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A comparative  study on pectolytic erwinias isolated from potato in the Fars province 
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���4��� ! ���W����

6�4 9
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	 ! O� ^ +75
�� ;�5 �5
� �
�B 
�	!+� �' 

'�� 
�5T �Z0I� k�
D ]!
-^ . @��5 3�"��"�� @��5 &"  
	 6�4 ��[
 4 Pcc ! Dickeya 

chrysanthemi(Dc)) ]�\ 3�+�%"( '�� ;�
��� ;�5.  

6W"!6W"!6W"!6W"!    ���8 
	���8 
	���8 
	���8 
	::::Dickeya  � � � �Pectobacterium9+5 ����%�� �9+5 ����%�� �9+5 ����%�� �9+5 ����%�� �        

        

 ����� ����� ����� �����        

;5�� ���%! �� m��	 �/�� &" �
� 3��!" �H
�+�8
� 9+5 ����%�� ) �� '�4 O���Graham 

1964( �4 @�";� 
��+�T &" . n<%Van Hall ! � �	 &" Apple �
��� k���� ��`� (
��T &" 

 6
�% F
%$�% � ��&) potato black leg( �5'+8 @�";� "� ) &" k�5Graham 1964(.  &"

��o�! +�8
� ��_" 
	  9+5 ����%�� ���� 
	)soft rot bacteria (G�;5T p4+^ ! ����^  
	

 #�������� 
� &
 ���� 
	 G�;5T 6o�! �� �����% 6�"��' 6�  8 9�� �)pectolytic enzymes(  .%"

 (�4 6��5
�� $��� �8.*
� �� �	
�� 
	 ��5'+ )Barras et al.1994(. +�8
�  ���� 
	

����%�� 6'"�5
[ �' 9+5 
	  
	Enterobacteriaceae  !Pseudomonadaceae  ! ��4"' �"+D

�5�� k�
4  
	Pectobacterium  )IcD Erwinia) (Gardan et al. 2003, Hauben et al. 1998 ( !

Pseudomonas� ��	  )Fahy & Persley 1983, Schaad et al. 2001 .(  

9��+�8
� ����  &" �a�%! Q�S !� 9+5 ����%�� 
	
� �!�" 
� 
	 (
	
�� 6o�! ��

��5� 
	9"�5" "�"'  6+�[\ 
	  ��o�! 
� .�'!�q� ! 6'�� ";��
��� ��4�� ! �"��T 
� "

 �5
�;��)host specificity (�5�"�5 �5"� B .+�8
� 3�" ^ �� 
	 #�8 �� 
� ! I���� � 5"� +�
%

k75"  
	9"�5"  �	
�� Q��>� 
	 "�T � �
�5 6'��)Barras et al.. 1994 .(�5�� 
	  9��+�8
����� 

�� �9+5 ����%�� '
X�" k�
: ("� :��'+�o�  !  &" ��+� ��� (
	
�� (
	
�� &" G:" Q��>�

'!!"' � 5
� �� �& )Chrysanthemum spp.(���+*T �/- �  �H
)Saintpaulia ionantha H.Wendl( �

 
�[
� 3-�' !).Dieffenbachia spp ( ]�\ ���� &" �:"�& (
	
��)Zea mays L.( �$�% � ��& 

)Solamum tuberosum L.(� � �B G�8 )Brassica chinensis(�)
5
5T )Ananas comosus L( !

����  �75+*)Lycopersica esculentum Mill (6�4 "�� �5" )Dickey 1979.(  

��k��' 9��+�8
����� 3�� ���^ k�
D ]!
-^ '��!   ! 
	
� �!�" �aD"! 
	(true erwinias) 
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!+� 
�6  amylovora  (amylovora group) "'�5
�"�� 6!+� �' "� 
	
� �!�" &" ��%' 3�"   �� "

'"' �"+D 9+5 ����%�� 
	
� �!�" 9
5 (Dye 1968,1969) .  

+5+� ("�
��	 ! (Brenner et al. 1973) 9
X5" 
� DNA hybridization  !�  ;�5 ! 
	
� �!�"

�5�� &" '"�a^ n � �� R�a�� 
	  6'"�5
[ Q��>� 
	Enterobacteriaceae �8 �5'"' (
/5 

��"�� �5�� !' 
	 Erwinia carotovora!  Erwinia chrysanthemi W����	 
� .	
c4 +Z5 &" 

DNA  (DNA homology)��5�� ���� &"! +7���� &"  � ��	 ;�
��� 6'"�5
[ 3�" 
	r '��! 
� ! 

 ��"! ��%� +�C '
� /��(Waldee 1945)("� : �� 6!+� 3�" 1
s:" (���
5� '  Pectobacterium 

�5'��5 t
 ��" n � 9
5 +��u^ &".5W���* b
c^�" 3��a^ �' ��5�� ���  
	Erwinia )
%"+� 

��"�^(W  RNA ��!&�c�� 16S� E.chrysanthemi  !K �5�� +�&  

 E. caratovora)wasabiae , carotovora, betavascalorum (�5�� &" "�� ��! G	 
�  +7�' 
	

 �5�4 � � 6!+� n �(Kwon et al. 1997) . 3�
	 ("�
��	 !(Hauben et al.. 1998) 
� ;�5 

��"�^ ���
�� 
	(W  rRNA 16S ��+B ;��
5T !   ����% 
	�5�� 
	 +�& ! �5�� 
	 Erwinia 

�Pantoea  !  +�
%n � 
	 6'"�5
[ Enterobacteriaceae  �5�� 
	 Erwinia  �' "� K 6!+� 

 6!+� &" ;�
��� ! Q��>�Pantoea'"' �"+D �5. �5�� 
	 3� v�	 !  +�&�5�� 
	 "� #�������� 

 n � �'Pectobacterium  ���� ! �5�� 
	 �' "� n � 
	 Erwinia  ! Brenneria  � � ��cS 

�5'��5. �5�� 
	 +�& ! �5�� 
	 Pectobacterium  ��
%" ��:  

 
Pectobacterium carotovorum subsp. carotovorum(Pcc) 

Pectobacterium carotovorum subsp. atrosepticum(Pca) 

Pectobacterium carotovorum subsp. betavasculorum(Pcb) 

Pectobacterium carotovorum subsp. odoriferum(Pco) 

Pectobacterium carotovorum subsp. wasabiae(Pcw) 

P. chrysanthemi(Pch) 

P. cypripedii(Pcy) 

P. cacticidum(Pct) 

 �5�4 �"A7�
5)Hauben et al. 1998(.  

 "+�["("'�
�("�
��	 ! )Gardan et at. 2003 (�%�+� 
� W����	 ����W��!+% 
	 DNA 

��o�! !  ���
�� ;�5 ! �<�^� * 
	��"�^ 
	(W  rRNA  16S +�&�5�� 
	�5�� "  

P. carotovorum�5'+8 '
� /�� 6 �5" +�& �8 �5�� 
	 Pcw, Pcb, Pca �� ! ��*
� 1
�^�" �5�� �� 
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$�^+^ P. atrosepticum  �P. betavasculorum ! P.wasabiae  x�* ! �5�4 6���
5Pcc ! Pco �' 

`%� 5
�� �D
� �5�� +�& p.  


cD
a��" (���%  ("�
��	 !(Samson et al.. 2005) &" '"�a^ �5�� 
	 
	�"!�^
� ;�5 ! 

 n � &" "� 6�4 ��[
 4Pectobacterium  ���� n � �� Dickeya �5'��5 k�� �  .G��  3�+^

�5�� 
	 +�[" n � 6�4 Q�_�^ D.chrysanthemi (Dc)�D.dieffenbachiae (Dd) � (Dz) D.zeae 

! D.dianthicola(Ddi)� ��	  �5�� 
	 P. atrosepticum ) 6
�% F
% k�
:$�% � ��&( 

P.betavassculorum )� D �� uB &!+�5 k�
: (Dc)  &" �-�S ! ]�\ �D
% ����%�� k�
:


� ]h�Vq� �' ��+� ��� k�
: ;�5 ! +7�' (
	
��C�� �& ! �(� �5�� +�& Pcc ) k�
:

5 ����%��6'+��� Q�S �' ��+� ��� ! 9+ �� �& ! �C
� ��:"�& ]h�Vq� &" "( �
/�5" �

�5�"' Q��>� 
	��/8 �' �a�%! )Bradbury 1986, Fahy & Persley 1983( .k�
�� �' 

P. wasabiae) 9!;�� ����%�� k�
:  
	wasabi Eutrema3�"W �' ) (Goto & Matsomoto 

1987(� Pco) �� 9+5 ����%�� k�
: �)"�Cichorium intybus L. 
�!�" �') (Gallois et al. 

