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Biological control of Fusarium wilt of potato using antagonistic strains of bacteria 
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 �' 

(�\ 4�	! �	�  E"2
! 4� (�6 �,#�snll�,%"% W�	� �0�%  .����	� D�" �
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��8 #" *d,	�! �% ��
�� ����	$ E"��3 4� "�  U
8�
�  

 2, 4-diacetylphloroglucinol (DAPG) t �8 P. fluorescens CHAO�,%��, �$�d!  . D�"
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RC8 D�" f	L," #" *+
,��	�,- �	�  �) 12�� 4
r	, #" 

�
  4,	X�� 1 ��	95�	!#- t�"�6 �% ��	�
� D�" ����� �% 	
,- ��	,"�8 � ��� 1 ��
!#  �"

�! �6	� .  

  

 � ��� =1� � ��� =1� � ��� =1� � ��� =1�        

@+
,	��"1��
! �#	 "��@+
,	��"1��
! �#	 "��@+
,	��"1��
! �#	 "��@+
,	��"1��
! �#	 "��     	� 	� 	� 	�        

�
  K�"2! ���	�
� Q!	3 S�	. �#	 "�� ��I�! 4� E	� �
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 ���	� ���	� ���	� ���	�Fusarium oxysporum f.sp. tuberosi 11-S        

d8

"�� ��BX! f�$ D� 4����



 ���	� ���	� ���	� ���	�F. oxysporum f.sp. tuberosi 11-S��? 	� �� D
 (	

 4� ��d�!(�
8  
!# �
��) Solanaceae ( 1(�
8 �	�%2, �� J FT�R� E�? E- 4)Fabaceae ( 1

w1�A
 E	)Cucurbitaceae ( �6 f	L,") �1��N .(	
�," �%� (�1% lO	!#- (#1� ��A �W
� 4
 E	�	

8
"�� 	� (�6 �	�� 411-S �#	� *.% 4� ��	6 1 �	� WX� #" 1 �"�� ���"%�� 4,��, 	
,- � 

�6 .�A
��? �,1- *$	� #" 	� 4,��, 4�
8 4.	  
C! �% 1 4
 tPDA%�� *5A ��,�.  
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! ��+
,��	�,- *
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,	��"1��
! ��+
,��	�,- *
0	/ � ���@+
,	��"1��
! ��+
,��	�,- *
0	/ � ���     (�6 "�� �	� (�6 "�� �	� (�6 "�� �	� (�6 "�� �	�        

	,"�8��,��	�,- 
�+�! 
,	��"1�h
"�6 �% 	� @+�	!#- t��	95� *5A E�!#- #" (%	)� " 	� 

 =1� 4�  Q�	R�!E1��L� E�	h�� 1 (Hagedorn et al. 1989) � �?�	.�� �"�$ F	G
��8 �
��8

 =1� ��	q!�9�	�,�!E"�	��� 1  (Montealegre et al. 2003)��8 1 
�,- ��� 
8�
J 7	 "�� 

 =1�7"�� 1 �'�� (Kraus & Loper 1990) � 	� �$%	B8 ]̂ !	� _�` ��	. �%N� 1 �	�
8 b 

(%"% 1 f	L," �"��8 *$�� �"�. ��	!- Q
�C8 1 4�2L8 %��! (�!- * �� �	� .(1��  ����

 E�!#- #" (%	)� " 	� 	��	�
8LSD _�q  �% M % 1� %�6 f	L," .  

 ��$1��
  �
��8 � ��� ��$1��
  �
��8 � ��� ��$1��
  �
��8 � ��� ��$1��
  �
��8 � ���        

 (�6 _^0" =1� 7	 "�� 7" ��1#- f�� ��- �	�- t
C! #" (%	)� " 	� W�	!#- D�"

��,	+��" 1 ���1# (Alex&er & Zuberer 1991)�6 f	L,"  . �

e8 �1� #" ��$1��
  �
��8 ��	,"�8

(#"�," 	� 1 �X5! �L,�	, 4� ��- #" t
C! {,�  4�	� �q. ��
� }"�`" �9,�4���' 4�"�� �� 

 ��	,"�8E-�6 ��	�#�" ��$1��
  �
��8 �%  .  

 ��	����	� E	8�! 4

8 ��	����	� E	8�! 4

8 ��	����	� E	8�! 4

8 ��	����	� E	8�! 4

8        

E	8�!  �	���A	��	�� �1� E%�� tqX! ���` #" C!
 tNA 1	r�%	R! ��,- F1	)�! �� 

�
8�
# _�6 4� J��!- * % 4� � .��A	� *!1	R! "���"�� �� �g!	)
+
	!#- D�%�� W�� ."��� 

"�\ �	A D	� *I��"2$" �5�" ��,- D�� 
8�
#" �,%�� F�	G3 4A J :mg/litM �mg/lit� �mg/litMO �

mg/litNO �mg/litb� �mg/lit�O �mg/litMOO 1 mg/litM�O�6 (%	)� "  .4���' 	��" 4� f1	R! � D

�,-�� 
8�
"�� (%	)� " %��! �g  1 Y	X�," J��,- 4� *!1	R! �	R�" �� 
8�
*$�� �"�. f1% J .
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.% �
 	R

� 4�	5!�g!	)
+
%�� D .	� E	8�!��,- 4� f1	R! �� 
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C! 4� J
 tNB Q!	r mO % �1�+
��

 1 QR��! �%POn��,	  4��%   %"���"�
9,� %���� .*
d�� f1	R! ����	�  ��,- 4�  U
8�
� 1

d��
�%	! *�, #"   �I�����$��! ��6� *3�	  1 �0�B/ �
	R! F	� �g  1 4+� J

4���'��d! }^�/" E1��   �"%"���	!#- �	� W�" 4,	X�� � �6 Y	X�," . D�"4 1�' �	�1% 

�6 �"��8) Alizadeh et al. In Press( .  

����	� �V" � �������	� �V" � �������	� �V" � �������	� �V" � ���    �
  �!���"#�$ ��%�!&' #" ��
���� �% *+
,��	�,- �	��
  �!���"#�$ ��%�!&' #" ��
���� �% *+
,��	�,- �	��
  �!���"#�$ ��%�!&' #" ��
���� �% *+
,��	�,- �	��
  �!���"#�$ ��%�!&' #" ��
���� �% *+
,��	�,- �	�    � t�"�6 �% ��
!#� t�"�6 �% ��
!#� t�"�6 �% ��
!#� t�"�6 �% ��
!# 4,	X� 4,	X� 4,	X� 4,	X�        

4�"�� F��. W�	!#- D�" �%  ��%�!&' ����� 	� W�	� �% *+
,��	�,- ��	����	� �	�

�
  �!���"#�$ *$�� �"�. � ��� %��! 4,	X�� �% ��
!# . 4

8 ��I�! 4�	!�4S�	.   

