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Effect of antagonistic bacteria on fusarium head blight of wheat  
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  �G 3'-' �-�S.   
G 
� !��
:5 �' �����-'4
� 2-1�5 �	)  ���
[� '�[�) 2)�� (    )' ![� ��
[54 9�[5�'

! ��D     l#) �' `�
S   o�/�   ����#� K	 !� ��D)��6� 4)�  (34-��-      ![# �' 2�[54� ([�- �[G ���

    !�-�� ) �G �
p�- �-�=�           �[5 2
[/� '�[P 4- -� �����-'4
� (���/�� !� ��
	    ���[G f
[I��- �[�'-' 

(Montealegre et al. 2003). 
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S ���# �#���Q� `�
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[�����
� 4- o[� �	 �
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	 Lelliott & Stead 1987, Krieg & Holt 1984) Holt et al. 1994, ($*�� �
p�-.  
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< 	 �     
[� �	
[G 
[	

�� ��'�,� !��' (��6�  B)� >
#-!�=� 2-�
=�	 ) (Bekele et al. 1994)$*�� �
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[��� '�=��.) $G-'�� 
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[S a[I� 5 
	

����  o�����) �-�* '-�5 ��'�� .  

���� ��,�� $��   l�[;5 4- o[�����  $[/�PDA  W�[#-   �[G 3'
(Kraus & Lopper 1990).  >-�[�  

(Gross 1985)l�;5   $/�PDA-�  ��,�� a#
 5 ���� '��� B�-1� o�����$#- 3 .l�;5 -��4   $[/�

PDA    VS-�0 -�-' A                    �[��� �[�,�� -�[� �-�[:5 ([�- ![� 3'�[� ([	� �[��, �' &�5      l[#�� o[�����

>
��5)'�#    
�5 �
p�- �7 
	 K��,��    '�-' 9�)�[+ ��
� 
	 .4-     
	4
�
W[�* �-�[:5 �[<�' b�[7 

���� V�=/� 4- ��
��S ) ��#- �5 ������ o����� � �.   |�[� ) �[,) (Weller & Cook 1983)  1[�� 

l�;5   $/�PDA     ���� ��,�� ��
�4�- -�� -�    � ���-' a#
 5 o�����.  ���� ��,�� o�����   H��I5 
	

!��# �z�- l#��  
	P. fluorescens3'
W�#- '��5  � �'  &��   �=�\�,���  2-� . !� K���
=5  ��w-   
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  V=[G�g   [G� 4- �-'4
[� ![,
	 � Fusarium graminearum   ![�-�� l[#�� (Pseudomonas  fluorescens) B1 

)$#-�(!� $"�� �	
G ) �E(.  
Fig. 1. Inhibition of mycelial growth of Fusarium graminearum by Pseudomonas fluorescens B1 (right) 

compared to the control (left).  
  

      $[#- 3�[G �[�� -1��
[��� `�
[S �G� 4- �-'4
�)Hamdan et al. 1991, Fravel 1988, Brisbane & 

Rovira 1988(.  

 !�-�� �5
��         ��*)���# ��,�� !� �'
S 3'
W�#- '��5 
	��'�� !� �         $[d�n Q�-1[*- 
[� !� ��7

 ([[[	� 2�[[[� )Fe �+ (  ![[[�-�� 4- ) ���[[[��-' 4
[[[� ![[[,
	 2-1[[[�5 4- `�
[[[S 
	���[[[#- �[[[�4  

Geotrichum candidum �G !�#
�.  