1992(� Pcy) 
	��8�" " 6��D ����%�� k�
:( )Bradbury 1986 ( !Pct ) �D
% ����%�� k�
:


��+�T �' )��8
8( )Alkorn et al. 1991 ( 
�5' �''!�q� @+����5�"'  .  

 �
� 3��!" ("+�" �''�!
X0) Hedjarood 1967 (+5 ����%�� ! �%�+� "� 3�I��% 6�C 9

 "� �
��� k�
:�5�� "  &"Pectobacterium'+8 �*+a�  .(T $D
a���5
�"  )Amani 1967 ( &" ;�5

6�C 
	 )
%"+� ! 6'+8 "�� "� �
��� k�
: +�8
� 3�I��% 6'��T ��o�! 
	 ���W���*+� 

 ��
���4��� !(P. carotovora) E. carotovorum '"' d�>/^ .�%�+�  9+5 ����%�� !� �H
	

F
% ! 6�C6
�%  $�% � ��& x%�^ =5"' ! �
��) (Bahar & Danesh 1986 ! (
�-_" �' 

�5!��+*) Ferydoni 1994 ( !�6�C 
	 P�� �!T G�� RS
 � &" 6�4 $�% � ��& �
8 

 9
X5" ��/8 .%" 6�4+�& !�5�� 
	 Pca ! Pcc k�
: ("� : �� �5" 6��'+� �*+a� �
���. 

 (
���0� ! t+:)Arab & Rahimian 1982 ( ! 
�[
� 3-�' �D
% ����%�� ! ��+� ��� k�
:

 �a�
S ! (
���0�)Rahimian & Talei 1995 ( Rc5& ��+� ��� k�
:)Iris spp. ( "� ("��5&
� �'

Pcc�5'��5 �*+a� .�5��  Dc ! )�
* &" ]�\ �D
% ����%�� k�
: +�8
� ("� : �� ;�5 

";� ("��5&
�.%" 6��'+� @�  (Banapoor & Amani 1986, Masumi & Izadpanah 1988).  
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 &" �[+� �'�%�+� 
	 !� 6�4 9
X5" ��"�� 
	 Pcc("+�" �'  ���"�� 
	 ��o�! 
	 

 &" ;�
��� ! y
[Pcc +�& +7�' !  �5�� 
	 Pc  '�"�5
�%"��4"' �5"   

)Ferydoni 1994  !6�/5 +/� � (
���0�(.  (
�%" �' ;�5 (
�%&�[��"�� 
	 Pcc ! Dc x%�^ 

�5
`�% '"o5("�
��	! ��*+� �"+D �%�+� '���   �5"(Soltani-Nejed et al. 2005) . 3�" z�	

 R��q^ O� ^ ! ]"+��u^ � �"' �%�+���"�� 
	 9+5 ����%�� k�
: $�% � ��& G�� RS
 � �' 

 )�
* (
�%" �' E�Vq� 3�" ./8 +�&6'��.%"  .  

        

�%�+� @!��%�+� @!��%�+� @!��%�+� @!�        

�5��5�5��5�5��5�5��5     &
%"�� ! �"'+� &
%"�� ! �"'+� &
%"�� ! �"'+� &
%"�� ! �"'+�        

 Q��>� O�";� &"$�% � ��& ���� 6' �6'
�T ����
�� �B
��' ��4
0 k�
4 )�
* &" ��S
 � 

! (���"' ����D"  �:"�& E�V* E�S �' (
%"+[ {� �7�� ! ��"+[LN|LM ��'&
� �4 +	 �' 

 �^�� '"�a^ &" �:�;� +	 &" ! �:�;� 3�� B &" ��` �
���%�� �
��� GHI:  F
% ! 6�C ��

�5��5 6
�% � �"'+� ���T k�: .3� v�	 6'��T 6�C $�% � ��& &"+�4 �"&
� &" }��	 !  !

�/��  O�";� &" � D �� uB 
	P�� �!T��'+� k�� � 6
7/�
�&T �� !  . k�
: &
%"�� .��

 �/��4 +`�� tT 
� �
�!' ! ����a� tT x%�^ �
� #� 6'��T 
��"�5" ��
��� �5�4 6'"'! 

 tT +��� ���� � B !
0 k�+�%" +�� #/^ �' ! "�� 6'��T 
	 .��D &" �^
a`D n<%

�4 '+[ k�+�%" +`�� . &" �a�J~ 
^JN &" ��� #� �6
7/�
�&T 
�' �' �"��75 ���D' 

 (���5
<%�% k_
0 x�q� !�EMB) �
�T��� 3���� 3�&�H" (#�/^ ! ��'+� ./8  �' 
	

 
�'jL 
^K~+7��5
% ���' 5�4 �"��75 '"� . &" n�j 
^K� �8 &!�   
�c�5 ! ;�� 
	

 ����+� 
� x�q� !� ! "�� #��
�� ;c% ��
%6�4 6'
��5��'+� +�Y�^  . &" (
 ��S" .��

 x�q� !� +�8
� 6�
�!' �y��[EMB ��"AC �
�T 
� )nutrient agar  .( x`>�4� . ��
� 
�

 
	 @+� !� �5&$�% � ��&� ��"�� 
	X�"  ! ;�
��� +7�' 
	 +�8
� &" ������ 6�  8 '


�5��'+� t
>�5" . �]�� 6
^�8 �"��75 "+���"�� 
	 ]�� �� ��"AC �
�T x�q� !� jM 

 
�' �' 3�*"�
� ('!;*" &" n� ! ./8 .:
%M�5�4 �"��75 '"+7��5
% ���'  . �5��5 #�

 +	 &"��"��;�h �*��� ;�5 )lyophilize(�'+� � .  
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 &"����" 
	 6�4 �[
 4 Pcc )��"�� 
	  ���!��� Rc5& ( �Dc )��"�� 
	 ���]�\  (

!Pa  ) ��"���� $�% � ��& (./8 �:��X� �' '���� +�8
� �	
7/�
�&T 
	  �%
 4

(��&T +Y8" �' '�"�5
�%" ("� : �� �
% &�!
/8 6��/5"' 6'
-�%" 
	�4 .  


