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Biological Control of Common Root Rot of Wheat by Antagonistic Bacteria  

Isolated from Wheat Rhizosphere 
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�- ���-�3;=
� �( ��
	  *  
�4��=0  �N]D- �
N�M   �; 3

               �-�N@ �N��&� �3&N?� �
N�M 
N� �C;
Nh� n�
N( |&G p�
6. 9;3;       �N�0 .N��� 
N	  9)  �N�,
-

�-�3;=
���( !��1� * ��+7�  *���3; ��M 4��=0 <*� 
� 5?-3; 3  (Little & Hill 1978)D�  �/�


�@ .     9;3; 5�:-
�� �/�
D� =3 9;
)'�3 
� 
	 ,         �N�3�� *; 3&N� ���N-�3;=
� TN�'F� |�]�  ̀ �
N6  

      &'(
� .)	 * ��;&� sF��)q
� ���-�3;=
� 
� ���� *; ,���'� ���-�3;=
� 
� ���� �
�M ,

5��
  ���-�3;=
� 
� ���� #�(�=0 3&� 4�   
N	 �N��  �-�N@ Z
NF'-3 .     ��
N�
�@ ��NO�� �N�

&'(
NN� 
'-0 
NN	�<*� =3 .NN/�-� ��
���NN@��� %*3�NN'� 
NN	� �?�$�NN���+�C �?�$�NN��C&� *  

(Klement et al. 1964, Lelliot et al. 1966, Schaad et al. 2001 ) �@ 9;
)'�3  

&�&�&�&�����&'(
� �'/�-��
'-0 &Q3 ��&'(
� �'/�-��
'-0 &Q3 ��&'(
� �'/�-��
'-0 &Q3 ��&'(
� �'/�-��
'-0 &Q3 ��    9
:��
�=0 ��3&@ �; ./�-��
'-0 
	9
:��
�=0 ��3&@ �; ./�-��
'-0 
	9
:��
�=0 ��3&@ �; ./�-��
'-0 
	9
:��
�=0 ��3&@ �; ./�-��
'-0 
	        

 4��=0 �
��        '(
C B��X �� ���&� 5�3 �� x��&� 
	          n�
N( �
N�0 |&NG pN�
6 �; !���

     �@ �
7-3 �3&?� �� 
� �C;
h�.     .���� 5���� 3&� &'(
�  ./�-��
'-0 
	�    &'(
�  
	  �N@�

 B�� �� 9�@ 9;3;R� ."
� 
�; �;º C RK��1� *�NA,w&u �;      &N]D� Z0 *
N, 
N	

�NN�;&� �NN��� &'(
NN� =3 �NNO��i 4��NN/-
A��� * �NN@ �NN'F�� 4*&'NN�.ZLNN� 43+NN�� ��NN-  

4��/-
A��� 
	   �; KjS   * 5���� &'��-
-           �4*&'N� &N]D� Z0 ����* �� 4;&( U�6� 
�  .N6� �Sl 

�; ���( �,3* ���� &'��  �@ ����(Baudoin et al. 1988) . 9;3; 5�:-
N�� �/�
D�     =3 9;
)'N�3 
N� 
N	

  ���3; ��M 4��=0     o]� �; 5?-3; 3� %.C&� B��X .;���-�3;=
� �X�  &'(
N�   �N@� =3 
N	 

�
6�` %��&C =3 9;
)'�3 
� &�=�@ �2�
1�  .  

 ���&  .,
/�B. sorokiniana�; &	 �
���   –   ���&  .,
/�B. sorokiniana�;   
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�	
@ &'  #'��   

 ���&  .,
/�B. sorokiniana�	
@ &'  #'�� �;   

 ���� �M�
6�8 �3&C B
2�(&� ����� ���&� ���� �M�
6�8 �3&C B
2�(&� ����� ���&� ���� �M�
6�8 �3&C B
2�(&� ����� ���&� ���� �M�
6�8 �3&C B
2�(&� ����� ���&�&'(
�&'(
�&'(
�&'(
�    ./�-��
'-0 
	./�-��
'-0 
	./�-��
'-0 
	./�-��
'-0 
	        

5�3 0 <*� U�
]� 4��=C�%3=*� * 5�3� )Fiddaman & Rossall 1994 (}� �(�-3 
��� &�
7-3 

�@. -��/-
A����    .6� 
��Sl  ���( �,3*  ���� �; &'��    .�( =3 ��  �'"
� ����  �; &'(
� 
	

  ��;&� ���� 4*&'� &]D� Z0* � � <*� �� 4*&'� ~�� #�( ���M (lawn)��1� *�   .N�( 

 ��3LNNi �
NN�0*
NN, *; +(�NN�� �NNX�;)  NAG (�NN@ 9;3; .NN�( ..NN�( 
NN	�; 
NN�;   

º C  RK B�� �� R��-��;&� �3��:- ."
� .  ��]6 #� vA�r� ����   .�( ��@
, =3 &'�

����3�� 9=*�   
	B. sorokiniana   *
N, &N'  #'N�� ��* �; PDA   * �N@ 9;3; �3&N6   �;

 �4*&'� ��3&@   �; ;�	 &�=Z           'N@3;&� `�
N6 .N�( * &'(
� .�( &'  #'�� *; &	  *; * �

 &'  #'�� *� �� �@ 9;3; �3&6 &:��?��1- #'�� �(  .�(;&�� �3&6 q
� `�
6 . 
� vA�

  �3�- =3 9;
)'�3        #'�� * ��;&� ;*�/� &'  #'�� w*&u f��C3�
        B�N� �N� 
	 EN@ =*�   �; 


�;º C  RK�-�@ �3��:-  . vA� �@� E	
( �X�;�"
�@��;&� �2�
1� ��3�� &	 3&� .    