  K���
=5 !��� 4-     ���
� -�� 3�
G- '��5 
	        a[���� �[�,�� �-1��
[��� V5-�. $�����
��� 
	

�5 2\)���	 ���
�# �-�* �G
� . ��
[*'  2-�
[=�	 ) )Defago et al. 1990 (  �[w- K[���
=5  �-'4
[� �

 V5-�. l#�� H��I5 
���
��� !��#P. fluorescens CHAO�5 9
"���� (�- ��,�� -�  � �-' . a����

  ̀ �
S -�� ���C5 
	    �5 �
�G !� ��#  ��� .             B1[�<�- a[��5 3
[�� K[��,��
�5 �� ���
� 
� a���� (�-

 !/�� V�=/�    �5 2-)-�* (�v�5 
	 ''��. �::;5 (     �- !� ��'-' &
��0- (� ��	      Q�-1[*- �' a���� (

�5 ��u5 2
�1�5 3
�� $5)
:5 �G
�.  
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 �?�

  &)���g �
��  -�� '���
N ��!   ��N
� J
	�
� 
��� F  ����  QRE�
S ) $�    Q	
[N �' 
	   %� F�'�[,��  [� $

-1*- ) !�" #��� � &�L;5 Q  
Table 1. Effects of antagonist isolates and fungicides in reducing severity of Fusarium head blight 

of wheat caused by Fusarium graminearum and grain yield 

 
Treatment 

 

 

 

 

 

�
���  

Greenhouse 

!�
I��  
Field 

!.�15 

 
Severity 

!��'��'�,�   
Yield(T\h) 

'�=��.&�L;5 )(�/�
�=	( 

 

severity 
 

 

 

!��' 

��'�,� 

1000 

grain 

weight 
 

24) �-1	 

!�-')���( 

First        

year 
 

&
#&)-  

Second 

year 
 

&
#�)'  

Compound 

analysis 
 

!�1p� a��5 

First year 
 

&
#&)-   

Second 

year 
 

&
#�)'  

Second 

year 

!�1p� 

a��5 

Eperidion+Carbendazin 

2��'���-+K�4-� ��
�  
4.83 bc 36.03 a 5.67 a 6.5 bc 6.08 c 41.4 a 4.50 a 4.45 a 

Pseudomonas 

fluorescens- B1 
4.19 bcd 

36.53 a 7.67 c 6.01 bc 6.84 bc 3.06 c 4.32 a 3.69 b 

Bacillus subtilis-B4 
 

4.76 bcd 36.63 a 8 a 6.37 bc 7.18 bc 3.13 c 4.12 ab 3.62 b 

Pseudomonas 

aeruginosa-N5  
5.73 b 36.7 a 8 a 6.81 bc 7.53 b 3.06 c 4.04 ab 2.55 b 

Pseudomonas 

fluorescens- B2 
4.78 bc 36.97 a 8a 7.07 b 7.47 b 3.12 c 4.16 ab 2.64 b 

Mixed isolates 

i��I5
	 !�-��   
3.36 cd 37.5 a 4.33 c 5.04 c 4.69 d 4.49 a 4.53 a 4.51 a 

Infected check 

g ��'�,� 
� �	
G�.� L5  
9.67a 23.9 b 8.33 a 9.76 a 9.05 a 3.04 c 3.1 c 2.07� c 

Noninfected check 

	
G� ��'�,� 2)�� 

�.� L5 

2.33 d 38.9a 6.33 ab 7.5 b 6.92 bc 3.87 a 3.72 b 3.79 b 
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  ��,��HCN    !��# l#�� CHAO '�     �5 �
p�- (	� �L . ��{0 '���. �5       ![� $*�� !p��� 2-��

 ���
� (	� '�"�� �
< 	P. fluorescens    �-�[:5 ![� ([	� �L . !� �c�-�G �' ) ��*)� ��# ��,�� 

�#' �' �*
� ��,�� 
� �G
� >�H CN  �[5 -1��
[��� V5-�. $�,
6* ) �G� 4- �-'4
� a��5   ���[G .

        !�-�� �5
�� !� '-' 2
/� '-�5 (�- ��,�� 2�54�                �[G� 4- �-�[* '-�[5 �[�,�� 
[� �[#��� '��[5 
[	

 `�
S �5�����5Fg��'�� ������ . 4
� !,
	 �cS �d� 4- �G� 4- �-' Fg-4   Q=E�
[S l[#��    �
[	

���
� 
	  �
��� �-�* '-�5 ) ���� ���� ��,��    ��*)���[# ) o[����� 
[	�
��� �   �c[# �'� %  b%�[P-

� 65 �  �G-' �-' ) &)��A .(  

     !�-�� �v
���G��� ) �=�\�,��1�* 9
�w�LP >
#-��     m [� ![� O[�6�5 �<�	 �W 5 ��� 
	

��'�� >
��5)'�# .!�-��  
[	 B1)  S2   2-�[ . ![�  �-�[��1 Pseudomonas fluorescens biovar-1  ) 

 !�-��N5 P. aeruginosa ���G �v
#
 G.�� !�- B4      ![� '
[�4 $	
"[G �����[ * 
���s�) �d� 4-

Bacillus subtilis $G-'.  

