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Comprehensive abstract 

Introduction 
Wheat (Triticum aestivum) is one of the most important food crops worldwide, and it faces several 

challenges, including fungal diseases such as powdery mildew caused by Blumeria graminis f. sp. 

tritici (Bgt). This pathogen can reduce wheat yield and quality. Fungicides and increasing plant genetic 

resistance are indeed common methods for controlling plant diseases but, these methods face 

limitations such as pathogen resistance and environmental concerns. As a result, there has been 

increased demand to alternative methods such as biological control by beneficial fungi and bacteria. 

These microbial agents not only combat pathogens, but also enhance the plant immune system. Also, 

non-host resistance is considered as a sustainable and widespread strategy to combat incompatible 

pathogens, and its induction can create a high level of sustainable immunity in plant. Finally, 

enhancing defense responses, such as the production of reactive oxygen species and the activation of 

their associated enzymes, plays an important role in plants defense response against fungal diseases. 

Materials and methods 
This study examined the effect of several biological agents such as Blumeria graminis f. sp. hordei, 

Tricoderma harzianum, Alternaria alternate, Serendipita indica, Pseudomonas fluorescens and 

Bacillus subtilis in susceptible and resistant wheat cultivars against powdery mildew disease. For this 

purpose, two wheat cultivars Ehsan and Tirgan were used as susceptible and resistant cultivars, 

respectively. This study was conducted as a factorial experiment on a completely randomized design 

with three replications. The treatments were sprayed on wheat seedlings at the two-leaf stage. Leaf 

sampling of control and with biological agents-treated wheat plants at 0, 24, 48, and 72 hours after 

inoculation with Bgt, and then the samples were used to assess the activity of catalase and polyphenol 

oxidase enzymes, as well as the expression of PAL gene. The pathogenicity intensity was evaluated 

seven days after Bgt inoculation. SPSS software was used to analysis of variance and comparison of 

means using Duncan’s multiple range test at 5% probability level, and Excel software was used to 

create the figures.  

Research findings 
The results of this study showed that different biocontrol agents had varying effects on two wheat 

cultivars (susceptible and resistant) in response to the wheat powdery mildew pathogen. The number 

of fungal colonies significantly reduced in the resistant wheat cultivar compared to the susceptible one. 
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In the resistant wheat cultivar, treatment of Serendipita indica resulted in the lowest number of 

colonies. In the susceptible wheat cultivar, catalase activity was highest upon treatment of 

Pseudomonas fluorescens, showing a 160.7% increase compared to the control treatment, whereas in 

the resistant wheat cultivar, catalase activity increased by about 62% in P. fluorescens and B. graminis 

f. sp. hordei treatments. Additionally, the highest activity of polyphenol oxidase in the susceptible 

wheat cultivar was observed in S. indica tratetment, with a 190.2% increase compared to the control 

treatment. In the resistant wheat cultivar, the highest activity of this enzyme was recorded in 

treatments with P. fluorescens and S. indica, indicating 155.2% and 145.7% higher activity than the 

control, respectively. Moreover, PAL gene expression level revealed that most biocontrol treatment 

up-regulated PAL expression after Bgt inoculation, with the highest induction recorded in wheat plants 

treated with P. fluorescens at 24 hours post-inoculation (hpi). 

Conclusion 
The results of this study indicated that biological treatments can have different effects on disease 

resistance and enzyme activity in wheat. These agents can be considered as a suitable option for plant 

disease management in wheat. 

Keywords: Antioxidant enzymes, Biological control, Induced resistance 

 

 

Received: June 2, 2025                                                                             Accepted: September 23, 2025 
 

 

Cite this article: 

Farajollahi, F., Babaeizad, V., Tajick Ghanbary, M. A., & Dehestani, A. (2025). Studying the effect of several 

biological inducers of resistance in wheat against powdery mildew agent fungus (Blumeria graminis f. sp. tritici). 

Cereal Research, 15(3), 251-267. doi: 10.22124/CR.2025.30794.1867. 

 

  

252 



��� ������	  
 
��
���� 
���� ���
� �������� 1404 )267-251(  

 

doi: 10.22124/CR.2025.30794.1867 

 

                                                                 $%��&� '(��)                                                                                 

*+, $�-.� 

 

/)�0 1��2 -3*-3 �
 �456 
��6 �
 7)���) $.8�+ 
4559��(* 45: -�;<	 $��-3  =4�>�

?�
�� )Blumeria graminis f. sp. tritici(   

 
-@ 
4�-@A$BC(*1(� �$$��3�3 الله*
*+2*?-F52 G�H�	 $C04��) �3  �$��.8�
 $C04  

  

1- �����	
 
��
	� � ���� ���������������	 ���� ������ �� ���	 ���� 
�����
 � !"�#$ �%�&' (��)� �
��* �
��*  

2-  �	��*� ���������� ����� 
�����
 ���� �� ���	 ������ ���� ������	 !"�#$ �%�&' ) (��)� �
��* �
��** :/�01$ ��#1)�� 

ir.sanru.acv.babaeizad@(  

3-  �������	 ���������� ����� 
�����
 ���� �� ���	 ������ ���� ������	 !"�#$ �%�&' (��)� �
��* �
��*  