@ �
��� �;�&'(
� 4��/-
A��� 
� �� �	
 �@ 9;
)'�3 4*&'� &]D� Z0.        

 B
2�(&� ���&� 4��=0 B
2�(&� ���&� 4��=0 B
2�(&� ���&� 4��=0 B
2�(&� ���&� 4��=0 >�
� >�
� >�
� >�
� ^�
Y ^�
Y ^�
Y ^�
Y�����������������6�* =3 9;
)'�3 
� ��6�* =3 9;
)'�3 
� ��6�* =3 9;
)'�3 
� ��6�* =3 9;
)'�3 
� �    4
C��� 
	4
C��� 
	4
C��� 
	4
C��� 
	        

�6�* Z0 4
C��� 
	 .�*; (Australian Cellophane,Victoria)&]6 �� K/j * 9��&� &'��'-
� 

         B�� �� <�� Z0 �; 4;3;�3&6 =3 v RS ��D�6;    ( 5�� �;    * �N@ 9;3; �3&N6 �C
X 
	Li
  �;


�;º C  �R� B�� �� RS��;&� 4*&'� �D�6;  .�6�*  =3 9;
)'N�3 
� 4
C��� 
	    4*&'N� v�N 

��1� *� �@ 9;3; �3&6 .�( .-��/-
A����  .6� 
��Sl ���( �,3* ���� �; &'�� 9=
� .�( =3 

����          H
  <�� =3 9;
)'�3 
� * ��;&� ���� &'(
� 
	    4*&'N� 5N(   �N6�* *�      4
C��N� 
N	

�@ EF . .�(  
	
�; �; º C RK B�� �� �� �-�N@ �3��:- ."
� .   =3 vN ��  ."
N� 

�6�*           ��]6 #� * �'@3;&� 4*&'� v�  
� 4
C��� 
	r�  ����      ��3�� 43�� .�( =3 &'�  
	

 #'N�� * �@ 9;3; �3&6 &'  ��* �; `�
6      ���
N��?-3 �N� 9�
N�*; 
N	  
N� 
N�; º C RK �N��;  

 ;3&:�'-
��-�@ !D'��)Denis & Webster 1971a) .(�&'(
� 4��/-
A��� 
� �� �	
@ �
��� �; 

  =3   �@� E	
( �X�; * �@ 9;
)'�3 4*&'� &]D� Z0�"
�@���3�� &	 3&� =*� E@ =3 v   

���×  
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��;&� �2�
1�.            

��C���� ����� ���&���C���� ����� ���&���C���� ����� ���&���C���� ����� ���&�        

4��=0 5�3 &�   <*� V
N�3 &N�* *   H�N(  .NC&� B��NX )Weller & Cook 1983 .( ���N� 

Pseudomonas fluorescens (Trevisan) Migula     ;��N� &NO- ��N1� *�   .N�(King B   *
N, 

.O�i 
	 S, RK, KS, �SS *  �SSS��&�( %��*&?��#�&C � * .�( �  B�N� ��  �; ."
N� 


NN�;º C RK  �NN�;&� �3�NN�:-. vANN� #NN� 4��NN/-
A�����ANN�3  .NN�( =3 ���'"
NN�   

Geotrichum candidum Link  *� * ���� 4*&'� &]D� Z0 �; .�(   �N@ 9��N@
  &'(
� 
	 .

#'��  ���
��?-3 �� 9�
�*; 
	 
� 
N�;  º C RK  �-�N@ !ND'��   =3 vN  * �� ."
N�  �N-3��    �N-=

     `�
6 �@� * 
	��A�3 w3&G3 �; 9;��    &'(
�     .NC&� �3&N6 ���&� ;���.    �; `�
N6 �N@� ��N" 

w3&G39;��  &'(
� �-
�- ��C���� ����� D����;&� �.  

E?M�
6 &�Q
� ���&�E?M�
6 &�Q
� ���&�E?M�
6 &�Q
� ���&�E?M�
6 &�Q
� ���&�     
N	 
N	 
N	 
N	    ��)�;��)�;��)�;��)�; %*=
N-�( %*=
N-�( %*=
N-�( %*=
N-�((difenoconazole)* * * *  %����;
N�&�  %����;
N�&�  %����;
N�&�  %����;
N�&�  (triadimenol)  *� &N�  *� &N�  *� &N�  *� &N�

&'�
�&'�
�&'�
�&'�
�    
	
	
	
	 ./�-��
'-0  ./�-��
'-0  ./�-��
'-0  ./�-��
'-0         

E?M�
6 &�Q
� 
	��)�;  %*=
N-�()  �N-��3��; (Dividend)   !N�
�* �;�N � (%*  %����;
N�&� 

)4
'�
�(Baytan)  !�
�* �;�  K/l(% *� &'(
�  
	� ./�-��
'-0#/�; <*� =3 9;
)'�3 
  
	

.C&� B��X Li
( ..O�i 3�'�3  
	� ,KS��S * �SS PPM  E?M�
6  
	 q
� &]D� Z0 �;

  ��;&� ���� 4*&'�.  ��3�� vA�    .�( ��1� *� &'(
� 
	 NA     .N�( �N��M B��NX ��

   * �-�@�
�M      �; 4*&'� Li
( #/�; �
�M            4*&'N� &N]D� Z0 �; #/�; #� * f� .O�i 

 ;&� *&C  � �@ 9  ���G     �&� _
2@3 .�
, �� �(��.  #/�; vA�     ��N1� *� Li
( 
	   .N�(

�@ 9;3; �3&6 &'(
� *
, .#'��  B�� �� 
	���; ."
� º C RK  
N� �@� * �-�@ �3��:- 

w3&G3 �; &'(
� �@� ��" #/�; ��;&� ���&� 
	 (Baudoin et al. 1988).   

