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Biocontrol ability and population dynamics of bacterial antagonists against 

Sclerotinia sclerotiorum in canola 
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5
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8
# D\�*���"!( 5$ � S. sclerotiorum�����. V�
8 )*�+� qr& �� �$"	 M$�#$ ��   

$��� O�8 $�� VH� 5$ DU5 �
- )�&"%   )A
& 5$ {�,�� )A
& �& 
% �& )� O( I�9
� )� �8
� 

$�(�9 I�
�# �� ���� O�
�9$   )A
& I�'68 )� �-�� ��� 0
��"8  .)#"�# k"�-� 5$
	
 VW��� 


�5( )� 0�8� 0
34��$�� � )S. sclerotiorum M$�#$ 5$
	
$"	 ��� �5
&$�� 0�"!( O
	

   

��� T!
U��.  

��$+��
��� O"�5(��$+��
��� O"�5(��$+��
��� O"�5(��$+��
��� O"�5(        

! $������. D\�* I�$   � � �� DU5 �
-
 )A
& �� 
% ��5$ l. �*
& 
� �)#5� 5$ 

$ VH���W%   �8 k �8 DU5 �
-�
, " 5$ l.�t
% �S 5$   0�8 0�"!( V�
� �"F )� )A
& 5 � 

���9� I .�����. Z�"1 )� $���$ �� D\�*��& �8� lc&   �� J��'�M" $� )A
& O �� 
	

!
U�n$�� ��   0��� . V�64% Z ��6&$ )A
& O �� )�9�4���� V�� .� 5$�$�� O
�
	 )
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� ��%�� � �� Z�
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� � O
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��$�#$ 5$   �8 
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A 0�"!( �)#5�5
� 0�8 �O"�5( ���   �9
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Q�#$ 

�����.  


���
� 
5
&$��
���
� 
5
&$��
���
� 
5
&$��
���
� 
5
&$��"�
�#( 

	"�
�#( 

	"�
�#( 

	"�
�#( 

	�'�#�'�#�'�#�'�#        

 k"�-� 5$��S���
� 
� 0�8 $�� ��$�� � ))�t�1��  (� 5$�  �2& +��$�� �) )wt 

�1�� (O(9 5$ 
	�� �2&"��5
� $+�� 0
�5
& T!
U   �9

�"� 0�8 .  


���
� ��
&
�8
���
� ��
&
�8
���
� ��
&
�8
���
� ��
&
�8�'�#"�
�#( 

	�'�#"�
�#( 

	�'�#"�
�#( 

	�'�#"�
�#( 

	        

$���)
	
#"�
�#( �O"�5( 5$ 0�
2�&$ 
� �'
	
A$��9$ �R# � ��1�� )& 7
�. �� M�� �

64%�$ V5$"	 �8� ��"c& �#
�   �5$"	
!"%   �. ��O
�3
	
 � ��&�"�9 
 KB  � )� 

���
� 0 ��

	
 l�� 5$ �,Y� M�� Bacillus )��$���) Bs48, Bs32, Bs28, Bs52, Bs77, 

Bs92, Bs34, Bs 22, Bs68, Bs56, Bs45 (���
�  

	
2�� M�� � l�� 5$ Pseudomonas 

)�$���)Pf41,Pf51 (62%���� ���#�)Schaad et al.,2001 .(1"/U�9 Z
�+�L"!"�6�   

��8"���
��$�� �)
	
 PseudomonasR# �'�$ ��!"% �5$��%XL a � �O$"! ��	 �I�! ��� +

n$ �)�&
4#�# �
�#L�( �Z$���	� I� )#"� �� $� 
�#( 5X ��P. fluorescens$��   �)
	
 Bacillus 
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&$ ��
	
64% ��A"�   V���$�A ���
& x�/� ��"c& �#$ � ��# )� V�H% �Z$��

 )#"� O$"�* )� �\"6&�. L  O"�5(   M
�FB. subtilisQ4% ��8 0�$� T)Schaad et al.  2001( �

$��
$�� �)
	
