DON ��3� �N*6� '" m��	 M0O 0#$�	 )Valdes-

Santiago et al., 2012(.DON  M��� �$�A$�� '<) �� -3

\#^	)��  *�� M0!�3�<�� '3��c �� �7 M��� \#��� -�If @�.

�� G2c n#*#$�2. �#$�%� ) �$�:�0�7 )Gilbert and 

Tekauz, 2000( . \#�o2.DON E#�" �� �$�:� -�.

�*I! G��O /���3<�� <3 �O�!  /)<�;�� @��=�)�:7 -�If

0#$�	 p�L� ) M��7 n27 ]�:� ) H2O2  q�� )  

]�:��� 4=f -�.0O�� .  *��DON  �,3 �� l��F m��	

pH  -[�� '3 #� ) �#	30#673 S�	 @- 2�3 S�	 @\#���

�:�\#�"�L	 �.�� n���O )Walter et al., 2010(. 

r�&��� �H��c ) 9 �#��*�  SK! ) M��� M�#1 <�#! ����

S�	 +3�!3 G��K� �� '�.�#1 �h�Xe �� �28���3� �. .

 ��;27 ) �*O3� -�) #$�	�7 SK! M�#1 �� �#��*� ���2c

-��2#� ) 4��" ��3�� �� 3� M�#1 ��)�K� @'" S.�7 �.  

��0.� )Malakoti, 2000(.  /0c �� �_�� �#��*� ��;27

'�#!" ) '�#	�7 \#� '<3�	  �_#*! �� ) M0O �!0%�pH 

�� 30#� S.�7 �$�:�0�7 )Aziz et al., 1999(.  S.�7

pH   *�� S�3 �3 �� �_��DON  l��F m��	  

����O )Walter et al., 2010( .43)�$ )Lovatt, 1990( 

/�#!��" W2_	 �7 �3� '�I! ���� �� '�.�#1 ��  ��  

S�	 0e 43�##5	 �:H3 -�.��*7�� <3 �A� �R#L� -�.

 �� 43�*#! ��2#	 �� �*��� 0O� '�.�#1 �*e ) M��� m�3)

 ')0� '��< �� �;6! /�#!��" -���< �30K� @S�	 m�3�O

�� W2_	 S�	0�.� .S�73) M0O �K$3 �c��� -�.  

�� s�X	3 �*��1 4��H n��L	 �7 �:L� �� mK� 0�!3�	

0�*�3 )�K$3�%t�� - ( �67)�0#. 0�!�� �	�;#7�	 0#$�	 �7

\#$)��\#6A$"�*#� ) \#�N#$ @�. ) n��L	 GL� �� �.

 W��� q��]�:�-��2#� G�3�c �)�) GL� �� �. 3<

)�#��6e s�� S�73) (�:29<3��3 ��3�� \�3 - )Diby 

and Sharma, 2005( . +3�!3 ��3 \A2� \#�o2.

 ]�%� 'u#673)ROS (\#67�	 �,3 �� ��_�3 �����3<�� -�.

�O!0 . ���� Ge3�� \#$)3 <3 �A� '()�0#. 0#673�� W2_	

��3 -��2#� �� )Kachroo et al., 2003(.  'u#673 +3�!3

0��3�� �D �� 'u#673 vF�! w�#e3 <3 ]�%� ) �*6�< -�.

kX�	 ) kX�	 @ *���*� 0�!�� ]�:� -<3�.�� -��! ��9)

�� 0��")Mittler, 2002 .( E��g	 �I��673H2O2  ��

���� G`3� �� /���3<�� �� M��$" �.�#1 -�.5  0%� ])3 <)�

'3��A2. ) )( m��	 �1��$" <3 )Zhou et al., 2005( 

��3 M0O ��3 1 .�� ��! �� �;#7�	 �,3 0��H2O2  )

�� !" �� '�.�#1 ��)�K� ��;8� �� S�	 �� m;	�� -�.

0O�� �,�� �����3<�� �1��$" )Somleva and Blechl, 

2004( .'( <3 -�30%	 �7 ���_!" <3 '��< �� M�#1 -�.

-�K$3 �� �_�� S�	 +�F) / #!�A� <3 �x%� �c��� -�.

�� S.�7 -3�� -�#6� \*��� @S.)u� \�3 <3 r0. @��O

	� <3 M��X*�3 �� /0�1 �H�&g� 4=f �� -��2#� G��c �#,

M3�Ge��� n�(�$�� #� ) �c3�< -�.. 

  

�@ A�� � 
20%  

 +�! ) �#��*� �����7 �,3 ����<�3 ����� �� S.)u� \�3

 �#,�	 �L	 /0�1 n�(�$�� #� 43�##5	 �� ���&� '()�*#!

0O /�_!3 /0�1 �:;�� �����3<�� �N*`�� -��2#� .