&'(
� &Q3 ���&�&'(
� &Q3 ���&�&'(
� &Q3 ���&�&'(
� &Q3 ���&�    
	
	
	
	9�D�
� 9�D�
� 9�D�
� 9�D�
�  ./�-��
'-0  ./�-��
'-0  ./�-��
'-0  ./�-��
'-0 �-
F�� ��3&@ �;�-
F�� ��3&@ �;�-
F�� ��3&@ �;�-
F�� ��3&@ �;        

   ��
�=�3 3&� &'(
� &�Q
�  ./�-��
'-0 
	   *�   ������ ������  �
���  ����   �; ��N��

 E@�  B��X �� �L� �
��� <*� *; =3 �-
F�� ��3&@�L� (seed dressing)H
Y �
��� *   ��

&'(
� 4��/-
A��� 4��@
  B��X�
Y �;   (soil drenching)��;&� 9;
)'�3  .; 5��c�	 &	 �

 �<*� *;  &'(
� &�Q
�       �@� E�3+C3 �; ./�-��
'-0 
	���� 
	      !N�
" `�
N6 Z
N�i �; ���� 
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  �@ ��
�=�3 �
��� . E�
�=0 �;  �-
F�� 
	      ���� �L� =3 3)     �-
'N/�= �N-��3 fN6�(�    �N�3�� *;

 .)	 * `�
6���@ 9;
)'�3 &'(
� �� .��3�� ��
�  
	B. sorokiniana .2N/- ��   �N�   �NX�;

-=* 
� � H
Y  ) =3 �G��F�  �"�+� H
Y  ,��
�   *  �-3��, ;�( )R:�:�((    �N@ 4*&'N� 9 ,  x�N�F�

  ��;&�* 43��� �; 
	���-
	; &]6 ��  ���@ �'F�� &'��'-
�  .  n2N6 �( ���� �L� ;�" r�  vA�

 ��)� %��1� 
�  9���(���
7� �S %) *
,K/S �X�;  .N�&�(�A�	  f��N� (   �1]N� �-�)"�N8

 ;�� 9�@ ,  Y 4��=0 .��     �@ �'@
( 43��� &	 �; H
.          *; 
N� !���'(
C B��X �� 4��=0 *; &	

           �
��� &	 3&� * ��;&� �
7-3 �C;
h� n�
( |&G p�
6 �; * ��'(
C�
�M &O- �; �3&?� �  �N'C&

�@. ��'(
C A )�
��� !�
" `�
6 ( ̀ �
N6 4*�� �	
@ o]� �� !�
@,  �-=
N@ �N�3��  (SH) * 

5��Y ��3��(KH) ��'(
C * ;�� B  )��3�� &'(
� 
	( !�
@ .�	�o]�   &'(
� 4*�� �	
@

 *���� 
	 G1 ,GH2,H3 ,SH4,A5 ,D6 * KH7 ;�� . 

�;
	�L� ��L� �
��� 4��=0 ����  B�� �� &'(
� 
� 4�@ 9;3; E@�  =3 !26Rk��D�6;  
� 

 ��)� %��1�   9���(���
7� �S �X�;    �-�@ �1]� �-�)"�8 .      .N�( =3 �O��i 4��/-
A���

��  �'"
�&'(
� 
	* ����  5��3 w*&u �;  !�'� *
, &�
�+����4*&'� ) �NX�; #�(  �N'F�� 

�@ .      �N�;&� �3�N�:- ."
N� #N� B�� �� * �'F�� ��C w*&u �; 
	�L�. N�   =3 
	�LN� vA

; * ^�
Y &'(
� 4��/-
A���� #'�� 
	   �4*&'N� &N'   &N�=     N@ #N�Y 
N� ;�N	 4�0  
N�-

�@ �3��:-.0 �L� r�  (
� �� �'�i &';� 43�N�� =3 #� &	     �N@ �'N@
( 
N	 )Weller & Cook 

1983(.   .���� 5���� .��  &'(
�   �L� *� 
	,   �L� ;�" ��   &	 
� 9�@ �
���    &'(
N� �N�3��

            *
, E�
�=0 ���� 4*�; #� &	 * Z
F'-3 �C;
h� B��X ���S ����  ��     4*&'N� &]D� Z0 &'

     �@ 9;3; �3&6 &?�@ *� &�.  .6� =3  
	 �k�S   * Kk�S   9�N@ ���� ,�/S  �N���      ��N1� *� &N'��

.�(NA * ��;&� EF   
�; �;º C RK�@ �3��:- . ���&  ���u =3 v   <�
�@ �� �3�63 
	

�@ 
�-0 ;3��� (Baudoin et al. 1988).   