 Pf41  Pf51N��$  
	
 	 �M���! ��� O$"�* )� 5 ��"& 5$ 0�
2�&$   )�&
4# +

2�� I��� J,���N��$    
	
!"% ����&�"�9 }#� �'�$ �%XL a � �5$��n$ �I�# �
� �Z$��

#L�(�� I
	 � 5$ 0�
2�&$   5X ��Ds��"& �5"��X
��$��   �"� �,Y� 5"!
	�%   +�"�� �G"�� )

Pf51 )� ��
A !"%�!
n �� �"� 5 ��"& 5$ O$"! ��$�� )6� )Pf41 )� ��
A !"%� 5$ O$"! �

$��   �",#5 ��"&� )Pf51 5$ 0�
2�&$ )� ��
A Ds$5� 5"�%�"1 �� �",# I��� J,�� O$"�* )�� )� 

$��� )Pf41 5$ 0�
2�&$ )� ��
A Ds$5��"� I��� J,�� O$"�* )� 5"�.  

$��
$�� �)
	
 Bs48, Bs32, Bs28, Bs52, Bs77, Bs92, Bs34, Bs 22, Bs68, Bs56, Bs45 

N��$ 
	
 �"c& �#$ �M��)+���
(	 �5X
%
� ��! ���%XL +�	 �I�! ���� �)�&
4# + x�/

&�n$ �Z$���# �
�!"% �Z$���&$ �� 5$ �Ds�$�( �+�"��� e"r& �� M
�F ��# )� V�H%   5"�

%`� %� �%�   %;� �� �8� �PH
	 
 =/�   �/�
�� �� �8�   
	
 <�   y��#
& )��� � �$�3

N��$    �,Y� �\"6& �. L  O"�5(  
	
� �8� �5$"	 
'�$ ���&�"�9 }#� �� �8�   5$�


�� ��
 �� �#
& )���2�� �$�3��"�  .!"%�&$ �� 5$ �Ds$5�$�� 5"�
$�� �)
	
��� Z 
2�� � �

�"�.  

�'�#"�
�#( 

	 )�$�� a
Q�#$�'�#"�
�#( 

	 )�$�� a
Q�#$�'�#"�
�#( 

	 )�$�� a
Q�#$�'�#"�
�#( 

	 )�$�� a
Q�#$        

$ ���&��� I� ��S$�� ����
� )
� 5$ �$"	 M$�#$   �2& +��� ���� $�� $+�� O
	
�   �

 V�
W�� �4� O"�5( 7
&$ ��)Dual Culture ( 1
U���#�$�5
� ��
W� �� 
�#(  C�
A V�S. 

sclerotiorum&��� ��"� ��9�� �$�A  .��#�$�5
� Z��A� �	 �$�� 5$ ��
	 )
���
� �
�� �� 

$ )�1
9 7
&$
� )� �$��   C�
A )���. I����
� )
$ �� 05$�#$ ��"� 0�8 �
-��
   �8 

$���)
	
$�� 
#$"% 
��� Z
�!
r� 
�#�8 a
Q�#$   .���
� k"�-� 5$

	 
 0�8 $�� �� 

$���!
�9 )�#"�
�#( ���'��"�r� �$ 5$ )� �#�$� O
4# �"U 5$ �$�� �)*"�-� I�)
	
 Bs77, 

Bs92, Bs34, Bs 22, Bs68, Bs56, Bs45, Pf51$"	 M$�#$ 5$ ��   $+�� $���)
	
 Bs48, Bs32, 

Bs28, Bs52,Pf41� 5$ �5
&$�� $+�� �2& +
�#�"� 0�8  .  

 �$�9 

	 ��!"�
�� �h$ �&��� �$�9 

	 ��!"�
�� �h$ �&��� �$�9 

	 ��!"�
�� �h$ �&��� �$�9 

	 ��!"�
�� �h$ �&���  

$ ���( I+-% 5$ 0�
2�&$ 
� O"�5��$  )�
W�   l#
�� )'�3#
�
	 0�$� I
 O( 5$ V1
n 
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� )� �8 0�$� O
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	 �
����� x��U$ ���$� �"�  �$� )G ��� (  

$���)Pf51 P. fluorescens
�  %��,��� �8� N	
� �1�� ���4�$��   I�)Bs52 B. subtilis 
� 

%��,������ �8� N	
� �1�� � Ih
% ����8$� C�
A �8� �� $� � .  