�5��&T
�5��&T
�5��&T
�5��&T    ! ���W����;�*! ���W����;�*! ���W����;�*! ���W����;�*     ��
���4��� ��
���4��� ��
���4��� ��
���4���        

k�4 �� �+ x�q� !� EMB��'+� �%�+�   .9+� = 8"! )Gram reaction (��"�� 
	 
� 

@!�  )
�� E��q� �' .��I0 
	K) %Suslow et al. 1982( �5� !  @!� 
� �W
^ ;��T

 6+�5 ]"+��5)Rhodes 1958 (�4 3��a^ .� ! &"�	 (��&T � 3% Q�h ! ��	 @!� �� &"�	

)Hugh & Leifson 1953 (�5
�� ! 
	 �D�! ($�% � ��& @!� �� '
4) Schaad 2001 ( 9
X5"

��'+� .  

 (��&T" 3� ���+8 @!� �� &" 6�!)Christensen 1946 (.*+� ]��_ . 9
aS #�5 k�q^

@!� �� '
4 (Schaad 2001)  &
 �8�5�c�� ��8"' �E!�5" ����^ ! ! @!� �� &
 ��T ' 3�5hT k� *

��
	 ! 9
	"+��n) Graham & Hodgkiss 1967( �4 9
X5" . ! ��
���4��� 
�5��&T +�
%

��Au^ @!� �� "  ��cD 6�4 '
� 
	)Rahimian 1994 (.*+� ]��_ .  

 ��
5"�^��"�� 
	 x�q� &" 6'
-�%" 
� 3�+8 Pc � ("� : �� Q��>� ��T '"�� &" 6'
-�%" �' 

!+�T("�
��	 !   )Ayer et al.. 1919 ( .Z�C �� �
�T ('!;*" 
� !j/J�'  �� +�>� �
V: ! �_

 .Z�CJ/~ �_�'�4 3��a^ . E"� ^ @!� 
� 3�+8 P�
 �)Tyndallization ( 
	+���* &" ��c: 
�

����  ���)millipore ( k�+�%"��'+� ��
�5 .Z�C �� ! N/~
^J/~ �*
2" ��
� x�q� �� �_�' 

�4 . .���
D �%�+� "+���"�� 
	 
	��%"� ��T &" 6'
-�%" �'  !]
c�8+^ +7�' ("� : �� �^&" 

�4 6'
-�%" �^"+��u^ 
� ("�
��	 ! +�T ��
� x�q� &" �]&" Pc � . ]
-�* 
� �� G�%
�� ]
-�*

��'+� �*
2" (T �� �_�' #� ��
�5 .Z�C �� ;8��� ! 6�4 6'+� �
8 �� 9��5��T .�5��5  
	


�' �' 6�4 ./8 ºC jL 
^ M ��
�&�" �7�-	 ��S �� m�
�5 ! �"��75 ��-	 �4.  

 � � 6!+� ��Z � ����"�� 
	 9"+� !��5' G�%+^ ! 6��T .%' �� )Dendrogram ( &"

 @!�(Principal component analysis)�4 6'
-�%"   .(Farshadfar 1991) � � ��%' .��

)Clustering ( @!� &"Ward�4 6'
-�%"  
	+�u�� )
%"+� 9"+�!��5' ! )
�5��&T( '���

 �%�+�) x�q� �' (SPSS�4 G�%+^ .  

 �H";��
��� �H";��
��� �H";��
��� �H";��
���        
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� �!�" �$�% #  � ��& �' (
�%")�
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 �H";��
�����"�� 
	 �D
% ! 6�C !� 6
�% F
% ! 9+5 ����%�� ����^ .���
D )
%"+� 

$�% � ��&� D�� uB �/�� !  ! tT '
X�"  �+� �' &!+�5 ! �7�[�% 6
�� ��
�&�" 
�[
� 3-�'

�4. ��Z � 3���  ! 
	 �^��6�C 
	 $�% � ��&("��� �'  �+�%" �
[ "�"' 
	k ) b��>�

�%
� ! �vC
� �
[ !
�� (��'+� �"��75 ! ��4
8 �5
>�� x�"+4 �'�5 .  

 (���5
<%�%��"��)  ��5 ����5"' 
�J/~ �'�~~ +���5
5  ( .%�� +�& �� �5+% #�8 ��

$�% � ��& R��;^ 
�[ 
� 3-�' �+� ��4
0 ! � D�� uB �/�� !  �4 
	 ���� ���%! �� 
� !

(Haematocrit) �D
% �' 
	 $�% � ��&��
�  �5�4 �5&. 
^ ! �"��75 �5
>�� x�"+4 �' 
�5"��� 

 �5& ��
� &" n� 6
� !'5�4 ��
�&�"� .  

        

 ����% 
� �i^!+� &��*!+���" ����% 
� �i^!+� &��*!+���" ����% 
� �i^!+� &��*!+���" ����% 
� �i^!+� &��*!+���"        

3�+�%"  ��"AC �
�T x�q� !� 
	 ! ./8 ]�� ��Mf|jM �F
^" 
�' �' .:
% 

 �"��75�5��'+� .� �8 ' ! 6�4 (���5
<%�% +`�� tT �' 
	��5 ����5")OD ( �' 
�5T�~~ 

 �� +���5
5J|f/~��'+� G�Z ^ �0"!  . �5��5 +*
� ('!;*" 
� +�8
� 
����% 
� �i^!+�

!
0SDS) ]
-��% k�%'!' G��%  (E�5
^"���
8+� ! ) Mercaptoethanol ($�^+^ ��� 
 .Z�C 

J! j �_�'  ��'+� �"+>�%" ! &" n��" 6'
�T ���D' !' ]�� �� (�5
4���5�4 &��*!+�� .

 EW �' &��*!+���"J~���T k�+8T ��� �_�' )polyacrylamide ( ! ��s0 �'SDS )
%"+� 

  ��%���
5 G���%����) Laemmli 1970 (.*+� ]��_ . �5� 6�q5 ! &��*!+���" x�"+4 +�
%

��� !&
��8 
� EW ;��T)Comassie blue(.%" 6�4 6'"' �+4 IcD  )Rahimian 1994.(  

        

X��5X��5X��5X��5����            

.*
� ./8 &"  
	$�% � ��& ! }��	 �� D�� uB �6�C 
	� �8 3�I��%   ;�� 
	

 ! GZ �
5 �	
� �GZ � ��4
0 
� ����+�
�"�� #��
�� ;c% ��
%  d�
[ ! �4 &
% .  

+�8
� 
����% 6�4 &
%"�� 
	����  �� ��- � 9+� �"  ��+q�� ��
��[" &"�	

 �'
D ! �`�q� �W
^ 3�� B "�"'�D�! (��5
�� ��  
	$�% � ��&�5'��  . �4� $%
 � 
�'

 
�5TK~|jL'�� '"+7��5
% ���'  .  

 ��
�^��"�� 
	�- � &"���8"  &
� ����^ �� �'
D ! �- � &T 6�!" ! .cY� &h
^
8 �H2S &" 

www.SID.ir



Arc
hi

ve
 o

f S
ID

Jjf                                                                                    "+� ���,#� !("�
��	    

�5'�� G��% ]
-��%��^ ! 3�i���%. 9
aS #�5 3� v�	M!N! 6'��5 k�q^ "� �_�' �� 3�H�^ 

f~�	 "� �5'+�5 ;��!��. }�	  &" #���"�� 
	 x�q� !� King B ����^ . %���* �5"�75� 

�5'+�5. .�%
�0 ! E!�5" ����^ �3����%" �3�^hW ���%
/5 ;��!���	 �;8��� &" &
� ����^ �' 

= 8"! )����� +�4 !� +�"! 3���
�!+���" �� �5'"�5 (
/5 �5
��� 
	 . ��
�^��"�� 
	 &" 

�&�
8
% 
	� D D�;8���  3����
%� �&� ��"�T �&��
	 +^ L&� �"�  �D �&���"&  D  ! &��8!+*

�5'��5 ����^ ��%" ! 6'
-�%" &��8h . ! &��� ��� &"D $�^+^ ��&� �*"� �M ! �j �_�'  &"