4- �56 �������	�71)� � 8���9 ���� 
���#:'(��)� �
��* �
��* �%�&' !"�#$ � 
�����
 ���� �� ���	 �(��*�&  

 

J:�
4 K)�H  

:')4�) ��#� )Triticum aestivum) (�� �� ;<$�=)> �?@ AB�CD$�) EF�G �" H
 7*� (�<I��
 	�%�$
  H�JI ��

"���J
��
 G��K� L* �#��$�M� �	�6
 ����  ��Blumeria graminis f. sp. tritici (Bgt) � .7*� HI��$)> "���J
 

$�����= �	���J 
 ��L�7 O�� .��	 E��
 �� ��#���
 ��)P " /��#
���J
 L�*� Q$��R��K �� �	�E
��:� � ��)E  7$��S$

��9��� ���� � �$� �7*�)> O��	��D$ �" ��)7���)  7$��S$ �#��$����J�"��� � � �����
 �71)�D$T� HI��$ �#�1� . >)� H"

Q�F	� O�� H" HI�=��
 �I)� )>  /��#
 �#��$��1)� R��K �� �	�L�*� �"��
�" � ��
��
 L$�� ��:�)E )H�:�  .7*��)>  Q$���

H� " �" �<#=���J���� $ H�"�S$���##
 * H��"�;�1 �)#J� ���� � ���� �S=)7 $��##
#UJ� .��> @ 7$��S$�$����"�� H"�(��# )8 

�����
 �6)��� ��" �	��1� �
  �" H�"�S$����J�"��
 �������* H�:�� ���K HI�= 	��$ 7*� �SF� �
 $ (V�����= B�" WT*�)  ��

7$��S$ �6)���  ��� �	��� �)	�� �<� �	 .�#
)�7 �S=)7 X*�6��
 ��:	� F�= �#��$�� H�����
 1
� /�%:�(5 /�%: ���*
 

��V);��
 (V �" Y&=�$J<$ ES� ���� � H�"�S$ �	��� " �"���J
��
 G��K� .	��	  

M�� � 
*�)��:  Q$�� ��1)� Q$�� �#G �Z� �H%F�T$ >)� �	R��K�� 
Tricoderma harzianum �Alternaria alternata �

Serendipita indica � Blumeria graminis f. sp. hordei(Bgh) ��
�" �
� 
�Pseudomonas fluorescens � 

Bacillus subtilis  X*�6 �";K�
��  >)� 
��" .7:�� ���K H%F�T$ 	��$ 
�	�6 M��L* 
��J�" H" ��#� ���S$ � [�1\

��#� ;K� �	 �� ��]#$ H" (����= � (�1\�H" ^�=�= (��#�;K�
��  E)�$�V .�� �	�L�*� ���S$ � [�1\H" A��_ �	 Q)���
�:

 `�' ^F�K H)�6HU���� 
�� ���"�	 H�\�$ �	 ��1)� Q$��� 
����J�= .�� ����� ����= H* �"  �:	�C= ab$�
 .���� 
��*� ��

H��J�� �" ��� ��J�= � ���� (����� c�" �� 
��	�" 
��" ��1)� /��#
 Q$��������;)��V 7�F�%: 
�����6 � �B�=�
 
�� Q#:

 (9 (��" � ����1
�PAL (�$� �	 
���L_ �24 �48  �72  7��*f6 �� �$)H�� �" � R��KBgt .�� �����  	��%= �"�)���

�#�
H)�$ �� �%" ��� 7L� �����J�" ��� Q���= 
�� R��K �" ���Bgt 7:�� A��_H)��= . �	�	 f��)���>� ���$ H1)�S$ � ���� 

(�$�V �" H#$�	�#G
� ��� �� �	�L�*� �" �_�	 P#6 /�J�\� WT* �	 >���	 ���:�SPSS ����� �� �	�L�*� �" ����	�J� � ��� ���:�

Excel  .���� ;*�  

  
 ا�ش�ده ع�وم 	شاورزی د

253 



'.@��:N���	 ?�� ��J�= H
 	�	 (��� H%F�T$ >)� P)���K� �	 �	 ��1)� Q$��� h��i$ 
�� X*�6 �	 ��#� ���S$ � [�1\ ;

 .�#���	 �=��L�$ ��Zj= 
�	�6 M��L* Q$�� R��K H"#�
 	��%=���
 H" ���S$ ;K� �	 R��K#%$ ��'���	
 ;
 [�1\ ;K� �� �=

� Q$��� 	�"��
 � 	�")�1� #�
 E��
 ^I�$�������J�" 
 $ �	 .���(� =������J  R��KSerendipita indica  ���S$ ;K� �	

;
�=)> #�
 	��%=� .	�
 �SF� �� �B�=�
 ;)��V 7�F�%:  [�1\ ;K� �	�� f6  ��J�= �"Pseudomonas fluorescens "�E�=)> 

F�%:�7  H" 7&1� H
 	�	 (��� �� ����7/160 �_�	 ��:�)E F�\ �	 �7��	�H
 = ���S$ ;K� �	�����J
 P. fluorescens  �

B. graminis f. sp. hordei ��:�)E 	��\ 62 �_�	 .��	�
 �SF� �� #UJ���> F�%:�7 ��V); �6�#: Q1
�����  [�1\ ;K� �	

= �� f6���J  �"S. indica E�" ���� H" 7&1� H
 	�	 (��� �� ���S$ >)�=2/190 7��	 E)��:� �_�	 ����S$ ;K� �	 .