 ����&	 B=��7 C�D E$�F �� G���*7�� 4��H �� S���<"

 M�NI!3� -<�)�I7 /�:c M0AI!3� �!�g:1 �� �3�A	 �� ��

��3 JKL�0���1 3�93 �:#� . )� G��O S���<" -�.��*7��

 -��2#� QR�)M��$" @0.�O ( �#��*� QR� �� ))80 @

100 ) 120 ��*A. �� �#��*� /�1�:#7 ( '()�*#! /�� �� )

) G��O �;#7�	 ��2#	 ) �#6:7 43�*#! @/�#!��" 4�X$��

75 0H��  ) �#6:7 43�*#!25 0H�� �#!��" 4�X$�� (��� .

��<" /�_!3 -3�� '3�2i ) 0��3)�� @0;�1 �F� �� 30*�3 S�

0O �I70!  3� �#��6e \��*I#� 0;�1 �F� �8!" \#� <3 )

 \�3 -)� �� S���<" \�3����� @�3� '�I! -��2#� �� �;6!

 �F�) 0;�1 (0O /�_!3 �F� \�3 ) '30:1 ')�� �� ���.

 S��_�110  �$) �3 B=��7 m#L� �� ) �!�g:1 �� /�1�:#7



	� /0�1 ��)�K� �� '()�*#! ) �#��*� �#,�� �:;�� �����3<�� ��=� -��2#�              4=f 4�K#KL	 /�IO M�)� //)� M��2O / ��8�1395 

0O �I7 .'30:1 �#��h �� �A#*�=� -�.10  /�1�:#7

0O a�g*!3 p�`0!  -)�6� �30K� �8!" <3 /307 �. �� )10 

 M�#1 <�#! ���� �H��c '3 #� ) 0���1 ���t3 p�` /�1�:#7

0O ]�2c3 p�` '��<" j��3 ��) ])09 1(.  

B��-	 5�����:  �7 �!��<50 %�	�� �:e�� �� �.

M��$" @0!0#�� �.0:10O <�f" -<�� .�$"M� �� -<��

f �� �����z�3 <3 M��X*�3: ��z�3 ��106 �:#� �. �� �*�

��7 30#� ��3�3 �.0:1 �:e�� '���� '��< �	 ) ���1 /�_!3 .

14  <3 k� <)�G��c Q#K:	  �� -��2#� ��=c -��2#�

�:;��0O M0.�I� �. .M<30!3 -3�� '��< \�3 �� '3 #� -�#1

�� !" �#$�%��2! ��#�" -�.0#�3 ) �.�! /�_!3 -�3���

0���1 .�� !" -)�e M��&c {3�g*�3 -3�� -�.  

�*!" @'30#6731/0  �� ��2_!3 <3 k� �.�#1 ���� <3 /�1

 ���` �� �� -)� �� WF3) ��#i ')�. G`3� W��� '()�*#!

 M0#|��0O . '�) �3 �� kz�10-5 �:#� ���� <3 �*#$

 M #!(�2. {3�g*�30���1 . G`3� �� GH�e M��&c

��X��*!#]�og� (� �� ) 0O GK*�� �3�15000  �� �)�

 40� �� @�K#F�10  -��� �� ) �K#F�4 �*!�� �9�� �3�1

0O (�#X��*!�� . �� kz� �� !" �#$�%� �)��O)� <3 M��X*�3

�:� @<[�	�7�)� �� <30#673�� ) <30#673 G��  3�I#� ) ��7

)Kar and Mishra, 1976( M<30!30O -�#1.  

 g*�3 -3�� {3�0#673���� <�	�26��  @�� !"5/0  /�1

�!�2! �� @W��� '()�*#! �� M0O ���� �1�� -10 �:#� �*#$

 4�X6� ����1/0  ��� �[��)5/7pH= ( -)�eEDTA 

5/0 �:#� �[��M��&c <3 M��X*�3 �� ) 0O '(�2. @GH�e -

26��0#673���� �� !" �#$�%�#�)� �� <�	�  ) 306���

 '3��A2.)Dhindsa et al., 1980( M<30!30���1 -�#1 .

 {�� ]�D �� a�9 '3 #�560  M�N*�� �� �*��!�!

0O M0!3�` -�*��*�)�*Az�3. M<30!3'3�9 <3 \#$)�� -�#1-

q�� \��	 �)� <3 M��X*�3 �� �*��� �%��	 =��7 -�.  k*#�

 '3��A2. ))Bates et al., 1973 (0O /�_!3 .�� 4��H \�3

 �30K� �7 1/0 /�1 �� �� �1�� ��10 �:#� �*#$

 0#�3 n#:#6#$���X$��3/3 % �� ) M0O M0#|��

�c��4000  -��� �� �K#F� �� �)�4 �*!�� �9�� �3�1

 40� ��10 0���1 (�#X��*!�� �K#F� . GH�e �)��O)� <3

M<30!3 -3��-�#1 \#$)�� 0O M��X*�3.  '3 #� a�9m��	 

 {�� ]�D �� -�*��*�)�*Az�3 M�N*��520 ��!�! �|3�F �*

0O .  