��"�� 
	 ����^ ��%" ! 6'
-�%"  &��8h
� 
	� D &" �5'��5�f%�  E������%�~%�  3��"�7��T

ff  %3�+��8' ! fj%�  &���
�LM%�  3��� �"��%� k��� 
-�T '  ��&�8���N~%�  &� �^h
�M~% 

! E���&� �" Kf%  &"��"�� 
	�5'��5 ��%" ����^ ! 6'
-�%" . #�5 &" 6'
-�%" ���'
D 
�5T ���8 

#�5 &" �5'�� ]
�8h  ]"+��% 
	��%�  ]
�%"�M%�  ]
5"���8h
�Mj % ]
5��
� !Lj %

��"�� 
	� ("� a�  x�* �5'��5 6'
-�%" 3�+8 Pc Jj % &"��"�� 
	 ]"�
^�
^ &" 6'
-�%" �� �'
D 

�5'��) E!��j(� kq� ! (
�;�� P�� �!T�5��5   +� 6
�% F
% ! 9+5 ����%�� 6'��T 
	

6!+� $�0 .%�� 
	  R�+S &" 6��T Principal  component analysis (Farshadfar 1991) �' 

 E!��J6�4 �_I[  �5".  

 E!��J| ! (
�;��kq�  P�� �!T �5��5 
	 6'��T �' 9+5 ����%�� ��
�	!+�   Q��>� 

 )
%"+���o�! 
	�<�^� *    
Table 1. Source and location of samples infected with bacterial isolates of different 

phenotypic  groups 

'"�a^ �5��5 
	  
No of samples  

kq� P�� �!T  
Location  

6
��  
Plants  

6�
�4 ��"��  
Isolates No.  

   6!+� E!")   Phenon 1(   

2  6' ��� Deh Beed  $�% � ��&) Potato(  1  
3  6' ��� Deh Beed  $�% � ��&)  Potato(  2  
1  ���D"  Eqlid  $�% � ��&)  Potato(  3  
2   ���D"Eqlid  $�% � ��&)  Potato(  4  
2   ���D"Eqlid  $�% � ��&)  Potato(  5  
3   ��/�Mashad  $�% � ��&)  Potato(  6  
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 E!���|) ��"'"(                        Table 1. (continued) 

3   ��/�Mashad  $�% � ��&)  Potato(  7  

4   ��/�Mashad  $�% � ��&)  Potato(  8  

2   ��/�Mashad  $�% � ��&)  Potato(  9  

2   ��/�Mashad  $�% � ��&)  Potato(  10  

3  6��� 6' Deh Beed   $�% � ��&)  Potato(  11  

3  ��� 6'Deh Beed $�% � ��&)  Potato(  12  

  9!' 6!+�)  Phenon 2(   

3  6'
�TAbadeh $�% � ��&)  Potato(  13  

1  6
7�
�Badjgah  $�% � ��&)  Potato(  14 

1   6
7�
�Badjgah  $�% � ��&)  Potato(  15  

4  &"+�4 �
c5"   Shiraz stores     }��	)Carrot(  16 

3   &"+�4�
c5"Shiraz stores   Gu�4)Turnip(  17 

3   
�*Fasa   � D�� uB)Sugar beet(  18 

1   ��� 6'Deh Beed  $�% � ��&)  Potato(  19 

2   ��� 6'Deh Beed  $�% � ��&)  Potato(  20 

1   ��� 6'Deh Beed  $�% � ��&)  Potato(  21 

  9�% 6!+�)Phenon 3(   

2   6'
�TAbadeh $�% � ��&)  Potato(  22 

3   6'
�TAbadeh  $�% � ��&)  Potato(  23 

3   6'
�TAbadeh  $�% � ��&)  Potato(  24 

3   6'
�TAbadeh $�% � ��&)  Potato(  25 

2  �a% �c�8 Kolbeh saadi  $�% � ��&)  Potato(  26 

2   �a% �c�8Kolbeh saadi   $�% � ��&)  Potato(  27 

3   �a% �c�8Kolbeh saadi   $�% � ��&)  Potato(  28 
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 E!���|) ��"'"(                        Table 1. (continued) 

2  &"+�4 Shiraz    $�% � ��&)  Potato(  29 

2   ���D"Eqlid  $�% � ��&)  Potato(  30 

3   ���
��Maharlo   $�% � ��&)  Potato(  31 

3   ���
��Maharlo  $�% � ��&)  Potato(  32 

2   ���
��Maharlo  $�% � ��&)  Potato(  33 

1   6
7�
�Badjgah  $�% � ��&)  Potato(  34 

2   
�*Fasa   � D �� uB)Sugar beet(  35 

  9�
�B 6!+�)Phenon 4(   

2  6'
�TAbadeh  $�% � ��&)  Potato(  36 

3   6'
�TAbadeh  $�% � ��&)  Potato(  37 

2   &"+�4Shiraz      $�% � ��&)  Potato(  38 

3  &"+�4 Shiraz   $�% � ��&) Potato(  39 

3   ��� 6'Deh Beed  $�% � ��&) Potato(  40 

3   ���
��Maharlo  $�% � ��&) Potato(  41 

3   ���
��Maharlo  $�% � ��&)  Potato(  42 

2   ���
��Maharlo  $�% � ��&)  Potato(  43 

3   6
7�
�Badjgah  $�% � ��&)  Potato(  44 

1   6
7�
�Badjgah  $�% � ��&) Potato(  45 

1   6
7�
�Badjgah  $�% � ��&) Potato(  46 

3   6
7�
�Badjgah  $�% � ��&) Potato(  47 

3  �
% k7 � forest Sari    �/0! 3�I��%)Cyclamen(  48 

2   �a% �c�8saadi   Kolbeh  $�% � ��&) Potato(  49 

3   �a% �c�8saadi   Kolbeh  $�% � ��&) Potato(  50 

3   �a% �c�8saadi   Kolbeh  $�% � ��&) Potato(  51  
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 m�
�5 ��
���4��� ! ���W����;�* ]
�_�V[NJ ��"�� k_
0&"  JjN  �5��5 

$�% � ��&�}��	 �� D�� uB �  E!�� �' Gu�4 ! 3�I��%j.%" 6�4 �_I[ .  

��"�� 
	+�  ! ���W����;�* G�� ]
�_�V[ �� ���^ 
� ! '�: ;��
5T )
%" ��
���4���

� �*+� �"+D 6!+� �
�B �' ) E!��j !  k�4J.(  

��"�� 
	�5� �� �8 k�4 )
%"+�  �D�! (�5
�� ��+q^ �9+� ;��T 
	 $�% � ��& 1
�0" �

���� ! &T 6�!" G�;5T ����^ 9�: �]"+��5�&
  !" ! &"���� x�"+4 �' ;8��� &" 6'
-�%"  &" 6'
-�% 

;8��� �&��8!+* �&�
8
% 
	� D�5�� �' &� �^h
� ! E���&� �" �&�c�� �  

Pectobacterium carotovorum� �"+D � �*+.  

 �' zI�[" .�: �� 6��" .%�� 
�	!+� �' 9+5 ����%�� ���� 
	
� �!�" ��� 8"+�

��[+ ��%" ����^ �' zI�[" ;�5 ! 
�5��&T  6'
-�%"! ]
�_�V[ ��4
� �� Q��>� 
	� D &"

 �D"+�*" 
	 6!+�� �' E!�K  n�a �.%" 6�4  .  