 ��%"�� ��#( ��!"% O"�5( ��%"�� ��#( ��!"% O"�5( ��%"�� ��#( ��!"% O"�5( ��%"�� ��#( ��!"% O"�5(  

$���
	 )
#"�
�#( �h
% �R# 5$ �'�!"% ���#( ����%"��"�� �� ���
� �8� 5$ ��'� M"
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 Bs68 B. subtilis   Bs56 B. subtilis  � 
��SS� �8� N	
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B. subtilis 
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�#�$� O
4#   .
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&$ ���� )'�3#
� 
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$��� )Bs45 B. subtilis
�  %�SS� �8� N	
� ���4�$��   I� )Bs77 B. subtilis 
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�����h
% I�� �8� N	
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$��
$ �  �R�p �� �8� )� ��
A )� �9�� �$�A 0�
2�&$ ��"� �"R�� I�tS. � ..� .  � �	 M$

�#(�� �%"��"� �.  

 G ���
W� ��� )'�3#
�0�$� I
	
&��� 5$ V1
n �#
6� �D'
	
#"�
�#( ��'�$�� �
	 )
 

P��Q�) Pf(Pseudomonas fluorescens    Bacillus subtilis (Bs)�*�C�
A )  

Sclerotinia sclerotiorum $�8 ���8 O �� ��)4$
)��$� ��@ O"�5( 5$ 0�
2�&$ 
� $
 

I6#$�  
Table 1. Comparison of means of data as a result of different antagonistic mechanisms of 

different isolates of Pseudomonas fluorescens (Pf) and Bacillus subtilis (Bs) against 

Sclerotinia sclerotiorum in vitro using Duncan' multiple range test 

�"9 ���&  

)�������(  

  

  
Siderophores 

 [�
U J�
� �$"�

�!"�&  

) �1��

���#�$�5
�(  

  
Culture filtrates 

��#(��%"��  

) �1��

���#�$�5
�(  

  

  
Antibiotics 

�$�9 �$"�  

) �1��

���#�$�5
�(  

  
%inhibiton  
Volatiles 

 

)�$�� 

	

�'�#"�
�#(  

  

  
Antagonist’s 

isolates 

9 a  87.38 b 88.51 b 83.33 a Pf51 
6 ef 63.96 d 47.03 e 78.97 a Bs92 
3 e 79.72 c 37.03 f 60.31 b Pf41 
4f 90.53 b 100 a 55.95 bc Bs68 

4 bcd 83.78 b 70.26 c 52.37 bc Bs32 
4e 100 a  35.92 f  51.58 bc Bs45 
1 e 86.93 b 42.21 ef 51.58 bc Bs22 
6 f 15.31 g 60 d 45.63 bcd Bs77 

7abc 67.11 c 100 a 44.44 bcd Bs56 
2 a 85.58 b 76.29 bc 42.85 cd Bs34 
3 ab 61.25 d 42.22 ef 42.453 cd Bs48 
1.2 e 22.96 f 83.7 bc 41.66 cd Bs28 
8 e 53.01 e 40.73 ef 34.123 d Bs52 
0 g  0 h 0 h  0 e CHECK 

 *%�
	�
���$�$� )� 
 �� d��4� x �n �� O"�& �� qr& �� ���8
�� 
� �1�� ���6� �3

��� x��U$��#�$�# �$�.  
* Values with the same letter in each column are not significantly different at 1% level 

according to Duncan� s multiple range test. 

�� �$�*$� G �3#
����'	 �$�6% )& I.  
Each value is mean of three replications. 
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$ )#
Q�� 
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���
� �h$

	
#"�
�#( � � �'
$"	 M$�#$ �4U  �% O5  ���   � 05$�#$ TU
8   )4

 DU5S. sclerotiorum    % ���
	�
�
    TU
8 O$"�* )� P��Q�
	��$�� 
$�
� �� G���� 

��L"!"�6�� ��
�
5 e�8 )� �&��� ���8 .  

