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Antagonistic mechanisms of wheat rhizosphere fluorescent Pseudomonads  and their 

inhibition on root pathogenic Fusarium species in Fars province 
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Table 1. Characteristics of wheat samples collected from Fars province 

 

 

.���� .5x)� ��+ ��  
Location 

.�	)�  
Code 

.�\��  -�)� ���� �
*)ZGS(  

Growth stage 
 �	=�	�Badjgah 

A .�+   ��
� �)A(  
Grain milk (7) 

*	8� $�   
Dasht-e-Bakan B  ��
�T � .�+ )�(  

Grain dough (8) 
*	=2 Gahgan 

C  ��
� � .�+ )A(  
Grain milk (7) 

�> 	� Badeki 
D  ��
�T � .�+ )�(  

Grain dough (8) 
*	k�	��	)F Chnarshijan 

E  ��  .��T)Z(  
Heading (5) 

 ��D	�Shapoor 
F ��, .k)D) �(  

Tillering (2) 
o��  Deris 

G ��, .k)D) �(  
Tillering (2) 

 .)
=�# KD 
Pol-e-Abgineh H  ��  .��T)Z(  

Heading (5) 
*	/��D � .F	��   

Parishan Lake I ��, .k)D) �(  
Tillering (2) 

  	�# *	�Jahanabad 
J ��, .k)D) �(  

Tillering (2) 
 	�# 3�� Rashanabad 

K  ��  .��T)Z(  
Heading (5) 

 	�# �	
%+ Elyasabad 
L  ��  .��T)Z(  

Heading (5) 
 �%	�� K��N. Samal 

M  ��  .��T)Z(  
Heading (5) 

���)� K�� S. Samal 
N  ��  .��T)Z(  

Heading (5) 
	"' � .��\ Fasa 

O  ��  .��T)Z(  
Heading (5) 

 �+�+  � .��\Darab 
P .��T  �� )Z(  

Heading (5) 
  	PPP�# ,��PPP
' � .PPP��\ 

Firoozabad Q  ��  .��T)Z(  
Heading (5) 

 9��
� � .��\Niriz 
R  ��  .��T)Z(  

Heading (5) 
 	�#��� � .��\ Noorabad 

S  ��  .��T)Z(  
Heading (5) 

*	Q!�+ � .��\ Estahban 
T  ��  .��T)Z(  

Heading (5)  
 

ZGS = Zadoks' growth stage 
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 ��

.�+�� S
</6.�+�� S
</6.�+�� S
</6.�+�� S
</6     	� 	� 	� 	�  

 .
�> �   .�+�� �                B�� .P� -�P� ;)P>+� 3
P
&6 ��P�# $�  .� �	� ��P�	�  �� � *+�	P8 
)Suslow et al. 1982( �  �PP� � �,+�PP� �PP�� *�PP�,#   B�� .PP� �,+�PP� *�PP"1�U � �PP
�  
)Hugh & Lifson 1953(      B�� .P� 9>�P�� ,+ ,	P� �P
%�6 � ,U	P6	> �*+�% �
%�6 *��,# �  W�P
�%
� �8� )Leliot & Dicky 1984(   B�� .P� ,+�
P">+ *��,# � o>+��P> )Kovacs 1956(  ;)P>+� �

    B�� .P� *�P6�6 ��� $
P�	"\ ��'  $P)��>  *+�	P8�� �)Kelement et al. 1964(  *�P�,# �
        �
%�6 �3
%�8�+ 9
%���
� �,# ���+  �,	)
!8DH2S      ��� ��� �*�!:D ,+ KCN � %    (�
� ��� �q+ �

   B�� .P� ��P�!
%  	P� Schaad et al. 2001)(     B�� .P� 3
P�O�# 9
%���P
� *�P�,# � �����P6 
)Thornley 1960(  3
PP6UO 9
%���PP
� *�PP�,# � �  B�� .PP� W+�PP!
� �	PP
\+ � �PP'��PP��D  
)Fahy & Peresly 1983( 3���6 9
%���
� *��,#��z  � 3
P�O�# �3�9
% � ,	)
�# �  3
�U# K
!� � 

 B�� .� ,s
">���> �  3
!
���+3� 	18�) MacFadin 1980(    ;)P>+� �G��P�+ �P
%�6 *��,# �
 3
r�!�+ �
%�6 �  � K
!�)MR-VP ( B�� .� -	�+��� �
�8�o
)Graham & Hidgkiss 1967( �

# B�� .� ,	)
!"% *��, � �'I���D) Fahy & Peresly 1983 (�)2 ,+ �
�+ �
%�6 *��,# 9
� �  	�
 B�� .� �6+��
����> w�	)� ,+ � 	1!�+ ���#*+�	8�� �   )�.n  .Fahy & Peresly 1983  ( -	k�+

�� ��.  
*��,#*��,#*��,#*��,#    �!"
���	!�# �	��!"
���	!�# �	��!"
���	!�# �	��!"
���	!�# �	�  

