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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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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%  
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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. 
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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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25 

������	
� 
�� ����)� ���
��� ��� �(40   �

�1 ��
!" 1396  

 1�
_8 - '
����$�� 
W��� 2 
-������)( G��H F. graminearum ����� �M� ���	�� 
�����
 ��V! 
� $� 
�� 

Table 8. Inhibitory percentage of F. graminearum mycelium growth affected with salycilic acid after 

one week 
Concentration (ppm) Mean of growth (cm) Inhibitory percentage 

Control (0) 6.5 %0d 

200 3.5 %46c 

400 1.2 %81
b
 

600 0 %100
a
 

Means within each row followed by the similar letters are not significantly different (Duncan's, P>0.05).  
 

 �
	 M�KA�0.PR M�KA�0. ��
� �3   �" �� �<C>	 �7
	


"  
�� ��3;� �Q� 0��

�"  � ��@;A /
"���  
�� �2

�� �7
6@3 T�
C>�+ =��
6� 2
�73 �" 0�<�   �0� .�-;�

 
	 M�KA�0. M73 X�3(PR1)  m�� �
	 M�KA�0. M�@�3 �3

��

�" 
" n'A0�  ��  �@;�@;� /�� 
" �73�17 -15  ;���

�� /;C@32  R
'e3 �" 
	 /U �d�
_ �i W6- �� �<�
"

 =+3  ��+�)Stintzi et al.,1993( ��@�2 �2 � �3  �7
	

��;� ��<��� l�+ 4��   � v�>.���"3�U � �9-0B

TA  ��@ � �7
+
<� 
!73 =+3  �� �+�0" )Edreva, 

2004(.  

 �2 �73�7�

�" R��_ W	
� � ^�
_ ��� �9-�32�
"

 �3 ^�
_ n+;A T���>�@
+ ��+3 ��@;"
C� �3 ��
- :�<�

�� o
>�C-? 
7 X;�A
� 0�>� �2 b70a   /
�" ��@
-U .��
"

 ^�
_ �2 /?F. graminearum  ��+3 �3 0e
C�

�73�U �7� G�� 
" T���>�@
+ (Microarray)  232 /
�-

 T���>�@
+ ��3�
	 /? �c>- W73�B3 Y�
" ��+ �
6@3 

 
�� �2 =��
6� :�<� )PR1, NPR1, Pdf1.2, and 

PR4 ( =+3  �� )2012 Qi et al.,(  .b�6QA M73 �2 

��- �3 /
�-  �� W7
��U �
	 /? �
	 �c>- W73�B3 

�
6@3 .2�32 0��

�" ����  
�� �2 =��
6�   

T���>���@
+ ����+3 T�70QA 
�"  /
�" ��� )�6C>���

 /? )C>�+ �2 0�����2 �
��	 ��
���B2  l'���+  
�����

=����@
5B W73����B3 SAR�� 220� )Durrant and 

Dong, 2004(.  
6@3 T7 /3;<� �" �3��>�30. )7�-U

 �
6@3 �30" �09-
�- /3;<� �" � ���
C>�+  �-;�

 �@;�+  �3;72 /20� )�Q� �30"  
�� �2 =��
6�

���0i  =+3)Kuć, 2001(  ��N0� �2 =@
]2 
" �

 �" =��
6� W73�B3 Y�
" �/�� �<�<9�@ ��@;A �7
!-

�� ��

�"  220�)Lagrimini et al., 1987(. 

�
�";@ /
	
�� �2  �� 2
�73 �7
6@3 =��
6�  
"  2;@U

 �<-
� �7
	0��

�"Fusarium solani �Rhizoctonia 

solani �A�

  ��� W	
� l'+ T���>�@
+ ��+3 
"  ��

��;���>��  =+3  ��  2;@U  
�� �2 /U �5+;A � ^�
_

)Al-Hakimi and Alghalibi, 2009( 20"�
� .