 F. oxysporum f.sp. tuberosi4+
� E1�% 4� S�	. ��g " E�
+,	g �    �1	r ��
� ^' �	�

 �	� 1% 4 	!1�� E4+
� 1 ��%�� 4$	�"   F�! 4� 	�NO �	!% �% #1� M���,	  4��%   %"��

�,�6 ��"�
9, . 4�	! E"��3 4� E- #" 4� (%��, ��g 1�
!^� �
��8 S�	. F�! D�" �` (%��-

(���A *
� 	� E�!#-�4,	X��  �6 (%	)� " �" .4�"�� 4�	! 4

8  =1� ��	q! *+
,��	�,- �	�

@
� E"�	��� 1 (Kim et al. 1997)�6 f	L,"  .���D 4� �' ��� U� ����	� (#	8 *5� #" ��I�! 

U ^$  t
C! �1	r �	�NB�6 4$	�"  .U ^$  �	!% �% 	�N�nN���,	  4��%   F�! 4� %"��

m� �1% 	� ��
6 �1� �% *3	  rpmM�O (%"% �"�. �6 .4,	X�� F	d�	q! f	L," �"��  ��"

E"���  4,	�% �q. 4� ��	�MM��,	   ," ��!E1��  a	/ ���X! 	� 1 Y	X� +*
��' + 7	! *
'

) *G+, 4�M :M :N (�6 �' .E"���  �	!% �% 4,	X�� �% 	�M± N���,	  4��%   Y1	�8 	� %"��

 ���,Ml�,�6 ��"�
9, ����	8 *3	  *5� 1 ��	�61� *3	   .!	�8 �%�	!#- �	� W� 

" 4,	X��� #" �
   *G+, ��T	� *
 	+r #" 4� 	���" @.� ��
!#%�� �"%��/�� ��	�
� D�" 4� 

"�� #" 1� 411- S S�	.  F. oxysporum f.sp. tuberosi	� *�+. #" 4A �T	� �� "�� 4.	  �,1- 

%�� (%	)� " �%�� (�6�� .	
61��� � ��� *
� Q���A	� �V" �	� �,��	�,- 
 ����A �% *+

�
�	��	R! %��! �*$�� �"�. 4+.  

��"��"��"��" ( ( ( (
8
8
8
8



� 4� 4� 4� 4



  4|�	  4|�	  4|�	  4|�	



!# �!# �!# �!# �



��������	  	� 	  	� 	  	� 	  	� 	� 4.	� 4.	� 4.	� 4.������ �� �� �� ����(�6 (�(�6 (�(�6 (�(�6 (�::::    " �%�	!#- D�4.	  #" "���" W 	��	
�," �� 

 Q!	rbn N48�� z�G!%  	��  
!# �
��	
6�� ���
8 
 �� 1 4�	� 4.	  #" J��� � (�6 (�

E"��� Q/"% 	��� ^' 
h�1	r J?�A ���' ���X! 
' 1 *
 *G+, 4� 7	! *M:N (%"% �"�. 
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�6 .�
	� 4|�	� � %1�r K	)8�" 	� * �hNO	  �,�"�� ��! �	!#- �	� W�� 
 %��! ����A�

*$�� �"�. (%	)� " .	!#-�	! F��0 4� W�,# 4�� 
	� 4|�	�  
!# �
��+,	g �  �% 
 E�

��A	��1	r � MOs! �% ���  
��� 
, F�! 4� ��
� �g  1 �6 f	L," *3	  @
 4� 	� 4|�	

,"����, 4A 
	' 4�
���" 	� E- �! 4� S�	. f��A��
 E"2NOO^A %�3 !
 �	/ f�� �� �% ��g 1�

R�	! 1 *5A %�� (�6 �'��� " �	/ 	� E"��� �%�� �' � 	�! K	)8�" 	8 Q�� .	� E"��� �%� 

\ ��	6 1 S�	. 4� (%��- ��	6
� �(%��- ��	� 45�  
!# �
��	� 4� �+,	g �  
��A	� E�� 

%�� �1 4`�\ E1��  �qR! Y- �%��,� ."�	!#- D�	� ���� _�` ��	. �% W�Q!	A $%	B8 � 	� 

Ms8 
 �% �	�b*$�� f	L," �"�h8  .	�,� #" �' 4�0	r �PO#�" %��! #1� ��	� 4A *$�� �"�. 

	� f"�," J5/ 1 �8 E#1 7	 " ���"�� ��# 1 �!# �
��d8 �/	6 1 

�%��- D�%��  .2L8� 4

�C8 1
�	!- Q� �"2$" f�, #" (%	)� " 	� MSTAT-C��G�1�� 1 f	L," �8 
 E�!#- 	� 	��	�LSD �% 

 _�q M % 1� %*$�� F��0.        

YYYY ( ( ( (� E�!#-� E�!#-� E�!#-� E�!#-



	� (�\ 	� ����A�	� (�\ 	� ����A�	� (�\ 	� ����A�	� (�\ 	� ����A�����        



!# �!# �!# �!# �



��������::::    (�\ W�	!#- D�" �% �
  �	�  =1� 1% 	� ��
!#Mn 

 �<� W6�'(seed coating) 1 Nn a	/ �	�
8 (soil drenching)����	� t �8 	� � *+
,��	�,- 

�,�6 �	�
8 .����	� E�
+,	g �  �1" =1� �%  �% *+
,��	�,- �	� Q
�! �0�% U� ���C!

��%�� 4

8 2���  . 4� �!"�- 4� 2���  Q
�! f�� U�MOO��
!   4$	�" E�
6�� �	r �% Y- ��
�

��%�� . #" �'E1��  �% E�
+,	g �  D�" �% ����	� ��	
, *I�\ ���$ ���X! E%��, MOs 

��
! �% ���  ��%�� @
I�8 ��
� .(�\ �
  �	� � ��5�+6 Q!	� ��q� "���" ��
!#��%� . �g 

���g
� 	�� @��  *�MO % F�! 4�NnM *3	  U� F�! 4� 1 (�6 �Cq  �,�)3�� 4R
.% 

 Q/"%	� J ^$��,�6 ��"�
9, ����	� E�
+,	g �  �1	r  . U5/ "�� F�1	L! �% �g 

4�6	� ����	� 4� 4�5\- (�\ %�3 U� E"��� �� �% 1  

 �6 (Weller & Cook 1983) .(�\ *6	� #" �' �f1% =1� �%  E"��� Q/"% 	�PO��
!   #" ��
�

����	� E�
+,	g �   *I�\ 	� *+
,��	�,- �	�MOs��
! �% ���   E"��� #" U� �� 4� ��
�  	�

 �� �	�
8 D�" 1 ��%�� 4$	�"M��6 �"��8 �	G�� #1�  . E1��  �qR! Y- #" ��	6 �	�
8 �%

 ��%�� (%	)� "(Weller & Cook 1983) . _�` ��	. �% W�	!#- D�" 	� �$%	B8 ]̂ !	�bP �	�
8 

 �%b�6 f	L," �"��8  . #" �' 4�0	r ��	�,sOE#1 7	 "�� #1�  f"�," U5/ 1 �8   ��"�� �	�
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�          (%"#	.- �,	 "�/E"�	��� 1 : ������
� �������
  �!���"#�$ ��%�!&'  ��
!#..  

