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Effects of media and incubation time on antibiotic production of fluorescent pseudomonads 
  

�(#4�� �'#�5�(#4�� �'#�5�(#4�� �'#�5�(#4�� �'#�5**����    	6��1 7�48	6��1 7�48	6��1 7�48	6��1 7�48    �	&'����	&'����	&'����	&'���    �9�9�9�9�(���:; 	�<&���(���:; 	�<&���(���:; 	�<&���(���:; 	�<&��    �('� ('#��('� ('#��('� ('#��('� ('#�     �!; � ����� 	4+:� �!; � ����� 	4+:� �!; � ����� 	4+:� �!; � ����� 	4+:�    =.'=.'=.'=.'�����;� �����;� �����;� �����;�         

�'��� 0�>!&'( �����!5 0�%!&'( �  0�>!&'( �����!5 0�%!&'(�'��&���  

  

 3���( ?/A/BA?C      D��EFAG/B/BA?�  

  

HIHIHIHI����0�0�0�0�        

 *$����� =�'��   2$�#�3 (�&#��(#$ =+3� ��%��(#�� � �' /� �1�J��9  

 Sclerotinia sclerotiorum � � K��8�/���$#F �� *�� �'(�>��+3, =9#L � =! D�� �' 0(�6+$' ��

HPLC('( ��!& =" =�'��   ��
B119 �B112 � B111	+&, ��.#�  �&(�5 M��#�� .=�'��  ��
B112 � 

B119	+&,  K�+$' �( M��#�� O#2�$#���#�3   (DAPG) � +$'#&#�� K $#���#�3�O#2  (MAPG)  �   

** 5( =.�$� �' 	!P��'��� 0�>!&'( =� 0�1 =Q'�' O�' 0�&��>& ��+  

*=4��%� O#RS�   
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 ��T

F��#R�#.#�U (Plt)�&(�5 ��.#�  . =�'��B111	+&,  U���23 M��#�� (PCN)(�5 ��.#�  .2V�
� =�'�� U 

B112  �B119�&(�5 ��.#� ��$' M���S�.�$ 0(��  . !5 ���� ����� 	$���  ���� ��( ��.#� 

	+&, #�3 K�+$' �( M��#�� /�
 =�'�� =5 ('( ��!& O#2�$#���B112 � B119  !5 ���� �( ��2� 

YMP	+&, ��.#�   3�� W�')3' ����  1E �� ��.#� �')�� =5 �&(�5 '� X#3 M��#�� .'���=  /�


B112 � B119�� *+&, �#�+$'#&#� -�$#���#�3 K��� �( ��2� '� O#2� �YMP.#� �� =" �&(�" �� �')

.#�� ����  1E �� � W
�"� 3� .2V�
�'�� U�=  /�
B112 � B119�� �( ��2� � �KB.#� � �

*+&, ���#�F -��#R�#.#�� *�"�#Y� � �&(�" U�.#� �')�'�� �( �
 �( � �� =�Z��')3'  8�$  � W

 W
�" [\$� 3� .	+&, ��.#� ��� 	Y��� ��'�1 	$���  =�'�� =5 ('( ��!& U���23 M��#��B111 

  !5 ���� �( �(KB� YMP(�5 U���23 ��.#�  .  !5 ���� �( U���23 ��.#� �')��YMP �+!�� 

 �'KB(#�  .�')�� ��.#� U���23 �( ����  YMP �$#� =�'�� B111 ��  1E ���� W�')3'  3�� 

=%��#Y� U��+!�� �')�� ��.#� �( ]T  8�$ (#�.  

0^'�0^'�0^'�0^'�    �" /�
�" /�
�" /�
�" /�
����/�/�/�/�:::: ����H$' ��'(�>��+3,����H$' ��'(�>��+3,����H$' ��'(�>��+3,����H$' ��'(�>��+3,����2222���� �� �� �� ��� O�+2"� O�+2"� O�+2"� O�+2"����^#.#^#.#^#.#^#.#����HHHH**** � � � �fluorescent pseudomonads � � � �*+&,*+&,*+&,*+&,    ���������#�#�#�#����----        

  

=��`�=��`�=��`�=��`�        

��+5��7�&#��(#$ (Pseudomonas) 	� � (�'( (#��  <�4L ��� =�
 �(   =� '� �, �'#�

(�5 '��F a��6+� 	%�^#.#5' ��
����9 �(  .#�$ (Bossis et al. 2000) .�'�3� =!)�6$�)��( 	2d 

��+5�� U�' �  $' 	���%�� K�'#8 �' �=!�� 0�225 0)�2�5 ��
=+S��� W`&   �&�'( ��%� U�' �( �'

(Bakker & Schippers 1987; Dowling & O’Gara 1994; Bossis et al. 2000) . ('�<� U�' �� 0�e8

�&#��(#$ �' �(���(  2$�#�3 ��
 (fluorescent pseudomonads) f�`� =!��'�3 a��g#hi �

J��9 =��8 	+S�&#�+&, :�+& �( � �&�'( =!�� ������ ��
 =*�  �2&'#� ��&�� f.�$ �(0����� � =+1'( �

�21�� (Vinecent et al. 1991; Keel & Defago 1997; Schisler et al. 1997).  