 .�+�� ,+   �	�C� >  �� *��,# �    � 	1!�+ �!"
���	!�# �	� ��  .   .8% .�+�� �� ,+      �Px2 .P� �+
�Z ��
�        $/> X
7� �  ��� �!�King-B   � King-B   ��	\ �zzz   G�P� ��8
�   FeCl3   $P/>

�� �� ..�d	' .�  ��z��
�   .PQ% ,+ ��!�     e�	P2 ,+ �>�P�� �.P)��D �Geotrichum sp.)   �	=P/�+ 
,+�
�l  �8�9:�	
� ;<� l.�+��G1 (   �x2 .�Z ��
�      	� ���� � +  �+�2 �!� ."�	5�      X
P7� �  �

��7� � ��'���
� �
%�6 ��!>	� *��� ��	� � $/> .)��D ��� �  .!1� ]� W�� .� �F�	2 �
 � °CEZ�� �� �����  ) Kloepper et al. 1980(.  

    �!�# �
%�6 ����� ��`)� .�   .P�+�� ]
6�
�       $P/> X
P7� ��� 	P�King-B  ��	P\ �zzz 
  G����8
�FeCl3        > U	� B�� .� �+�86 �  �  ���� �� $/ .   ,+ oD��     �  ��� $L	� °CEZ �

.)��D ���� �� n	D *��!� .Q)D 	� 	� .]!/6 3!�+C� 	�  3!<�� � .���+� W��d .� ��!D �	�Z 
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 �z

   (�  ��� -�'���> ��x2  ��!>	� �*#        ���P� � �� 3
�,+ ���	� �2	� �	� .    .P��6 ,+ oPD�    ,+ �P8� 
    �!�# * �> G	&'�
~ �+�� 	��+�86 ]
6�
�     ���� �	�        �  $L	P� �  W�P� .�°CAz    � +  �+�P2 

�� .    ])T ,+ oD        �  �+�P86 �  �� �  �$/> X
7� *��  .�Pd	'    ��z  �P�
�      .PQ% ,+ ��P!�  �
.)��D ��� �C\ �  e�	2 ,+ �>��� ��!>	� �Geotrichum sp. �x2 .� Z��
�   � �� � +  �+�2 �!�

�!�# �
%�6 ."�	5� y��H ,+ ]
6�
� ��7� � .)��D ��� �  �F�	2 � W�� .� �$/> X
7� �  � 
�  .!1� ]�°C  EZ$'�� �+�2 �����  ���  (Howell & Stipanoric 1979).  

 .�+�� ,+ 	�M 	���!>   *��,# �  .>              *	P/� +� ��U	P� $P
%	&' �6	��P5� �!P"
���	!�# �	P�  
.��� � �� +   K�	P� ��	' *	!�+ �  -�)� ./��+�' ,+ ��� +�� -���+,�' �	� :F. avenaceum�  
F. culmorum� F. graminearum � F. moniliforme �F. nygamai�F. oxysporum� F. prolifratum�  

F. sambucinum�F. semitectum� F. solani �F. tricinctum )Ravanlou & Banihashemi 1999 ( � 
*��,#    �� � 	1!�+ �!"
���	!�# �	� .   .�+�� ,+ -+�>�� ,+  .8% 	�     �x2 .� �+�Z��
�   � �  �P!� ��

 $/> X
7�King-B  �� �� $/> ..�d	' .�  ��z��
�  .Q% ,+ ��!�  .� e�	2 ,+ �>��� �.)��D �
  �x2Z ��
�       ."�	5� 	� ���� � +  �+�2 �!�   ��P7� ��!>	� *��� ��	� 	� ."�	5� � ��� *+9
� �  �

.)��D ���  �  ,�� �	F W�� .� �F�	2 �°C EZ�� �� ����� .  

 .�+�� ,+ �	� 	� �!> M   .> *��,# �    �6	��5� �!"
���	!�# �	� �       +� ��U	P� $
%	&' ��
�86 
  �P� +  *	/�) .P�+��   �	P�K122 �I90  �E50  �E52r  �L137r �M143 �D45 �S202 �P172 �S200 �

H80 � K124  ( �Fusarium culmorum *��,# �  -�)� ./��+�' ,+ ���+��  �!"
���	!�# �	� � 
7�
�+�' X� -�)� ./�� � 	1!�+. ��3� ��`)�   $P� ��� f2� -�)��C�)Triticum aestivum L. 

cv. Marvdasht ( W�� .��z K8%+ �  .
�	q �? % f��� $���>�:
� G��7� �  .5
2  Y)D �Z/z %
   ��� ��+ ,�)�� �z     �� �� �/!"� *��!� �x5� �# 	� .Q6��  .    �  -�P)� �	��CP� ,+  �PL Y)D

   �8
!�sD ����Ezz ��
�     � .�	� ��	\ ��!
% �!�	� �  y�L .� *��!    W�P� .P� � .!�	> �!�
�� � +  �+�2 ��	!� ��� ��, �  �	6+ �	�  �  .!1� � .  