�;   H
Y �
��� 4��=0     &'(
�    ./�-��
'-0 
	      B�� �� 9�@ 9;3; �@�R�   ."
�  
�; �;  

º C RK ��1� *� NA,&u �; w       4��N/-
A��� * �N@ �N'F�� 4*&'N� &N]D� Z0 *
, 
	

    ��;&� ���� &'(
� =3 �O��i.  ZL� 43+��  ��-  4��/-
A���  
N	   �; KjS     * 5�N��� &'��-
N-    
N�

      �4*&'N� &N]D� Z0 ���N�* �N� 4;&N( UN�6�  .N6� �Sj   �; �N��( �N,3*  �N���  &N'��   �N@ �N���  
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(Baudoin  et al. 1988) .      43�N�� !NY3; 
	�LN� .N@
( =3 vN lS    4��N/-
A��� =3 &N'�� �N��� 

&'(
�  
	0� ./�-��
'-�43��� =3 #� &	  ��;&� �C
83 
	 . 4*&'� &]D� Z0 =3 �	
@ �
��� �;

�@ 9;
)'�3 )Weller & Cook 1983(.  

     .N@L� =3 v KS        ��N�� 
	�LN� .N�( =3 =*�       9�N@ �3�N�:-    �N-
F�� �; 
N� 
N�;   

º C RKkRS*   ��- ��3&@����
�@*� ."
� ,�63 9=3�-3 �� �3   _
N)��3 &�� �Nc	
��  
N	 4=* �

Y�  ��3�	 �3�-3 #   *     ���� *� �
��� B�@ 5���� * ���� ��;&� 
	 .    o]N� =3 �N��� _
N)��3

     9=3�-3 t&� 5�&����� H�- 
� H
Y  �@ &�� .    �2�
1� 3&�        �N��� * ��3�N	 �3�-3 #�Y 4=*, 

���� 9��&� �6�G !1� =3 
	 4�@ #�Y =3 v  * 9�@ )
�; �;º C IS;3&:�'-
� ��   B�N� R� 

."
�( �=�� 5�-�@ .���� ;3��� �
��� B�@ 5���� .�� 
	 9;3; {-� &��}�)  9�N�6   
N� 3

9
��(   * ��;&� <�
�@   ���� �X�;  9;��0 
	    �N@ �2N�
1�)  ;3�N��  �N���     9;�N�0 
N	 /  !N(

���� 
	   9
�� ×�SS(.    ��� ���; �'2�3  �
��� B�@&� >�
�� �; �0 43+�� V
�3 9&� 4
�� ��;�

  �� �6�G &�=      �� ���&� 5�3 �; �( �@
�     4
�� !�?�� �'Y3��?� ��" !��;        ��N" * �N6�G &�= 9&�

;�2- 9;
)'�3 !�
6 
	�3&?� �Y&� �; 40 !�?�� .  

         3&� ;3�"3 �
�0 !��1� * ��+7� ��O�� ��sY
@        4;�� %
�&- �
1� =3 ���
]� ;��� 
	

* �'Y3��?� >�=�� ��1�� *��+7� * v-
��3�   �3+NC3 �&N- =3 MSTAT-C  �N�;&� 9;
)'N�3 .   3&N�

 5�:-
�� �/�
D�9;3; 3 
	0 =���3; ��M 4��=    �N@ 9;
)'N�3 5N?-3; 3 )Little & Hill 1978(.  3&N� 

9;3; 4;&( %
�&- 
	 , 9;3; !��2�=3 9;
)'�3 
�%��&C  
	                 ) x�
��� B�@ �X�; 
� 

����/�� �@� E	
(( �zY = )z #�Y 4=* �3�-3 ��3�	 
����� (�@ �
7-3 .  

        

7�'-7�'-7�'-7�'-����            

 ��3�� *;B. sorokiniana  #���3��4
'�&�@ =3 �-=
@  (SH) * #�  �N�3��  4
'N�&�@ =3 

5��Y(KH) �c	
�� *� �(  ��3�� &�
� �� .2/- ���� 
	 �-;�� &�3+��
��� 
	 , �-�@ Z
F'-3

   &Q3 *&'(
�  /�-��
'-0 
	.   =3 9�@ 3�� ���� ���� w3&G3 H
Y ���� 
	 , *�0  �N��&� 
�-

�@ .    ���&� 5�3 �;R�S ����      ���� ���� w3&G3 H
Y =3 &'(
�        TN�'F� UG
N�� =3 ���� 
	

         4
�� 5�3 =3 �( ��;&� 3�� +(&� 4
'�3�� �X�; ����      * �)�� �&� 
	II  �NX�;     �&N� 
N�-0 

xaY sin=
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�-;�� .2��.  ;*�,�S �X�; ���� (
� 
	��3�� �� .2/- &'  
N	 B. sorokiniana  .�NX
Y 

 3; ���-�3;=
�'@��.     5�� 5�3 =3�S ����     �-�3;=
� ��,
- 3�3; �( &'(
��� &�=  �S  �N���  &N'� �

�I ����   �-�3;=
� ��,
- 
���   5�� ��k�S ����    * &'�r�  ����   �-�3;=
� ��,
- 
��� =3 &�q
� �� 

����  &'� �-;�� Z
F'-3*
�=�3 ;��� ��'C&� �3&6 ��. 9;3; !��1� * ��+7� =3 v  �
	   �N� �N��� 
� 

9;3; 5�:-
�� �/�
D� 
	.)	   �N���  &'(
N�)  �N���   
N	G1 �GH2�H3 �SH4 � A5 � D6 *KH7 (

 �N�3�� *� &� �'/�-��
'-0 B3&Q3 ���&� 3&�   
N	B. sorokiniana    * 9
:N��
�=0 ��3&N@ �;

�-�@ Z
F'-3 �-
F��.  