E�" >)�=F�%:�7 �)> ��V); H" o�"�$ =�����J 
P. fluorescens  �S.  indica 
 	�"H" H 	��\ ^�=�=24/155  �65/145 

E�" �_�	 �>)� �" ��b� .��	�" ���� ��J�= �� �=���)P "�(�  (9PAL " H
 	�	 (����E�= � Q$���)�1� �SF� ^I�$
 "�(�  (9

PAL �$ �� f6)H���  R��K �"Bgt �����$� � "�E�=)> "�(� = �	���J P. fluorescens  �	24 �$ �� f6 7��*)H��� �" KR�� 

Bgt  7&Z��.  

'O�.�?-�6: ���)P  H%F�T$ >)� (����		  Q$��� H
��1)� Zj=�� =��L�$� " H" 7$��S$ �"���J
 F�%: ��7 ��V)J�  ��#� �	

�	��� � "p� Q$��� >)� �� ��$���=#H" �7)�)�$ 
��" ^*�#$ H#)�� 8) (��#� 
��J�"  �DT* M��L*��#� �	  H�:�� �]� �	

����.  

P*�
�C9 ?��?4: ;)��V���V 
��(���1
��)�SF� 7$��S$ ���1)� /��#
 �  

  

  

X)��=  :7:�)�	12/03/1404                                                                                                   :O�)?6 X)��=01/07/1404  

  

  

:'(��) Q�* '3 
�5.�* 
���  

�:q�)�"�" ���)�: ��<�F�F� �	������ �����1�	 � �����JD$ �
�&#K 8�I�= 1403(. �الله�(.  �	 7$��S$ ��1)� ��##
�SF� �#G ��Zj= �*��"

Q$�� R��K �"��" �	 ��#� ���� 
�	�6 M��L* )Blumeria graminis f. sp. tritici( .Ab@ A�S�SD=� 15)3(� 267-251.  
10.22124/CR.2025.30794.1867doi:   

  

 

   

425  



                                     ��#� �	 7$��S$ ��1)� ��##
�SF� �#G ��Zj= �*��" ���J� /;�	���6 ���	 /Ab@ A�S�SD=��*/ ��)�6 1404 

')4�)  

��#� )Triticum aestivum (H"<I�= Q"�K ��'� �	 

>�$j= �F�

 #$� �(�1���7 �?@�) �6 �)���
 �����

 

��<I� $ 8J
��#
. ��" �s�S=
 F�=�� Zj= 7D= ��#��� 

��:�)E %JI�7 ��1��� � �" t7*�)>� �/�\)>  /�CD$

H"�$ ��' Y*�= �������J�"��
 G��K ��<= h��i$)� 

$�	�� (Mapuranga et al., 2022) R��K .Blumeria 

graminis f. sp. tritici (Bgt) H"J�� (��#��> ����J�" 

G��K� $ H�p�#� (�<I �	 ;<$�	��  u��" � 	��)�

"���J
  
�	�6 M��L* �^)�i= c�"$ ���	�� )Dean 

et al., 2012; Liu et al., 2021 .(" ���"���J
 L*�M� 

�	�6
  H�\�$ �� ��#� �	HU����
� H�\�$ �=  ����*�

Q$�
  � 7*� �����$ Q"�K A���	�FV��� $�����=  H"50 

�_�	 ) �*�"Gao et al., 2018; Savary et al., 

2019(
��J�" >)� . 
�L�7 H��	  ��H=�" �	 �	�FV 
��

 E��
�$�	) �Samobor et al., 2006 .(#
����)��  �

 Q$��� �� �����*��*V��_�  �	 
��J�" 	��)� .�#�1�Bgt 

 a�=�J� �1#I��@ ��v�= �"�' ��)w F�=�� #
 ���$����)� 

�$ ��	�FV 	��)� ^I�$) 	��Zhu et al., 2017.(  

O�� 
��" P)�� 
��/��#
 " 
�	�6 M��L* 
��J�

 Q$��	��)�  7$��S$ �	R��K �� �	�L�*� � (�"��$E
 ��

 H
 ���V �� .7*�
��J�"����J�" �)��  (�"��$ 7$��S$ �

H"�$ Q$��= (�$�J� ��'H" �L�
 7$��S$ ��#"�) 7��*

�$ 7*	 �� �� 	�p �)���
��	 )McDonald & Linde, 

2002(.  �� ����$ �	�L�*�R��KE
 ��
��" �=��Tp  (�1��

D$ ��Y �)71  � 	��	>�#UJ� $ u��"R��K 7$��S H" ��

R��KE
�$ �����) �Safaei et al., 2022 Q$��� .(

 ��1)� /��#
H" (��#�)8 ��� H" (��S$ Q\ Q"�K � H:�_

/�&K �� �]�  7$b*D$�Y �)71� ��<x /�J�\� �*)H��
 

���S$ H" R��KE
�� �� $ E��
��#�	 � $��#���= H"(��#� 


	�"��
 	�&��� 8) H$���" �	��
 �$)�)7 )HG���� 

"���J
 M��L*  
�	�6�� �����#� ��#��\ �= � 7x�L �	

 
��J�" �"��"��:� ��)�	 E#� �	 � ��> /�\ ��V	�*
  �

F�=��  �� ��� yL\#
) �#Choudaker et al., 2024(.   