�##� ��.(', +&	 �#��M�=�  �'#28� ����� �' ����S� W
�5 �( f�� K��8 M�  =!�� ��


	� �1�� .�<� �#25��'	+&, a�4�5�� �' �( $� =� =5 M��#�����(#$ =��&#(  2$�#�3 ��
��.#� 
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 ��Z

	� i�$ �j& �' �&#1+�1 	��$�21 	�����1 ���0 �&, k�d' =5 �&'�0�� �'  32���U O���F ��
  � �


�`+!� 	i�� O��&' a	�  �21��)l U���23�l� U��#R�#.#�F ���$' M���S5#��5 ��F U��+�& O�.( 

�	+&, �('�<  M��#�� �>�( ���; =5'5 0�1 =+i�21 )�& �2+S�& a� k�5�� =���m�+$' �( K 

�3# O#2�$#���(2,4-diacetylphloroglucinol)' ��� �+�� U,&� �	� �1��(Delany et al. 2000) . �#Y�

 *�"#$(�&#��(
�#� �.�$' �( K�+ 3�#���#$O#2� �=+S��� W`& ����!5 �( �'�F �'( �'���&� 

(Picard et al. 2000). �1��
�&'��%�
 �  �(Shanahan et al. 1992)� n'�P+$' =� o3#�  	��$�21 

	+&, K�+$' �( M��#�� �$#���#�3O#2 '� ��5+�� P. fluorescens F1131 �&� .��&,
 �( U�2V���+3 �2

 =5�(� � ���5 p42U�� �	+&, ��.#�  �9 ���q� M��#���� Kj;e= �$' 	.� (�'( �'���=�� � � �

 j�d � U
, r�+P� ��
q 	$#S�� ����(�& �, ��.#� (�' . ��
��5 s��+& 7�$'���3#
��� � 

 �'��%�
(Maurhofer et al. 1992)' '#� W�')3	��& #�., ��+&	 �+5�� �( M��#��	�& =!��
 �  �&'#�

��W
�5 t8  �������(#! .u��#&�\�+$' � O��
 	+S�&#�+&, v'#i P. fluorescens J��9 =��8 

Rhizoctonia solani =��8 �<� O�$ �( � =42F ���  =&#Pythium ultimum =� 0�� U��
 ��� '� 

�&�&�$� a�4�' .	+&, ���q� �&�1 o3#� U�2V�
 ��&, U��#R�#.#�F M��#��(Pyoluteorin) U�' �( '� 

 �2&�$�� a�4�' =� 	�&�'(���(Howell & Stipanovic 1980) .'$ U��+P. fluorescens 2-79,   S�&#�+&

��w� �J��9 =��8��8  K������F i� 0�#2�� x	 �1�� .	+&, W`& ( U���23 M��#��� K�8 U�' 

!�� yP� a�4�' =� �$ $' 0�. �#��	+&, ��.#� =5 ��+5�� U�' �' 	���& 	�& M��#��  �&(�5

�&�'(���	 =��8 ��+�5  U�'�2+1'( J��9 (Fravel 1988) .�� �' 	���&��#��+5� P. fluorescens CHA0 

59 =��, ��.#� a+&	  �( M��#��K�+$' ��#�3$#�� '� O#2&1'�+��+�5 	�&�'(��� ��2 ����� =��8 �

#F 0��$ 	��$��#�#� =!�'( 1  (Thomashow & Weller 1990). 	&'��� 	6��1 �'��%�
 � �� 

 O�+25 �'�� '�  2$�#�3 7�&#��(#$ =�'��P. ultimum ��%� �&(�� .' �'�U�+$'  !
 ('�<� � U

#�3 K�+$' �( ��.#��O#2�$#�� U��#R�#.#�F �  �+$'  6
� U�3 K�+$' �( ��.#� �`

	+&, =&#>V�
 ��.#� 0�&���9�� U��+$'  !
 � �&(�5 O#2�$#���#�3 �&(�%& 	%��#�� . k�d'