48�� ��%��- �0�% 1 ��
!#��# 1  	�#�" %��!��	�*$�� �"�.  .(%"% ��	!- Q
�C8 1 4�2L8  	� 	�

f�, #" (%	)� "  �"2$"MSTAT-C(1�� 1   E�!#- 	� 	��	�
8 ����LSD _�q  �% M % 1� % f	L,"

*$�� .        

����	� *
d�� D

d8����	� *
d�� D

d8����	� *
d�� D

d8����	� *
d�� D

d8    �8	' 1 4�$	� W
� *+
,��	�,- �	��8	' 1 4�$	� W
� *+
,��	�,- �	��8	' 1 4�$	� W
� *+
,��	�,- �	��8	' 1 4�$	� W
� *+
,��	�,- �	�����4,	X�� F	5�	!#- ��` �% E4,	X�� F	5�	!#- ��` �% E4,	X�� F	5�	!#- ��` �% E4,	X�� F	5�	!#- ��` �% E     �" �" �" �"        

����	� *
d�� F"�

e8 �,1� � ��� ��I�! 4�  ��` �% 4�$	� W
� *+
,��	�,- �	�

 E	8�! 4�"�� 1% #" W�	!#-P. fluorescens biov. III DA1m 1 B. subtilis DM1m �% 

W�	!#- 4,	X�� �	� �6 (%	)� " �" . �� �����	� 1% D�" *
d�� D

d8M� ��` �% �	G�� #1� 

*$�� F��0 ���X! �	��	�
8 a	/ #" W�	!#- (�1% . ��I�! D�" �"��MO a	/ f�� 

y��  �% 4`���! �	��"��8 #" U� �� �) 12�� 4
r	, 4  #" (�6 ��1-MOO��
!   �qR! Y- ��
�

E1�� +,	g �  �! E�
 *.� 4

8 #" �' 1 �6  �E- #" ��"��! �	�MOO E�
+,	g �  ��
�1��
! 

 *.� #" ����	�mnMO t
C! �1� NA��,- 1% �1	r    U
8�
�)�
 " U
+���
�	, 1 D
+
g!	)�� (

�! *5� ��%�� .	� J�58� ���' 4�   F�!PNnm� �	!% �% *3	  N�nN�4��%  ��,	    %"��

 �g  ���"�
9,4���'  ! �	��! F��0 f#T F	G 	C! 1 =�	�6 4`��� *$�� ."���d8 

 D

d��
� *
, ���	�
 2 ��M� �	G�� #1� MO ���X! �	��	�
8 �) 12�� 4
r	, a	/ #" f��  �'


8 #"
	� *.� 4��"��! �1� �C! 
 tNash & Snyder ! *5A�%�� ��. 	� J�58� ���' 4�  

 F�!PNnm� �	!% �% *3	  N�nN�4��%  ��,	    %"�� �g  ���"�
9, 4���'  4`���! �	�

�! F��0 f#T F	G 	C! 1 =�	�6 *$��.  

        

L
�,L
�,L
�,L
�,4444            

@+
,	��"1��
! �#	 "��@+
,	��"1��
! �#	 "��@+
,	��"1��
! �#	 "��@+
,	��"1��
! �#	 "��     	� 	� 	� 	�        

4,��, K��L! #" �
  �	�
� �	�  �(	95�	!#- 4� (�6 QR��! ��
!#mM #" f���"#�$ 4�"�� 

*�+. 45�� ���X! �	�  " 	� 1 ��%�� �#	  ��	/ 1 "�� (%��- E	�	
� 4.	  1 4.�` � (%	)�

 E�|�� ��G�d! �	��
�� #"E�+�, E"�	��� 1 (Nelson et al. 1983) 1 ���� E"�	��� 1 

(Burgess et al. 1994) 	
,- 4,�� F. oxysporum�6 (%"% �
X58  . ��"2��	�
� E�!#- �%

4�"��  4�"�� �f���"#�$ �	�11-S �"%��/�� D���	  4� *G+, ���5
� ��"2��	�
� F��. #" 4� 

 1#"r	, �,1- 4
#	 "�� 4.	  �(�6 %�� �*$�� �"�. (%	)� " %��!  . 	��� %"�d8 � ��� D�" �%
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MNO48�� �) 12�� #" ����	� 4�"��  �
  �	�  1 ��%�� "�� ��
!#NP 4�"�� "�6 �%� t

	!#-��	95�  Q�	R! �% ��+
,��	�,- *
�	d$F. oxysporum f.sp. tuberosi 4� �,%"% E	5, %�/ #" 

 �D
� D�" �%NM����	� 4� ��d�! 4�"��   1 *G�! f�� �	�l����	� 4� ��d�! 4�"��   f�� �	�

%�� �)�!)  �1��M( .  

 �1���n0�B/ 
��A	� F	�	� �,��	�,- 
" �% (%	)� " %��! *+�RC8 D
�  
Table 1. Characteristics of antagonistic bacteria used in present study 

"�����A	� 4�  
Bacterial strains  

��A	� 4,���  
Bacterial species  

TA6,GA1,GA2,DM1,DP1,DP2,DP3,DP4,DP5,DP6,DP7,TB1,DR1,DR2,DR3,DR4,DR5,B2 Bacillus subtilis 
DM2 B. pumilus 
B1 B. brevis 

T2  
Pseudomonas flourescens 

biov. II 
DA1,DA2,DA3,GP1,GP2 P. flourescens biov. III  

TC4 Coryneforme sp. 