R��K :�����7 Serendipita indica*b
 z�� ����  ��

�J�)�1�  �)��)���)�$ Q"�S�$' �" ���h *��%� � ���(��� 

$�(�"� $ ���K�"�
#� )Qiang et al., 2012.( �T$ A�%F

�$ (����	#� H
 S. indica $�����= L$ Ab$�%=��
  �"

$�(�"���
 $h��i = H�JI ��8H�F
����#� �#��$ �� ��I 

 � A�{ � P��"��� �	FH�
�"��V �#��$ ���16���f  �
�&#= �

#
 ���K�") �Qiang et al., 2012 .(�$)H��� S. indica 

 7$��S$ u��"�"��" �	 �I Cochliobolus sativus 

)Sahay & Varma, 1999 � (* 7$��S$�J�1�8  �	

 �"��"Blumeria graminis ) 7*� ���Deshmukh & 

Kogel, 2007.( ) (����J� � �FLi et al., 2022 �	 (

H%F�T$ H
 �#���	 (��" 
�S. indica �"��" �	 R��K
�� 

Fusarium graminearum  �Rhizoctonia cerealis 

 H���	 ���##
��<$ �Z�.7*�  


��
�"��)��� H" Q$��� (��#���1)� /��#
 ��"
 

" |�
�*���J
��
 �����  ;1����$ ��##
 �SF� � 
��

�S$
��J�" H" 7$� ��*��" 	��$� H�:�� ���K��� 

)Gerhardson, 2002; El-Sayed et al., 2014.( 

H"�)��5 H)�* �	 Pseudomonas  �Bacillus ��"
 

�$)�)7 ����J�"
�� ����� ��:� �)E � ����(��� H" ��'

��� �	�L�*� 
�Z}$) ���Chen et al., 2009; El-Sayed 

et al., 2014.(  

H���R��K 
�� Trichoderma  H" /��#
 Q$��� (��#�

 ��1)�$ H�p�#������ � �� H
�(���  	��%= �"��" �	

�)	�
  ������J�"
�� ����� $ 7]:�D$��##
 )Benítez 

et al., 2004(�#G .)> ���$��� F��F�$� ��"
 ����=�) 

 /��#
��1)� �)> R��KH�JI �� �� Qp��= Hp�G �"��
 

����� ����J�"��
 ����� �' ��)w $�����6��)��;1 )� 

��)����6��)��;1 ���V W��=�"�=��8�� 
�=)�A�& FV�  (���:

��V �);��
 ��=)H��##
 	)���� F��*� q��pF��* ��7"�K� 

��"
 ?~$ 	��$
 ��: � �~=��� ��J���) ���)Y D$�T � �

]#=�; � 	���J�)#J� =�{� $�(�"�  7*� ��� O����

)Saadaoui et al., 2023R��K >)� �� �	�L�*� .(  ^I�$

E)��:� " H" 7$��S$���J
 ' �"��" �	�h *��%�  ��

R��K��
 ����J�" ����� �$	�� )Yuan et al., 2019; 

Kthiri et al., 2020; Saadaoui et al., 2023(.  

@ 7$��S$�$����"�� �#%$ H"
 � 7$��S$�(���  �	 �"��"

$�J=� ����J�"��
 �������* H" � 7*��6 (��#�)�=���)>  �

�=�$V��
)> *�;�1 �)#J�  �	��(��� $ H�p�#��	�� 

)Barna et al., 2022( .A�%F�T$ $ (������	 H
 �SF�
 

@ 7$��S$�$����"��  �"��" �	)8 �$ �����J�"��= 7$��S$ ��

H�\b$ Q"�K#
 	��)� 
�) �Panstruga & Kuhn, 

2019 .(� �" ��b�)�>  �7$��S$ z�� >)��SF� 7$��S$�) 

�x�L\� �6)��� $ ;���:��#
 $ H
�����=  �= H�L� �#G ��

���" H���	 H$�	� ��$ �#G )Kogel & Langen, 2005.( 

H)�$��� ����J�" @�$��(�"� M��L* �	�6
 �I 

Blumeria graminis f.sp. hordei (Bgh) ��#� H"� 

 7$��S$ 
�SF� u��"�	  �"��"��	�FV  Y*�=Blumeria  

525  



q�:          (����J� � �<�F�                                                                   ���J� /;�	���6 ���	 /Ab@ A�S�SD=��*/ ��)�6 1404 

