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Table 1. Characterestic of primers used in this study 

Gene Forward primer 5'-3' Reverse primer 5'-3' 
Product 

size (bp) 

Accesse 

 number 

Β-1,3-

glucanase 
AACGACCAGCTCTCCAACAT GTATGGCCGGACATTGTTCT 

527 
 AAY90061.1 

Oxalat 

Oxidase 
TGCAGTTCAACGTCGGTAAG ATGGCACGAAGACGATACC 

358 
AJ556991 

β-Tubolin 
GGACAGGATTGACAGATTGA

TA 

CTCGTTCGTTATCGGAATTA

A 

180 - 

 

  

 1�
_2 - 2���� "��� L� L*� %�^) )�' ���2/  )�' (+��`S)
*' �� ��! � +�(	���:�; �� +
- ��� �!� �� 9�� 2� 


	�������  

Table 2. Rate of total phenolic compounds (mg /gr fresh tissue ) in infected wheat treated with 

different salycilic acid concentrations 

  

Treatment Sampling time intevales (h) 

24 72 120 

Control 0.81
c
 0.84

 c
 0.75

 c
 

Salycilic acid (200ppm) 0.83
 b
 0.89

 b
 0.79

 b
 

Salycilic acid (400ppm) 0./89
 a
 0.95

 a
 0.85

 a
 

Salycilic acid (600ppm) 0.84b 0.89 b 0.80 b 

Similar letters in each column are not significantly different at 5% probability level. 
 

  

  

 1�
_3 - %����c� 	������� ������7 C�$�
  )�' ���2)/ (8�d���7 �:�; �� +
- ����� +�(	� ��! )
*' ��  
��� 9�� 2 ��!

�����	�� 

Table 3. Change of proxidase activity (mg prtein) in infected wheat treated with different salycilic 

acid concentrations 

                                                                Sampling time intevales (h) 

Treatment 24 72 120 

Control 10.42
 c
 13.39

 d
 9.43

 d
 

Salycilic acid (200 ppm) 15.72
 b
 18.9

 c
 13.78

 c
 

Salycilic acid (400 ppm) 20.21
a
 28.56

 a
 25.63

 a
 

Salycilic acid (600 ppm) 19.43 a 24.32 b 17.6 b 

Similar letters in each column are not significantly different at 5% probability level. 
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5B�-U7�. )� >�3 4<B� �2 �3� �2 �
	 :�<�

 0�e
A =QA  2;@UT���>�@
+ ��+3 =r�J 
" 
	�  m�Cc�

232 /
�- �	
� /
	
�� 
" � �rN\� 4"
_ W73�B3 . ��;A 
"