        

d8d8d8d8







"�� ��BX! f�$ D"�� ��BX! f�$ D"�� ��BX! f�$ D"�� ��BX! f�$ D����� 4� 4� 4� 4



 ���	� ���	� ���	� ���	�Fusarium oxysporum f.sp. tuberosi 11-S        

	!#- �%�d8 W

"�� ��BX! f�$ D�� 4
 ���	�Fusarium oxysporum f.sp. tuberosi 11-S �

" 4A �6 �X5!�"�� D�" 4� �%	. 	
�8 4��%�!&' %	L�  �% 
!# �
��� �% 1 (%�� 
 �� #" J

!
	� E	�2�% �" 	� 4A �9�"�� D�	! 4�,# 4��%�!&' �,%�� (�6 �" ��5, %	L .��q�� S�	. 4h

� Q!	3
�	��	�� " 4� �  
!# �
��	� f"�," #" �"�� ��	  �! �
�5, "�� 	� E	�2 ." "<�� D

"���0	B�/" f�$ E"��3 4� 4�  
!# �
�� E"��3 *C8 F. oxysporum f.sp. tuberosi$�d! � 

 �6) �1��N.(        

 Q�	R�! *5� E�!#- Q�	R�! *5� E�!#- Q�	R�! *5� E�!#- Q�	R�! *5� E�!#-        

�%" �E�!#- D 4�"�� P. flourescens biov. III GP1 	� N/l� �6� W�	� �0�%  S�	.

 4�"�� 1 D���5
�B. pumilus DM2 	� mP/N� W�	� �� "� �
V	8 D����� �6� W�	� �0�% 

�,%�� "�"% S�	. �!�
�+
! �6� .  

f�
�+
! �6� #" ��
���� �% ����  ��	/ F	G
��8 � ��� E�!#-f�
�+
! �6� #" ��
���� �% ����  ��	/ F	G
��8 � ��� E�!#-f�
�+
! �6� #" ��
���� �% ����  ��	/ F	G
��8 � ��� E�!#-f�
�+
! �6� #" ��
���� �% ����  ��	/ F	G
��8 � ��� E�!#-        

 S�	.  S�	.  S�	.  S�	. F. oxysporum f.sp. tuberosi            

4�"�� *+
,��	�,- �	� #"  �I,  �
V	8   F	C6�8  y�	! ��	/  ����   �%  ��
����  #"  �6�   
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MO          (%"#	.- �,	 "�/E"�	��� 1 : ������
� �������
  �!���"#�$ ��%�!&'  ��
!#..  

 �1��Nn1 f�$ �"�� (&� 411-S S�	. Fusarium oxysporum#	� �  4.	  #" (�6 *$	
!# �
��  
Table 2. Forma specialis of Fusarium oxysporum isolate (11-S) recovered from stem vascular 

of potato 

#	 "��� S�	. F. 

oxysporum  
��? �,1- #"�  

 Recovery from vascular 

#	 "��� S�	. F. 

oxysporum  
��? �,1- #"�  

 Recovery from vascular  

!
	! E	�2�,# 4�(�6   
Inoculated host 

�� 45Root 4.	  Stem 

!
E	�2  
Host 

�� 45Root 4.	  
Stem 

 
!# �
��) Potato(  +  +  ���
	)Bean(  _  _  

9,�$ 4����)Tomato(  +  _  E	�A)Flax(  _  _  

Q)�$)Pepper(  _  _  4G�')Cotton(  _  _  

E	L,%	�)Eggplant(  +  _  �L�A)Sesame(  _  _  

�A	G�8)Tobacco(  _  _  1�A)Zucchini(  _  _  

%�X,)Chickpea(  _  _  (2��/)Melon(  _  _  

7�3)Lentil(  _  _  /
�	)Cucumber(  _  _  

=	!)Mung Bean(  _  _  4,"1���)Watermelon(  _  _  

n : #	 "�� f�3� S�	. F. oxysporum f.sp. tuberosi   

 : +#	 "��� S�	. F. oxysporum f.sp. tuberosi  
-: isolation of F. oxysporum f.sp. tuberosi 

+: not isolation of  F. oxysporum f.sp. tuberosi 

 pq  �% S�	. f�
�+
!M % 4�"�� 1 �,%"% E	5, ��"% ��d! F1	)8P. flourescens biov. 

III DA1 	� MOO 4�"�� 1 D���5
� �6� W�	� �0�% B. subtilis TA6 	� �/� W�	� �0�% 

���6"% S�	. �!��
+
! �6� W�	� �% "� �
V	8 D����� �6� .  

*
���	�! �V" � ���*
���	�! �V" � ���*
���	�! �V" � ���*
���	�! �V" � ���    4�"�� �"�$ �	�4�"�� �"�$ �	�4�"�� �"�$ �	�4�"�� �"�$ �	�    ��� �% *+
,��	�,- ��	����	� �	���� �% *+
,��	�,- ��	����	� �	���� �% *+
,��	�,- ��	����	� �	���� �% *+
,��	�,- ��	����	� �	�f�
�+
! �6� #" ��
�f�
�+
! �6� #" ��
�f�
�+
! �6� #" ��
�f�
�+
! �6� #" ��
�        

S�	. S�	. S�	. S�	.     F. oxysporum f.sp. tuberosi        

 4���' �q. �S�	. f�
�+
! �6� W�	� �% �?�	.�� �"�$ F	G
��8 �V" E%"% E	5, ��I�! 4�

U�58 ��1� pq  �% S�	. *$�� �"�. ��	�#�" %��! . D
9,	
! 4+�	R! 1 �,	��"1 4�2L8(%"%  	�
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 ��� ���	
� �	
��	�
��� �����                                                                                         MM 

��d! }^�/" 4� %"% E	5, 	�
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D4�"��   
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,��	�,- F"�V" ��"  �	�P. fluorescens 

biov. III DA1 �P. fluorescens biov. III DA1m �P. fluorescens biov. III DA3 �B. subtilis DM1�  

 B. subtilis DP1 1 B. brevis B1 4�"�� ("��� 4� P. fluorescens CHAO) �%��$	� WX� #" 

�	A1�'�� 4+ �! F�
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��A	� �V"�	� �,��	�,- 
+1� �6� �% *�5�  
!# �
������ 1 
���	d$ #" 
� *
�	��"2�� 

� Q!	3 S�	.
�	��,��	�,- �
8 =1� 1% 	� 	� *+
� �	�
	� 4|�	�6	, �	� 4��. #" ��h8 
 �

  (�6
!# �
��8 1 
	� (�\ �	��  
!# �
����A	� 	� �	� �,��	�,- 
 �"�. (%	)� " %��! *+

*$�� .� F�6 =1� �� �%
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	�,�" #" Q0	r ��	!#- D�� 4A %"% E	5, W
8 D
V	8 �I, #" 	��	�
1� ��J5/ 1 �8 E#1   

	� f"�," � "�����d! F1	)8 ��"% � pq  �% M %%�"% %��1 .	R! 7	 " ���! 4+
9,	
(%"% D  	�

"��� 4P. fluorescens biov. III DA1) 8
�	�M ( *G�! ��	6 4� *G+,M�/mM"2$" �0�% � �6� W