'$��+U �
=&# �1� �'  P. ultimum ���<&�&(�5   .$'+��U 3 ��.#� =5 	��
���#$#�� ��+!�� O#2
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 ���

 ���i  z�6; �j& �' ��+�� =8#�:� �&(�5�&('( K�%!� ������ K��8 J��9 K��`� �(  

(Sharifi–Tehrani et al. 1998) .`&W O�+25 �( O#2�$#���#�3 K�+$' �( J��9  ��


Gaeumannomyces graminis var. tritici 8K��� F ������i0�# �x�2 Thielaviopsis basicola ����� �

 	��$#F�$ ��#�#� =!�� 0�Fusarium oxysporum ����� 	(��{F �#=� � 	>&�3  

Pythium ultimum �� ���i �� Rhizoctonia solani ���F 1 a�4�' =420� $'   

(Sharifi-Tehrani et al. 1998; Weller 1988; Howell & Stipanovic 1979). (����"  

Pseudomonas cepacia k4$ �'(�>��+3, =8�)� �( �� O�+2"$#F /����� *�� =9#L � =!'(�>��+3, �

�' *1�&S. sclerotiorum  (��� )McLoughlin et al. 1992(.#� � �*+&, � ���#� /��Hpyrrolnitrin �

aminopyrrolnitrin � monochloroaminopyrrolnitrin'�� �( � =J82(� ��1 *�� .|#5 � ����  

(Weller & Cook 1983)=8�)� �' �&�1 o3#�  2 0�#i�F ������ 	<�4L W
�5 �, �( =5 �'x�  

(take-all)�&#��(#$ �(#� 0('( }� ( '� ��&, 	�&�'(��� ���q� � 0(#�& ���$'�� '�  2$�#�3 ��


 J��9 =��8Gaeumannomyces graminis var. tritici�2&�$�� a�4�' =�  .	+&, W`& U���23 M��#��m�m

 ��$' M���S5#��5)U���23 0�� �' �
 (�&�%� �' 	%� �'#28 =�Sf �'(��� f�� ��
 J��9 �1� �' 	�&

 ��$� a�4�' =� ������ K��8(Weller 1988). 5U��+$' (����  K�+$' �( 0�225 ��.#� ��


O#2�$#���#�3 )Phl  ��DAPG 4~�  ( =S��`� �(��U��+$'   ��
Phl� ��
' ���&, 	62  U��+$'  ��


Phl� �+25 �( '�  4~ O������ ( ��!& �
(' 0 $'  

(Fenton et al. 1992; Keel et al. 1992; Harrison et al. 1993) .8e� 0 U�' ��Phl( � �6$�)�� ���
 �

5�2�)0 1�0 U��+$' =��$� =� CHAO� �#�#& ��'�1  �#� M��(Keel et al. 1992)�  U��+$' Q2-87 

(�+$' ��d |�i �K� (Bonsall et al. 1997)� �&#��(#$ ( ��
|�i  <&��� ��
5 22� 0����� �

(Raiijmakers et al. 1999)�  $' 0�1 	���(. 

'1#+)� �'��%�
 � (Stutz et al. 1986)� �1 o3#�&$'�� �� �� ��+5�� �P. fluorescens '� �& =�;

�6$�)���  �( '� �, W`& �#�#+25�O ������ F$#�� 0��$ 	��! =a�4�' =� �#�#�� �&�$� .

�=5 	���+�.#��+� ��+$' U�' =��$� =� ��&, ��.#U(CHA0)�' =� �' a��48 0��$� a�4 :	+&, %��#��/�� 
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 ��]

K�+$' �(  O#2�$#���#�3(Maurhofer et al. 1992) ��+$' #&#�KO#2�$#���#�3   

(Defago et al. 1990)U��#R�#.#�F � (Defago et al. 1990)� �& O���F +U�� (Keel & Defago 1997) �

�#��F �#3����$(� U�(Keel et al. 1989)�  =� ae�S�.�$ 28# �(  ���`� 0�225 �`.' K��8 M� �'

�
��� (Meyer et al. 1992) ��&' �1� �#��#
O��$' M�+$'  �(Oberhansli et al. 1991) �$����& 

 �^����
(Keel et al. 1989)� �)&, f 
�\�. �����F � � ��R(Keel & Defago 1997)�&(#� .  

 	Y��� ��'�1 	�<� 	$��� o�`�� U�' �' ��
 �( ��.#�i��	+&, 	 M��#��  �$#� �


 2$�#�3 ��
(�&#��(#$ D�� �' 0(�6+$' �� HPLC (#�.   