graminis f.sp. tritici (Bgt) >�#UJ� �  HK�* ���

Puccinia graminis f.sp. tritici ��� 7*� )Barna 

et al., 1998; Barna et al., 2022; Martinelli et 

al., 1993 R��K .(Alternaria alternata (Fr.) Keissl 

� h��i$ z���� �	�(���  �	 .	��	 	�I� (�<I �*�=�* �	

F�\� � H
)> 1���6 R��K�Q JI�<=� (V �v
� �$� �	��	 ��

H"F	�Q @ 7$��S$�$����"���  H" �	�K" H�J\H ��(��� 

��@$�(�"� ���#�1 )Otani et al., 1991; Egusa et al., 

2013.(  R��K �"��" �	 ���"��$��@ 7$��S$ 
�SF�

Alternaria alternata  �	 f�1"���"��V ����

)Narusaka et al., 2005 .7*� ��� O���� (  

F�T$%A�  h��i$�	�	 (��� H
 ��� (�����/�%: �"��*
 

X*�6��
 ��:	�$ ���#���= ���$�;1��
 ��:	� &*�#$�  ��

��"
 �*�#��)  �"��" �	 7$��S$ �������J�" �#�	 Q$��= 

)Dangl & Jones, 2001.( )�� � ��)> E#
�� ���

��=�Q H�����
 1
� /�%: (5�)ROS1
��6 �#��$ (�� 

��(9��� )2O2H	�� �()/����
 ��1
����Q )OH � (

�V�(���
 1
��6�*�� )2O7*� ( )., et al Zhang

2021.( ��V);��
 M�6��*
 ROS 1
��6�* �#��$�� 

	)��=�J1 )SOD1
��6 �(���� )POD) �B�=�
 �(CAT � (

1
��6���� ) A�"���*VAPX*�*� ES� (� ]#= �	�; 

 `�T*ROS $ ��(�� *V�^ 1
��=���� �)�L $��##
 

)Zhang et al., 2021(� �	 .�(��� �F����:	 X*�6 �� 

	)� 
 1$ H
 	��	 	�I��� #:�Q ����6��6�� $����� 

$�	�� )Hou et al., 2019 .(#:�Q�BV�> ��$V��F��� 

)PAL( F���> ��V); ��#* �	 Q�p	 	��%=
 
�= ���A�& 

F�#:� F ��# �#� ��:	� �����p�* �"
 7*� z�#�$. 

�6�/�#: 1
����� )PPO� (�� ��V); �
��
 	)� 
 *�7 

��= �	 H
�Q 
�=�A�& F�#:� ��"
  �"��" �	 z�:	����J�"�� 

� �	�(��� 	��	 ES� )Niu et al., 2018 .(  

B�" 	���$ H" HI�= �" >)� H" HI�= �" �  H
�*�#��) 

��1)� Q$���  ��<$ H" �	�K H
����J�"��
 �����  ��#�1�

��"
  H%*�=Q$���  /��#
��1)� 
���s 7*� �>)� �� ��

 >)�H%F�T$ H
 �� �����  �� ���(V �Z� �*��" R��K�� 


Trichoderma harzianum� Alternaria alternata �

Serendepita indica �Blumeria graminis f.sp. 

hordei (Bgh) ��
�" �
�� 
Pseudomonas 

fluorescences  �Bacillus subtilis  �"�����  7�F�%:

;)��V��6 � �B�=�
 
��Q#:  (9 (��" � ����1
�PAL  �	

 ��#� ���� �	 
�	�6 M��L* R��K H" X*�6.	�"  

  

M�� � 
*�)��  

�HK?�*4BR� � ?��,  ?�
�� =4�>� /)�0 1��2

�H � �456  

R��K 
��Blumeria graminis f.sp. hordei  �

Blumeria graminis f.sp. tritici SD= �
�$ ���A�S  �

��
 O��$V���
 &' !"�#$ ��%�  (��*�<= (��1���H � 

��)��#
R��K 
���� ��
 ���)H�  � ((�1\�) ��#� [�1\

�I (Q�:�)  �	 ��� 8K�=� 
�$	 �	22  HI�	�[��1�* 

 �&1� 7"�'�70  �_�	�  |��#=16  � �)�#��� 7��*8 

��)��= 7��*  (����J� � /���6 O�� [�*� �")Paul et 

al., 2000 (���< �
 ��.��  

S��8��T��� '�B	 � $.8�+ /)*�0 7%9  

R��K�� 
Trichoderma harzianum� Alternaria 

alternate � Serendipita indica �$�V ��)�� � 

R��K*�#�� � ��
�"
�� 
Pseudomonas fluorescens 

� Bacillus subtilis �$�V ��)�� � 
��
�"�*�#�  �� ���	

�����
 ����
 &' !"�#$ ��%� ��*
 .���� H�<= R��K
�� 

T.  harzianum� S. indica  �A. alternate D$ �	�Y 

PDA )Potato Dextrose Agar (�$	 �	 � 7�

 28 

 HI�	�1�* �	 [�"����.���� 
���< � ��=�  ��� �� f6

:�
R��K H#��6 ����  (	�	 O��p �"�#�
 ��� �����*�

!JI��V
  ��	 ��= � |V�> 20 ")H ;�� 7&1����$���F 

 >���=20  (|V ���F 8) �	 o��i$ f�=�� �� �	�L�*� �"� 

1���*�*�(� ���*� 7]�@ �" 510 × 5 ���$ �	 ���*� ���F

�TS$ |V �<=) �� HKthiri et al., 2020 .(��
�"
 