  �'�
54� !�
I�� 9
/  J-          �.� L5 ��'�,� 
� �	
G 
� !��
:5 �' �/�
54� 
	�
��� (�� �    �[d� 4- 

 !�-' �-1	 24) ) ��'�,�� 65 b%�P-  0 �' �-' �� %G-' '��)$ ) &)��A (!�-�� )   �[ �
�	 
	

Q	
� a��5 Q=E�
S9�G ��'�,�  )V=G A(���G !�-'�-1	 24) Q�-1*- )  ) &)���.( 

Y�
�� 2�54� !.�15  -      ![� '-' 2
/� �'           �c[# �' Q�
[54� '��[5 
[	�
��� (�[� � %  b%�[P-

� 65   �-' '�-' '��) )  &)��A.(   �' &)- &
#   Q�
54�    �
[��� 1� !�    
[	 &�[�;5       
[� 3�[G �[G
D

`�
S   Q�2�������-+K�4-� ��
�     ![�-�� 4- �7��I5 )     [����
� 
[	�v
      
[	�
��� ![�:� �)     4- o[� �[	

  ��
� � !� 
�����
� (��'�"� �
��� &�� � !� �'
S ) $�.  �,
��0-   ) f� �.
[�5 
[� l�-�G '��) 2�

   ���
� $�,
6* -�� �v-�	    $#- 3'�� 
	. !�     �P $�%� 9�G V�,' (��	    '�[� (�v
D 1�� !G )  &)�[�

�.(   

   Q�
54� �)' &
# �'�     $��7� (�5
� 
� a#
 5       
[	�
��� ![��� -�[� ) '
[p�-    �.� [L5 ��'�[,� 
[�  

��
	�
�          ��'�� '�=��. Q�-1*- ) �
��� ��'�,� !��' Q	
� !� �'
S . ���
�   !�-�� i��I5   
	) �
���

?( 4- ��/�� ���
� 4- o� �	 !�
�-�� ��c� 
	��
# 1�� ) '�� 
	�
���  ) &)���.( i��I5 !�-��  
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V=GAg!�" # ��'�,� !��' !��
:5   $�%� !� �� � 2�54� �'!�
I�� J-  

�= 2���[��D- + �K�4-�[ ��
�A=Fseudomonas  fluorescens -B1 � �= Bacillus subtilis-B4� �= Pseudomonas 

aeroginosa-N5�  

� =S2gPseudomonas fluorescen   � ?  =��v
����
� 
	 !�-�� i��I5q=��.� L5 ��'�,� 
� �	
G� = �	
G

�.� L5 ��'�,� 2)��  
Fig 2.Comparison of blight severity of wheat head in the greenhouse. 

1=Iperidion+Carbendazim, 2=  Pseudomonas  fluorescens –B1,3= Bacillus subtilis-B4, 4= Pseudomonas 

aeroginosa-N5, 
5=Pseudomonas fluorescen-S2 ,  6=mixture of bacterial isolates, 7= inoculated check,8=non inoculated check 
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  &)���g  1p� !w%P � �-) !�  
:5 ) m�
�   34-�[�- 9
LI/5 !�  � [�   5 3�[G J� [�<�
�     �[�- 9
[6��5 (


�������$� ��N
� J
	�
� �' F 9�GJ-1�- ) F�'�,��� � &�L;5   
Table 2. Summary of analysis of variance and mean comparison of the effects of bacterial 

antagonists on Fusarium head bligt severity and wheat yield components 
Source 

8[[[[[[[" 5 

9-��t� 

  