 ��20�S. ��

�" X0C<� �2 T���>�@
+ ��+3 ���
]

��;�  4�
� 
" �9-0BFusarium oxysporum f. sp. 

lycopersici  
�� �3 =*
hN .=+3 �C�32 �0e;� W6- �

E+
. T70QA 4(
N �0��

�" 4�3;� 0"30" �2  �
	

 T70QA 
" ��
B2 �d�
��7 )C>�+ .=+3 ��
B2 m�Cc�

)7�-U M7�<d /
��
	  ��CB� �
� �" �;C�>�@3 n+;A ��
B2

�� �
JU  � R
'��0A ��@;A � T70QA =5�'a �C'@3 .2;�

)7�-U ��

�" �" =��
6� =!� ��
B2 �
	  R
BU � 
	

 W73�B3 
7 ��@;A �3 4(
N ���C- 2�;� �2 
�3 =+3 �	
��

/
"��� �2 R
'��0A M73  �3 �A�
hC� �7
C- � 2;@U �
	

��U =+2 �" m�Cc� R
6�6QA =+3  )Agrawal et 

al., 2002(.  

  2;@U �9-0B ��;� /
	
�� �2 �"F. oxysporum 

fsp. lycopersici  �3��>�3 4<B ��. =�@
5B W73�B3 ��-

=+3  �� G�3�� )He and Wolyn, 2005( .

 �

�A ��'�" )�d 
�";@ �2 �� =+3  232 /
�- R
5@
[�

T���>�@
+ ��+3 
"  ��� B �2 �3��>�3 4<B ��. =�@
5

 �" E+
.R. solani  W73�B3=B
7 )Chandra et al., 

2007( �" �
7�-U �
	��@
-U �3 4(
N �7
C- �" ��;A 
" .



26 

 :/3�
�
	 � &
'(=�@
5B 0" T���>�@
+ ��+3 0�e
A ...  

�� 0r- 3 n+;A  �� 2
�73 =��
6� �� �+� ��+

�" j;"0� 0C��" T���>�@
+ �
6@3 )7�-U =�@
5B �
	  �C-U

C-3��>�3� �� )7�-U M73 =�@
5B 0e3 �2 �� ��
" 
	� 

�� W73�B3 ��- ��

�" �" =��
6� .�"
7  b�6QA M73 �2

�-U =�@
5B /3���. )7� �
	 =r�J :

A �2 �3��>�3 4<B �

 �7
C- 
" �� =�32 �3 �rN\� 4"
_ W73�B3  2
hC+3 2�;�

.2�32 =6"
[� �"
�� R
6�6QA �3�6� �"
7��3 �7
C- 

 T���>�@
+ ��+3 
"  �� �

�A /
	
�� �2 ��<B R
'��0A

�-
��  �
" �2 �/3��� M70AO
" �" /U W73�B3 �3 /
�-72 

�7
� �3 v. =�
+ � �
	�

�A �2 ��

�" 4�
� ^�
_ �-

T���>�@
+ ��+3  =�32 ��	
� �-�� /U �3 v. � =�32

w0Q� W6-  �<<� ���
A 0�3 M73 ��  �2 �C>7� �
	 

�
6@3 �� ��

�" ��@�3 R
�
+ �2 =��
6�   W	
� � ��
"

�� ��<B R
'��0A /3���   /3��� W	
� �3 ��
- �-3;A

 �5+;A R��_ W	
� M�<�
	 �  
�� �2 w0Q� =r�J

 ^�
_ �C��
6� W<�3� w0Q� T7 /3;<� �"  
�� �2

 .��
"
	 /? l�J3 �� =+3  232 /
�- R
5@
[��  X;K>�

� �2 =��
6��+3 n+;A /
	
�@
+ ��>���0QA T7 � T

"�� �2 
!-U /
�A /
	
� �� �

 3�B37� W�  7�"
 )Ward 

et al., 1991(. 3 �27 �5@
[� M
C-7+�0" �3 4(
N �� 

�-U7
� " �� 232 /
�-�0C�7� M�}A /3���3�B3 � R307 W

@;A��-U �7-
��  �
" �" j;"0� �
	 =r�J 0��3 �2 
	 )� 

72 �2;@U �3 �5" =�
+� ��  �" .��
"7+�0" �;r<� M� 

��}A /3���" R30� /? �2 /
 RO3��3 � �
-;�;��
C"