.PP�+��   $PP/> X
PP7� ��� ��!>	PP� �	PP�King-B�PP� �� $PP/>  . ,+ oPPD�� $L	PP� 
         �  �  ���� �%	=F 	� ��!>	� ,+ ���
"�	:���?zz          �P�
� Y)PD .P� ���P� .
6 �!���	�     ,+ �P!
%

  
� Y)D *�
"�	:�����      9%��� K
!� G��7� �!
%� % �� �� .'	0+ .       fPk\ * �P> o86�� ,+ oD
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 ��

       .� *��!� �x5� �# 	� *�
"�	:���Zz  �P�
�       �P� ���	P�� �P!
% .        ��	P\ ���P� ,+ ]P� �P�
-�)� .!1��  �	�  ��, � �	6+ �	�  �  .!1� ]� W�� .� � �� �� ��	
�# *�
"�	:��� 3�+ 	� �+

    �� � +  �+�2 ��	!� ��� .   *+�)L .�       G�P�7� ��	\ *��!� �x5� �# ,+ ��	�� %   9%��P� KP
!�
�� � 	1!�+.  

 �.�	� .
6 �+��EZz��
�   ]� �	/' �  .Q6�� .� ���� o
T $L	� ]� W�� .� *,�+ �!
%
    �	�  � �1"�6+°C�E�  �� �� *��!�  .   ��
� Y)D .&x2 .�    .P!1� ]P� .P)��D .
�	\ ,+ ��!�  �+

 e�	2F. culmorum .'	0+ *��!� *,�+ .�     �  .P!1� �  W�P� .P� ����°C EZ  �P� � +  �+�P2  .
 ��
� $j�    .�	� *,�+ ,+ �!
%  W�� .� ��� ��,Ez 3> �T ��2 	� .
�	q )  G�P� o8)
%��?�� � 

."�+�' (   ��  �T)       .� *# fk\ $%	\ 3�+ � �zz ��
�   �� �!
%     .P� � �P��    �+�+  XP��!� ��PH
�zZzzz    �  .�	� +, �
I� %
  �!$�+ .(��  *��,# �	�+ �      �.P�	� (;k)� .
%�+ �	Z/z %     	P� .P�	� ,+
  t��<��:�       �� �� t��<� �8� n	T � *��!� .�	�  .  .!1� .� -�)�  .�	� �+    ��� ��, 	� 	���!> 

      ���� �  *# �+�H+ .�	� �+��� .��zz��
�  �� � +  �+�2 ��!
%��.�	� n	T   ��� ��, e�	2 	�
    �� �� .'	0+ *# �+�H+ .� .     6 bs�	> ��H ]� �  ;�	�,#        .�+�� �� �+,+ .� �+�86 .� 	� �' 	j
     .�	<�� X�+�� �  ��!>	�)     X��!� W�+�\ .��  	�°CE?         *	!P"�	6 XP�+�+ 	6 �	� X�+�+ ,+ �  (

 $'�� -	k�+ .   .6�� �
� � i�� *+9
�  G�H �  	��E�	�# .!1�     �  3
=�	P
� .P"�	5� ���� ��+ ��
 ��	�# ��x�)α ( *��,# ,+ � 	1!�+ 	� �d�  Y)D � ]�LSD�� �� .Q�	7� .  

!�!�!�!�



kkkk....            

.
�> +��  �. �� 	�M7� 
 XKing-B%�6 
�� � �� ��� $�	����' ��� �   Pd�jT �	P�+
 W	
'
9�O�%��8�  � � 
��
�
	��   �  �     �)!'�� �+�2 ���� � ,	)   G���� (     �P� ��� S</� M	����

  �	�+ �
�>   � Y)D � o)� $1� K�	�  ���� M	�
6�
 �� �� � ) G����.(�d�  Y)D �  	!1� 
+���.   	�,#  ��� M	�� %	&' ;
 ���	!�# $
   +�� ��+�� �  I!"�   ST	� .Geotrichum   �� +  *	/�
 �.
�>+ �+�� 3�. %�6 .� � 	2 	�
� �
%	\ �  �� �� ��'���.8
 X5' �� %+ ,+�+�� 3�.  .� � 	2 	�
%�6
 I!�# � �
6�8
I    �� �� )   G����( .)h��
  3.
�> +�� �.   	�,#  ��� M	��  + �)!"�+�6 ;   �P�� ,

  -	�6�   �+,�' ,+ M +�&6 	�-�  � M	�
� ���	������ -�)� ./
	�� M�� �) G���� .( P�
a  �P> ,+ -+
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 �E

+���. 	� M	��!> +�� �  M�	�,# X� �)!�+�!� ;F. culmorum   $QP"� M+�+  I)&� W��d .� +�
 ��	� .� > G�!)�))>.  