 ���8��"�� 
	 3����%"+�^ �3���% ��8��T �3���% �<�T �3���
���5"! �� .c�5  !

3���
����+�%"�5'�� 9!
��  . �3���
�"+��^ �3���% � ��
8 �3���
�!+���" +�"+� �' 
�5T +�
%

�5'"' (
/5 "� )
�0 
�c�5 ! )
�0 �9!
�� 
�/ 8"! 3����
-% ! 3���
�
� �.  

 �H";��
��� (��&T �H";��
��� (��&T �H";��
��� (��&T �H";��
��� (��&T        

 ��
�^��"�� 
	 
�' �' jN
^ K~ '"+7��5
% ���'  �'6�C 
	 $�% � ��&  '
X�" ����%��

�5'��5 .x�*%  Jj �� �'
D 
�5T  '
X�" 
�[
� 3-�' �+� �' ������ ! &!+�5 ��7�[�% tT

�5�4 .��"�� �
	 �D
% �� �8 �$�% � ��&��
�  '+�5 '
X�" 6
�% F
% ��5'�� 6�4 �5&�5 . � B

��"�� '
X�" 9+5 ����%�� � D�� uB �/�� �' �5'��5 .�+� ! �D
% �6�C �' ��
� 
	  6�4 �5&

k�+�%" +`�� tT 
� )�	
4 (�/5 6�	
/� ��HI: �5�� }�	.  

 ����% 
� �i^!+� &��*!+���" ����% 
� �i^!+� &��*!+���" ����% 
� �i^!+� &��*!+���" ����% 
� �i^!+� &��*!+���"        

 &��*!+���" @�-5��"�� 
	 
� 3� v�	 ! +7���� 
� ��"�� 6�4 ��[
 4 Pcc)  ��"��

 Rc5&JJ ! J~f Pcc( Dc)  ]�\ ��"��Nj ]�\ ! MJ�(! Pa)  (��+*NM (�4 ���
�� . @��5

 &" '"�a^ &��*!+���"��"�� 
	 �[+� �' ! (
��� I�
8 6!+� +	 ��"�� 
	 kq� +Z5 &" 

 3�*+� �"+D
	�"�5�:+* ! ��_" � �4"' ]!
-^ )  k�4j( . &" �sa� .	
c4��"�� 
	 

 �� E!" 6!+���"�� 
	+�  +�/�� 9�% 6!'��. ��"�� 
	 ML ! J�  .	
c4 "�"' 9!' 6!+� &"
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h
��0" ! 6'�� h
� " ��"�� !'� ��	 �5�� +�& #� Q��>�. !' .	
c4 ��"�� 9�% 6!+� &" 

)jK!jM ( G	 ��fM�_�'  '�� .	
c4 ! ��"�� 
	 ML �M� ���! KL  G	 
� 9�
�B 6!+� &"

" 6'
-�%" 
� 
�5T .	
c4 �_�' ! '
�& 6'
% ��
/^ $�+2 E��+* &(Simple matching 

coefficent) ! (Colwel & Austin 1981)) Ssm( +7���� ���j %��'+� �c%
q�) k�4j .( .	
c4 

 �
�B ��"��
� F�* Dc)  ]�\ ��"��MjJ (  NN '�� �_�'  . !'��"�� �5��+�& &" Pcc  ) Rc5&

J~K!  Rc5& JJ(  9
�^ 
� ��! (
��� I�
8��"�� 
	 '"�a^ +Z5 &" 
�	!+� �' '���� 
	�"�5 

"' )��q� ]!
-^ �:+* ! ��_"�4�  ) k�4j(  �[+� 
� 
�5T ��
/^ $�+2 &"��"�� 
	 �' 

 
�	!+� �
�B 
^ #� $�^+^ ��jM�_�'� N�_�'  �j��_�'  !Jj  ��"jJ�_�'  '��.  

  

 E!��j| ��o�! 
	 � � 6!+� ! �<�^� *  
	 9��+�8
�����"��&" 6�4 $�% � ��& +�
%! 

(
	
��  
Table 2. Phenotypic features and grouping of the strains of Pectobacterium isolated from 

potato and other  plants  

 �_�'��"�� 
	  .cY� ��"�� 
	 6!+� +	 �' )Phenon(  
% strains positive in each group 

[.�_�V  Characteristic  4  
(15)a  

3  
(14)  

2  
(9)  

1  
(12)  

9+� = 8"!  Gram reaction  0 0 0 0 

 
	 �D�! (�5
��$�% � ��&   Potato rot  100 100 100 100 

�� �4�  &"�	  O/F 100 100 100 100 

&h
^
8  Catalase 100 100 100 100 

 &" ���8"  Oxidase 0 0 0 0 

 ��%
/5;��!���	  Starch hydrolysis 0 0 44 0 

W ;��!���	3�^h  Gelatin hydrolysis  54 57 0 42 

 3����%" ;��!���	  Esculin hydrolysis  86 86 78 58 

 3�H�^ ;��!���	f~  Tween-80 hydrolysis 0 0 0 0 

www.SID.ir



Arc
hi

ve
 o

f S
ID

 ���
�������� 
	
� �!�" �$�% #  � ��& �' (
�%")�
*                                           JKK 

 

 E!���|) ��"'"(                        Table 2. (continued) 

 3���� ;��!���	  Lecithin hydrolysis 0 0 0 0 

 3�H&
8 ;��!���	  Casein hydrolysis  46 35 0 0 

 &T 6�!"  Urease  0 0 0 0 

]"+��5 1
�0"  Nitrate reduction 100 100 100 100 

 )����� !�+�"  Action on Litmus milk:        

 ��%" = 8"!  Acid reaction 100 100 100 100 

 )����� 1
�0"  Reduction of litmus 94 21 11 25 

 ��%" ��>� '
X�"  Acid curd 100 86 67 84 

 z+V� 3�5 ���T  Arginine utilization 20 42 89 67 

 &h!���	 ' 3�5 ���T  Arginine dihydrolase 80 0 0 17 

 ����^H2S 3�i���% &"   H2S from cysteine 100 100 100 100 

  ����^H2S ]
-��%��^&" 

 G��%  

H2S from thiosulfate  100 100 100 100 

 &" &
� ����^ ;8���  Gas form glucose 73 21 67 100 

 E!�5" ����^  Indole 20 14 67 58 

 '� k���  Methyl red reaction  13 64 89 100 

 3�H��%" ����^  Acetoin production 87 36 11 0 

 ("�� ����^  Levan from sucrose 87 14 8 8 

 &" 6�  8 1
�0" '"�� ����^

 &�
8
%  

Reducing substances 

from sucrose 

53 7 0 16 

&��8h��8 ����^  Ketolactose production 0 0 0 0 

 &
� �T ' 3�5hT k� *  Phenylalanine 

deaminase 

0 0 0 0 

&
i�8�5�c�� ��8"'  Deoxyribonuclease 60 35 11 58 

 (�^�^ �' .�%
�0 F�*  Hypersensitive reaction V V V V 
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 E!���|) ��"'"(                        Table 2. (continued) 

 &
^
-�*  Phosphatase 66 42 78 50 

' k�q^�   36-37 OC  Maximum growth 

temp (36-370C) 

93 86 100 100 

�' k�q^OC 39-40  Maxiumum � rowth 

temp(39-400C) 

33 21 77 50 

 9
aS #�5 k�q^M�_�'  Growth on 4% NaCl 100 100 100 100 

 9
aS #�5 k�q^N_�' �  Growth on 5% NaCl 100 100 100 100 

 !� . %���* �5� ����^

 x�q�King-B  

King – B Medium 0 0 0 0 

 !� � �8 z"+S" z
-4 ��
	
YDC  

Clearing zone on 

YDC 
6 42 22 75 

 ("� : �� 3�&"�
<%T &" 6'
-�%"