��$"	 M$�#$ �4U   �% O5  TU
8��$"	 M$�#$ �4U   �% O5  TU
8��$"	 M$�#$ �4U   �% O5  TU
8��$"	 M$�#$ �4U   �% O5  TU
8        


�#�&��� 5$ V1
n g�$ �� )� �$� O
4# TU
8 I�% I�#"�
�#( Z$�h$ �R# 5$ 
	�
�� �'

M$�#$ �4U   �% O5  ��
	
$"	 ����� Z 
2% ��$�
 qr& �� %���$� �"�    . 7
&$ ��


W��� )'�3#
�0�$� I$�� �
	�)  P. fluorescens Pf51$+9$ f�"� �,Y� �	
8 )� �,'# � N�i 

  �% O5  ���1��i�M$�#$ �4U O5  �� �1��  
	
$"	 ��� ��&$ )�8$� O
�+ )G ��� .(


�# 
9
m��#"�
�#( �"��
9 )& �h$ )� �$� O
4# g��"�� N6@�
A   OL"%
. ��'� � �� V
 O5  

$"	 M$�#$ �4U  �%����� x��U$ � �$�
�#( V�
W�� Z$�h$   �#�$� # 
�$�$� +
 x��U$ 

���� �$�
� � ��8
� .  

)4�� �4U   �% O5  TU
8)4�� �4U   �% O5  TU
8)4�� �4U   �% O5  TU
8)4�� �4U   �% O5  TU
8        


�#�&��� 5$ V1
n g�$ �� )� �$� O
4# TU
8 I�% I�#"�
�#( Z$�h$ �R# 5$ 
	�
�� �'

 �
� �4U   �% O5  ���� Z 
2% )4��$�
 qr& �� %���$� �"�    .
W� 7
&$ ��� )'

��3#
�0�$� I$�� �
	� )P. fluorescens Pf51$+9$ f�"� �,Y� �	
8 )� �,'# �N��/�� 

  �% O5  ���1���S� �4U O5  �� �1�� �� �� )4��&$ 0�8 O
�+ )G ���  .(
�#� O
4# g

#"�
�#( �"��
9  � �h$ )� �$�� � �� OL"%
.   �'
� �4U  �% O5  ���� x��U$ )4��$�
 

!  )�8$���"�� N6@�
A  � � �� V
� �4U  �% O5  ���� �h$ )4���$
�8$�#  . V�
W���h$

#"�
�#(� �� N6@�
A   OL"%
. ��'��6�# �3���� x��U$ +��$�
�$�# O
4# .   

DU5 05$�#$ TU
8DU5 05$�#$ TU
8DU5 05$�#$ TU
8DU5 05$�#$ TU
8        


�#�&��� 5$ V1
n g�$ �� )� �$� O
4# TU
8 I�% I�#"�
�#( Z$�h$ �R# 5$ 
	�
�� �'

 �
��� Z 
2% DU5 05$�#$ ��$�
 qr& �� %���$� �"�    .
W� 7
&$ ���� )'�3#
�0�$� I �
	

$��� )P. fluorescensPf51 f�"� �,Y� �	
8 )� �,'# �/�� �� DU5 05$�#$ �� N	
� �1�� 

���&$ 0�8 O
�+)G ���  .(
�#�#"�
�#( V�
* )&�h$ )� �$� O
4# g� N6@�
A   OL"%
.   �'

 � ��
��� x��U$ DU5 05$�#$ ��$�
�#�$�  .  
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G �� �s 
W��� )'�3#
�0�$� I
	
V1
n h
% 5$ ����
� �
#"�
�#( ��'  

Pseudomonas fluorescens�*  � C�
A )Sclerotinia sclerotiorum  g�. 5$ 0�
2�&$ 
�

)��$� ��@ O"�5( 5$ 0�
2�&$ 
� )#
Q�� O"�5(�� Z 
2�� TU
8$
I6#$�   
 (P≤ 0.01)  