 

 

Inhibition 
of   

mycelial 

growth of 

Fg by 

bacterial 

strains 

** 	!,
 

�-'4
� 4- 

�G� 

���
��� 

l[[[[[[#�� 


�����
� 

Inhibition 
of 

mycelial 

growth of 

Fg by 

bacterial 

strains 

!,
	 

 �-'4
� 

�G�4- 

���
��� 

l[[[[[#�� 


�/=E�
S 

Inhibition 
of mycelial 

growth of 

Fg by 

bacterial 

strains 

volatiles   
!,
	  �-'4
� 

4- �G� 

���
��� 

l#��   '-�[5 

  �-�[[[[[[[[[*

�
�
���� 

Disease      

severity  

at 

Green 

house** 

![[[[[��' 

 ��'�[[[[,�

 �' !�" [[[#

2-��� 

1000 grain  

weight ** 

24) �-1[[[	 

!�-')���( 

Disease 

severity 

in  

field** 

!��' 

 ��'�,�

 �' !�" #

!.�15 

&
#&)-  

 

Disease 

severity 

in  

field** 

!��' 

��'�,� 

!�" # �' 

!.�15  

&
#�)'   

 

Disease 

severity 

in 

field** 

!��' 

            ��'�,�

!�" # �' 

!.�15 

) !�1p�

a��5( 

Yield in 

Field** 

'�=��. 

 &�L;5

   �'

!.�15 

) (� /

�
�=	   (

&
#&)-  

 

Yield in 

Field** 

'�=��. 

 &�L;5

   �'

!.�15 

) (� /

�
�=	  (

&
#�)'  

 

Yield in 

Field** 

'�=��. 

   �' &�L;5

!.�15)  (�

 /�
�=	       (

) !�1p�

a��5( 

 

Year)&
#(        0.245   3.489 

Replication 
�-�=� 

  0.8   2.792 1.032 1.846 0.021 0.063 0.42 

 �
[���     

Treatment 
 

15.032 1776.937 2922.5 14.633 366.969 6.232 5.687 9.389 1.302 0.659 1.36 

Interaction 

effect 

��-V�
:�5  

       2.538   0.497 

Error 


cP 

0.750 1.238 
 

3.8 0.657 3.798 0.554 0.496 0.543 0.02 0.047 0.34 

Cv 

a��[[[[[[+ 

9-���t� 

15.075% 3.28% 6.09% 16.78% 5.51% 10.57%  10.23% 10.57% 4.01% 5.35% 4.83% 

  

F 65  �c# �' �-'�% ) �%                                        **, *:Significant at 1% and 5% levels  
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��?/�� % ��'�,� Q	
� )  (�<�
�5  !��'   ��'�[,�T�/� (          
[� �	
[G �
[��� 
[� ![��
:5 �'  ��'�[,� 

�.� L5 )  (�<�
�5  !��'  ��'�,�q?/U(   ) ��/�? % &�L;5 Q�-1*- )��/�  �
�=	 �' (� (    ![� $"[��

  
� �	
G '�=��.  �.� L5 ��'�,� )�/�   �
�=	 �' (�  (         $[G-' �[��� 
[	�
��� ![�:� 1�� ) . [� Q	


&��;5 
	�
��� �' ��'�,�     ���
[� 
[� 3�[G �[G
D   
[	 P. aerognosa- N5  �S2gP. fluorescen  �  

P.  fluorescens -B1� B. subtilis- B42�����D- ) �.� L5 ��'�,� 2)�� �	
G �+ a���� !� K�4-� ��
�

�/AU ��/�T ��/�� �q/�� ��/�� ) �/A�   
[[	�
��� ([[�- �' &�[[L;5 Q�-1[[*- ) �[[w�'�T ��/�� �

�/�U �U/�A �AT ) �/��w�' � '��.    �[5 �[d� ![�  �[#�  ![�-�� i�[�I5      4- ��6�[#) ![ 5-' �' 
[	

>��#- ���
� 4- o� �	 !� $"�� �c�;5 
	 3'�� $�,
6* ) �G� !� �'
S �v
� � !� 
	 ��-.  