 Pc � 
� ^  

Utilization of 

asparagine as sole 
sucrose of carbon and 

nitrogen 

87 36 89 75 

 &" ��%" ����^  Acid production from      

 ;8���  Glucose  100 100 100 100 

 &� ��"�T  Arabinose 100 100 100 100 

 &��8!+*  Fructose 100 100 100 100 

&���"&)D(  D_xylose 100 100 100 100 

 &� �"�  Rhamnose  100 100 100 100 

 3����
%  Salicin 100 100 100 100 

 E������%  Sorbitol  93 93 89 100 

 &� �*"�  Raffinose 100 86 78 100 

 &�
8
%  Sucrose  100 100 100 100 

 &��� ���  Melibiose  100 93 88 100 

 &��
	 +^  Trehalose 100 100 100 100 

 &��8h
�  Galactose 100 100 100 100 
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 E!���|) ��"'"(                        Table 2. (continued)  

  

  

&�����%  Cellobiose 100 100 100 100 

 &��8h  Lactose 100 100 100 100 

 3�+��8'  Dexterin 80 57 78 92 

 ��&�8���' k���
-�T  α  methyl - D - glucoside 94 0 33 58 

 &� �^h
�  Palatinose 54 044 67  

&���
�  Maltose 100 36 89 100 

 3��"����T  Amygdalin 100 100 100 100 

 E���&� �"  Inositol 33 0 21 83 

 3��� �"  Inulin 73 78 88 16 

 &" 6'
-�%"  Utilization of :      

 E" � ]"�
^�
^  L-tartrate 0 86 44 0 

 '– ]
�8h   Lactate  100 100 100 100 

 ]
5��
�  Malonate  94 21 100 100 

�%" ]
  Acetate  100 64 8 67 

 ]
5"���8h
�  Galacturonate 46 7 22 83 

]"+��%  Citrate  94 78 100 100 

  

  

a '"�a^ ���"�� 
	 ;�5"+� �' 6!+� +	   
a,No. of strains in parenthesis 
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 E!��K| &" 6�4"�� 9��+�8
����� 
�	!+� �D"+�*" ]
�_�V[ $�% � ��&!  +�
%  (
	
�� 

" �')�
* (
�%  
Table3. Differential characteristics of the Pectobacterium strains isolated from potato and 

other plants in Fars 

 �_�'��"�� 
	  6!+� +	 �' .cY�)Phenon(  
% strains positive in each group  

.�_�V[  Characteristic  4  
(15)a  

3  
(14)  

2  
(9)  

1  
(12)  

;��!���	3�H&
8   Casein hydrolysis 46 35 0 0 

3�^hW ;��!���	  Gelatin hydrolysis 54 57 0 42 

&h!���	 ' 3�5 ���T  Arginine dihydrolase 80 0 0 17 

&
^
-�*  Phosphatase 66 42 78 50 

E!�5"  Indole 20 14 67 58 

;8��� &"&
�  Gas from glucose 73 21 0 100 

 81
�0" '"�� ����^&�
8
% &" 6�   Reducing substance from sucrose 53 7 0 16 

�' k�q^ OC KL|K�  Maximum growth temp(36-370c) 93 86 100 100 

 �' k�q^OC M~|K�  Maximum growth temp(39-40
0c

) 33 21 77 50 

" �� .�%
�0�3���
�+��  Sensivitiy to erythromycin 34 0 89 17 

&" ��%" ����^:  Acid production from       

E������%  Sorbitol 94 93 89 100 

��T73��"�  Amygdalin 92 100 86 94 

&���
�  Maltose 100 36 89 100 

��&�8���' k���
-�T  α  methyl- D – glucoside 94 0 33 58 

&� �^h
�  Palatinose 54 0 44 67 

E���&� �"  Inositol 33 0 21 83 

3��� �"  Inulin 73 78 88 16 

3�+��8'  Dextrin 80 57 78 92 
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 E!���|) ��"'"(                        Table 3. (continued)  

&��� ���  Melibiose 100 93 88 100 

&� �*"�  Raffinose 100 93 78 100 

&" 6'
-�%":  Utilization of :       

]
5��
�  Malonate 94 7 100 100 

]"+��%  Citrate 94 78 100 100 

]
5"���8h
�  Galacturonate 46 7 22 83 

 ]"�
^�
^–E"   L-tartrate 0 86 44 0 

a '"�a^ ���"�� 
	;�5"+� �' 6!+� +	           a, No of strains 

  

 �q� �q� �q� �q�        

" ���� 6�4 "�� 
��+�8
� k�4  �� ! �+q�
� �`�q� 
	 �W
^ )Peritrichous (� �- � 9+� 

!��  " &"�	 �
��[ 6'��
�5T �4� $%
 � 
�' !K~|jL'�� '"+7��5
% ���'  . �� �'
D ��	

6
�� 
��*
� �' 9+5 ����%�� '
X�"�  ]"+��5 6�  8 
�0" � ����H2S  3�i���% &"!�� 6�!" 

�5'�� �- �&T . �&� ��"�T �&� �*"� �&��8h �&!+8�% �&��8!+* �&��8h
� �;8��� 
	� D &"

3�+���� �&�����%�5'+8 ����^ ��%" &��� ��� ! 3����
% � . )
%" 3�" +�  ("� a��5�� 
	 

�5�4 �H
%
 4 9��+�8
����� )Lelliott and Dickey 1984(. ��"�� 
	 �<�^� * ]
�_�V[ +Z5 &" 

 �'M�5�4 � � ��cS 6!+� . 
� �+�%" ��� 8"+� Pectobacterium )
%"+� F�* 
	!+� �' 

 �' zI�[" m�
�5 �sa�(";���' zI�[" ;�5 ! 
�5��&T ����^ &" '�� ]!
-�� 
	� D ��%"  

 .(Margaert et al. 1984)��"�� 
	' k���
-�T &" ��%" ����^ )
%" +� E!" 6!+�  ��&�8��� 

)Nf �_�' ��"�� 
	 .( E��^&� �" �3��"�7��T � E������%)%fK ��"�� 
	(3�+��8' �)%�j 

��"�� 
	( &� �*"�! &��� ��� �]
5���8h
� ! ]"+��% �]
5��
� &" 6'
-�%" ;�5!)%fK ��"�� 
	( �

3���
�!+���" �� .�%
�0)%JL ��"�� 
	(E!�5" ����^ �)%Nf ��"�� 
	( &
^
-�* !)%N~ 

��"�� 
	( .	
c4 3�+�/��)%LJ( �� "�Pcc"'  �4� . k��� 
-�T &" ��%" ����^ .���
D +Z5 &" ��!

'���
� �&� �^h
� ���&�8���  �& &" +7�' '"�a^ ! &� �*"� ! &��� ��� �&��8!+*  ]
�_�V[  
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 k�4J |  .�"+D  9"+�!��5'��"�� 
	9��+�8
�����   &" 6�4 "��$�% � ��& (
�%" �' (
5
�;�� +�
% ! 