4��=0 �� ���� 
�  
	��
���@��������+�C $ �?���[�* �?�$���C&� * �� 
	�� 
	 G1* 

GH2   
N� � B.subtilis �N� ���  
N	 SH4 * KH7  
N� �Meyer & Gottheil   B. pumilus � �N��� D6 


�Frankland & Frankland  B.cereus �� *�� A5 
� P. fluorescens bv. III ��'@3; .D�
]�  .���� 

H3V����
� v�� �; ) Bacillus sp. (.C&� �3&6 .  

 &Q3 &Q3 &Q3 &Q3���-�3;=
����-�3;=
����-�3;=
����-�3;=
�&'(
� &'(
� &'(
� &'(
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D�  4
�- 
	;3; �
�� &'(
� ./�-��
'-0 
	     !63�N, ��3&NC ;3�N� ����� 
�

IK/K�    �-�N@ �
N��� !N�
" `�
6 ����/�� �@� E	
( b"
� �X�;  �N� *�� G1 B. subtilis 

 .@3; 3� &�Q
� 5�&'���)%*��� .(���� KH7 B. pumilus  &�
� �� .2/-����   &N'�( &�Q
� 
	

     �N�3�� ����/�� �@� E	
( �;            �N�3�� 9[N�* �N� `�
N6 
N	SH  .N@3; .  &NQ3     �3&NC B
N2�(&�  

&'(
� ;�� 4
/?� `�
6 ��3�� *; *� ./�-��
'-0 
	. ���� G1 B. subtilis
�  B
2�(&� ����� 

�� b"
� 
2�&D� ������ ^�
Y >�
��@� !�
( T6�/�� ���3�� �� 
	 B. sorokiniana * �@  *;

�NN��� Bacillus sp. H3*  B. pumilus KH7  ��'NN@3; 3� &�Q
NN� 5�&NN'�( )%*�NN�� .(�NN���  

A5 )P. fluorescens (��1� *�.�(  KB.O�i �;    �&)NX 
N	 RK�  KS*  �SS  %�N�*&?�� 

 5	0 ��&�(III �@� =3 G. candidum ;��- &����� �; 
�3.O�i  �SSS ��&�( %��*&?��   5N	0

III ̀ �
6     *� ���+�   ��1�KB    ;��- �@�            5N�3 �N��� ��C���� ����� 9��	; 4
�- &�3 5�3 �(

���� �� �@
���C*���� ����� =3 5	0 q
� .O�i 3&�= &����� ��  ��
�- .  

      4*&'� �C
X Li
( =
� �'�i0 <*� �;  *; ��   M�
N6     %����;
N�&� E?  * �%=
N-�(��)�; 

�	    .NO�i =3 #� �    
N	 #N�  ��S�KS* �SS      E?M�
N6 *; �3 �N  �N  � &�Q
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� ��'@3�- ./�-��
'-0 
	.   

%*�� �k  5�:-
N��     ����N/�� �N@� E	
N( �N�3��   
N	Bipolaris sorokiniana     
N� �
N��� �;

&'(
�  
	�; ./�-��
'-0 4��=0 �	
:��
�=0 
	  
Table 1. Effect of antagonistic bacterial on mycelial growth reduction of  Bipolaris sorokinana  

isolates in laboratory tests  

* . �N@� E	
( �X�; ����N/��       � �; `�
N6 !N�
( �N@� =3 vN    �	
N@ �
N�� ) 
N�;º C RK (

9=3�-3 �@ &��.  
*. Percentage of mycelial growth reduction measured after complete growth of the fungus in 

control treatment (25º C). 

.�3 �3&?� �� 5�:-
�� %*�� ;3�"3.  
Numbers are average of three replications. 

** .  3�3; �( ��
	�
���                wn'NY3 &:��N?� 
N� �NX�; #� o]� �; ���@
� �� H&'�� w*&, 

�-�3�- �3; ����.  
**. Numbers with similar letter in each column are not statistically different at 1% level 
according Duncan`s multiple range test. 

        

 &'(
� &Q3 &'(
� &Q3 &'(
� &Q3 &'(
� &Q3     ./�-��
'-0 
	 ./�-��
'-0 
	 ./�-��
'-0 
	 ./�-��
'-0 
	   �c	
�� �@� *�    �c	
�� �@� *�    �c	
�� �@� *�    �c	
�� �@� *�        ( * ���� 
	   ( * ���� 
	   ( * ���� 
	   ( * ���� 
	   ���� ������ ������  %&'�   ���� ������ ������  %&'�   ���� ������ ������  %&'�   ���� ������ ������  %&'�   ��3&@ �;    ��3&@ �;    ��3&@ �;    ��3&@ �; 

�@� E	
( �X�;����/��   Bipolaris sorokiniana 

Reduction mycelial growth of Bipolaris sorokiniana (%)*  

B. sorokiniana KH isolate B. sorokiniana SH isolate  

&'(
�  
	

./�-��
'-0  

 