�3��>�3-
��  �
" �2� 72 �2;@U �3 �5" =�
+�  �2


6�7� 
" �>�+�0" 2�;� �	
� /
	
�  /
�- � =B0� �30_

/? M73 /
�" �� ��  232 �2 
	��A /
	
�+3 
"  �� �

� �

@
+�>���
	 =r�J :

A �2 T� 3�B3  ��  2
hC+37 W

7�;a �" �CB
�  =r�J �2 ��400 .� .�  :3 0��3�N �"

��+� 2;] /3��<5� R�
hA �� ��� �32�   2;@U �	
� 
"

A /��"�+3 �

�@
+ ��>����5@
[� �2 .232 /
�- T �3  0" ��

��� + 0e3����2 /;� �
6@3 " �" :�<� =��
6���

� 

\"7:
�-3 ��;] = �� "�0C�7� M�}A /3����-U R307
� 

30"� A 0��3�
	  �
" �" j;"0� 
	�

� -
��� 72 � 120 

�2;@U �3 �5" =�
+� @� 2;"� ��" /3��
	 /? /
�  2�;�

+�0"� -
��  �
" �2� 120 �2;@U �3 �5" =�
+� "�0C�7 M

�32 3� �3�6�= )Ghazimohseni et al., 2014(  ��

37� 0�3 M� e
A /
�� �  ;Q- �" j;"0� �-3;A�3 07  2
� �2 M

�2 �
6@3 ��
" =��
6� . =+3  232 /
�- m�Cc� R
5@
[�

�� 0C!"7e
A /
�� M�� 0 �
6@3  /
��<<�
6@3 =��
6�

� �2 =��
6��@�3 R
�
+ �2 /
	
��
+  2;@U ��  R�;(

 
" n'A0�  �� �0��  �3�-3 �
	0C�3�
. � 20�� ��

 �3�6� M70C��" R
�
+ M73 �2 �C��
6� �
	 W<�3�

�-3  232 /
�- 3� W73�B3 � 3 /
�� =�H� �3 �5"7� M� /3�

� W	
��  7�"
 )Eder and Cosio, 1994; Garcia-

Brugger et al., 2006(. 
C-73 �76QA M� b 232 /
�- ��-

3 �
	 /? /
�" � �
7�-U R30��}A /3��� M70C��" ��  �3�-

" ��@�3 R
�
+ �2  �� �0��;5@
[� �7
C- 
" �� 2
 R

� 0972[2�32 =6"
 .. 20"�
�0KA��M �
6@3 =��
6�  �<<� 

(PemG1)  ^�
_ �"  2;@U �-0" �2Magnoporthe 

grisea - �2 �� =+3  232 /
�36 �5" =�
+  �3

�2;@U� q30a3 
	 ��@� �0"�   ;!_ |-� �" �  ��0�-

3� 

C�7+ �" 4��'A  
7� 4 " �5+;A �3��

� �� 0"� 

�;�� 
!�0"�0� @� ��� ��" /3��
	 /? /
� X;K>� Pr1 

-
��  �
" �+ �2� 6 �12  �24 A �3 �5"��0" �

�  �-0"

 
" )@
+
6@3   �<<�PemG1 3�B3 �3 /
�-70+ W7" y� /


37=�32 /? M. @
N �2�  " ���3 /
7� �2 /? M� �-0"  