 )�
*�<�^� * ]
�_�V[ +Z5 &".  
Fig.1.Phenogram of Pectobacterium strains isolated form potato and other plants in Fars Province. 
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 k�4j|  ����% 
� �i^!+� &��*!+���" @��5��"�� 
	  &" 6�4 "�� 9��+�8
�����$�% � ��& �' 

 �' )�
* (
�%" ���T k�+8T ��� EW%J~ . k�
4 
	 #	
B�| ��"�� ��) 6!+� &"� ( ��| 

  ��"���� ) 6!+�� ( ��| ��"�� �� ) 6!+�� ( ��| ]�\ ��� ) Dc '�"�5
�%"( ��| ��"�� 

��) 6!+��(�� | ��"�� �� ) 6!+�� ( ��| ��"�� ��)  6!+�� (  �� | ��"�� �� )  6!+�� ( �

� | Dc  ]�\ )'�"�5
�%" ( ���| ��"�� �| )  6!+�� (!�� | Rc5&���) '�"�5
�%" ��"��

Pcc  ( ��c4 �5
� !' 
� #� ;� �� �% 6!+� 
	 �5
� @��5��"�� 
	�� �
�B 6!+�   6'

.%".  
Fig. 2. Electrophoretic pattern of cell proteins of Pectobacterium strains isolated form potato in Fars 

Province. Lanes: 1,strain 36(phenon 4); 2, strain 37 (phenon 4); 3, strain 39(phenon 4) ; 4, maize 

strain 421 (reference strain of Dickeya chrysanthemi);5, strain 41 (phenon 4) ;6, strain 15 

(phenon 2);7, strain 46 (phenon 4); 8, strain 20(phenon 2 ) ; 9, a reference strain of  

D.chrysanthemi; 10, strain , (phenon 1); 11, Iris strain 111  

(P.carotovorum subsp . carotovorum ). 
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%�L   .	
c4  
�Pa�"' �5 .
���o�! 
� 
�5T .	
c4 D.chrysanthemi %�N �+�/� '��! 6'�� 

 ! &��� ��� �E��^&� �" &" ��%" ����^ .���
D �5�� +�& 3�" 
� 
�5T ���8D.%" &� �*"�   

)Holt et al. 1994, Lelliott & Dikey 1984(.  

 6�
� �' ! +Z5 3�" &" ! 6'+�5 ��>� "� )����� +�4 E!" 6!+� ��"�� � B 
���o�! "

+7�' ) z+V�&��8h �&��8h
� �&��
	 +^�!  �' �4� �]"+��% NaCl N�_�'  �' ! ºC Kj(  

  ��Pw ��c4 '��+� ��! ��5 �5'�c5 +�4 ('+8 6;�5��<� �� �'
D �5�� +�& 3�" zI[   

)Gallios et al. 1992, Goto & Mutsumoto 1987 .(��
5"�^ ��"�� 
	
-�T &" ��%" ����^ �'  k��� 

' 3�" .	
c4 �� +X � ! ��4"�5 '���� E!"�� 
� k�
8 R�
`^ E���&� �" ! &� �^h
� ���&��� 

 +�& �� 6!+��5�� 
	 Q��>� )Pcc �Pb �Pw �Pco( �5�� !Dc)  k_
* �0 �'N~ ��" LJ 

�_�'( .%" 6�4 . �5��+�& 
� 6!+� 3�" .	
c4Pb 
�5��&T �'  &" 6'
-�%"���  &�����% ! &���

!�� 3�+��8'&��
	 +^ �&� �*"� &" ��%" ����^ .���
D �' ]!
-^  �4
� )Thomson et al. 1981 .(

 O��X� �'��"�� 
	�5�� 
� �*
8 .	
c4 E!" 6!+�  Dc) %�N(+�& !�5�� 
	 6�4 Q�_�^ 

Pc�� +Z5 �� ! ��4"�5 "�  +�& 
� �5�� �� R�a�� �%��5�� 
	 3��
 �� Dc  !Pc� 4
�  .  

��"�� 	
3��"�7��T ! &���
� �E������% &" ��%" ����^ )
%"+� 9!' 6!+�  )f��_�'  

��"�� 
	 (��� ! 3��� �" &��� )%ff ��"�� 
	 (! 3�+��8'D&� �*"�  )%Lf ��"�� 
	 ( 
-�T k��� '

��&�8��� )%KK ��"�� 
	 (]
5���8h
� ! ]"+��% �]
5��
� &" 6'
-�%" ;�5 ! )%jj ��"�� 
	 (

� .�%
�03���
�!+���" � )f���"�� �_�'  
	(  E!�5" ����^%�L��"�� 
	(  &
^
-�* !)%Lf 

��"��(  .	
c4 3�+�/��)%LN( �5�� �� "�Dc�5�"'  . 
� 
�5T ]!
-^T ]
�_�V[ �' �5�� (

3��"�7��T &" ��%" ����^)%J~~(&���
��)%f�(3�+��8'�)%Lf(! &���^h
�  )%M~ (�� �4
�  

)Holt  et al. 1994, Lelliott & Dickey 1984. (  

 (";�� �� 6!+� 3�" .	
c4�L�_�'  �� Pa E���&� �" �&���
� &" ��%" ����^ .���
D .�: �� 

 �&��� ���D.%" ]"+��% &" 6'
-�%"! &� �*"�  . (";�� �� F�* 6!+� .	
c4�N �_�' �� Pcc �� 

�E���&� �" �&���
� &" ��%" ����^ .���
D .�: ���  �&���D �*"� .%" ]"+��% &" 6'
-�%" ! &� .

&" ��%" ����^ �' 
� �+�%" ]!
-^ ! ��
/^ k���
-�T k���' �:
� &���
� ! &���^h
� ���&�8��� 

 �5�� +�& �� (T .	
c4 !�5�� 
	 Pco �Pb ! Pw 
�5";�� �� $�^+^ �� �N�_�'  �Nf�_�'  
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 !M��_�'    zI�[" ! .%" 6�4��"�� 
	 
� 9!' 6!+� Pb �' T &" ��%" ����^ 
�5��&

 F+* 3� v�	 �.%" ]
�_�V[ &" +7�' '"�a^ ! &��� ��� �E������% 
�5T�5��+�& 
�Pco  �'

 ����^H2SE!�5" ����^ �3���� % ! G��% ]
-��%��^ &" ��� &
^
-�* ! ;8��� &" &
�  �4
�  

(Gallios et al. 1992 & Thomson et al. 1981) .  

 9�: �� ���^ 
� '
X�"�� B )����� +�4 �' ��>��"��  �� 6!+� 3�" �' Pw .	
c4 

� ^!
-�� F�* �5��+�& 
� �
q� 3�" &" ! �5'�c5 x�q� ('��5 6;�5��<� �� �'
D ��! � �4"'   

)Goto & Matsumoto 1987.(  

 O��X� �'��"�� 
	 �5�� 
� �*
8 .	
c4 9!' 6!+� Dc  +�& !�5�� 
	 6�4 Q�_�^ 

Pc5 �� ! ��4"�5 "� �� +Z  �5�� �� R�a�� �%�Dc  +�& 3��
 �� 
� ! 6'���5�� 
	 Pc  �"+D

�� �5+��.  

��"�� 
	 &" ��%" ����^ +Z5 &" 9!' ! E!" 6!+� �' '���� T k��� 
-� '&� �^h
� ���&�8��� 

 ! �0 �' ]
�_�V[ +�
% �' ! 6'�� +�u�� 3��� �" fL�_�' �5�"' .	
c4 G	 ��  . ]!
-^

3�" " 6!+� !' ' 3�5 ���T ! 3���
�!+�^�" �� .�%
�0 �&
^
-�* G�;5T ����^ .���
D +Z5 &

�� &h!���	  �4
�)Holt et al. 1994 , Lelliott & Dickey 1984( Gallios et al. 1992 & Thomson 

et al. 1981(.  