 ����� 4��=0

�3&C ;3�� 

Volatiles 

test 

 4��=0

4
C���Celophane 

test 

 ����� 4��=0

�3&C ;3�� 

Volatiles 

test 

 4��=0

4
C���Celophane 

test 

Antagonistic 

bacteria  

69 a A 97 78 a ab** 95
  

Bacillus subtilis G1 

57 ab cde 89 67 a abc 93 B. subtilis GH2 

69 a 75 f 63 ab 69f Bacillus sp. H3 

75 a abc 94 55 ab bcd 91 SH4 B. pumilus 

69 a  bcd 92 69 a cde 89 Pseudomonas 

fluorescens  A5   
75 a E 84 69 a de 87 B. cereus D6 

54 ab 72 f 26 b 69f B. pumilus KH7 
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'-0 
	�L� �
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��� <*� �; ./�-��
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&'(
� �
��  �	
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� �/�
D� �; ./�-��
'-0 
	 �-�@ ���� ������  B�@ E	
( b"
�

 *����  
	B. subtilis GH2  �SH4 B. pumilus*  P.fluorescens A5   E	
N( �; 3� &�Q
N� 5�&'�� 

��3�� �
��� B�@KH   B. sorokinina'@3; ��.��
��� B�@ ��3+ ̀ �
N6 ��3�� *; *�  ��N��  

 ;�� 4
/?�.            _
N)��3 *� �-
N/?� &Q3 
2�&D� &'(
� T�'F� 
	�
���  �Nc	
��    ��N�� 
N	  �; 

��3�� ��a, 
	 B. sorokinana * ��'@3; ���� B. subtilis GH2 &Q3 5�&'��� �B*
)� �(�-3 
� 

.@3; 3�.�@� #�&1� 4��=0 �; 5��c�	 �c	
��  ���� 
	 �����  
	B. subtilis GH2 * A5 

P. fluorescens �c	
�� _
)��3 E�3+C3 b"
�   �	
N@ 
� �/�
D� �; ���� 
	   9;�N�0 &N�i �-�N@ .

 �N���  
N	 A5 P. fluorescens �B. subtilis GH2� SH4    B. pumilus  * B. subtilis G1   bN"
�

   4=* E�3+C3        �	
@ 
� �/�
D� �; ��3�	 �3�-3 #�Y  9;�N�0 &�i           5N�3 �; 9
N�� �N@� #N�&1� * 

�-�@ sY
@ . 5��c�	���� 
	  B.subtilis GH2 * D6 B. cereus ��3�� ��a, �;  `�
6 
	

     ��'@3; 3� &�Q
� 5�&'��� �
��� !�
" .  ��
������        ���� #�Y 4=* E�3+C3 b"
� &'(
� 
	

 �	
@ 
� �/�
D� �;9;��0�@ * �- ���� 
	A5  P. fluorescens *  B. subtilis GH2 &�Q
� 5�&'��2�

'@3; 3����� 
�-0 &Q3 B*
)� * � ;�� �3; . ��
�� 5��c�	����  +� �� 
	 �N��� B. pumilus KH7  

 �	
@ 
� �/�
D� �;9;��0 &�i 9
�� �@� #�&1� b"
� �;* �-�@ sY
@ 5�3  ���� B. subtilis 

GH2  * 5�&'������� H3 Bacillus sp..@3; 3� &Q3 5�&'�( ) %*�� R( .  

ZZZZkkkk    &'(
� &�Q
�&'(
� &�Q
�&'(
� &�Q
�&'(
� &�Q
�    H
Y �
��� <*� �; ./�-��
'-0 
	H
Y �
��� <*� �; ./�-��
'-0 
	H
Y �
��� <*� �; ./�-��
'-0 
	H
Y �
��� <*� �; ./�-��
'-0 
	        

&� V
�39;3; 5�:-
�� �/�
D�    
N	 �N��� B. subtilis GH2   E	
N( 
N� K/�K   B�N@ �NX�;

�
���=3 �@
- ��3��   KH B. sorokinana  * ;3; 4
N�- 3� &�Q
� 5�&'��  �N��� H3  Bacillus sp. 

    .N@3; 3� &�Q
� 5�&'�( .              �N��� B*
N)� &:��N?� 
N� �N�3�� *; �
N��� B�N@  3�- �3; .N@. 

���� 
	KH7 B. pumilus � B. subtilis GH2* A5 P. fluorescens �	
@ 
� �/�
D� �;  9;�N�0 &�i 

   �c	
�� _
)��3 E�3+C3 b"
�      * �-�@ ���� 
	  �
������  ./�-��
'-0 
	    +N� �N�   �N� �� H3 

Bacillus sp. � �; sY
@ 5�3 E�3+C3 b"
� ��a,��3��  �
��� !�
" `�
6 
	�-�@ . ��
��

����        9
�� �@� #�&1� b"
� ./�-��
'-0 
	  E�3+NC3 *           * 9�N@ ��3�N	 �3�N-3 #N�Y 4=* 

���� 
	  KH7  B. pumilus * B. subtilis GH25�&'��� �; 3� &�Q
� 4=* E�3+C3   #�Y   �3�-3  
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%*�� Rk&'(
� &Q3   N	  �; .N/�-��
'-0 
 B�N@ � N���
�  �N�3�� *;  Bipolaris sorokinian� 

_
)��3  �4=* #�Y ��3�	 �3�-3�L� �
��� �; ���� *  ����  
Table 2. Effects of antagonistic bacteria on disease rating of Bipolaris sorokiniana, height , 

shoot and root dry weights of wheat seedling using seed treatment 

.�3 �3&?� �
�M 5�:-
�� %*�� ;3�"3.              Numbers are average of  four replications 

]� �; ���@
� �� H&'�� w*&, 3�3; �( ��
	�
��� ���� wn'Y3 &:��?� 
� �X�; #� o  

 %*��Rk) ��3;3                                                                   (Table 2. (continued)  