��

B. subtilis  �P. fluorescens ���  7�
 Y�D$ �	

NAS )Nutrient Agar Sucros ( �) 8) �� f6 � 7�


 7]�@ �" ����1���*�* ���� ��� �	810  �	 /��*

���$�TS$ |V ���F .�� H�<=  

'U���6 7%9$.8�+ /)*�0 �3 ����	 � S�8�� ?��  

H" (�1\� ;K� �� E��56 >)� �	�=��9 (��#� [�1\ �

H" (����= ;K� ��?" .�� �	�L�*� ���S$ ��=��9 (��#� 
��

�	 ��  !"�#$ � 
�����
 O��$V � A�S�SD= �
�$ �� ;K�

 �%�&' (��*��?" .�� H�<= (��1��
��  ��#�H"A�$  P#6

K	�HS /��D$ �	 �_�	 8) ����
��)7 �*); ���L��s  �

f�* ��*� �TS$ |V �" ��" H*)Q H�1� ���� � �� �= H��

K�"�����J 7)��
���� ;)�*  .	�� �?\H"��]#$ H���I���� 

�?"
�� ���L��s ��x �	 ��� ��6
  �:�_ ?@�
 
��\
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H���I��
 �S=) a�& )(�1� ��"
 H)�$��1)� Q$��� �" ���  �

|�i��� (���� �	 7��
 f�* ����.   

�?"
�� H���I�	� H" A�$��<G  (��1���*�* �	 7��*

 �� ��� H�<=T.  harzianum �S. indica  �B. subtilis 

 
��\ (���� H" f�* � 
���< � ��=� 
�$	 �	 M�p

) Q)��*�8) 7�F�6 7J1K� 8) H*�$ 7J1K� �	  7J1K

����M�p � H*  ([� M�p 7J1K.���� QS�#$  H�S"

�?"
�� H���IH" �	��)�* �" ��J�= ��]#$  H" ��1)� Q$���

(���� .���� QS�#$ ���$ 
��(���� H��i�� �	 �� 
�$	 �	

28-24 [��1�* HI�	 �&1� 7"�'� �70 �_�	  �

 Y)��� 
���16  � �)�#��� 7��*8  ��)��= 7��*

 .���� 
���< �f6  �� �' � H�L� 8)HU���� ��F�= 
��

 �(��I(���� �]� �	 �I M��L* ��J�= 
��" H
 �)��

 H�:��	�" ����� R��K �� ��� H�<= (��1���*�* �" �

hordei f.sp. Blumeria graminis �"  7]�@510 × 5 

���$ �	 ���*� �TS$ |V ���F �(���� �)�� ��J�= 
��" H


A. alternata  �P.  fluorescens  ��� H�:�� �]� �	

	�"��� (��1���*�* �"  ��1)� Q$��� >)� �� ��� H�<=

"HA��_ $ 
��*�H)�.���� ���  

'��)�+'U���6 $ �3 ���
�� =4�>� /)�0 1��2 ?

Blumeria graminis f.sp. tritici(Bgt)  
HU���� �" ��J�= �� f6 ��� �	 ���� /�\ �	 
��  

T.  harzianum �S. indica � B. subtilis  ��� H* �

 �" ��J�= �� f6Bgh �P. fluorescens  �A. alternata 

Y*�= L* Q$�� R��K 
�	�6 M��)Bgt(Blumeria 

tritici f.sp.graminis   7]�@ �"510 × 5  �	 ���*�

���$H)�$ �TS$ |V ���F �������H)�$ .���  �� �	�L�*� �"

)8 H���:� �*	�  	������*� O�� w&' �W)��=  ���

Y*�= /���6  (����J� �)Paul et al., 1999( �� �����.  

 '�B	'���� ?��-36$  

H��J�(�$� �	 c�" 7:�" �� 
��	�" 
���L_ �24 �48  �

72 H)�$ �� f6 7��* �" ���Bgt .�� ����� H��J���
 

��" � ���U�6 �$��#�$�FV Q)�: H%TK 8) �	 �H" 7��*

 �	A�� �$)! H'�@�� �  f�*�: H")�� 80 -  HI�	

 [��1�*�� QS�#$��.  

��V0 A*-W.�*$����, 
  

H��J���
 o�"�$ H" 7��* 72 �$ A�� �	)! �� �	�6 � 

1/0 �	�6 >)� �� ��� �" 8/1 $���F��� A�L1: �:�" 50  ���$

�B�$ (pH=6.8)  f�* .�� o��i$H" A�$20 K	�HS �" 

 7��*12000 K	 �	 ��	�HS �$	 �	
 4  HI�	[��1�* 

����*)L�9� �$ �)! �)B�" H"��V !&#$ (��#�); *��� �	�L� 

)Reuveni,  2017.(  


+*4�*?-�6 *�.�)? X	�-��Q Y�C�) 

���D$
 0=��6�> ���C� /��D$��
 ��V)J�  �	�L�*� �"

$�&FV 	��:	��" O�� ���> ��� ��*
 �� H&*�D$ 

)Bradford, 1976.(  


+*4�*?-�6 (�Z@�7  +[�	�9 �C�$Y�5@ 89*�+*4  

������ 
��"
��� F�%:�7 ��B�=�
 ;)��V 25  ���F����$

�J)��V ���C�  �"H* ���$ A�L1: �:�" ���F50  �B�$ ���$

 
��\5 ���$ �B�$2O2H (V |?I A����~= � o��i$ ��

H" A�$2  q�$ /�' �	 HS�K	240  �� �	�L�*� �" ��$����

 ��$��:����*�7���K ) ��Aebi, 1984.( F�%:�7 ��V); 