C- �"7
6� �3 4(
N �7� �>�9-
�M  
	{c�� ��  ��

�� /3�=�@
5B �-U7 )�.� >�3 4<B� �3�=r�J �2 
	� 400 

 �600 .� .� +3 :3�@
+ ��>���3�32  2;@U �	
� 
" T� 

<5� q\C]3� �32  Z[+ �25% 2;". @
N �2�  =r�J ��

200 .� .� +3 :3�@
+ ��>��� q\C]3  2;@U �	
� 
" T

<5�� �32� ) =�3�-X��� 4� .(�@
5B /3���-U =7 )�.� 

>�3 4<B� �3�" �2�
	��� M� �320" �-;- m�Cc��  �3

@�3�+�0" 2�;�  ��2 ��� M� 
� �3 v. :;+ ��� 
A7-� �� 

" 4�
� ^�
_��
� 3�B3 �-��7��  )�<. ��� �3 
�3 �=�32



21 

������	
� �� ����)� ���
��� ��� �(40   �
�1 ��
!" 1396  

��A �"7 W	
� �7=B
.  232 v-
7�3� �7��A  M�<�	 
	

 �2 �3��>�30. X;�
7
� )7�-U 072
6� M�" �� 232 /
�-

=r�J 
"  �� �
�A /
	
�� �  2;@U �	
�  m�Cc� �
	

�<5� q\C]3 T���>�@
+ ��+3  ��32 Z[+ �25 % 2;��

32=�  X���)5
N �7
C- .(M�9-
�� �>7
6� �3 4(  /
�- 
	

��  �	2  )7�-U =�@
5B ��X;�
7
�  �2 �3��>�30. �
�A

400  �600 �. �.  �	
� �" ='>- T���>�@
+ ��+3 :3

�<5� q\C]3 �3�32  2;@U 
N �2 .2;" �32@ ��+3 �
�A ���

 T���>�@
+200 �. �. �<5� q\C]3 :3  �	
� 
" ��32

 �3��>�30. X;�
7
� )7�-U =�@
5B /3��� .=�3�-  2;@U

 T���>�@
+ ��+3 �
�A �2400  :0� ���� ��� � 0C�@ �2

�7
� �3 v. :;+  0r- �3 � ��+� 2;] 0��3�N �" �-�

 W73�B3 � q\C]3 M70C��" /
�� M�	 �2 �	
� 
" R�
hA

.232 /
�- 3�  �3 �3��>�30. X;�
7
� )7�-U =�@
5B /3���

 ��� M�@�3/
��  ^�
_ �-� �7
� �3 v. :;+ ��� 
A �+�0"

 �" �� )�<. ��� �3 
�3 �=�32 ��73�B3 �-�� ��
�" 4�
�

 W	
�2;-  X���)5 �-;- m�Cc� �
	��� M�" �2 .(

 ��
�" 4�
� ^�
_ �-� �7
� �3 v. :;+ ��� ��320"

 =�@
5B M70C��" )�<. ��� /U �3 v. � /3��� M70AO
"

�3��>�30. X;�
7
� )7�-U .232 /
�- 3�  

 :
A �2 �7�-U R30��}A /3��� M70AO
" �" ��;A 
"

�
	 =r�J T���>�@
+ ��+3  /
�� �272  �3 �5" =�
+

 � �
-;�;��
C" �
	 /? /
�" R30��}A /3��� ���2;@U

 �3��>�3 RO3��3 
"  �� �
�A  2;@U �
	 :�<� �2

=r�J T���>�@
+ ��+3 m�Cc� �
	  
" �-
��  �
" M73 �2

�	
� /
	
��  /
�" ��@
-U �7
C- .=B0� �30_ �+�0" 2�;�

�c>- /3��� �� 232 /
�- /?  �2 �
-;�;��
C" /? ��320"

72  =r�J 
"  ���
�A /
	
�� �2 ��2;@U �3 v. =�
+

m�Cc� �
	   2;@U �	
� 
" �>7
6� �2 T���>�@
+ ��+3

 X���) =+3 �CB
7 W73�B36 /3��� 0��3�N .(

�c>-  M73 ��320" =r�J �2 /?400 �. �.  ��+3 :3

 4��) ��  �	
�� T���>�@
+1.(  

 232 �3 4(
N �7
C- �
	Real-Time PCR  /
�-

�c>- �� 232  /? ��320"�3��>�3 RO3��3  =r�J �2

 W73�B3 �	
� �" ='>- T���>�@
+ ��+3 m�Cc� �
	

 X���) =B
77 /3��� M70C��" �� ��;a �" �(

�c>-  /? ��320" RO3��3�3��>�3  �
�A �
	 :�<� �2

 =r�J 
"  ��400 �. �.  ��  �	
�� T���>�@
+ ��+3 :3

 4��)2.(  
 

 

 1�
_4- 	������� ���7 C� ��� L*�� $�
 (8�d���7/)�' ���2) ���:�; �� +
- ����� +�(	� ��! )
*'  
��� 9�� 2 ��!