��3�� �
���  
	

&'(
�  
Bacterial 

treatment* 

B�@ ����
� 

Disease rating 
(%)** 

_
)��3 9
�� 

Height (cm)  

4=* #�Y ��3�	 �3�-3 

Shoot dry weight (g)   

4=* #�Y 

���� 

Root dry weight 
(g) 

KH+C0 55 a 27.35 j 2.72 kl  1.78 o  
KH+G1  21.25 d 29.5 hij 3.21 efg 2.46 hi 

KH+GH2 23.25 cd 34.25 cde 3.20 fghi 2.39 ij 
KH+H3  27.25 bcd 29.57 hi 2.92 ijkl 1.95 n 

KH+SH4 22.75 d 31.11 fgh 3.36 fgh 2.47 ghi 
KH+A5 20.25 d 33.40 def 3.58 ef 2.54 gh 
KH+D6  23.75 d 31.30 fgh 3.12 ghij 2.29 jkl 

KH+KH7 29.25 bcd 30.37 gh 2.82 jkl 2.16 m 
SH+C0 59 a 27.92 ij 2.66 l 1.79 o 
SH+G1  34.25 bcd 29.77 ghi 3.0 hijkl 2.02 n  

GH2+SH 24.5 bcd 34.27 cde 3.59 ef 2.52 gh 
SH+H3  30.5 bcd 30.27 gh 3.05 hijk 2.28 kl 

SH+SH4 28.75 bcd 32.07 efg 3.24 fghi 2.38 ijk 
SH+A5 26 bcd 33.17 def 3.47 efg 2.48 ghi 
SH+D6  29.25 bcd 31.20 fgh 3.21 fghij 2.37 ijk 

SH+KH7 35.5 b 30.05 ghi 2.85 l 2.20 lm 
CH+C0 - 34.55 bcd 3.86 de 2.58 fg 
CH+G1 - 35.5 bcd 4.44 bc 2.78 cd 

CH+GH2 - 39.1 a 4.93 a 3.02 a 
CH+H3  - 35.45 bcd 4.2 bcd 2.74 de 

CH+SH4 - 36.12 bc 4.66 ab 2.86 bc 
CH+A5 - 38.82 a 5.09 a 2.95 ab 
CH+D6  - 36.73 b 4.27 bcd 2.75 de 

CH+KH7 - 34.92 bcd 4.06 cd 2.67 ef 
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 �-�3�- �3;  
Numbers with similar letter in each column are not statistically different at 1% level.  
*. G1*  GH2  : Bacillus subtilis � SH4 * KH7  : Bacillus pumilus �  D6 :Bacillus cereus �A5 

 Pseudomonas fluorescens   *   H3 Bacillus sp. � C0 �&'(
� 4*�� �
��� KH   5�N�Y ��3�� 

Bipolaris sorokiniana �  SH  �-=
@ ��3�� Bipolaris sorokiniana* CH `�
6 4*�� �
��� .  
C0: treatment without bacterium, KH: Bipolaris sorokiniana KH isolate, SH: Bipolaris 

sorokiniana SH isolate and CH: treatment without fungus 

     **. �
��� B�@  :���� �X�; 9;��0 
	.  
**. Disease rating: percent of infected roots. 

  

�-;3; 4
�- ��3�	.  5��c�	���� �+� 
	 �	
@ 
� �/�
D� �; ��9;��0   ��'N@3; &N'�� &NQ3 +�-  .

���� 
	 KH7  B. pumilus � B.subtilis GH2  D6 B. cereus ���� #�Y 4=* E�3+C3 b"
�  �;

Z
�i `�
6 B. sorokiniana  �-�@ )%*���( .  

%*�� �k&'(
� 4��/-
A��� 
� ���� �
��� &Q3   *� ./�-��
'-0 
	B�@ ����
���3�� *;  

 Bipolaris sorokiniana�_
)��3  9
�� �4=* #�Y ��3�	 �3�-3 ���� *   
Table 3. Effects of antagonistic bacteria on disease rating of Bipolaris sorokiniana, height, 

shoot and root dry weights of wheat seedling using soil drenching 

��3�� �
���  
	

&'(
�  
Bacterial 

treatment* 

B�@ ����
� 

Disease rating 
(%)**  

_
)��3 9
�� 

Height(cm)   

4=* #�Y  �3�-3

��3�	  
Shoot dry weight(g)   

4=* #�Y ����  
Root dry weight(g)  

KH+C0 68.25 a 27.42 n 1.71 j 1.58 m  
KH+G1  36.25 bc 30.42 klm 1.06 hij 1.96 jkl 

KH+GH2 15.5 d 36.74 defg 2.89 cde 2.18 cdef 
KH+H3  37.5 b 29.01 lmn 2.31 ghi 2.02 hijk 

KH+SH4 30.75 bc 33.02 hijk 2.12 hi 2.05 ghij  
KH+A5 23.75 bcd 33.74 ghij 2.25 hi 1.94 kl 
KH+D6  28 bcd 32.67 ijk 2.32 ghi 2.1 fgh 

KH+KH7 29 bcd 36.68 defg 2.67 efg 2.13 efg 
SH+C0 70.25 a 28.22 mn 1.72 j 1.61 m 
SH+G1  30.5 bc 34.25 fghi 1.99 ij 1.96 jkl 
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 %*���k) ��3;3                                                                   (Table 3. (continued)   

  

  

.�3 �3&?� �
�M 5�:-
�� %*�� ;3�"3.  
Numbers are average of four replications 

                 �N��� wn'NY3 &:��?� 
� �X�; #� o]� �; ���@
� �� H&'�� w*&, 3�3; �( ��
	�
���

�-�3�- �3; .  
Numbers with similar letter in each column are not statistically significant different at 1% 

level.  
* 

 G1 * GH2  : Bacillus subtilis � SH4 * KH7  : Bacillus pumilus �  D6 :Bacillus cereus �A5 

Pseudomonas fluorescens    *   H3 Bacillus sp. � C0 �&'(
� 4*�� �
��� KH   5�N�Y ��3�� 

Bipolaris sorokiniana �  SH  �-=
@ ��3�� Bipolaris sorokiniana* CH `�
6 4*�� �
��� .  