M<30!3 -3�� �:A$3 M��&c 30*�3 @43�0#.���7 '3 #� -�#1

q�� <30O �#8	 �. . 30*�3 @�7 4��H \�0�5/0  ���� <3 /�1

 ]�og� �� M0O -�308N! �1��70 - �*!�� �9�� �3�1

0���1 '(�2. =��7 ��#i ')�. �� ) �*O3��� . kz�Z�� 

�:#� ]�!�	3 �*#$%95  �� ) ���t3 '" �� S���<" �$�$  

a�� 40� �� ) M0O GK*�� �3�30 0O kA	�) �#!�, . W���

�$�$ �� ) 309 ��)� ) ��� )� kz� ) 0O GK*�� -�N�� -

 ��� �. ��Z�� �:#� ]�!�	3 �*#$70 %�F�� 0��9 Sg� ��-

 �� ��)� W��� Sg� ) 0���1 �I*6O =��7 ) ���t3 M0!��

 ���8! �� ) 0O GK*�� S���<" �$�$15 :#��M��&c �*#$ 

0�" ��� �� .M��&c 40� �� @GH�e -15  �� �K#F�

 �c��3500 0O (�#X��*!�� �K#F� �� �)� . �)��O)� <3

 0�F S_�� -3���)� �� ]�:L� ��)0!3  '3��A2. )

)Ndoumou et al., 1996( 0O M��X*�3 . �� a�9 '3 #�

 {�� ]�D625 �*��!�!  M�N*�� <3 M��X*�3 ��

 -�*��*�)�*Az�3M<30!3  -�#10O.  

M<30!3 -3�� �� \#!�*#� ) \� #$ '3 #� -�#1  

�o.�#1�!�2! @/0�1 -�. M3�2. �� ')�. �� �1�� -�.

 n��0��:7)�0#. 0#�31/0  ) M0O M0#|�� a�` 0H��

 ])�6#:1 �� M0�" ��� �� ]�:L� @\� #$ {3�g*�3 �89

)50(%\#! ) 4�X6� ���� @0O }�:g� \��0#. . �� kz�

 ��9 a"100 �*!�� �9��0O M�3� �3�F �3�1 . '3 #�

 �� GH�e ]�:L� a�9570 0���1 �|3�F �*��!�! . �89

 �� [�� �26F �� M0O �#8	 ]�:L� <3 \#!�#*� {3�g*�3

 ��0� 0#67)�0#.)5 ]���!( �30�" \#6#:1 ]�:L� @

)50(%)�*#! ��0� ]�:L� @-�� �30�" 0#!�#�)1/0 (% )

n��:7)�0#. 0#�3)1:1 (t3 �� '" a�9 '3 #� ) ���510 

�*��!�!  0O M0!3�`Losak et al., 2010)(.  

 30*�3 @G7 \#^	)�� S_�� -3��5/0  �	 �!�2! /�1

 ) 0O ���� W��� '()�*#! 4�)�_� �� ��#i ')�. �� q��

 ��3 �:#�0���1 '(�2. {3�g*�3 ���� �*#$ . GH�e }�:g�

 �� G`3� �A#*�=� �$�$ ')�� 0O M�3� �3�F .��!�2! kz-

 �. 40� ��21  �c�� �� �K#F�11500  -��� �� �)�4 

�*!�� �9�� �)��O)� �26F ) (�#X��*!�� �3�1  �*O3���

0O .�$�$ 40� �� 0�09 -�.20 �� �K#F�4000  �� �)�

 (�#X��*!�� �K#F�} .�$�$ @(�#X��*!�� <3 k� G`3� �� �.

0O M�3� �3�F ��0! .�)��O)� �26F <3 �:e�� \�3 ��  �.

�$�$ 700  �A#*�=� �$�$ G`3� ) �*O3��� �*#$)�A#�



 �:A�6e �:7�	'3��A2. )                                                                         4=f 4�K#KL	 /�IO M�)� //)� M��2O / ��8�1395  

 �*g�� -3�� )\#^	)�� �~27 �30K� \##%	 �)� �� �.

 �����3��)Bradford, 1976( ���1 �3�F M��X*�3 ����.  

 G#:L	 ) �� _	 -���"M�3�/�! �� �. �3 �3SAS  )

�6��K� \#N!�#� '��<" �� �. LSD]�2*e3 QR� ��  Z��

0H�� �� )�3��2! ��� �. /�!�3 �3 Excel 0O /�_!3.  