�����	�� 

Table 4. Activity of polyphenol oxidase (mg protein) in infected wheat treated with different salycilic 

acid concentrations 
 

                                                                      Sampling time intevales (h) 

Treatment 24 72 120  

Control 7.77c 14.62 c 11.47 d 

Salycilic acid (200 ppm) 11.40
 b

 14.03
 c
 12.27

 c
 

Salycilic acid (400 ppm) 19.66
 a
 28.38

 a
 21.58

 a
 

Salycilic acid ( 600 ppm) 19.92
 a
 21.84

 b
 19.16

 b
 

     Similar letters in each column not significantly different at 5% probability level. 
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Table 5. Analysis of variance of total phenol, proxidase, polyphenole oxidase and gayacol in infected 

wheat treated with different salycilic acid concentrations 
 

Mean of square 
df Source of variance Total phenol Peroxidase Polyphenol oxidase Gayacol 

0.015* 312.427* 257.857 ** 24.464 ** 3 Salycilic acid 

0.027
**

 90.291** 50.157 ** 66.134 ** 2 Sampling day 

0.004 7.092 6.051 0.59 24 Standard error 

12.847 14.903 14.715 7.063  Coefficient of variation

ns: non significant; * significant< 5% and ** significant< 1%  

 

 

 

1�
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Table 6. Analyse of variance of β-Gluconase gene expression in infected wheat treated with different 

salycilic acid concentrations 

  Mean of Square 

Source of variance df β- 1,3- glucanase 

Salycilic acid 3 3.327
**

 

Standard error 8 0.054 

Coefficient of variation  9.64 

       **significant at P<1%  

  

  
 L3-1 - PQ� � �� ������  "# $��(�(�'��� ���:�; �� +
- ����� +�(	� ��! )
*' �����	�� 
��� 9�� 2 ��!  8�f���2)

g��h �� ��!  PQ� �� >"��3�5 ��� ��� �*�2 g,�.� ����� 83��� "(2$� 
W�� (
*-��  

 

Figure 1. Transcription level of β-Gluconase gene in infected wheat treated with different salycilic 

acid concentration. Similar letters (Means followed by the same letter are not significantly different, 

Duncan’ s tests, P>0.05). 
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Table 7. Analyse of variance of oxalate oxidase gene expression in infected wheat treated with 

different salycilic acid concentrations 

Mean of squares   

Oxalat oxidase df Source of variance 
8.013** 3 Salycilic acid 
0.055 8 Standard error 
9.66  Coeffecient of variance 

**significant at 1% probability level. 
  

  

 L3-2 –PQ� � �� ������ "# $�
���� %&��'� �� �:�; �� +
- ����� +�(	� ��! )
*'  9�� 2 ��!�����	�� 
��� 

 PQ� �� >"��3� g��h �� ��! 8�f���2 )5 ��� ��� �*�2 g,�.� ����� 83��� "(2$� 
W�� (
*-��  

 

Figure 2. Transcription level of Oxalat oxidase gene in infected wheat treated with different salycilic 

acid concentrations (Means followed by the same letter are not significantly different, Duncan’ s 

tests, P>0.05). 
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Abstract 

In this study, the effect of different concentrations of salicylic acid (0, 200, 400 and 600 

ppm) was investigated on some antioxidant enzymes activity and transcription level of 

two 1,3- Gluconase and Oxalat oxidase genes in infected wheat to head blight disease 

caused by Fusarium graminearum. The treated plants were inoculated with spore 

suspension (at concentration of 10
5
 spore/mL) by injection into the lower part of spikelet. 

The activity of antioxidant enzymes, total phenolic content and transcription level of 

above genes as indicators of resistance at 0, 24, 72 and 120 h time interval after 

inoculation was assayed. The results of the enzyme assay showed that the highest rate of 

enzyme and total phenol production was related to the concentration of 400 ppm and 72 

hours post-infection. Transcription level analysis of two tested genes by Real time-PCR 

showed that in 72 hours after infection the concentration of 400 ppm had the most 

influence on the expression of both genes but Transcription level of β- 1,3- glucanase 

gene in the same concentration was increased higher than oxalate oxidase. Effect of 

salicylic acid on inhibition of mycelium growth showed that the inhibitory effect was 

increased by increasing concentration and concentration of 600 mg/l absolutely prevened 

mycelium growth. According to the results, it can be concluded that salicylic acid may be 

useful in the induction of resistance to head blight. 

. 

Keywords: Salicylic acid, Antioxidan enzymes, Gene expression, Head blight, Induced 
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