  
 G���El��	
�
��
� W	
d�jT  �   ���P� ]P�O�%��9
'     �� �P� _P�!<� �	P� �	��   �	P�

�� $)����'��	' *	!�+ _�!<� yH	)� ,+ ��� +  
Table 2. Biochemical and physiological characteristics of fluorescent Pseudomonads isolates 

from Fars province 

 

*��,#  
Test 

���� I  
Group 

I 

���PP� 
II  

Group 
II  

 

���PP� 
III   

Group 
III 

 

���PP� 
IV 

Group 
IV 
 

 ���P� 
V  

Group 
V 

 

 ���P� 
VI  

Group 
VI 
 

 ���P� 
VII  

Group 
VII 

 

���PPPP� 
VIII   

Group 
VIII 

 ���P� 
IX  

Group 
IX 
 

 ���PP�
X  

Group 
X 

 

 ���P� 
XI  

Group 
XI 

 

-�� ;)>+�  
        Gram  Reaction 

_ _ l l l l l l l l l 

$�	����' .�+�=�� �
%�6  
Fluorescent pigment 

+ + + + + + + + + + + 

*+�% �
%�6  
   Levan Production  

+ + l + l l l l l V l 

,U	6	> Catalase  + + + + + + + + + + + 
,+�
">+ Oxidase  + + + + + + + + + l l 

�,+�� �� � �,+�� ���  
Oxidative/Fermentative 

O o o o o o o o o o o 

*�6�6 �  $
�	"\ ��'  
Hypersensitive Reaction 

l l l l l l l l l l l 

8D,	)
!Pectinase  v + v l v l v l l l + 
,U���
� �  3
�O�#  
Arginin  dihydrolase 

+ + + + + + + l + l l 

3
6UO 9
%���
�   
Gelatin Hydrolysis 

+ + + + + v + + v + + 

W+�!
� �	
\+  
 Nitrate Reduction 

l + + + l v + l l l l 

3
%�8�+ 9
%���
�  
 Asculin Hydrolysis 

v l v l v v l l v v v 

 �
%�6H2S*�!:D ,+   
from peptone H2S 

l l l l l l l l l l l 

 3���6 9
%���
��z  
Tween hydrolysis 

+ l v l l v l v l v v 

���!
% �
� ;)>+�  
Litmus Milk 

k k k k k k k k k k k 

,# ���+ Urease  l l l l l v l l l v l 
  � K
!� ;)>+�)MR(  

Methyle Red 
+ + + + + v + + + + v 
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 G���El) .�+ +(                       Table 2. (continued) 

 3
r�!�+ �
%�6)VP(  
Asetoin production 

l l l l l v l l l l l 

���+ �
%�6 G  
Indol production              

l l l l l l l l l l l 

,	)
�# �  3
�U# K
)'  
Phenyalanin Diaminase 

l l l l l l l l l l l 

,s
">���> �  3�9
%  
Lysin decarboxylase 

l l l v l l l l l l l 

,s
">���> �  3
�O�#  
Arginine decarboxylase 

l l l l l l l l l l l 

,s
">���> �  3
!
���+  
Ornithin decarboxylase 

l l l l l v l l l v l 

 K�76KCN �%  
               KCN tolerance  

l l l l l l l l l l l  
 

,	)
!
"%  

Lecitinase          

+ + + + + + + + v + v 

9>��� ,+ ,	� �
%�6  

Gas from glucose 

l l l l l v l l l  v l 

 ,+ �
�+ �
%�6: 

Acid from : 

           

(+)L,�)
�+�#   

L (+) arabinose 

+ + + + + + v v + v v 

,�%	��6 Trehalose  + + + + + + l v v v v 

,�� �'+�Raffinose l l l l l v l l l  v l 

(+)L,�)�+�   

 L (+) Ramnose 

l l l l l l V l l v l 

(+)D,���+,  D (+) Xylose + + + + + + + + v + + 

,�
���� Cellobiose  l l l l l V l l l  l l 

Archive of SID

www.SID.ir

www.SID.ir


 ��

 G���El) .�+ +(                       Table 2. (continued) 

,��>�� Sucrose l v v v V v v l v v l 

D9>���  D-glucose  + + + + + + + + +  + + 

 ,�!>ULactose v v v v V v v v v v v 

,�!%	�Malose  v v v v v v + v +  v v 

 ,+ � 	1!�+:  

Utilization  of 

           

W	!�+ Acetate  + + + + + + + + v + + 

DW+�	6�	6 D- Tartarat l + v v v v v l V v v 

 W+�!
�Citrate + + + + + + + + + + + 

W	��%	� Malonate + + + + + + + + + + + 

L3
�U#  L-Alanin  + + + + + + + + + + v 

3
"
%	�Salicin  v v v v v + v v l v v 

G�!
�� # Adonitol  + l l l v V l v l l l 

G��	6+Ethanol  v + v v v V v v + v l 

G�!
���� Sorbitol  + + v v v v v V v l v 

G�!�,�)�+�
� Myoinositol 

 

+ + v v v v v v v v v 
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 G���El) .�+ +(                       Table 2. (continued)  

        
++++ = .�� .�+�� �  �$Q{� 	�llll = .�� .�+�� �  ��1)� 	�v = .�+��  �1)� 	� $Q{� 	�)�

�!�( �o = 

 ���	Q�+ �,+��k = � * �> �	1� � ��	
�2 ;)>+�X
7 .  
+ = Positive reaction,- = Negative reaction, v = Variable, o = Oxidative, K = Alkaline 

reaction.    
        