        

	$��� D��	$��� D��	$��� D��	$��� D��        

n'�P+$'n'�P+$'n'�P+$'n'�P+$' 	+&,	+&,	+&,	+&,    M��#��M��#��M��#��M��#��    �
�
�
�
  

��� s2F �  S=�'� �&#��(#$( #�3� 2$ ��%� 0(�� 0�1 �(#�� � �' /� �1�J��9  

S. sclerotiorum (Lib.) de Bary�$#F /����� K��8 �� *���'(�>��+3, =9#L � =!  

(Behboudi et al. 2005) �' �j& ��.#� 	+&, M��#�� D�� �' 0(�6+$' �� HPLC  (�#� 	$��� �'�9 

�2+3� .�'�� n'�P+$' 	+&, M��#�� �' D�� )�#& � �'��%�
 (Notz et al. 2001) � �3#
��� � 

�'��%�
 (Maurhofer et al. 1992) 0(�6+$' ��(� . O�' =�;�� �(�� =�'���(   �(���� r�+P� 

K��1  0��h8 .�� (MA)  �	� �2�5 (King B broth) �( ���( �� ('� 	+&�$ =��( ��� �%�1 �� 

�T�( �� �( =`�9(  !5 �&�1.  [\$ �<� =�;�� �(�+"�����	�.#��+� =" �#&��  �.#� =� �&(�" �

)'��� /�
 =B111 �B112 � (B119 �( �(�� � �KB � YMP ��'�1 ���
  ��  !5 �&�1=5  

� U�'��$	 ( � k.�9�,� W��0�#+5�3 =$ K��#+5�3 )���� �  !5 ���� �=�'�� ( ����L e��5 "

�h	3(�' '�� �1 .'(0( 
�� �� $ �,�0 ���, �'�W) 	+&, �'�`� M��#�� (#��( :�)=� , K���� ����� 

9��' �3�2+ .�0� �2�� �� 6+$'��' 0( #��, �2I� '(2�'( =U%& )G�/G ≤ P  (x�:&' 1�. ����MA 

('�' ��� �  .�� 0��h8 x� ��	� �Y`� �, �+�. M� �( ��, x�  �1��. ����YMP �'�'( 

0��h8 ��P� )Ax� (� 0��h8  .�� )Ax� ( �\F�#+ )�x� ( � )5#� )BGx�  (�, �+�. M� �( 
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 ���

	� �Y`� �1��.  �'��� 	�� �+�. �' ���� ��
 X#3 [F �'��� �� �Z]�  ]T$  8�  �� n'�P+$' 

	+&, #��M�� 0(�6+$' ��(� .M������5��$' �� ��# =� ����  !5 =3��' ��(� �� =+���$' ���� 

 !5 =� �' 	. �� 0�&�$ �1. [\$ K��' +$'�a (ethyl acetate) =�  4S& � =� � );f: =� f:; (

=3��' ��(� � �'�� �� =�&�� a�!� ��%� 0('( �1�& .3�� ,	. =5 ���; 	+&, M��#�� ''  $� ��3 ���p 

=5 K��1 ��+5�� � ('#� 	&�<� =��$#�  $' �+��3 W1#F (0(' 0�1 �� $����#�%  

(Macherey-Nagel 5160 Duren, Germany) '�� �1 � �( #����� (rotary evaporator =Rotovap) 

��P4� � M!i ��(�. [\$ 0�&���9�� �( M� 	��� �+�. K&�+� )v#hP�HPLC  (K; � �� =`�9( 

�(�Gm	+&�$ =��(   ('��>&���'  �=� a���� (=`�9 �( �����( �� �( =`�9( ^#6��+&�$ �1. [\$ 

����  �+�.��%� �' �� O#����* (supernatant)  Ki'( 5e3[ HPLC  K`+2� �1.  