Table 2. Comparison of means of five different indices as influenced by antagonistic bacteria 

Pseudomonas fluorescens Pf51 against Sclerotinia sclerotiorum in greenhouse 

experiments using Duncan's multiple range test (P≤0.01) 

FWC 
+  

FWR  
(gr)  

 M$�#$ �% O5 
   ��$"	
)4��  
 

LS 
) (cm2 

DU5 05$�#$   
 ��� ��#
& )�

J���  

DWR 
(gr)  

 �4U O5 
)4��   
M�� )�  

FWR 
(gr)  

 �% O5 
)4��  
M�� )�  

DWC 
(gr)  

 �4U O5 
��$"	 M$�#$   
M�� )�  

FWC 
(gr) 

 M$�#$ �% O5 
��$"	  
M�� )�  

�
��%  

106.97 a 0 c 8.17 a 45.4 ab 30.4 a 61.57 a* nc 
76.45 cd 0 c 7.25 ab 40.45 ab 19.67 c 36 c f 

9.1 e 25.5 a 1.36 c 4.4 c 2.18 d 4.7 d pc 
65.82 d 8.25 b 4.72 b 29 b 18.15 c 36.82 c f+p 
98.27 b 0 c 8.45 a 46.57 ab 26.11 ab 51.7 ab 51w 
72.05 cd 0 c 7.02 ab 33.7 ab 19.85 c 38.35 c 51w+f 
81.57 c 6.25 bc 6.97 ab 36.92 ab 28.22 a 44.65 bc 51w+p 

74.92 cd 5.75 bc 6.02 ab 38.65 ab 21 bc 36.27 c 51w+p+f 
94.11 bc 0 c 7.8 a 41.76 ab 26.37 ab 52.35 ab 51m 
93.95 bc 0 c 6.05 ab 49.9 a 22.32 bc 44.05 bc 51m+f 
75.16 cd 7.5 b 6.57 ab 34.87 ab 26.08 ab 40.29 c 51m+p 
80.54 c 7 c 6.5 ab 45.34 ab 20.92 bc 35.2 c 51m+p+f 

FWC: Fresh weight of canopy; DWC: Dry weight of canopy; FWR: Fresh weight of roots; 

DWR: Dry weight of roots; LS: Lesion size; nc: negative control, 51m+P: mutant antagonist 

+ pathogen, 51w+P: antagonist + pathogen, 51m+P+F mutant antagonist+ pathogen + 

benomyl, 51m+F: mutant antagonist+ benomyl, 51w+P+F: antagonist+ Pathogen+ benomyl, 

F:benomyl, 51w+F: antagonist + benomyl, 51m:mutant antagonist, 51w:antagonist, pc: 

positive control, F+P: benomyl + pathogen; gr: gram, cm2: square centimeter. 

%�
	�
���$�$� )� 
 �� d��4� x �n �� O"�& ��� ���8
� qr& �� 
� �1�� ���6� �3

��� x��U$��#�$�# �$�.*  
*Values with the same letter in each column are not significantly different at 1% level 

according to Duncan� s multiple range test. 

� G �� �$�*$�3#
����'	 �$�6% �
�@ I.  
Each value is mean of four replications. 
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�#( ��% �� �'�
	�
�
$�� )� �"��� �
	 )
 �$�#
4# 

0�8)51m (��
�  
) 51w (Pf51 P. fluorescens
�5( G"F �� �
	 N
$ )#
Q�� 
 5 � g�. 

! $ 5$ l.�
� I�#5 )�)� & ����
� )�
#
�5 V1$"9 ��   � 5 � g�. �	 �
,6�9�� Z�"1 �  .


�#���� )� �$� O
4# 0��( �&� )� g����
� �
)�   0�8 �9$ �
@� $���$ 
	cfu/ml �S� × �,� 

  cfu/ml �S� × �%�% )� �#"�
�#( �� f�%   �$�#
4# �'�4n  ��&� �!  �� ��$�W�&$ 5$ l. 