H"K	 �	 |?I E��
 ��� A��_�HS H"���
  ��� ��

0=��6�> H��J� �	��
 J
 ���= 7:�"���*
 ��.  7<I

��������6 ;)��V 7��%: 
��� ��� ����1
� Q#:100 

�J)��V ���C� ���F����$  �"�	 ���$���F �:�"  A�L1:50 

 � �B�$ ���$500 ����$ /��=�
 ���F05/0  o��i$ �B�$

(V |?I A����~= � q�$ /�' �	 ��420  �" ��$����

 ��$��:����*� �� �	�L�*�7���K ) ��Liu et al., 2005.( 

~=��A�� H" |?I* ��'�=�J�1�8  Q_��: �	30 ��Z�H�
 

'� �	 K	�HS F�%: ���S$ .�� 7&Z�7 ��6 ����1
� Q#:

H"~= ��� A��_��� K	 �	 |?I�HS H"���
  ��� ��

0=��6�>  �	H��J���
 ���= 7:�" �J

��* �.�  

SP S��3 $��-3  

H��J������" ��J= H" o�"�$ 
) ���$� 
��0 �24 �48  �

72 H)�$ �� f6 7��*���  �"Bgt ( �	A�� !)�$ � �����* 

 �	�6���� � f�* 1000 ���$ �	�6 �� ���Q_�\  H"

/�)� �	 
���F ���$  q��i�*� .���� QS�#$RNA  Y*�=

 7�
RNX-Plus ((��
�#�* 7
��)  ������  7�L�


RNA q��i�*� �� ��" /9 ���:����F� ����V 5/1 �_�	 �	 

�:�" TBE �� >��%=H" .��	�FV �?\ ��]#$ �F�J�\� 
��

DNA  ��RNA  7�
 ��DNase I, RNase-free  7p�*

 7
��Thermo �	�L�*� �.�  7p�* 
��"cDNA �� �

 7�
SinaClon First Strand cDNA Synthesis Kit 

H��J� .�� �	�L�*� 
��cDNA 	 ��� ��#* � ��)�:20- 


���< � [��1�* HI�	 ����. 7<I �*��" 7�L�
 

H��J�
�� cDNA ��#* ���  ��qPCR )Quantitative 

PCR�" ( ����@V �_�C�p� B- Actin �	�L�*� �.�  
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H)��= � Q��D= (��" (9 �" O�� Quantitative real- 

time PCR ����� �� .
��" >)� ��]#$ �� �� �*	 
Applied Biosystems® StepOnePlus™ Real-

Time PCR  7�
 �Ampliqon Syber Green 

Master Mix (2X) �	�L�*�  H$���" [�*� �" E#
�� �

 ����� Hp�G �� �	 ��p ���$� � �)�$	��  /��I)1.( 

�	 >)� �*��"�  (9B-Actin H"(��#� (9 H��p��	 �  (9

PAL H"(��#� (9 ��� 	��$ �	�L�*� ���K /��I) 7:�� 

2��V .(��F P)���  (9 (��" ����" �� �	�L�*� HT"�� )CTΔΔ(– 2 

����� ) ��Livak & Schmittgen, 2001(.  

  

 /��I1 - H$���"  �)�$	�	 ��� �	�L�*�  E#
��Real Time PCR  
Table 1. Temperature program used in the Real Time PCR reaction  

Step name Temperature (ºC) Time Cycle 
Denaturation 95 10 min 1 

Denaturation 95 15 sec 40 

Annealing / Extension 60 1 min 

Denaturation 95 15 sec 1 
Annealing 60 1 min 

Extension 95 15 sec 

 

 /��I2 - 
������@V �F��= 	��$  >)� �	 �	�L�*�H%F�T$  
Table 2. Primers sequences used in this study 

Gene name Forward primer Reverce primer 

B- Actin GGAAAAGTGCAGAGAGACACG TACAGTGTCTGGATCGGTGGT 

PAL CCAATGTTCTGTCCGTCCTT CTTCAGCTTGTGGGTCAGGT 

 

 

7)���) ?��(* �
 $.8�+ /)*�0 $���*�	 $3��+�*  

H" 
�SF� �	 ��1)� Q$��� �)����= �*��" ��]#$

 R��K �"��" �	 ��#� �	 7$��S$Bgt �H��J� 
��	�"c�" �� 

HU����HU���� � ���� 
�� Q$��� �" ��� 71)�J� 
��

 ��1)�R��K �#��$�� 
Blumeria graminis f. sp. 

hordei �T. harzianum �A. alternata � S. indica  �

��
�"
��
 P. fluorescences � B. subtilis  ��� 7L�

f6 H)�$ �� R��K �" ���Bgt � 7:�� A��_  �#�
 	��%=

 �	 H�:�) ��� ����J�" R��K5/2 ����*��$  c�" �� �� !"�$

� O��J�) �Ahangar et al., 2016 .(  



*
 /�C�	 � '��O	��  

H" H%F�T$ >)� `�' ^F�K �	 Q)���
�: E)�$�V A��_

 H)�6.�� ����� ����= H* �" �:	�C= ab$�
  H1)�S$$� ���> 

 ����J�= >�"�V �� �	�L�*� �"H#$�	�#G (�$
�  >���	 �����

�� A��L= �=��
 #%$�	" ���> =�����J
 H%F�T$ 	��$  �	

WT* �_�	 P#6 /�J�\�  � �*��" 	��$�)�*�#�  ���K

�����" .	
  � H)��=�D=�Q �	�	��� �� �� ���:�SPSS 

 Hi1�)16,0�� �	�L�*� ( ����	�J� ���� ���� 	��$ 
  �"

 �	�L�*���� ��  ���:�Excel  Hi1�16  ;*�����.  