	���(�	���(�	���(�	���(� ���� 0�'�&'0�'�&'0�'�&'0�'�&'    ������������ 	�5	�5	�5	�5        	+&,	+&,	+&,	+&,    M��#��M��#��M��#��M��#��    �
�
�
�
 

	���(� � 0�'�&' ��� 	+&, M��#�� �
 �� 0(�6+$' �' D�� HPLC � 0�>+$( Hewlett Packard 1090  

x�:&' �1.�� /'�� � =M�F �+$' (�'�&BGG �%���+�.� �' �
 	+&, �#���M �(�GG �%���+�.� &�+�K 

#hP�v HPLC K; �(�� .�#+$ �� (�<�' ���×�� 	�� �+� �' �#& Nucleosil 120-5-c18   i�$

  5�1Macherey-Nagel,Densingen,Switzerland �� D�� ��3 7#%<� �( ���( C�	+&�$ =��(   ('�

0(�6+$' �1 .=&#�& �
) ��� �+�.��%� (�� =$ k�1 	Yi K&��' �'�� �� �� �g�( )�m� =`�9(( ��'��� � 

�A( �g� )Tm�=`�9(  (��� �� T�( �g� )��mT=`�9( ( �(CA/G�g�(  );f: =� f:;( 

'M��6S3#�� ��$' '$n'�P+ �&�1�   8�$ ����� M� 	��� �+�. �( =`�9( (#�. 

  

=:�+&=:�+&=:�+&=:�+&        

M�F (�'�&�+$' �'�� 	+&, M��#�� ��
 �( $'�+K �#�3#��O#2�$(DAPG) �&#�#'$K�+ 

��#�3�O#2�$# (MAPG) �U��#R�#.#�F (PIt) �23��U� (PCN) �  0(��S�.�$��$' M��� (SA) =��$#� 

=<1'UV  ��� =��k ��G� ��G� ABA� ��C � AGG �+�#&�& �i�� ���� �� (retention time) =� ����k 
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 ���

�/Z ��/� �]/� ��/T  �T/� =`�9( (#��&�  �� �24�� ��&, '�`�� 	+&, �#��M� �.#�� 0�1 �$#� 

�)������+5�� �� kS; #&�& O#� �( 	��� �+�. ����  !5 $���=4 �(��.  

�' U�� ��� '�=� ��2� =$ �'��= B111 �B112 � B119 �.#�� 	+&, �#��M�.�$ � �S���$' -�� 

&(�5� .�'�� =B111&, +	  '� U���23 M��#��(  !5 ���� �KB(�5 ��.#�  �( 	.� MA(�%& ��.#�  .

23 �')�� U��+!��U��� ���� �( ���1 ��.#�  8�$  .�'��= ��
  B119� B112  �.�$�S��M ��$' 

(SA) �' �( �( ����  !5 KB � MA �.#�� &(�5� .�~5'�; ')��� �.#�� �.�$�S��M ��$' �$#� 

�'��= B112  �( ���� 5 ! KB � �(Z�8�$   � �( ���� MA �(]T8�$   (#�. +!��U�� ')��� 

�.�$�S��M ��$' �$#� �'��= B119 �( ����  !5 KB �<� �' Z�$ �8  � �( ����MA  �<� �' �� 

8�$  �.#�� �1 )K%1 �(.  

$���$���$���$���				 �������������������� ����������������  !5 !5 !5 !5 ���� ����������������    ������������ �.#��.#��.#��.#����� 	+&,	+&,	+&,	+&, �#���#���#���#��M�M�M�M� �(�(�(�( $'$'$'$'++++K�K�K�K�    �#�3�#�3�#�3�#�3O#2�$#��O#2�$#��O#2�$#��O#2�$#��(DAPG)  

�'��= ��
 B112 �B119  .#��� 	+&, �#��M� ' �( O#2�$#���#�3 K�+$&(�5�.U�' �'�� �(  =

  !5 ���� �( ��2�YMP.#� O#�2$#���#�3 K�+$' �( M��#�� 	+&, �� &(�5�. �'��=B112 

+&,	  ���&��� �( '� ��+!�� M��#���� � �� =�  4S&  8�$ �C � C? (�5 ��.#�  8�$ .

'���=B119 �(  ������  8�$ 	+&, ���#�(�5 ��.#� ��+!�� M.	+&, ��.#� �')��    1E �� M��#��

���� 1'( W�')3'  ) K%1�.(  

$���$���$���$��� ����� 	 ����� 	 ����� 	 ����� 	����������������  !5 !5 !5 !5 ���� ����������������    	+&, ��.#� ���	+&, ��.#� ���	+&, ��.#� ���	+&, ��.#� ���    #&#� M��#��#&#� M��#��#&#� M��#��#&#� M��#�� O#2�$#���#�3 K�+$'O#2�$#���#�3 K�+$'O#2�$#���#�3 K�+$'O#2�$#���#�3 K�+$'(MAPG)         

'���=  ��
B112� B119.#� 	+&, �� ��##���#�3 K�+$' #&#� M��$�&(�5 O#2� .=�'�� U�'  �


2�  !5 ���� �( ��YMP.#� �&(�5 O#2�$#���#�3 K�+$' #&#� �� .���' =B112!��  �')�� U��+

	+&, ��.#� ���� �( '� M��#��  ��
�C � C? 1'(  8�$  . =�'�� ��.#� �')��B119 �(  ���&����C 

 �C? � ��(  8�$ � ��&(#� 0�� M .�Y$	+&, ��.#�  1E �� M��#����   3�� W
�5 �� ) K%1

�(.  