8 Q�	R! �% 1
� �	�
 ���	�M/��* " 4�6"% �6� W�	A �0�%  .�|��
 J5/ E#1 t ��! D

8
"�� t �8 (�6 �	��	� 4� P. fluorescens biov. III DA1) 8
	��	�� M1N ( 1P.  fluorescens 

biov. III DA2) 8
 �	�b (8�8 4� *G�! ��	6 4� *G+,
 	� �M/mM �M/Ms 1 m/NO"2$" �0�% � W
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� E"��3 4� �6��8 D
$�d! 	��	���,�6  .8
� �	�
, ���	�
	R! �% 2� �G  *G�! ��	6 	� 4+

Nl/ll�6� W�	A �0�%  �6 ) �1��b .( ����V	8 
"�� ��	� 4�,��	�,- 
1� *+� �8 E#1 

� J5/ 1�� 4A %"% E	5, 45
8 D
�d! }^�/" 	��	���"% � pq  �% M %%�"% %��1 . 7	 " ��

	�,�" #" Q0	r ��	!#- D�8 �8 E#1 t ��! �W
"�� t �8 (�6 �	��	� 4� P. fluorescens biov. 

III DA1) 8
	��	�� M1N ( 1P. fluorescens biov. III DA2) 8
 �	�b ( 4� *G�! ��	6 4� *G+,

8�8
 	� �M�/mO ��M/MP 1 Nl/NP"2$" �� �6� W
��5�V	8 D
�,%�� "�"% "� � .�|��
 t ��! D

8 J5/ E#1
"�� 	� (�6 �	��	� 4� P. fluorescens biov. III DA1) 8
	��	�� M1N ( 1P. 

fluorescens biov. III DA2) 8
�	�b1m ( 4�8�8
 	� �lM/bO �sN/s �m/Ms 1 s/l"2$" � �6� W

� *G�! ��	6 4� *G+,
��5�"�	A D��"2$" �% "� �� J5/ E#1 W� �,%"% E	5, 45) �1��b .(  

� F�6 W�	A
�	��"2��� �% 
"�� D�	� 4�,��	�,- 
	R! �% *+�)�! ��	6 	� 4+� 

)8
�	�Ms ("�� 1 %�� 4��8 Q�	.�	� 4� P. fluorescens biov. III CHAO 1 P. fluorescens biov. 

III DA1 �' #" Q!	A ��q� 
���� �� Q!	3 S�	. t �8 45
�	���,%�A *d,	�!  .�|��
 D

!	�8�"�� �	��� " 4� 	� 4�"�� � 4B. subtilis DM1' #" y,	! 
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6 4�/	�6 �	�
8 D���
� E"��3 4� ��	6 4� *G+, �6� W�"2$" �0�% �) �1��m .( E#1 �1�

��d! }^�/" 	��	�
8 D
� 45�� U5/ 1 �8  pq  �% ��"%M %%��1*6"%  �8 E#1 t ��! 1 

 4�"�� 4� ����! �	��	�
8 U5/ 1B. brevis B1)  �	�
8Ns ( 	� �
8�8 4�b/MO� 1 b/MMl 

 *G�! ��	6 4� *G+, �6� W�"2$" �0�%) �	�
8bb (�"% 45�� E#1 �1� "� �
Vc8 D���5
� %�� "

) �1��m .(����	� �V"  ��"2��	�
� F�6 W�	� �% *+
,��	�,- �	�) #1��, 1 45�� ���
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8 a	/ (%�� F1	)�! 2
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DA1	� �
8�8 4� a	/ �	�
8 =1� �% @� 1 �<� �	�
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 �1��bn��A	� F"�V" �	� �,��	�,- 
1� *+�	� f"�," J5/ 1 �8 E#1 �"�� ��� 1 � 1 45

!
 �' E"2
��� ��8 =1� �% 45
	� 4��. �	��  
!# �
��  
Table 3. Antagonistic effects of bacteria on fresh & dry weight of aerial & root portions & 

percent of root rot of potato in a greenhouse experiment in which stem cut-

inoculation method was employed     
 �' �0�%
��� 

��45  
Percent 
 root rot 

� J5/ E#1� 45
)f��(  

Root dry    weight 

(gr)  

� �8 E#1� 45
)f��(  

Root fresh 

weight (gr)  

"�� f"�," J5/ E#1�� 
)f��(  

Aerial dry weight 

(gr)  

f"�," �8 E#1  
"����) f��(  

Aerial fresh 

weight (gr) 

"���4  
��A	��  

Isolate bacteria 
  

 

-  1.01a 12.94a 17.07a 218.17a DA1 1  
0  0.85abc 10.85abc 14.41ab 182.4b DA1+P 2 
-  0.92ab 11.75ab 14.57ab 186.1b DA1m  3 

4.2  0.83abc 9.84bcd 12.41bc 157.6bc DA1m+P 4 
-  0.77bcd 9.23bcde 12.10bcd 154.9bc CK 5 
-  0.76bcd 8.71cdef 10.72cdef 141.7cde CK-B 6 
-  0.66cde 7.77df 10.85cdf 145.0cd DA3 7 

8.33  0.70cde 8.02def 11.26cd 147.7cd DA3+P 8 
-  0.66cde 7.72def 9.53defgh 125.9cde B1 9 

20.83  0.53efg 6.01fghi 7.82ghi 110.3ef B1+P 10 
-  0.67cde 7.70def 10.6cdefg 143.7cd CHAO 11 
0  0.56efg 6.34fgh 8.18fghi 116.4def CHAO+P 12 
-  0.61def 6.94efg 8.44efghi 118.7def DP1 13 

16.7  0.39gh 4.08hi 6.403ij 91.86fg DP1+P 14 
-  0.54efg 5.95fghi 9.47defgh 128.9cde DM1 15 

29.2  0.30h 3.33ij 6.01ij 76.81g DM1+P 16 
-  0.61def 6.92efg 11.09cde 142.9cd DM1m 17 

12.5 0.42fgh 4.40ghi 7.06hi 93.33fg DM1m+P 18 
54.2  0.08i 0.67j 4.08j 23.08h P  19 

! �1�� %"�3"
9,	
* " �"�h8 4  D  

8
	��	�� E�!#- �% ��,�6 (%"% E	5, ���X! }1�r 	� 4A E��  �� LSD pq  �% M % 	�

��h��d! F1	)8 �9��,�"% �"%  .P :"��� 411-s S�	. Fusarium oxysporum f.sp. tuberosi �CK :

 �*G�! ��	6DA1 1 DA3 :Pseudomonas fluorescens biov.III �B1 :Bacillus brevis �DP1 1 

DM1 :B. subtilis �DA1m :"�� E	8�!�4  DA1  1DM1m :"�� E	8�!� 4DM1 �CHAO:  
 P. fluorescens CHAO   

Each data represent the mean three replicate. 