        

  G����l   �
6�
� 	� .���     ���� .� t���� �	�    �	���� �� ,+ _�!<� �	�    +�� $)����' �	�
�+�' ,+ �����	' *	!�+ _�!<� yH	)� -�)� ./�  

Table 3. Fluorescent Pseudomonads species or biotypes of wheat rhizosphere from Fars 

province 

 

 .��� �d� 
�
6�
� 	�  
Percent of 

species or 

biotype  

�
6�
� 	� .���  
Species or biotype 

.�+��  
Isolates  

���� 

Group 

3.39  P. fluorescens biotype I K122, T210. I 

3.39  P. fluorescens biotype II J115, M140. II 

13.56 P. fluorescens biotype III E54r*, F60, F67r, H86, O161, S205r, T211, T212. III 

3.39  P. fluorescens biotype IV I90, Q189. IV 

13.56 P. fluorescens biotype V E50, E52r, F62, F68r, I102r, L137r, M143, T213. V 

11.86 P. aerofaciens C34, C35, D43, D45, H82, J112.S202. VI 

6.78  P. aeroginosa F65r, P172, R190, S200. VII 

3.39  P. cichorii L131, L132. VIII 

5.08 P. putida A14r, A16, H83. IX 

23.73 P. syringae A1, A6, A10, C36, H80, H81, I98, J110, J111, 

K124, K128, L135, Q182, R192. 

X 

11.86  P. viridiflava A2, A5, A9, G70, K125, K127, S203. XI 

  
*  .�	)�r.�+�� .� t����  ./�� �x� ,+ b	�
5!"� .> $�+ ��	� ��� +�� -�)� � ��+.  

* r = Strains directly isolated from wheat root surface. 

G����l      �!�# � ��'���
� �
%�6 ��!"
���	!�# $
%	&'      .P�+�� �  ]P
6�
�    �	P�  �	���� �P�
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 �?

  $)����' � +�'�   -�)� ./           .P�+�� ��+�� �  ��	' *	!�+ _�!<� yH	)� ,+ ��� +��
Geotrichum sp.  

Table 4. Antagonistic activity, siderophore and antibiotic production of fluorescent 

Pseudomonads isolates of wheat rhizosphere, from Fars province against Geotrichum sp. 

.�+��  
Isolates  

�����+ ,	� � .%	�  
Inhibition zone 

��'���
� �
%�6  
Siderophore production 

]
6�
� �!�# �
%�6  
Antibiotic 

production 

K122  * S
 + + 

T210  S + + 

J115 W + l 

M140 l l l 

E54  S + l 

F60 W + l 

F67 W + l 

H86 M + l 

O161 l l l 

S205 S + l 

T211 W + l 

T212 S + l 

I90 S + + 

Q189 M + l 

E50 M + + 

E52 S + + 

F62 M + P 

F68 M + P 
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 G����l) .�+ +(                                                                                        Table 4. (continued) 

I102 S + P 

L137 S + + 

M143 S + + 

T213 S + P 

C34 M + P 

C35 S + P 

D45 S + P 

H82 M + P 

J112 S + P 

S202 S + P 

F65 W + P 

P172 S + l 

R190 S + + 

S200 S + + 

L131 l l l 

L132 M + + 

A14 M + + 

A16 W + l 

A1 l l l 

A6 W + l 

A10 W l l 

C36 M + + 

H80 M + l 

H81 l l l 

Archive of SID

www.SID.ir

www.SID.ir


 ��

 G����l) .�+ +(                                                                                        Table 4. (continued) 

J98 l  l l 

J110 W + + 

J111 l l l 

K124 S + + 

K128 S + l 

L135 l l l 

Q182 l l l 

R192 S + l 

A2 l l l 

A5 l l l 

A9 l l l 

G70 M + l 

K125  W + l 

K127 l l l 

S203 S + + 

D43 l l l 

G73 M + l 

H83  M + l 

  

S* = .%	�  	k�+        ,+ ;
� J	&� 	� �����+ ,	� ��Z         ���!>	P� .)��D 9>�� ,+ �!� ��
� M =   	Pk�+
   ����+ ,	� .%	�   J	&� 	��z   	6 �E        ���!>	� .)��D 9>�� ,+ �!� ��
� W=     	P� �����+ ,	� .%	�  	k�+

 J	&�� 	6 �z��
�   ���!>	� .)��D 9>�� ,+ �!�l=�����+ ,	� .%	� *���....        