 6!+� �' '
: +�C 
� �+�%" '��! �� ���^ 
�carotovora   ! 
�	!+� k�
8 R�
`^ 9�:

 �D"+�*" E!"�� 
� 9!' ! E!"�5�� 
	 +�& ! �5�� 
	 )
%"+� 6o�! �� �'���� 6�4 ��[
 4 

 k��� 
-�T 
	� D &" ��%" ����^ .���
D'3��� �" �&���
� ���&�8��� ! 3�+��8' � &" 6'
-�%" 

]
5��
�! ]"+��%  ! 3�^hW ;��!���	! '��� �' ("�^ ��5 .�aS
D 
� 3�%
�+���" �� .�%
�0  

'��5 +Z5 9I:" 
�5T . 3�" �8 �%� �� +Z5 ����"�� 
	 �5�� 3�� ]
�_�V[ Dc+�& ! �5�� 
	 

Pc� ��	 "�"' "�  )Goto & Matsumoto 1987.(  

 
� 6�4 +8\ .	
c4 �_�' GC+�Pcw�  ����^ .���
D )
%"+�H2S �6!+� +�& !' +	 �' 

�� G8 �5�� +�& 3�" �� 
�5T ���';5 E
��0" �4
� �"+�
 ��� E
��0" 3  
� '!�P�� �!T 

��"�� 
	 9
X5"! RS
 � 9
�^ &" +�/�� �%�+� 
	  +�& ("��� �����^�5�� 
	"� ����  

'��5 �*+a� .  
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6'�� +���';5 G	 �� ���W����;�* ! ��
���4��� ]
�_�V[ �
q� &" 9�
�B ! 9�% 6!+�!  

� ��	 �5�� #� �� R�a�� .��"�� 
	 
�' �' �8 9�% 6!+� K� 
^KL �4� '"+7��5
% ���' 

 k���
-�T &" 6'
-�%" ��
5"�^ ! 6'+8'  ����^ �� �'
D 3� v�	 ! �5�"�5 "� &� �^h
� ! ��&�8��� 

 ! &��� ��� &" ��%" '�� &� �*"� � 4
� )fM�_�' (�5�� +�& �� Pcc�� 6'"' .c�5  �5�4  
(Holt et al. 1994, Lelliott & Dickey 1984) .  

.	
c4 �_�' 
���o�! k8 �� .c�5 (
��� ]
�_�V[ '"�a^ �� ���^ 
� 6!+� 3�" 

�� 6�4 3��a^ Pcc fM�_�'  '�� . ����^ �3�^hW �3�H&
8 ;��!���	 �' 6!+� 3�" 
� �+�%"

 (��&T ! E!�5" �&
^
-�*DNase  !]
5���8h
� ]"+��% �]
5��
� z+V� !  ����^ ! ]"�
^�
^

� �" �&���
� �3�+��8' &" ��%"�5'�� +�u�� E���&� �" ! 3�� ) E!��K.(  

 9�
�B �� 9�% 6!+� .	
c4 �_�'LN�_�' ��  �4
�.�'  6!+�  6�4 '
� 6!+� +�& �
�B

�4 3��a^ . �8 �'
�5T�~�_�' �� 6��' ��
/^  '�4 . 3�� B ��"�� 9�: )
%"+� 9�% 6!+� �'

��� &" ��%" ����^ .���
D ("��* ! ]"+��% z+V�  ! &���'� �*"�  �5�� +�& �� &Pb  .	
c4

 ��
/� 
�5T ]
�_�V[ +�
% �8 ��
0 �' �5�"'Pcc6�4 "�� � D �� uB &" ! .%"   �5"

).(Thomson et al. 1981  

��"�� 
	�&���
� &" ��%" ����^ �� �'
D �8 9�
�B 6!+� 
-�T  k��� ' ! &��� ��� ���&�8��� 

D� �*"� &�5'��  �LM �_�'��  Pa"' .	
c4 � �4 .����" 
	 1
�0" '"�� ����^ �' 9�
�B 6!+� 

&�
8
% &" 6�  8)NK�_�' ( &
^
-�* �)�� �_�'( 3���
�!+���" �� .�%
�0 )KM �_�'( ! 

&� �^h
� &" ��%" ����^ )NM �_�'(E���&� �" � )KK�_�' (! 3��� �"  )LK �_�'(!  z+V� 

]
5��
� )�M �_�' (�5'�� +�u�� ) E!��K(.  

��"�� 
	B 6!+�  ! &
^
-�* ����^ h
� �_�' ]
5��
� z+V� .���
D �� ���^ 
� 9�
�

�5�"' .	
c4 9!' ! E!" 6!+� �� ;8��� &" &
� ����^ .  

�F�* 6!+�  6�4 k��/^ 6!+� +�& �
�B &" '�[ �' �8 .%" 
�5T 3���M�_�'  ��
/^ 

�4 6��' .$�C" ��"�� 
	  6'
-�%" �� �'
D 6!+� +�& +	 �' '����!����^ &" ��%"  ����%� E�

�� � 4
� . +�& ]
�_�V[ 
� ;�5 ��o�! 3�"�5�� 
	 ! ��4"�5 R�
`^ '���� �D"+�*" E!"�� �' 

 �5�� +�& "+� x�*Pco .%" 6��'+� +8\ �����
D 3� B )Gallios et al. 1992.(   

 &��*!+���" @��5 ���
��3�i^!+�  ����% 
	��"�� 
	 ���� ;�5 Q��>� 
�	!+��' 
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� ^ h
� O 
�5T�4
� �� .�[+� ��"�� 
	 
� ��"�� 
	 �5'"' (
/5 ��8 
��	
c4 6�4 �H
%
 4 

�5'�c5 (
��� I�
8 ��! .  

��"�� j~  6!+� &"j 
�   ��"��'�"�5
�%" Rc5& (Pcc)  +Z5 &"
	�"�5 ��_" � �i^!+� 

"' .	
c4.4 ) k�4j( .� �!+� &��*!+���" @��5 ��c�5 �<�^� * ��
/^ GC� ����% 
� �i^

��"�� 
	 ��"�� #� 
� #� 6!+� Dc.4"�5 �5"� B .	
c4  )k�4j .( �� ���^ 
� 3�"+�
 �

�4 6�	
/� O� ^6 ]
�_�V[ ���W����;�* ! ��
���4��� 
�5��&T �' ��"�� 
	 �%�+� 

 6�4Pcc ! Pa  �D"+�*" E!"�� 
� �*
8 R�
`^�5��  ! +�&�5�� 
	 Pectobacterium 5  ! ��4"�

 !' 3�"+�8
��"' '
�& O� ^ ("+�"�' �5 . +�u�� ]
-_��"�� 
	 E!"�� 
� ���
�� �' ("+�" 

��%" ����^ �D"+�*" �&"3�+��8' ! �% ]"�
^�
^ �]
5��
� z+V� ! E�����!  ! ]
5"���8h
� 

 ����^�� &h!���	 ' 3�5 ���T �4
� ) E!��K .( �sa���"�� 
	 
� ��"�� 
	 6�4 ��
%
 4 

c4�5'�c5 (
��� I�
8 ��! �5'"' (
/5 "� ��8 
��	
 . E!" 6!+� &��*!+���" @��5 .	
c4

9�% �� )��"�� � B �' ( (";�� ���j ��" �L �_�'��';5 6� 	' (
/5 ��� 6!+� !' 3�"  �4
� .

 ;�5 '�: ;��
5T �' 6��T .%�� � c	!+� 6� 	' (
/5.%" ��	
c4 3� B  . $�+2 ]"+��u^

� �' ��
/^ O� ^ 6� 	' (
/5 &��*!+���" @��5 ('�� 37�	
5 ! 
�	!+� 3���"�� 
	 �%�+� 

 .%" 6�4.  

 ���8��"�� 
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