Means followed by different letters within a column are significantly different (P= 0.01) 

according to LSD test. 
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  �!���"#�$ ��%�!&'  ��
!#..  

4�"�� 4� %1�C! 	
�8 4.	  �% ��,1- #1��, %	L�" 1 �,1- �% "2��	�
�  B. subtilis DP1 1 %�� 

4�"�� 4
R� �,�6 �,1- �% S�	. *
�	d$ #" y,	! (%	)� " %��! *+
,��	�,- �	� . 2
, Q
!��� @ 

��d! ��q�  *+,"��, ��"% (%	)� " 	!" ���% W�	� �)�! ��	6 	� 4+�	R! �% "� ��"2��	�
� F�6

 %�� �<� �	�
8 F��B� E- %���	� #" �8�V�! a	/ �% E�
+,	g �  F��B� E-) �1��m .(  

        

 �1��mn��A	� F"�V" �	� �,��	�,- 
1� *+�	� f"�," J5/ 1 �8 E#1 �"�� ��� 1 � 1 45

 �' �0�%
���� �8 =1� �% 45
� (�\ �	�	�  
!# �
��  
Table 4. Antagonistic effects of bacteria on fresh & dry weight of aerial & root portions & 

percent of root rot of potato in a greenhouse experiment in which seed bacterization 

method was employed 

 �' �0�%
���� � 45

)8
�<� �	�(  
Percent root rot 

(Seed treatment) 

 �'�0�%
��� 

��45)8
�	/�	�(  
Percent root rot  
(soil treatment)  

� J5/ E#1� 45

)f��(  
Root dry    

weight (gr)  

� �8 E#1� 45

)f��(  
Root fresh 

weight (gr)  

f"�," J5/ E#1  

"����) f��(  
Aerial dry weight 

(gr)  

f"�," �8 E#1  

"����) f��(  
Aerial fresh 

weight (gr) 

"��� 4  

��A	� �  
Isolate 

bacteria         

 

- - 3.32bc 42.37b 26.4ab 257.6bcdef DA1 s  1  
- - 2.81bcde 34.78bcde 24.42abcdefg 290abcdef DA1 sd   2 

n 0a  2.47bcdefg 30.86bcdefg 25.13abcdefg 315abcde DA1 s+P  3 

15.5a  - 1.88bcdefghi 23.38cdefghi 20.02cdefgh 257.6bcdef DA1 sd+P  4 

- - 3.36b 42.38b 25.64abc 279.5bcdef DA1m s  5 
- - 2.72bcdef 34.05bcde 20.39bcdefgh 272.6bcdef DA1m sd  6  
- 2.2ab  2.66bcde 33.66bcde 24.77abcdefgh 293.3cdefg DA1m s+P  7 

22.2ab - 1.89defghi 23.83cdefghi 20.17cdefgh 263.1bcdef DA1m sd+P  8 

- - 2.69bcdef 33.99bcde 27.32a 382.5a DM1 s  9 
- - 2.39bcdefg 28.91bcdefgh 21.56abcdefg 290.8abcdef DM1 sd  10 
- 67.3b 1.86defghi 22.42defghi 19.77cdefgh 251.3bcdef DM1 s++++P        11 

51.1abcd  - 1.17ghij 13.63ghij 19.37fgh 230.6defg DM1 sd++++P        12 

- - 2.78bcdef 35.19bcd 23.72abcdefg 297.5abcdef DM1m s        13 
- - 2.15bcdefgh 26.31bcdefgh 21.17bcdefgh 283.0bcdef DM1m sd        14 
- 15.5ab  1.78efghi 21.55defghi 19.53defgh 247.1bcdefg DM1m s++++P        15 
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 �1���n) 4!"%"(                      Table 4. (continued) 

51.1abcd - 1.51efghij 18.21defghij 19.33gh 222.4efg DM1m 

sd+P  
16 

- - 1.41fghij 17.05efghij 22.11abcdefg 292.6abcdef DA3 s  17 
- - 2.72bcdef 34.53bcde 20.92bcdefgh 290.3abcdef DA3 sd  18  
- 8.9ab 2.25bcdefgh 28.60bcdefgh 21.08bcdefgh 288.9abcdef DA3 s+P  19 

31.1abc  -  1.71efghi 21.42defghij 19.49efgh 228.8defg DA3 sd+P  20 
- - 3.21bcd 40.82bc 23.83abcdefg 297.6abcdef CHAO s  21 
- -  2.452bcdefg 30.54bcdefg 20.80bcdefgh 285.9bcdef CHAO sd  22 
- 11.1ab 1.97cdefgh 24.46defghi 20.72bcdefgh 272.8bcdef CHAO s+P  23 

46.7abc  -  1.59efghij 19.69defghij 20.02cdefgh 259.2bcdef CHAO sd+P  24 
- -  2.48bcdefg 31.59bcdef 25.41abcdef 320.2abcd DP1 s  25 
- - 2.77bcdef 34.55bcde 24.35abcdefg 303.8abcde DP1 sd  26 
- 40.0c 1.71efghi 22.69defghi 23.56abcdefg 297abcdef DP1 s+P  27 

53.3bcd  - 1.25ghij 13.79fghij 19.70cdefgh 250.3bcdefg DP1 sd+P  28 
- -  6.55a 77.62a 25.55abcd 340.4ab B1 s  29 
- - 2.55bcdef  32.21bcde 24.79abcdefg 308.8abcde B1 sd  30 
- 6.7ab 2.48bcdefg 31.15bcdefg 25.50abcde 326.5abc B1 s+P  31 

22.2abc  - 1.81efghi 22.30defghi 23.64abcdefg 298.8abcde B1 sd+P  32 
- - 2.41bcdefg 30.42bcdefg 24.41abcdefg 299.8abcde CK 33 
- - 2.71bcdef 34.74bcde 20.68bcdefgh 270bcdef B+CK 34 

66.7de  61.7d  0.56ij 7.03ij 15.44hi 156.2gh P  35 
- 56.7c  0.99hij 12.04hij 19.72cdefgh 203.3fg B s+P 36 

66.7de  - 0.32j 3.65j 10.17i 107.7h B sd+P  37 

! �1�� %"�3"
9,	
* " �"�h8 4  D. 

8
	��	��� E�!#- �% ��,�6 (%"% E	5, ���X! }1�r 	� 4A LSD pq  �% M % 	���h� �9

�d! F1	)8��,�"% �"% .  