\�3 � ]��.�  

 �
 7)���) ?��(* �
 $.8�+ /)*�0 $���*�	 $3��+�*

 1��2 -3*-3Bgt  

�#�
 	��%= �*��" P)��� �	 c�" �	 H�:�)��� 
��

 ��1)� Q$��� �" ��� ��J�= ��#� ���S$ � [�1\ ;K�

Q$��) R��K�� 
Blumeria graminis f. sp. hordei �

Tricoderma harzianum� Alternaria alternata � 

Serendipita indica ��
�" �
��
 Bacillus subtilis 

 �Pseudomonas fluorescences(  �� �%"�$)H��� �" 

 R��KBgt �#�
 	��%= H
 	�	 (��� H�:�)��� 
��R��K 

"�����J  ((����=) ���S$ ;K� �	"H$(��� 59/27  �_�	

;
 �=�� " ((�1\�) [�1\ ;K��	�  �� >) �b�p� ���]� 

�#%$ 
��$V ��		�"  Q��)1.( ���)P �S$)H1 $� ���> 

E#�J��" � Q$���)�1�  �;K� �]� �� �#�
 	��%= 
��

����J�" H�:�)���  �� f6H)�$���  R��K �"Bgt  ��� (���

� Q$��� H
 	�	)�1�  E��
 �	�#�
 	��%=����J�" 
�� 

 �	 ����	�" �Z}$ ���S$ � [�1\ ;K� �	� �X*�6 �$  �	;K� 

 ���S$ � [�1\� Q$��� H")�1� �	�" A��L�$ H"��'
  H


;
�=)> #�
 	��%=�  Q$�� H" o�"�$S. indica  ;K� �	

(����= ���S$  �" 	��\58/2 #�
 	���  �� �	5/2 
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���*� � 	�" !"�$ ��$ Q"�S$ �	"�E�=)> #�
 	��%=� �	 

=���J  ���� ��	 ;K� [�1\ (�1\�  �" 	��\26/7 #�
� 

 �� �	5/2 ���*�!"�$ ��$  (V �� f6 ��	  
����J�=  

B. subtilis  �A. alternata H" �" ^�=�=8/4  �63/4 

 �� �	 �#�
5/2 ����* !"�$ ��$�� �����$  Q��)2 .(

 �#��$ �"����$ Q$��� ��1�������V �Z�P. fluorescens �

Bacillus amyloliquefaciens �B. subtilis �  

T. harzianum  �Aspergillus niger  R��K �"��" �	

) ��#� �	 �DT* M��L*Choudaker et al., 2024( � 

��<$ �Z� >�#UJ����##
B. tequilensis   R��K �"

) 7*� ��� O���� ��#� 
�	�6 M��L*Bi et al., 

2025� .(�� >) P)��$ (����#�	  ��1)� Q$��� H


 R��K �"��" �	 ��� �	�L�*�Bgt ^I�$ ��	��"��� ��� �� �

 ����J�"�	 �$ ��#�.����  

  

  
 Q��1- �#�
 	��%= H1)�S$
��  �	 H�:�)���2cm 5/2  ;K� �	 c�" �� ��#�[�1\ ((�1\�)  ���S$ � ((����=) Q$��� �" ��� ��J�=

 ��1)�f6 H)�$ �� �" ��� R��KBgt  
Figure 1. Comparison of the number of colonies per 2.5 cm² of wheat leaves in two susceptible and resistant 

wheat cultivars treated with biocontrol agents after inoculation with Bgt 

  

  

 
 Q��2- �#�
 	��%= H1)�S$
��  �	 H�:�)���2cm 5/2  c�" �� �	;K�  ��#�=���J Q$��� �" �����1)�  �� f6H)�$ ��� R��K �"Bgt 

Figure 2. Comparison of the number of colonies per 2.5 cm² of wheat leaves treated with biocontrol agents after 

inoculation with Bgt 
  

 +[�	�9 ����, 7�(�Z@  

>� ���$ H1)�S$ P)��� �=�
 ;)��V 7�F�%:�B  ;K� �	 �	

��J�= �	 ��#� ���S$ � [�1\ h��i$ 
�� �� f6H)�$��� 

 R��K �"Bgt �#%$ A��L=��	�� 
 .	�	 (��� �" [�*� >)�� 

;K� �	 [�1\ ��J�= ((�1\�)  ��1)� Q$��� �" ���
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Figure 3. Changes of the activity of catalase enzyme in two wheat cultivars treated with biological agents after 

infection with Bgt 
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Figure 4. Changes of the activity levels of polyphenol oxidase enzyme in two wheat cultivars treated with 

biological agents and control after infection with Bgt 
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Figure 5. PAL gene expression levels at different time periods in susceptible wheat cultivar (Ehsan) treated with 

biological agents after infection with Bgt 
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