��% )����� g�$+9$ �� N�)�  )�9
 cfu/ml �S� × �,t#"�
�#( �� �  �$�#
4# �' cfu/ml �S� × 

i,t#"�
�#( �� �% �'��4n �&� �$ ���$+9$ I�
.   N��$�
��� �� �"mn �� ��# ���
�� +

� G���� f,&   0�8 �2n��
�
��� �� .� x�F 5$�h
% N6@�
A �"mn �3�2�� �� �� 

�������
� �
��� N	
� f,&   )�8$� ��8 
�#( �)V68
	
 � �.(  

        

�H��H��H��H�        

$ ���WH% I� k"�-� 5$ E��S� $�����
� )�
��� 5$ 0�8 $�� �
	 M$�#$   �2& +
$"	 �� 

 $+����$�� �$�$� )

#$"% ��#"�
�#( ��'����� 

& )� �,'# ����#�"� I  .h
%���% �� �$�9 Z
,

@�
A �v�$�� �
	 )
#"�
�#( � � �'
� �8� ��'��"� C�
A S . sclerotiorum  )�!
r� ��"�

�� )� �8 TQ4�   �9�� �$�A�$ )�$�� I���% 
	 )��$�9 Z
,
!"% $� �� ��
�# �h
% )� ��� �

�"�r���"�� �� ��
� �8� 5$ ��'��"� C�
A S. sclerotiorum��$� .  


&
�8 ��"� ������% k"# �$�� �$�9 Z
,�
	 )
 Bacillus spp.WH% �5 Z
W��

 Z�"1 

!"% O"�� 
%   �&$ )�9�����% ���$�9 Z
,

	 V6!$ VY�  )$��( +�V6!$ V(!( �	�� 
	 O"�� �
	�

$�� �&"% 
	��&$  �
	 )
 P��Q� Bacillus spp.��#�$�5
� �� ��"�� �� 
�#( a"�r� ��
 5$ 

 � �8��4�&   
	 C�
A ����
�"#

&� Z
,h$ )� 
	 � �&$ 0�)Fiddamen & Rossall 1994.(   5$

��% )�����$�9 Z
,
$�� �&"% )� �
	 )
 P. fluorescens !"%�� ��� �"8 �#$"% & ��#
� �

	�OL ��)HCN ( &��� �� )� �8
��
	 
��&
� �&"% 0�8 M
-#$ ���&
�   �� �  

)Castric & Castric  1983 ( !"%�$�� �&"% O( ��
	 )
 P. fluorescens &� Z
,h$ )���.    
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4# )�$�� ����� Z$����% �# � 

	51m Pseudomonas fluorescens 

	�
��% �� 

Q� � 
$ )#
Q�� N�
�5( P��51m : �
��% O
%"� �'�#"�
�#(51m+F ::O
%"� �'�#"�
�#( +

 �V��"��51m+P :O
%"� �'�#"�
�#( + ����
��� 51m+F+P : :O
%"� �'�#"�
�#( +

V��"��+���
���.  
Fig. 1. Population dynamics curves of Pseudomonas fluorescens mutant in different treatments in 

greenhouse experiments, 51m: mutant antagonist, 51m+F: mutant antagonist +Benomyl, 

51m+P:mutant antagonist+pathogen ,51m+F+P: : mutant antagonist +Benomyl+pathogen. 
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V68�s ��H���4n  ��% )�$�� ����� Z$����% �# � 

	51w Pseudomonas fluorescens �� 


��% �
$ )#
Q�� N�
�5( P��Q� 

	�51w : �
��% �'�#"�
�#(51w+F : : �'�#"�
�#( + �V��"��

51w+P : �'�#"�
�#( +����
���51w+F+P : : �'�#"�
�#( +V��"��+���
���.  
Fig. 2. Population dynamics curves of Pseudomonas fluorescens wild-type in different treatments in 

greenhouse experiments, 51w: antagonist, 51w+F: antagonist +Benomyl, 51w+P: 

antagonist+pathogen,51w+F+P: antagonist+Benomyl+ pathogen. 
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