" ^�
_ 
"  2;@U�
	  �
" �2 0��

� -
��� 21 �28  �36 

�3 �5" ��� �
6@3� 3�B3 �3 /
�-7" W�/? /
  
	�  2�;�

@� =�32  2
hC+3� "�0C�7� M�0� /3�"  �
" �" j;21  ���

3 /
�� =�H� 
" � 2;"7=�3H� W	
� �" �� �3�6� M 

)Peng et al., 2011( W	
� 
" �� ��" /3�� 
" /? /


�2;@U �3 �5" /
�� =�H�� 3 �276QA M� =6"
[� b

 .2�326C>� 0e3�@
+ )�>���+3 T�� /;��;	 �<d � ��	
� 

'a�5� � ��
�
7� ��-�32�
" �2� � ����>��;��  ^�
_


	� "� 0��

Raizoctonia solani, Sclerotium 

rolfsi � Fusarium solani fsp. pisi ��3 2�;�7"
� 

30� �2 �� =+3  ��  232 /
�- � =+3 �CB0� �30_7 n



27 

������	
� 
�� ����)� ���
��� ��� �(40   �

�1 ��
!" 1396  


��U7	
9�� 
	 =r�J �2� ��-�32�
" Y�
" m�Cc�� 

� ��� �3�>���;�� 
	 ^�
_� =+3  �� �;B )El-

Mougy, 2002(. 
C-73 �2 
� �76QA M� �� 232 /
�- b

@
+�>���T +3�
	 =r�J �2 �� 30� �2 m�Cc�7 n


��U7	
9�� �� 0"� � ����>����;� " 4�
� ^�
_��

� 

��-�32�
" 0e3 :�<� l�+3� 6C>�� )2�32 �� �CB
7 M73  
"


C-7 R
5@
[� ��"
�� 2�32 =6"
[� .  

 w0Q� 
7 � �	
�� �
	 /;��;	 /
��
	 20"�
�

�
	 �
6@3 �� =��
6�   3� /
	
�� �C��
6� )C>�+ �-3;A

 =��
6� W	
� �" 0�<� k
	
� �  232 �30_ 0�e
A =QA

  30
!" T7��>"U��+3 � T�-;
+
� ��+3 20"�
� .2;�

 ^�
_ �"  2;@U �-0"  
�� ��� )	M. grisea   �� �

�A

�;a �" T���>�@
+ ��+3 
"  /? /
�" W	
� l'+ �0e;�

X;K>�PR1  �� W7
��U 2�;�  
�� �2=+3.  �2

�@
N  T�-;
+
� ��+3 20"�
� ��  0	 T7��>"U ��+3 �

/3��� W73�B3 l'+ ��7
!<A �" :3�� PR1 =+3  ��.  M73

 )@
+  
�� �2 �7
!<A �" T���>�@
+ ��+3 �� 2;" �@
N �2

 �=+\" ��

�" 4�
� �"  2;@U �-0"  
�� M�<�
	 

(Magnoporthe grisea) /3��� W73�B3 l'+ PR1 

 =+3  ��)Agrawal et al., 2002(.  �7
C- �" ��;A 
"

  �	
��  ��b�6QA M73 �2  2;� �� �0�� ���C- M�<d

�2 w0Q� T7 /3;<� �" �-3;A �� T���>�@
+ ��+3 �� 

�
6@3 /
	
�� =��
6� ='>-  �2 �d�
_ �
	0��

�" �"

0�� �30_  2
hC+3 2�;� ��7?;@;�" X0C<�2.  

   

k�J� ����'  

 �
�� R
�	 ;p� ���32 0C�2 �
_U `
<� �3

 �73�� MC�3H� �
�C]3 �2 0a
] �" 4�"2�3  
9�-32

�3�-
C+32 ^�
_Fusarim graminearum   �

 �2 T
� 0a
] �" ��3;]  ��
N )-
] �
�0+ M�<�
	

 �
7�-U R
�7
��U �3 �p5" :
�-3" 0��A ��7U �� 4
�.   

  

  
REFERENCES  

Agrawal, A., Tuzun, S., and Bent, E. 2002. Maternal effects associated with herbivory: 
mechanisms and consequences of transgenerational induced plant resistance. Ecology, 83: 3408-

3415. 

Al-Hakimi, A., and Alghalibi, S. 2009. Thiamin and salicylic acid as biological alternatives for 

controlling broad bean rot disease. Journal of Applied Sciences and Environmental Management, 

11(4): 125 -131. 

Bernardo, A., Bai, G., Guo, P., Xiao, K., Guenzi, A. C., and Ayoubi, P. 2007. Fusarium 

graminearum-induced changes in gene expression between Fusarium head blight-resistant and 

susceptible wheat cultivars. Functional and Integrative Genomics,7: 69-77. 