P :"��� 411-s S�	. Fusarium oxysporum f.sp. tuberosi �CK : �*G�! ��	6B+CK : *G�! ��	6

�8�, ("��� 4�� �x"�� *�DA1 1 DA3 :Pseudomonas fluorescens biov.III �B2 :Bacillus 

brevis �DP1 1 DM1 :B. subtilis �DA1m :"�� E	8�!�4 DA1  1DM1m :"�� E	8�!� 4DM1�B 

+P: 8
!��� @   �	�
 �Qs) soil treatment :(8
 ��	/ �	�sd) seed treatment :(8
 �<� �	�  
Each data represent the mean three replicate. 

Means followed by different letters within a column are significantly different (P= 0.01) 

according to LSD test.  
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����	� *
d�� F"�

e8����	� *
d�� F"�

e8����	� *
d�� F"�

e8����	� *
d�� F"�

e8     1 4�$	� W
� *+
,��	�,- �	� 1 4�$	� W
� *+
,��	�,- �	� 1 4�$	� W
� *+
,��	�,- �	� 1 4�$	� W
� *+
,��	�,- �	�����



���	����	����	����	�W�	!#- ��` �% W�	!#- ��` �% W�	!#- ��` �% W�	!#- ��` �%     4,	X�� �	�4,	X�� �	�4,	X�� �	�4,	X�� �	�     �" �" �" �"        

d�� =�	�6
��A	� *�	� �,��	�,- 
% 4,	X�� �% *+ �� Q0"�$ �M� #1� � �	Gh

*$�� F��0 .8 =1� �%
	� 4��. �	��  
!# �
��,��	�,- 	� 
*+	�  �1 4`�\ F��0 4� 

� E%�A�+,	g �  �% 	� 45
��A	� E��d�� �
�1" *
��A	� 4� �	/ �% MOP f�� �� �% ���  

%�� 4G 	C! �	/�� .�"%�� 4,��, �%��d� �d�� 
��A	� *�! 4� 	� 
 E"2MOO	A ��"��  W�

�d�� 1 *$	
 4� E- *MO� � �	/ f�� �� �% ���  
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962292.0t+26885.5t2-165.98t3	� �� �G8 �
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 W�	A ���	��*$	 .	
, �%�" *�"�� D�d�� 4
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"��� 4B. subtilis DM1m, W�	A 
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d�� E"2
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 �	/ �	�MOP8 =1� �% 1 
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Qh6 � n  �,1� F"�

e8 *
d�� *+
,��	�,- 1 ���	�
� �% ��` W�	!#- �	� 4,	X�� �" �% =1� 

�	�
8 4��. �	� �
  ��
!#) A :P. flourescens biov. III DA1m �B: B. subtilis DM1m(.  
Fig. 5. Population dynamics of antagonist & pathogen during a greenhouse experiment in which stem cut-

inoculation method was employed (A; P. flourescens biov. III DA1m , B; B. subtilis DM1m ). 
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d�� (�\ �	�
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 T	� _�q  �% ���	�)MO� ( �6 �)r
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"��� 4B. subtilis DM1m8 =1� �% 
 �	/ �	�) Qh6Bn� (8 =1� 4� *G+,
 %��1 (�\ �	�

 *6"%) Qh6Bn� .(8 =1� �%
e8 �,1� ��<� �	�

d�� F"�
"�� *� 4P. fluorescens biov. III 

DA1m 4�%	d! #" YA = -2.61+0.15t-0.0004t
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-0.000004t
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 D%�;/��� �% 1 
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 4�%	d! #"YP = -203472.0+22978.6t-423.39t2+2.27t3�� 	� �G8 �

 D%��/��)  Qh6An� ( 1

e8 �,1�

d�� F"�
"�� *� 4B. subtilis DM1m  4�%	d! #"YA = -0.93+0.005t+0.002t2-
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D��/;�� 1 
 4�%	d! #" ���	�YP = -86691.4+5770.61t+83.49t2-0.73t3 

�� 	��G8 �

 D%�>/�>dG8 
! *� ��A ) Qh6Bn�.(  

8 =1� �%
e8 �,1� ��	/ �	�

d�� F"�
"�� *� 4P. fluorescens biov. III DA1m #" 

4�%	d!YA = 9.60*107-6.06*106t+119618.0t2-745.67t3�� 	� �G8 �

 D%�;/���% 1 � 
 #" ���	�

 4�%	d!YP = -587999.0+53619.0t-1047.62t2+5.93t3�� 	� �G8 �

 D%��/��)  Qh6An� ( 1

e8 �,1�

d�� F"�
"�� *� 4B. subtilis DM1m  4�%	d! #"YA = 6.26*107-

3.23*106t+59462.9t2-308.99t3�� 	� �G8 �

 D%>�/;�� �% 1 
4�%	d! #" ���	� 
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M�          (%"#	.- �,	 "�/E"�	��� 1 : ������
� �������
  �!���"#�$ ��%�!&'  ��
!#..  

YP = 14261.2+4339.13t-60.75t2+0.19t3�� 	� �G8 �

 D%��/>�dG8 
! *� ��A ) Qh6Bn�.( 

    
Qh6 l n  �,1� e8

F"� d��
* ,��	�,-
*+ 1 �
���	� �% ��` 	!#-�W 	�� 4,	X�� "� �% � =1

8
	� (�\ �	��  
!# �
��)  E�!#-Seed bacterization) (A :P. flourescens biov. III DA1m �

B: B. subtilis DM1m(.  
Fig. 7. Population dynamics of antagonist & pathogen during a greenhouse experiment in which seed 

bacterization method was employed (Seed bacterization assay) (A; P. flourescens biov. III DA1m 

, B; B. subtilis DM1m ).  

        

  
Qh6 P n  �,1� e8

F"� d��
* �,-,��	
*+ 1 �
���	� �% ��` 	!#-�W 	�� 4,	X�� "� �% =1� 

8
	� (�\ �	��  
!# �
��)  E�!#-Soil bacterization) (A :P. flourescens biov. III DA1m �B: 

B. subtilis DM1m(.  
Fig. 7. Population dynamics of antagonist & pathogen during a greenhouse experiment in which seed 

bacterization method was employed (Soil bacterization assay) (A; P. flourescens biov. III DA1m 

, B; B. subtilis DM1m).  
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�	  �% ���	��/" 
" 	� ��	� E	8�! %	L��,- �� 
8�
h���h��! 1 �%�� }�`�� � * " (�

)Alizadeh et al. in press; Derakhshan et al. in press; Khorasani, 2006 .("�" �% Q�d! D� D

RC8
, �
	� E	8�! #" (%	)� " 	� 2��,- �� 
8�
h�e8 1 }�`�� 

d�� F"�
 Q!	3 1% �� *

� �% (�6 (%"% *A�6
� ����A�
�	���%�!&' �  
!# �
�� ��"%�� *6"%%	�2L8 %��! 1 � 4 1

�C8
 * " 4�$�� �"�. Q) �	h6"�n ; .(48�� #" �
RC8 D�" �% �
  �	�  ���	�
� @w^3 	� ��
!#

" 4,������ #" ��%�� "�� f���"#�$  . U�����$��! 1 U������2
$ F	
0�B/ 4� 4��8 	�

4�"��  �	��
�� U�� 4� 1 	�%���! 	
,- 4,�� F. oxysporum�6 (%"% �
X58  . �%	!#-�W 

�"2��	�
��1� �� 
���X! E	�	 4�"�� �F. oxysporum 11-S  	
�8�
  �%  %	L�" ��%�!&' ��
!#

%�� ." %	�� "�	�, D�7	 " �� 1 � D
RRC! �/�� �I, )Rich 1983(� �% ��	�
� Q!	3 S�	. 