*Inhibition zone measured from the center of bacterial colony: S = >15mm, M = 10-12mm,  

W = 8-10mm, -  =  no inhibition zone 
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 ��

  G����l   .�+�� �!"
���	!�# $
%	&'          _P�!<� yH	P)� ,+ ���+�� $)����' �	���� �� �	�
��+�� �  ��	' *	!�+.���  -�)� ���	�
� -���+,�' �	�  

Table 5. Antagonistic activities of fluorescent Pseudomonads isolates from Fars province 

against Fusarium species pathogenic on  wheat 

S202 S200 P172 M143 L137 K124 K122 H80 I90 E52 E50 D45 ��!>	� .�+��  

              Bacterial 

isolate 

�F�	2 .���  

               Fungus 

species 

M  M M W M M M S M S S S F. avenaceum 

W M S M M S M W S M M - F. culmorum 

W W M W S S W M M S M - F. graminearum 

M  S S M S M M S W S S W F. moniliforme 

W M M - - S - W M S S W F. nygamai 

M S W M S S S  M M S S W F. oxysporum 

S  S S W W S W M M S M M F. prolifratum 

W S S M M M M M S M S M F. sambucinum 

S  M - M S S W S M S S W F. semitectum 

M S S S M S M M M S M M F. solani 

M  S M  S S S M M S S M M F. tricinctum 

  

S =          ,+ ;
P� e�	P2 .P)��D �P�� ;�	P> ���2 �����+ ,	� .%	��z .%M =    ���P��+ ,	� .P%	�
       3
� e�	2 .)��D ��� ;�	> �X��!��Z   	6 �z .%W =       �P�� ;�	P> �_
&0 �����+ ,	� .%	�

 ,+ �!�> e�	2 .)��D�Z.%� l = �����+ ,	� .%	� *���.  

S = Strong inhibition zone, >40% growth inhibition, M = Medium inhibition zone, 15-40% 

growth inhibition, W= weak inhibition zone, < 15% growth inhibition, - = no inhibition zone. 
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^7�^7�^7�^7�        

     �� *	/� ���# $�  .� Y�	!�    .> �� AZ %  .P�+�� ,+  �	P�        $P
%	&' �+�+  ;�	P�,#  ��P� 
.�+�� ��+�� �  �!"
���	!�#   ST	P� � Geotrichum �)!P"�  . .P
�>  .P�+�� �    �+�+  .P> ��	P�

        � ��� � 	1!�+ ��'���
� �
%�6 �	>�,	� ,+ � �� �!"
���	!�# $
%	&'          �  	P)6 .P> �%	P\ �  ��+
�� %  .�+�� 3�+ ,+    �!�# �
%�6 $
%	&' 	�   �� ���	/� ]
6�
� .    3P�+ �        *# $P
%	&' 	P)6 *�P�,#

  �!�# ,+ .!�  ]
6�
�         ��d .� ��� 	2 .> .!'�� �+�2 ��	�,�+  ��� 	�       � �P)�#�  �# �  G��7� W
 $�+ 38��    �!�# �&
QH X
7� �   ]
6�
�   .�+�� 3�+ ,+ 9
� ��=�  �	�  �  .>  �P� �PPP
%�6 	�

        �!�# 3�+ .��� ,+ $�+ ��/� ��
� � ;�	�,# 3PP�+ ]
6�
�  �� 	�   *+�6  �)�	� �+�'  +�� .�HCN 
  �> ��	�+Hass and Defago 2005)( .	�.!'  �	�U�,	� *+�	8�� � )Mazzola et al. 1992 (*	
�  ��

    .> $�+ 3�+   �	���� �� �&
QH n	T �          �P!�#  +�P� �P
%�6 .> �!)����' �	�     �P)�	� ]P
6�
�
3�,	)'  �� 	�     .!'	� ;� .� $Q"� �))>   �!�# �2	' �	�  �+�+  ]
6�
��)!"� 	5� �  �!�	2� $�9� .

      3�,	)' .>  �+   ��� *	8�+ 3�+ 3
)h��               ���P� n	PT �  3P�# *�P� *�P� n�7!� ^L	� 	�
)Hernandez et al. 2004 (��!>	� .� � � �> ]�> 	���'���
� K�L .�  �T 3�+ .>  ���6 �	�

��))>  +  ��+�T ��!/
� �8�O�%�>+ $�9� �*# �.    
 ."�	5� 	�    $�  .� Y�	!� �        �P!�# .� $Q"� 	���'���
� �!/
� $
��+ ����#   ]P
6�
�    �  	P�

*��,#    ./
� *��  �!"
���	!�# �	�          ;���D �T�� Y�	!� G	\ 3�+ 	� �$�+ ���	/� K�	2 �+   	P�
 �� *	/�           �� �

�6 ;�	�,#  ��� .�+�� .� .!"� $
��+ 3�+ .> ��  �)> .     ��P� -	k�+ ����� � 
 X��6�%�*+�	8�� � ) Weller et al. 1988 (      ��
��	P> .P� �  ��	P�
� *�P�  ��P7� �	>�,	�
.�+��  �L30b-80 ,+ P. putida     KP�	L e�	P2 �,	P�  ��7� �  +� ���L ;5� ��'���
� �
%�6

�� 	1�+ ��	�
�   .P�+�� ��
��	> .� -	=)� .> �%	\�   ���R1a-80R ,+ P. fluorescens  �P
%�6 �
�!�#      �� �	�� .� ���L K�	L ]
6�
� $'� .  3�+   ����� ��	� �  ����D         $P�+ ��P� �P
��6 9
� 	�

)Paplawsky & Ellingboe 1989 .( 3�
P%  *+�	P8���  )Leeman et al. 1996 (    .P> �P� +  *	P/�
                -�P��+,�' ��!P�  ,+ 3P�# *�P� * �P> ��	PT �P� ��sL 	���'���
�    .P/�� �	P�    ��P6 �  

)Raphanus sativus( �� 
� ��	5%+ $��	5� �
%�6 �	
� 3�+ �  �)�+�6 ����D 3�+ .> �)�	�� ]
�!"
*��,# *	�, �  	)6 .�	<�� �	� .L�9� 	� �+ �� *	/� +�  �T �+ ��  .  
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               ��6+��P
����> w�	P)� ,+ � 	1!�+ �  $�	2� K
Q2 ,+ ��=�  �	��	>�,	� $&
QH �  .F��+
  ��	�+�6         $P
%	&' �  ��	5%+ $��	5� � ./��+�' w��� * �> �9
���>       $P%	T  �!P"
���	!�# �	P�

�+  ��)Weller 1988, Hass & Defago 2005 ( 	�+.� W��d �� �    �P� �`�     ,+ � 	1!P�+ 	P� �P��
.�+��                 � 	1!P�+ $
%	&' 3�+ �+�� �	>�,	� �  �� ,+ � .!�+  �!"
���	!�# �U	� $
%	&' .> ��	�

��  ��+ � ���) �)�	�S200, P172, M143, L173, K124, K122, I90, E52, E50, D45, C33 � S202( 
�� ��	�
� $����� �  *+�6 ./�� �F�	2 �	� $"�  �� -�)� � .  

     �� *	/� ���# $�  .� Y�	!�  .> ��  .
�>   .�+�� �       ^PL	� ;�	�,#  ��� �	���� �� �	�
       -���+,�' ,+ � +�&6 	� ��	�6 �  ��� �����+ ,	�   ./�� ���	�
� �	�      W�� � ���� �� -�)� �

 �  ��!>	� .�+�� �� �!"
���	!�# $
%	&'.��� �� ��+��      �P� W�	P1!� -���+,�' �)  G��P�� .(
  .�+�� ,+ �T��       	�, �����+ ,	� W�� J��k� �  	�       �� +  *	/� 3���	� .� $Q"� ��6) G��� 

� �� .(  

   .)�+  3!'�� �`� �          �P�� ��	P)6 .P� ���P��+ ,	� �            ���	P> �+�P� �QP�	)� �	P
&� �P�+�6
.�+��     �+�� ./��+�' X
7� �  �	���� �� �	�-���+,�' ,+ ��
����  ��	� ./�� ���	�
� �	�

         .P�+�� .>  �> .��6 ��	� 3�+ �� ��sL �               �P)�	� -�P)� ��Pd+ �	P����	�
� �P� �P`�  ��P� �  
F. graminearum )  �P0	\ G	P\ �  F. pseudograminearum  )Aoki and O'Donnell 1999( ( �  

F. culmorum �	� U	� 9
� *# �����+ ,	� W�� � .!�+  �q+ � .�� .�+�� �	�+ 3�+  �	�E50   �  
E52  ,+ P. fluorescens biotype V � K127 ,+ P. syringae  �S200 ,+ P. aeroginosa y'��   3��P6

.�+��    -���+,�' ��+�� �  	�  ./�� �	�   � �� -�)� �      .)�+  3!�+  �� ��sL +��, ��+    ���P��+ ,	� �
  ��	�
� �� �U	� �Q"� �����+ ,	� W�� � U	�./�� ��d+ �	�� � �� �q}� 9
� -�)� � ��+ . .F��+

                  �  ��!>	P� ��=�	P� �	5� *+9
� �  W�	16 $�L .� ./��+�' X
7� �  $�+ 38�� $
%	&' 3�+
       *# �%	�!\+ ��� ���)�  4	56�+ $
%	&' 3
)h�� � n	T X
7� ��	� W�	1!� 	� . �P����   �	P�

   �	���� �� �q+ ���  �&!�   -���+,�' �� $)����' �	� �   *	P/� *	P�	
� ��	� ./�� ���	�
� �	
  .)�+  .> � +                       3P�# �P� �P� $P�	2� �P� ��sPL � $P�+ w
P�� �	
P"� �����+ ,	� �	>�,	� �  

)Bakker et al. 1988, Raaijmakers et al. 1995 ( �PPPP!�# �PPPP
%�6 �  ]PPPP
6�
�  
)Anjaiah et al. 1998, Chin-A-Woeng et al. 1998 (	2� �q+ �  $�+ 38�� �����+  ,	�   �P� $P�
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   ��+CP~  +�P� ��)Couteaudier & Alabouvette 1990 (     �P�+�� �  ]
�!P"
� $P��	5� �	P5%+ �
-���+,�'  	�)Van Peer et al. 1991,Leeman et al. 1996, Van Wees et al. 1997, Van Loon et al. 