Bolwell, G. P., and Wojtaszek, P. 1997. Mechanisms for the generation of reactive oxygen 

species in plant defence – a broad perspective. Physiological and Molecular Plant Pathology, 

51(3): 347-366. 

Chandra, A., Saxena, R., Dubey, A., and Saxena, P. 2007. Change in phenylalanine ammonia 

lyase activity and isozyme patterns of polyphenol oxidase and peroxidase by salicylic acid 

leading to enhance resistance in cowpea against Rhizoctonia solani. Acta Physiologiae 

Plantarum, 29(4): 361-367. 



28 

 :/3�
�
	 � &
'(=�@
5B 0" T���>�@
+ ��+3 0�e
A ...  

Craddock, V. 1986. Effect of the trichothecene mycotoxin diacetoxyscirpenol on nitrosamine-
induced oesophageal cancer and on relevant enzymes in oesophagus and liver. IARC Scientific 

Publications, 84: 266-269. 

Creelman, R. A., and Mullet, J. E. 1995. Jasmonic acid distribution and action in plants: 
regulation during development and response to biotic and abiotic stress. Proceedings of the 

National Academy of Sciences, 92(7): 4114-4119. 

Dahleen, L. S., Okubara, P. A., and Blechl, A. E. 2001. Transgenic approaches to combat 

Fusarium head blight in wheat and barley. Crop Science, 41(3): 628-637. 

De Vos, M., Van Oosten, V. R., Van Poecke, R. M., Van Pelt, J. A., Pozo, M. J ,.Mueller, M. J., 

Buchala, A. J., Métraux, J.-P., Van Loon, L., and Dicke, M. 2005. Signal signature and 

transcriptome changes of Arabidopsis during pathogen and insect attack. Molecular Plant-

Microbe Interactions, 18(9): 923-937. 

Dunwell, J. M., Khuri, S., and Gane, P. J. 2000. Microbial relatives of the seed storage proteins 

of higher plants: conservation of structure and diversification of function during evolution of the 

cupin superfamily. Microbiology and Molecular Biology Reviews, 64(1): 153-179. 

Durrant ,W., and Dong, X. 2004. Systemic acquired resistance. Annual Review of 

Phytopathology, 42: 185-209. 

Eaton, J. W. 1991. Catalases and peroxidases and glutathione and hydrogen peroxide: mysteries 

of the bestiary. The Journal of Laboratory and Clinical Medicine, 118(1): 3-4. 

Eder, J., and Cosio, E. G. 1994. Elicitors of plant defense responses. W.J. Kwang, and J. 

Jonathan. (eds.) In International Review of Cytology, Academic Press: pp. 1-36. 

Edreva, A. 2004. A novel strategy for plant protection: induced resistane. Journal of Cell and 

Molecular Biology, 3: 61-69. 

El-Mougy, N.S. 2002. In vitro studies on antimicrobial activity of salicylic acid and 
acetylsalicylic acid as pesticidal alternatives against some soilborne plant pathogens. Egyptian 

Journal of Phytopathology, 30: 41-55. 

Gaffney, T., Friedrich, L., Vernooij, B., Negrotto, D., Nye, G., Uknes, S., Ward, E., Kessmann, 

H., and Ryals, J. 1993. Requirement of salicylic acid for the induction of systemic acquired 

resistance. Science, 261(5122): 754-756. 

Garcia-Brugger, A., Lamotte, O., Vandelle, E., Bourque, S., Lecourieux, D., Poinssot, B., 

Wendehenne, D., and Pugin, A. 2006. Early signaling events induced by elicitors of plant 

defenses. Molecular Plant-Microbe Interactions, 19(7): 711-724. 

Ghazimohseni, V., Sabbagh, S. K., Esmaeilzadeh Bahabadi, S., and Ghorbani, M. 2014. 

Application of silicon in induction of systemic resistance against Fusarium wheat head blight 

disease. Biological Control of Pest and Plant Disease, 2(3): 128-13 ( In Farsi with English 
abstract). 



29 

������	
� 
�� ����)� ���
��� ��� �(40   �

�1 ��
!" 1396  

Gilbert, J., and Tekauz, A. 2000. Review: recent developments in research on Fusarium head 

blight of wheat in Canada. Canadian Journal of Plant Pathology, 22(1): 1-8. 