4Rq�!E	e!"%  F. oxysporum f.sp. tuberosi�6 (%"% �
X58 . �% 4�"�� 4d�	q! D�"  �	�

� ��d�! ��+
,��	�,-7	,�!1%�  4� *G+, ���5
� �,"1"�$ #" 7��
 	� 4  �"%��/�� %�� . D�"

��g 1�," �
��8 Q
�% 4� ]T	��r"" �% ���A	� D�	� 7��
 	� 4� * "   t�"�6 4� *G+, "� 

	!�� 1 ��5/ ]	0�B/ �3	+!	,��! f1	R! �
RC8 D�" 4d�	q! %��! �`	�!  %#	  

(Whipps, 2001) .  

  �	/ F	G
��8 �V" � ���4�"�� 4� %"% E	5, S�	. �!�
�+
! �6� �% ����  �  �I, #" 	�

��,- �
��8 ��	,"�8 4�"�� 1 (%�� F1	)�! �9���� 4� *G+, U
8�
�  �	�DA1 1 P. flourescens 

biov. III DA2 �B. subtilis B2 1 P. flourescens biov. III GP1 "�"% "� �V" D���5
� �
8�8 4� 

�,%��.	� =�"2� �%�d�! ���8 #" 
���	�! �
	� *�?�	. �� ���A	� t �8 �"�6 *C8 	� � t

	!#-��	95�"�6 �% * " Dh�! 4A %�"% %��1 � tin vivo, 
�? 2
�	d$ D
�� ��6	� 4�6"% 

)Whipps 2001.(   

  *
���	�! �
V	8 �� �"�$ �	�  1 *$�� �"�. 4d�	q! %��! S�	. �!�
�+
! �6� �% �?�	.

4�"�� 4� ��%�� �X5! - �	���,- �
��8 �� (1^3 *+
,��	�,  F	G
��8 �
��8 ��	,"�8 U
8�
�

�� �"�$  t
C! �% 2
, "� �?�	.NA�! "�"%  ��6	� .  

   K��L! #"NP 	
�8 *+
,��	�,- 4�"�� Mb ��$1��
  �
��8 4� �%	. 4�"�� �% t
C! CAS-

agar4�"�� 1 �,%��   �	�DA1 1 P. flourescens biov. III DA2,"�8 D���5
�  �% "� ��	"� D
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�,%"% E	5, ��B/." �% � ��� D�"�� �	� 4�	,"�8 #" 7	,�!1%�  ���8T	� ���8 �% 
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"�� 4� *G+, ��$1���	� 4� 	� 
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��,�"%#	��6	, ��%�!&' Q�	R! �% 	� 7	,�!1%�  #" �	� ��"#�$ �!��! �% 
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��8 ���X!
 � 
 * " (�6 =�"2� ��$1��)Bol& & Kuykendall 1998.(  
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  �!���"#�$ ��%�!&' ����� �% *+
,��	�,- �	�  4,	X�� �% ��
!#
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8 W�	!#- D�" �% ��"�� f"�," �6� �1� �,	+�� �V" ]	G��

4�"�� �!	�8 ]	G��R8 1 ���6"% f"�," �6� W�"2$" �3	� *+
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 E1�� �	�
8�
���	�*6"%  .4�"�� �
V	8 � ��� 	�� �% �45��d! }^�/" %��1 #" ��	r   �"%
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8 D
� B. brevis B1 "�"% �6� �	R�" �% "� �
Vc8 D���
� a	/ �	�
8 =1� �% 

%�� .����	� �V" 
� F�6 W�	� �% *+
,��	�,- �	� ��"2��	�)��,1- #1��, 1 45�� ���
 �' (

 *+
,��	�,- %���	� ���X! �	
61� �% �V" D�" 1 %�� 4��8 Q�	. ��	6 �	�
8 	� 4+�	R! �%

)a	/ �	�
8 1 �<� �	�
8 (%�� F1	)�! 2
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 	� �
8�8 4� a	/ �	�
8 =1� �% @� 1 �<� �	�
8MOO 1 �P/�m �45�� ���
 �' W�	� �0�% 

4�"�� ��	  4� *G+, S�	. ��"2��	�
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�	d$ W�	� �% "� �
Vc8 D���5
� %"% E	5, 	� . �$�` #"

��d! ��q� Q
!��� @   	!" ���% W�	� ��	6 �	�
8 	� 4+�	R! �% "� ��	�
� F�6 *+,"��, ��"%

E- %���	� #" �8�V�! a	/ �% E�
+,	g �  F��B� E- (%	)� "%�� �<� �	�
8 F��B�  . ��	�,

*+
,��	�,- %���	� ��� ��q� 4� * " ��q! D�" ���! W�	!#- D�" #" Q0	r  F��B� 	�

���C! �! �<� �	�
8 F��B� E- %���	� #" �8�V�! a	/ �% �6	' �6	� .  

�	���RC8 �% E"�	h�� 1 
R�"�� �V" �	� 4�,��	�,- 
�+� B. subtilis 1 P. fluorescens "� 

A �%�%�!&' W�	��"#�$ �!��" %�X, �,"��"�6 �% � ��� 43�2! 1 4,	X�� t��,%��,  .	�,� �

" #" Q0	r�RC8 D
"�� %"% E	5, ��	� 4�,��	�,- 
#	  4�5\- =1� �% *+� 	� �	/ 

"�� E�+,	g � �+� 	� 4
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� ��
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)Fern&o et al. 2006( .  
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 B. subtilis DM1m*6"% %��1 (�\ �	�
8 =1� 4� *G+, a	/ �	�
8 =1� �%  .  
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!	.�" D�! 
* " 4�59, �+ . "<�
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�! Y	+r 4�  ��-(Bol& & Kuykendall 1998) . 
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