C0: treatment without bacterium, KH: Bipolaris sorokiniana KH isolate, SH: Bipolaris 

sorokiniana SH isolate and CH: treatment without fungus. 
**. �
��� B�@ :���� �X�; 9;��0 
	.  

**Disease rating: percent of infected roots. 

        

GH2+SH 21 cd 36.03 efgh 2.92 cde 2.09 fgh 

SH+H3 34 bc 29.85 klmn 2.03 ij 1.9 l 

SH+SH4 31.25 bc 34.49 fghi 2.9 ghi 2.01 hijk 

SH+A5 36 bc 30.92  jklm 2.3 fghi 1.98 ijkl 

SH+D6  34.5 bc 31.84 ijkl 2.48 fgh 2.06 ghi 
SH+KH7 25 bcd 36.4 defg 2.74 def 2.17 def 
CH+C0 - 37.3 def 2.9 fgh 2.21 bcde 
CH+G1  - 38.67 cde 3.07 cde 2.75 abc 

CH+GH2 - 43.89 a 4.15 a 2.36 a 
CH+H3  - 38.15 cde 3.21 bc 2.23 bcd 

CH+SH4 - 39.82 bcd 3.29 bc 2.27 abc 
CH+A5 - 42.27 ab 3.15 bcd 2.95 a 
CH+D6  - 40.92 abc 3.29 bc 2.24 bcd 

CH+KH7 - 43.97 a 3.59 b 2.33 a 
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������ ./�-��
'-0 
	�� �;
6 9;
)'�3 ;��� �3&C ;3�� �����   � &NQ3 * 9;��  ���N-�3;=


�� �3&C ;3���� G1 B. subtilis;�� &'���  .���&� �� 4
�- 9�@ �
7-3 
	    �N���� �3&NC ;3�� �	;

  �NN��� 9�NN@ B. subtilis    ����NN/�� �NN@� E	
NN( bNN"
�Pythium ultimum Trow. *   

Kuhn   Rhizoctonia solani �� ;;&� .� 5��c�	�3* ���?@(�� �; �����N/�� 
����� * 4�@ �� 

`�
NN6  
NN	      9�	
NN�� &'(
NN� 5NN�3 �NN��� 9�NN@ �NN���� �3&NNC ;3�NN� &NNQ3 �; ��NN�+�NN@�   

)Fiddaman & Rossall 1993 .(      +(�N�� �NX�; *; *
N, ��3LNi �
N�0 ��1� =3 ���&� 5�3 �;

��3�� .�( .�� ��;&� 9;
)'�3 &'(
� 
	 .3=*� * 5�3��C ���� 9�@ �
7-3 B
��
]� U2G% 

���� �3&C ;3�� �����B. subtilis  ��1� �;       * 9;�N� &'N��� �N-�3; &�q
N� �N�6 �X�; �( ��
	

       �� E�3+C3 +�- &'(
� 5�3 �M�
6 �8 .��
�C ��
�. .����
'�          5N�3 �N��� 9�N@ ����� �3&C 
	

         !?�3 &�O- ;3�� !�
@ * 9;�� %��1� Z0 �; &'(
�   ���3 � 
	� 4�'(� 
	�     �N� 
	&'�3 * 
	  �N@
� 

)Fiddaman & Rossall 1994.( �3 �; ���&� 5���� A5 P. fluorescens  bN"
� �3&C ;3�� ����� 
� 

 ����/�� �@� E	
( B. sorokiniana 43+�� ��jK/I���;&� �X�;  .  B
ND�D1� r�
'- ;�
N/�* * 

 43�
NN?�	)Voisard et al. 1989 (;3; 4
NN�-    �NN��� 4$*��NN�	 ��-
�NN� �NN���� �NN(�NN���  

CHAO P. fluorescens� ������  �
��� E	
( b"
� ;&� 4���� ���� 9
�� * � �N�3��   
N	

             4$*��N�	 ��-
�N� ����� �� �;
6 �( &'(
� 5�3 �'C
� E��;�2-          �N�,* �N�� �N� .2N/- ��N-

)CHAO (��'@3; �
��� %&'�( �; &'�( &�Q
�. 

����                  ;
N�= 43+N�� �N� ����N� ^�
NY B
N2�(&� ����� 
� &'(
� 
	 )Ijkjl ( %  �N@�

����/��  B. sorokiniana( 3� �� * �-;3; E	
�� 
	  B. subtilis���'@3; 3� &�Q
� 5�&'�� .  �N����

.����
'� 
	�'-0 9[�* �� ���-
Q  #����� 
	�5�/����
� ��-
� � (Bacilycin)�'�3 ��5�k0(Iturin A) �

5�/�
��7�C (Fengymycin) 5�N/�
�����
� � (Bacillomycin)*   5���N�
��?�
�  (Mycobacillin)  �N�
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