$���$���$���$��� ����� 	 ����� 	 ����� 	 ����� 	����������������  !5 !5 !5 !5 ���� ����������������    &, ��.#� ���&, ��.#� ���&, ��.#� ���&, ��.#� ���	+	+	+	+ U��#R�#.#�F M��#��  U��#R�#.#�F M��#��  U��#R�#.#�F M��#��  U��#R�#.#�F M��#�� (Plt)        
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 ���

�'��=  ��
B112 � B119.#� 	+&, �� �&(�5 U��#R�#.#�F M��#�� . ���� �( ��2� =�'�� �( U�'

  !5KB ,	+&  '� X#3 M��#���.#�� �&(�5 .�
 �'�� ��.#� �')�� U��+!�� �(  ���� �( =�'���� 

(#�  8�$ .�'�� =B119�`� � �'!� (�5 ��.#� U��#R�#.#�F ��+)K%1� .( ��.#� �')�� 	�5 �#Y�

	+&,  �� =�'�� �( �
 �( M��#����  3�� W
�5 [\$ � W�')3'  8�$ ) K%1�.(  

������������	$	$	$	$    ��������������������    ����������������  !5 !5 !5 !5 ���� ����������������    ��������U���23 M��#�� 	+&, ��.#� �U���23 M��#�� 	+&, ��.#� �U���23 M��#�� 	+&, ��.#� �U���23 M��#�� 	+&, ��.#� � (PCN)        

��2� =�'�� B111�23 (�5 ��.#� U�� .�( �
 �( =�'�� U�' ��  !5 ��KB � YMP.#�  ��

(�5 U���23 . ���� �( ��.#� �')��YMP!��  �' �+KB(#�  . !5 ���� �( ��.#� �')�� U��+!�� 

YMP#�����&��� =� �� �� � ��(#�  8�$ .  ���� �( ��.#� �')�� U��+!��  !5KB =� �#��� 

��(#�  8�$  .�� �( U���23 ��.#� �')���� !5  YMP  ��)3' ����  1E =%��#Y�  3�� W�'

 �( ��.#� �')�� U��+!����(#�  8�$  .�Y$�( U���23 ��.#�    !5 ����KB �� ��  8�$ 

)3''�W  3�� W
�5 [\$ � )K%1�(.  

        

t��t��t��t��        

 �.#��+� 	� ��.#� �6$�)�� =�;�& ���I��9 � ����+5�� �$#� =5 	��
 �&#1� �( )+2$#�� ��� 

 K�+$'3	� ���q� O#2�$#���#� �� ��&�'E O�~� �'� =�'�� �( M��#�� 	+&, U�' ��.#CHA0 �� ; �

� �$#� �(���+ �.#�� .#�$ n��i ��
	 �U��#R�#.#�F ��j& $�S�.���$' M�� M��'�#3 U�2V�
 � 

��$') J��9 �$#� =5x#��'�#3	� ��.#�  (#1 (	�  <&��� (#1(Schnider-Keel et al. 2000) . 0��`8 =�

���21mK�5 �'��%�
 �  �^ phlF  ��.#� �(�5 f�j2� O#RS�Phl $' ��+5�� �( .  

a�`�`��  �2+S�('( ��!& $' 0	+&, 	i�� ��.#� )5#� =5  M��#�� �
  '� ��
(�&#��(#$ =��$#�

M����  2$�#�3 	�  <&��� �>�( 	i�� ��.#� �' 	.� �25(Weller 1988) . �29 �� ���!����, �(

  !5 ���� �( (#�#� )5#�YMP �.#� W�')3' k4$M��#�� 	+&, �  K�+$' �( ��


#&#� � O#2�$#���#�3 K�+$' #.#�F M��#�� 	+&, ��.#� �' 	.� �1 O#2�$#���#�3�  <&��� U��#R

(�5. �(  ��, �W� ��
  ��
�&�1 �  �'��%�
 (Shanahan et al. 1992)   ��� =�'��  F113��')��  ��   
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 ���

  
 K%1� m���� �����  *� �2�"  !" /�
(KB) .�� �  (MA)��$' -���S�.�$ ��.#� �')�� /�� (SA) � 

*+&, U���23 -��#�� (PCN)=�'�� �$#�   /�
B111 �B112 � B119�#�$��#%&' r�+P� /��&��� �( .   
Fig 1. Effect of KB and Malt media on production of salicylic acid and phenazine (PCN) by fluorescent 

pseudomonad isolates B111, B112 and B119 at different incubation times. 
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 ���

� W
�5 t8�� )5#� O#���%��$  ��.#� W�')3' t8�� ���5# M��#�� 	+&,�1�& . o�`�� �(

 =�'�� ��� ��>�(CHA0 U��#R�#.#�F ��.#� �' 	.� W�')3' O#2�$#���#�3 K�+$' �( ��.#� 

�1  <&��� .�� U�' �( =5 �1 yP!� o�`���#�3 K�+$' �( M��#�� 	+&, ��.#� M���#� O#2�$

 )5#� =��$#� �(=�'�� � r�+P� ��
+ �( U��#R�#.#�F M��#�� 	+&, ��.#� (�#� �( 	.�  $' a��6

 (�'#� x��� )5#�'( 0�225  <&��� W`& 1 (Hoitink & Boehm 1999).  ��� U��5 p��2� =I �'

 �')��'!5 ���� =+���$	� ��' ��+5�� �1� 	L �(    �&�'E (#i =�#& =� =5 f�`+S���d �#Y�

��w� M��#�� 	+&, ��.#� ���  � �2+1'�& ���� =+���$' ��� 	&'�2I ���q� U��5 p��2� 	.�  $'

 �' =+���$'Z/� �� Z/�(#� ����+� (Duffy & Defago 1999).  

 ���� �( (#�#� ��P� 0��h8 � )5#�YMP  U�' )���� K��8 ���� �' ����KB $'  . ����

KB	� U��5 0�225 U���� p42� �'#28 =� O��S�� �'�'(  �1�� . ��P� 0��h8 � )5#� 	�5 �#Y�

 ���� �( (#�#�YMP 	+&, ��.#� W�')3' � ��.#� k4$ M��#�� �#�3 K�+$' #&#� ��
�#�$ � O#2�

 =�'�� �( �( O#2�$#���#�3 K�+$' �(B112 � B119�; �( ���(�  =%�. �'	+&, ��.#�  M��#��

�&(�5 ���#�� U��#R�#.#�F ) K%1� .( � f�)�2� a�6.#$ �e�' � O��S��K2HPO4 �( (#�#� 

 ����KB	+&, ��.#� k4$  	+&, ��.#� �( ����q� =%�.�; �( ��(� U��#R�#.#�F M��#�� M��#��  ��


+1'�& O#2�$#���#�3 K�+$' �( � O#2�$#���#�3 K�+$'#&#� �2) K%1�.(  o�`��*3'( � #�3( 

R�#.#�F ��.#� =5 ('( ��!&#	�  <&��� )5#� =��$#� � W�')3' O��S�� =��$#� U�� (#1 . s��+&

 �� X#3 o�`�� U�' s��+&	�  `��Y� �25�   =5  $' U�' ��#� ���� �( (#�#� O��S��KB  k4$

U��#R�#.#�F ��.#� W�')3' 	�  ((�(Duffy & Defago 1999).  

 7�S; ��
�� ��1 K��+� f�� (�'#� �' 	%� �	
�� �')������ K�'#8 =�  ���`� t�� �(

	� D)��'�� �� � a���4& �eg' o��L �'  ���`� �^ (��� ����  &����� ������ =� �1�� 

(Staskawicz et al. 1995) .  ���`�      	��S+5'       M��+S�$  (systemic aquired resistance = SAR) 

fS�&��'��%�� �' 	<�$� r�L K��`� �( '� a�� 	&�#L  j3��� =5  $' 	8�3( 	�S�&�%�  �


�25 	� (�:�' .SAR ��$' M���S�.�$ O�2>�$ O#%.#� =� ��1 O�<3 �'�� (salicylic acid = SA)  ���&  
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 ��T

 

 
 K%1�m��� ��� ��� "  !" /�
�*� �2(KB) � YMP� /�� ��').#� *+&, �� ���#� K�+$' �( /��H

O#2�$#���#�3 (DAPG)O#2�$#���#�3 K�+$' #&#� � (MAPG)U��#R�#.#�F � (Plt)U���23 �  

(PCN)'�� �$#� �= /�
 2$�#�3 (�&#��(#$ B111 �B112 � B119 r�+P� /��&��� �( 

�#�$��#%&'.  
Fig. 2. Effect of KB and YMP media on production of diacetylphloroglucinol (DAPG), 

monoacetylphloroglucinol (MAPG), pyoluteorin (Plt) and phenazine (PCN) by fluorescent 

pseudomonad isolates B111, B112 and B119 at different incubation times. 
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 ��Z