Glazebrook, J. 2005. Contrasting mechanisms of defense against biotrophic and necrotrophic 

pathogens. Annual Review of Phytopathology, 43: 205-227. 

Gong, Y., Toivonen, P. M., Lau, O., and Wiersma, P. A. 2001. Antioxidant system level in 
Braeburn' apple is related to its browning disorder. Botanical Bulletin of Academia Sinica, 42: 

259-264. 

Goswami, R. S., and Kistler, H. C. 2004. Heading for disaster: Fusarium graminearum on cereal 

crops. Molecular Plant Pathology, 5(6): 515-525. 

Groves, F. D., Zhang, L., Chang, Y.-S., Ross, P.F., Casper, H., Norred, W.P., You, W.C., and 

Fraumeni, J. F. 1998. Fusarium mycotoxins in corn and corn products in a high-risk area for 

gastric cancer in Shandong Province, China. Journal of AOAC International, 82(3): 657-662. 

Hammerschmidt, R. 2009. Systemic acquired resistance. Advances in Botanical Research, 51: 

173-222. 

He, C., and Wolyn, D. 2005. Potential role for salicylic acid in induced resistance of asparagus 

roots to Fusarium oxysporum f. sp. asparagi. Plant Pathology, 54(2): 227-232.. 

Hu, J.L., Lin, X.G., Wang, J.H., Shen, W.S., Wu,S., Peng,S.P., and Mao, T.T. 2010. Arbuscular 

mycorrhizal fungal inoculation enhances suppression of cucumber fusarium wilt in greenhouse 

soils. Pedosphere, 20(5): 586-593. 

Kar, M., and Mishra, D. 1976. Catalase, peroxidase, and polyphenoloxidase activities during rice 

leaf senescence. Plant Physiology, 57(2): 315-319. 

Karimi, M., and Siddique, K. 1991. Crop growth and relative growth rates of old and modern 

wheat cultivars. Crop and Pasture Science, 42(1): 13-20. 

Koornneef, A., and Pieterse, C. M. 2008. Cross talk in defense signaling. Plant Physiology,146: 

839-844. 

Kuć, J. 2001. Concepts and direction of induced systemic resistance in plants and its application. 

European Journal of Plant Pathology, 107(1): 7-12. 

Lagrimini, L. M., Burkhart, W., Moyer, M., and Rothstein, S. 1987. Molecular cloning of 
complementary DNA encoding the lignin-forming peroxidase from tobacco: molecular analysis 

and tissue-specific expression. Proceedings of the National Academy of Sciences, 84(21): 7542-

7546. 

Lai, M.-H. T., and Joklik, W. K. 1973. The induction of interferon by temperature-sensitive 
mutants of reovirus, UV-irradiated reovirus, and subviral reovirus particles. Virology, 51(1): 191-

204. 



30 

 :/3�
�
	 � &
'(=�@
5B 0" T���>�@
+ ��+3 0�e
A ...  

Leah, R., Tommerup, H., Svendsen, I., and Mundy, J. 1991. Biochemical and molecular 
characterization of three barley seed proteins with antifungal properties. Journal of Biological 

Chemistry, 266(3): 1564-1573. 

Liang, H., Maynard, C. A., Allen, R. D., and Powell, W. A. 2001. Increased Septoria musiva 

resistance in transgenic hybrid poplar leaves expressing a wheat oxalate oxidase gene. Plant 

Molecular Biology, 45: 619-629. 

Luo, Y., Yoshizawa, T., and Katayama, T. 1990. Comparative study on the natural occurrence of 

Fusarium mycotoxins (trichothecenes and zearalenone) in corn and wheat from high-and low-risk 

areas for human esophageal cancer in China. Applied and Environmental Microbiology, 56(12): 

3723-3726. 

Oka, Y., Chet, I., and Spiegel, Y. 1997. Are pathogenesis-related proteins induced by Meloidogne 

javanica or Heterodera avenae lnvasion. Journal of Nematology, 29(4): 501-511. 