1998 ( ��	�.  

     �� *	/� ���# $�  .� Y�	!�   a
� .> ��    .�+�� ,+ -+�>      P� �  ��!>	P� �	�   ;�	P�,# X�+�
 $"�+�!�F. culmorum  �  �P
� � i�� 3
=�	
� .> ��	�� G�!)> ��7� .� ./��+�' X
7� �  +� 

   ��	�# ��x�)α (     �)&� �s!T+ �d�  Y)D � ]�        �P�	� .!P�+  ��	P� 	� ��+  .      .P� .P��6 	P�
  � +  * �� .!��
D	�                3
=�	P
� .P"�	5� �P� ��sL W+�

�6 .)�+  * �� w
�� � ���# $�  .� �	� 

         *��,# ]�> .� ��	� 	� �
� � i��LSD          .P"�	5� W��Pd .P� 	P��	�
6 ����� ."�	5� �   �	P�
  K5!"�)orthogonal (     a
� .> ��# K�L .� 9
�   ."�	5� ,+ -+�>    �P)&� 	P�    �PQ� �+  .    J�P0�� 3P�+
U	�!\+ � ��!>	� ��	�+�6 -�L $�L .� 	�  e�	2 ��� ,+ ��
���� bU�� � ./�� * �> �9
���> �  	�

�� �           ��!>	� ��� ,+ ./��+�' X
7� $�	�\ -�L K
%  .� 	� � ��	       ��+C~  +��  �Q�> $�L .� 	�
   $�+ �%#  +�� � . ����� ��	�                  ,+ _P�!<� .P�+�� �P)F ,+ *	P�9�� � 	1!P�+ .P> � +  *	/� 	�

�	���� ��      ��
� g
>�6 $�L .� $)����' �	�      	� � �!/
� ��+�	> ^L	� �.�+����  �8��L �
Q�  	k�+ K2+�\�,�	  �� ��+�T ��6 	�!L+ K�	2 (]�O�%�
� �)de Boer et al. 2003.(    

 �+ ./
� *��  �	� ;�	�,# Y�	!� .F��+)in vitro ( 	)6 .> � +  *	/�EZ %.�+�� ,+  �	�
��!>	� .!"�+�6 ;�	�,#  ��� �	�    .P)��D �P�� ,+ �P�+  �Fusarium culmorum   *+9P
� 	P6  �z %

� �`� .� 	�+ ��))> ��
�����  $��H� �`� ,+ X�+�� * �� 	
� 	� .>  �+   ��� *	8�+ 3�+ ���
.�+�� ,+ � +�&6 �%#  +�� *+9
� � �� �� ��' e�	2 G�!)> ^L	� �&
QH X
7� �  ��!>	� �	�.  

�� �`� .� K> �   	� �L�)j� .�C�6 ��'	> �%#  +�� *+9
� 	� ��!"� n	T ,+ � 	1!�+ .> ���
  �> J+��+    , f� � 	1!�+ �	�            .P"�	5� �+�� �Q�	)� ST	� �	<!�+ 3
)h�� � .�+�� �)F ,+ *	�

    .�+�� ��
���� �d�  �)�	� 3
=�	
�        �P�+�6 �� e�	2 X��6 ./�� *�
�+9
���> ,+ ��!>	� �	�
*	)
�H+ K�	2 �  �Q� �  ����� Y�	!� * �> �6 ��	� �q}� �6# �	� .  

  
��+9=�	:���+9=�	:���+9=�	:���+9=�	:�        

  ;���D �+��� ,+      �	�\ �H	T .� ��/> ���L �	�         ��	�P� �P�� ��H ,+ �%	� $���  �  
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  v�jT".&%	x�    ��	' *	!�+ �  -�)� ./�� � .2�H �
1� � ��# *	�, ���'��8
� � "  ��+ ��P2
��   ��.  
  

w�	)�w�	)�w�	)�w�	)�        
W	71d .� .`\s� $�(9-13) !�  �� .&�+�� �"
�=�+ 3.  

  

  
 *	����	=� ��	/� :  �'�!"� 	0� �!>  � +,     �P)� 3��%+4	
0 �!>  �	��1��2      � ��P�	�    �
P� �P!>

 �56 3"7��           ;P<� �,+�
P� �	=P/�+  �,��	/> ��8/�+  ��	=�	� �,+�
� �
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�  
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