(�'( .U�R���F p�:� �� U�2V�
 0���F U�' 	�')������ �� �4��� ��
  

(pathogenesis related proteins = PR)	�  ���`� k4$ =5  (�'( ��4��' �&#1  

(Durrant & Dong 2004) . K��4� o��L �' O�2>�$ =5  $' 0('( ��!& ��i' a�<.�Y�SA k�5�� =� 

K�+� �'�3 	� K`+2� ae�S�.�$ 	� =5 ((�  �( =%�� 0(#., ���+�S9 �( '�  ���`� ��2� =& �&'#�

���:� ��
��f
 �:�' �25 ( (Shulaev et al. 1997) .  

 	��`.' M��+S�$  ���`�(induced systemic resistance = ISR)��+5���)�� =��$#�   W�')3' ��


 0�� �1� 0�2
((plant growth promoting rhizobacteria = PGPR)	� (�:�'   ��&, ���� =&#�& =5 (#1

=�'��  [2� ��
Pseudomonas��Si =!�� ��� =5  $' 	�& (�:�' a �225  

(van Loon et al. 1998) . 	��`.' M��+S�$  ���`�(ISR) �2&�� �SAR r�L K��`� �( '� ��
�� 

	� x��`� �
������ �' 	<�$�  �' K`+S� =+4.' =5 �25SA �^ ��`.' � PR	�  �1��  

(Pieterse et al. 1996; Vallad & Goodman 2004)  . ��1 O�<3  ��ISR#%.#� =� ���& O  O�2>�$ ��


Jasmonic acid	� U���' �  �1�� (Knoester et al. 1999; Pieterse et al. 1996; Yan et al. 2002) . �
 =�

=hP!� U�' O�;  ����+S�$ �' �(���� ('�<� =��F �� �
ISR �>�( ���.�~� �  $' ISR 0�1 (�:�' 

U��+$' =��$#�  ��
PGPR � �
�#3����$ ��.#� �� ��4��' �( SA	�   |'�+1' U�'���2� � �21��

 �� ��+!��SAR�&�'(  (De Meyer & Höfte 1997; Leeman et al. 1996; Maurhofer et al. 1994) . �(

 ��.#� a�#g �
SA=�'�� �$#�   (�:�' �( ��>�(  �)� �'#28 =�  2$�#�3 (�&#��(#$ ��


��`��fS�&�%� ���$ �� 0�e8   	� ��&, M�^#.#�� ��
 �1�� . 

�	+&, ��.#� ��� 	���6+� a'��' (�'( (#�� ��
�� =!�� a��1�� �( =5 U��5 p��2  M��#��

=�'�� =��$� =� 0�1 ��.#� r�+P� ��
 P. fluorescens (�'( (Delany et al. 2000) . U�``�� �' 	i��

	�S�&��'��%�� �
 �&�`+<�   �.#��+� ��.#� �'�� =�#&�� ��
 )���#�3 K�+$' �( =��� �'O#2�$#( 

 (#i n��+;'	� =5 (�'( U��5 �' 	g�i p��2� =� (#1 U��q� ��
�� =!�� �' �&'#�  

(Weller et al. 2002) .	+&, ��.#� ��5�i k�d' �( 	�'Ed ('#� (#4�5 U�2V�
  (���� '� M��#��

	� �25 (Hoitink & Boehm 1999) .	� ��!& s��+& U�'  ��
�� =!�� a��1�� �' 	
�, =5 �2
(
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 ���

�	 f+S�$ =<$#� �( �&'#� !`& ��
�� =!�� ���������  ����� ��
*f��   0�225 U��<� �  =+1'( �'

�1�� (Whips 2001; Hoitink & Boehm 1999). 

        

p��2�p��2�p��2�p��2�        

a��6g =� =j;e�  ��(29-34) +� (#1 =<�'�� 	S��>&' U.  

	&�!&���2S�#&  : ��(#4�� �'#�5	
�� ��������� � a�3, a�`�`�� =S$#��5 � 	+SF  

����m �]�]�	6��1 7�48 �+5( �  �+5( �(���:; 	�<&���9 �+5( �	&'���

�'��� 0�>!&'( �����!5 0�%!&'( ������ 	4+:� � ('� ('#�m �+5( � n�5 

'  �!;.�'��&��� 0�>!&'( �����!5 0�%!&'( �����;� =m���$   
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