Peng, D.-H., Qiu, D.-W., Ruan, L.-F., Zhou, C.-F., and Sun, M. 2011. Protein elicitor PemG1 
from Magnaporthe grisea induces systemic acquired resistance (SAR) in plants. Molecular Plant-

Microbe Interactions, 24(10): 1239-1246. 

Pfaffl, M.W. 2001. A new mathematical model for relative quantification in real-time RT–PCR. 
Nucleic Acids Research, 29(9): 2002-2007. 

Qi, P. F., Johnston, A., Balcerzak, M., Rocheleau, H., Harris, L.J., Long, X. Y., Wei, Y. M., 

Zheng, Y.L., and Ouellet, T. 2012. Effect of salicylic acid on Fusarium graminearum, the major 
causal agent of fusarium head blight in wheat. Fungal Biology, 116(13): 413-426. 

Raskin ,I. 1992. Role of salicylic acid in plants. Annual Review of Plant Biology,43(1): 439-463. 

Ryu, J. C., Ohtsubo, K., Izumiyama, N., Nakamura, K., Tanaka, T., Yamamura, H., and Ueno, Y. 

1988. The acute and chronic toxicities of nivalenol in mice. Toxicological Sciences, 11(1): 38-47. 

Seevers, D., Daly, J., and Catedral, F. 1971. The role of peroxidase isozyme in resistance to 

wheat stem rust disease. Journal of Plant Physiology, 48: 353-360. 

Shoresh, M., Yedidia, I., and Chet, I. 2005. Involvement of jasmonic acid/ethylene signaling 

pathway in the systemic resistance induced in cucumber by Trichoderma asperellum T203. 

Phytopathology,95(1): 76-84. 

Stintzi, A., Heitz, T., Prasad, V., Wiedemann-Merdinoglu, S., Kauffmann, S., Geoffroy, P., 

Legrand, M., and Fritig, B. 1993. Plant ‘pathogenesis-related’proteins and their role in defense 

against pathogens. Biochimie, 75(8): 687-706. 

Tamari, G., Borochov, A., Atzorn, R., and Weiss, D. 1995. Methyl jasmonate induces 

pigmentation and flavonoid gene expression in petunia corollas: a possible role in wound 

response. Physiologia Plantarum, 94(1): 45-50. 



31 

������	
� 
�� ����)� ���
��� ��� �(40   �

�1 ��
!" 1396  

Uknes, S., Mauch-Mani, B., Moyer, M., Potter, S., Williams, S., Dincher, S., Chandler, D., 
Slusarenko, A., Ward, E., and Ryals, J. 1992. Acquired resistance in Arabidopsis. The Plant Cell, 

4(6): 645-656. 

Ward, E., Uknes ,S., Williams, S., Dincher, S., Wiederhold, D., Alexander, D., Ahl-Goy, P., 

Metraux, J., and Ryals, J. 1991. Coordinate gene activity in response to agents that induce 

systemic acquired resistance. The Plant Cell, 3(10): 1085-1094. 

Wildermuth, M. C., Dewdney, J., Wu, G., and Ausubel, F. M. 2001. Isochorismate synthase is 

required to synthesize salicylic acid for plant defense. Nature, 414(6863): 562-565. 

 



2 

Plant Protection (Scientific Journal of Agriculture), 40(1) Spring 2017 

Salicylic acid effect on antioxidant enzymes activity and transcription of β 

1,3- gluconase and oxalat oxidase genes in infected wheat with head blight 

disease 

 
S.K. Sabbagh

1*
, M. Paykani

2
 and S. Esmaeilzadeh Bahabadi

3 

 

 
1. Corresponding author: Associate Professor of Plant Biotechnology, Department of Biology, Faculty 

of Science, Yazd University, Iran (sksabbagh@yazd.ac.ir) 

2. M.Sc. student of Plant Pathology, Department of Plant Protection, University of Zabol, Iran 

3. Assistant Professor of Plant Physiology, Department of Biology, Faculty of Basic Sciences, University 

of Zabol, Iran 

 

Received: 2 January 2016   Accepted: 14 October 2016 

 

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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