�,) ) 2�#��D) Pierson & Weller 1994 (!��# i��I5  
	putida Qd8-80 P.)  Q2-87, Qc68-

80, Qcl80!���  P. chlororaphis '��5 !.�15 �' �.� L5 ��'�,� l�-�G �' 3��P
D �
��� !��. -� 

 2-1�5 !� �,�L;5 Q�-1*- ) 3'-' �-�S ��
�4�-�/AT %��'��� B�-1� -� �	
G 
� !��
:5 �' . �'

!��# 4- o��	 4- 3'
W�#- !=�,
0  2-1�5 !� &�L;5 Q�-1*- a��5 ��
� � !� 
	?/A %� �/�% �  

�/�%  ��/U % '�� 3��'��. �<�' Q�
54� �' Duffy & Deeago 1999)( !��# i��I5 
	  

P. fluorescens ) P. chlororaphis���� ��,�� 
�  o�����  (�4
 * 
	g�g ) ��#- o��������� 

 &�� � a��5 &� �#���)���*��g�� �w�' ��'�� �� � �' �
��� (��	 &�� �. 

  �a��5 !�1p� �'  &
# ��-    � 65 V�
:�5 9-��- ) �
��� � '�� �-' .� 65    ![� i�[��5 &
# ��- 2'�� �-'

$#- 3'�� &
# �	 ��t�5 �
��� ) ��-�	 ) f� l�-�G.  �[ 65 b%�[P-    2
[/� V[�
:�5 9-�[�- �' �-' 

      �' 
	�
��� 9)
W�5 
	�
�*� 3� 	')'   �5 H��I5 &
#  �G
�. '��)          2'�[� (�v
[D ) o[/P l�-�G

$��7�  &
# �'  &)-     B)� !� ��'�� �.
�              !�[G-�� '�[=��. 2-1[�5 ) �
��� �' ���
� &�� � 
	

 �,) ��G
�   �)' &
# �'  
�  ���P !�0�5 
� $��5 �
��� �
p�- � 
� � !��
��� !6#�� -�� l�-�G  �

$�����
��� �v��
� -�� !=�� $#- 3'�� a#
 5 1�� �
��� &�� � $�� 
	.  

   �
54� �)' &
# �'Q  '��) 
�  �
��� Kv%.    !�" # �c# �'  
	 �N)�E �       24) Q	
[N ) ![�-' F��
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��� ) QRE�
[S 
[� 3�G�
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( Defago et al. 1990) .-��D (� &
��0- !� -� 3�-1*-�� V�;� 
� ) $5)
:5 Q�� ��/�  4- 3'
W�[#- �' 3


5�)�R �
��-�'-' $"�� K�3 ��-.  

��-  E   �a#
 5 F.-�4 &�� N !    ����
	'�N 4- ! ��� 3'
W�#-      H[�. &�[� N ) J�
  J
[	   ) 4�[	   f)
[ � 

     5 Q	
N �' $#- (R�5 F.-�4� �- 2-1  '���5 ��,�R   �� x)�G J-��   !�" # J)� J�
�   �P' 
	   �[G
� V

 F�� F,)         '�G f��;5 J�
��� (�- ���5 &�� N V0 3-� 
� � ��-�� .�,�N !� F#��#' F*�7 4- J
	�-��
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��� (�- !� �)
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5  �[�N�� ![� $"�� V�;�(     V[5-�. 4- F[G
� J
[	 �� ([�- J�
[�  �' 4�[ 	 

F�� >��#'  �G
�(Fernando et al. 2002) .    F[5 
[� � V[�;�5 �
[S�- 4- 3'
W�#- 3)%6�    a[��5 �[�-��

  � F"�� Q	
N�     * !� &�L;5 F�'�,� ) J�
���� �N���F�� F,) ���G ( - V0 a��5 ��-���( V{65 

'�G .       �' V�;�5 �
S�- $/N '��) 
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z5 2-� 6��� J�
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 ��	 (Arpad & Redomir 1999) .F5 9
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D &'
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