  

 ])091- �1u�) ���#2#O ) �A� #� -�. ���� p�`�� M��X*�3 \�3 S���<"  
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Potassium 
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Clay 
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Silt 
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Sand 

0.625 7.88 0.62 0.06 8.5 170 2 14 84 
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GAO 1 - �#��*� �����7 �,3 )a(  )���&� '()�*#! +�! )b( 26�� 0#673���� �#$�%� '3 #� �� -��2#� S�	 �L	 <�	�FHB  
Figure 1. Effect of potassium (a) and nitrogen source (b) on the superoxide dismutase activity under FHB 

infection  
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Figure 2. Effect of potassium and nitrogen source on catalase activity under FHB infection 
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Table 2. Analysis of variance for the effect of potassium and nitrogen source on enzymatic activity and physiological traits under wheat fusarium head blight infection 

�#�4�%��� \#N!             Mean square     

<[�	�7 
Catalase 

<�	�26�� 0#673���� 
Superoxide 
dismutase 

\#!�#*� 
Methionine 

\� #$ 
Lysine 

\#^	)�� 
Protein 

<30#673�� 
Peroxidase 

<30#673 G�� �:� 
Polyphenol 

oxidase 

\#$)�� 
Proline 

������ �	
� 

Grain yield 

]�:L� 0�F 
Soluble sugar 

-�3<" �9��  
df 

�##5	 W����43  
Source of variation 

1280972**  99.17**  0.011**  3.52**  16731**  80968**  1060865**  13.7**  0.6823**  6.92**  1 
/���3<�� 

Fusarium (F) 

78372**  1.57ns 0.0006ns 1.1**  326201**  7339**  58415**  1.16**  0.058**  0.0033ns 2 
�#��*� 

Potassium (P) 

40091**  34.29**  0.00023ns 0.63**  41889**  346ns 18812**  1.55**  0.0014ns 0.094**  2 
'()�*#! 

Nitrogen (N) 

119036**  31.5**  0.00001ns 0.44**  5966**  92ns 65456**  0.36* 0.028**  0.51**  2 
/���3<��  ×�#��*� 

F × P 

22490**  11.34*  0.0001ns 0.095ns 320ns 1240* 13086**  0.013ns 0.0051ns 0.017*  2 
/���3<�� × '()�*#! 

F × N 

5807**  0.69 ns 0.0002 ns 1.15**  655 ns 421ns 13580**  0.227ns 0.0041ns 0.047**  4 
�#��*� × '()�*#! 

P × N 

2791**  4.41ns 0.0008 ns 0.031ns 1883 ns 172ns 27192**  0.34* 0.0014ns 0.0097* 4 
/���3<�� × ��#��* × '()�*#! 

F×P× N 

1169 2.67 0.0004 0.077 1065 313 2251 0.102 0.0044 0.0033 36 
�R`S���<" - 

Error 

14 16.86 10.59 18.67 7.39 8.92 7.98 21.8 20.03 6.58 - 43�##5	 E��t )0H��( 
CV (%) 

ns @*  )** :��%��#f E#	�	 ����%� ) �3� ]�2*e3 C�R� �� �3�5 % )1    .%                                                      ns, * and ** : Not-significant and significant at 5% and 1% probability levels, respectively. 
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Figure 4. Effect of potassium and nitrogen source on 

polyphenol oxidase activity under FHB infection 
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Figure 5. Effect of potassium on protein 

content of wheat infected by FHB 
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Figure 8. Effect of nitrogen (a) and potassium (b) on lysine content of wheat infected by FHB  
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Figure 7. Effect of potassium and nitrogen source 

on soluble sugars of wheat infected by FHB 
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Figure 6. Effect of potassium and nitrogen source 
on proline content of wheat infected by FHB 
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Abstract 
To study the effects of potassium and nitrogen on antioxidant enzyme activity and changes of 

osmolytes in wheat under fusarium head blight infection, an experiment was carried out as a factorial 
in completely randomized design with three replications. The studied treatments were two levels of 
FHB infection (control and infected), three levels of potassium (80, 100 and 120 kg.ha-1) and three 
forms of nitrogen (calcium nitrate, ammonium sulfate and combination of 75% calcium nitrate and 
25% ammonium sulfate). The results showed that FHB infection, potassium and nitrate increased 
superoxide dismutase, catalase and polyphenol oxidase activity and proline and soluble sugars 
contents. In contrast, infection and potassium decreased total protein and lysine content and 
methionine content declined under FHB infection. Ammonium sulfate led to decrease of these 
enzymes, proline and soluble sugars. It seems that fusarium head blight of wheat leads to increase 
antioxidant enzymes activity and the use of potassium and nitrate caused a greater impact on reduction 
of the harmful effects of this disease than ammonium, because ammonium can be reduced the 
osmolytes contents and the activity of antioxidant enzymes. 
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