
Arc
hi

ve
 o

f S
ID

                                                                            ����   � ���	
�       �����
�  

                                                                           ��� ��� ���	� �� ����� ����  

    

  

��������	 
��	��  ��	����� ��	���� ���  

��	 
���� � 
���������� ���  
!����� �� �� �� "���#  

Pectobacterium carotovorum  $%��� &��� �� 

Identification of fluorescent pseudomonads isolated from potato  

Rhizospher and assessment of their antagonistic activity towards  

Pectobacterium carotovorum under field condition 
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Abstract 

Potato rhizospher soil and tubers were collected from Hamadan, Damavand and 

Qasere-Shrin areas. A total of 96 Fluorescent Pseudomonads strains from collected soil and 

tuber samples were isolated on pseudomonas agar F medium. Based on the antagonistic 

activity of the fleuoresent pseudomonads strains against Pectobacterium carotovoru invitro, 

40 representatives were selected and their phenotypic features were characterized. Phenotypic 

feature characterizations resulted three species including Pseudomonas aeruginosa, P. Putida 

and P. fluorescens (bv. II, III & IV). Antagonistic activity assessment of 20 representatives' 

strains of the above species towards Pectobacterium carotovorum the causal agent of potato 

rot disease invitro indicated that they could inhibit growth of pathogen and siginificant 

differences among the appllied strains were observed. Based on the results of invitro 

experiments six strains were selected. Bacterial suspention from these strains with OD 

(optical density) 0.1 in 600nm were made in distilled water. The bacterial suspention were 

diluted 1000 (concentration I) and 10000 (concentration II) times respectively. Potato  

tubers were sprayed with bacterial suspension and they were put in soil infested with  

P. carotovorum. Randomized block design in three replicate were used for this experiment. 
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Tested strains showed biocontrol activity towards P. carotovorum and significant differences 

were observed among their efficacy were observed. They reduced the potato rot disease 

caused by P. carotovorum between 2.5 to 38.75 %. No significant differences were observed 

between the two applied concentrations of the antagonistic bacterial suspensions. 

Key words: potato rot, biological control, Pectobacterium carotovorum, Pseudomonas 

fluorescens, P. aeruginosa, P. putida. 
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 �

��
���� C� 
  �� � =�
���� Q�    ̂ ���2 %� P$      =@� -�@�    0�@9( /@h�A_/`  �@d�)  =@�   J
@KC  

Ayer et al. (1919)���p =I  %_/�  %����)+� =r
N( � ��� =���� -+C%�  �2 ���!� )��+C �) ��

��!� /&I %� P$ ��C c0 ��.  


!�����   �	� D�E��� � ��F ���        .�GH@����� &��� �� .' �'5 ��	���� ��������	 

$��% P. carotovorum :��(��)%�� -�#
C D

R2 /9�/���+�� O�(+C�)+�  ��A %� ��� ��� 

     J0�!� �) �
C% B
� !���#0� � ��,&0�C%� !N��0  �@� D�      ��+@d =@� /S@
(+��N(� �!NI�@� 

=oQ !N$ �) ��� ��� J
KC ���p  pseudomonas agar F (Merk Co.)  vwC�@I j!@? c0 BQ�F �) 

    /&I ��!o2 =� �) �)�E2 �� . !N��0D ��� !N'�� �   =�   ��C�_      ��@C) �) /*�� _k   =@��) 

N(��   �(�� ����9,( )�!�. �  ��' P\ !N'�� � ���       U0!N�� =:�$ J�+2 ��� /&I /S
(+��N(� 

    UoQ� =� =N&A��6 %      <�$ /&I J
KC ab� %� �@� .  �)   D@0�      �!@N$ !@� �) /	S@F   �!@bF �) 

 =���� V!��!�I   !N$ � �� � ��     =(���� ��+d =�    ��C =��X F) 
  =f  �(�@� ����9,( . @�  �) P\

�!N$ ���)  ��C =� � %�� U0!N�� J0�!� �`�+� =f
F)  �(�� �) .�
C c0  -+
S(�\�+� %� !N
Q

 ���	
� �!NI��       =&
� =�
C J�+2 �!N$ !� �) �%    eZ$ ����     ��C) �) �_�  N(�� =��)   )�!@� 

   ��C =��_   �(�� ����9,( /*��  .    /S@
(+��N(� �!NI�� ��(��)%�� =Q�� ���!bF  @�� =@�
 =�

J4  e'�%��(� -� %� � �!
� �� =N�!� D
,(�
C �� .�)�) ��� ��C� /�) =�  ���C� j!? BQ�F �)

        /�!� ��!F U
�K2 � =0#r2 )�+C =N�� ��I =� .  !N�� Y�ZN(� ��!�0D ��� !N'���     ��@I =@� /9�  

 �) -)!�   C =*�#C J0�!� 
,(�
D ���        �(�� =S0�fC Do(�) -+C%� J�+2 ��C� /�) =�   �	( � 0 ���

��!� ����(�� Y�ZN(� ��	* .  

 ��	� 
!������F ���   .' �'5 ��	���� ��������	   ��@	 ��	���� � .'+ ��   
@����

$��%P. carotovorum  $%��� &��� �� :2 ��!��!
� !N��0D ���  /�@��+�� O�(+C�)+@�  �) 

�� %� ��(��)%�
��	� �%0 P. carotovorum   =@*�#C J0�!@� �)  % ��+@d =@�  @0  �@� V�@r(� !. 

  ���	
� �!NI�� -+
S(�\�+� �%     ��+( Y8� �� /S
(+��N(� ��/`   �+@C ^+@? �) M``  !NC+(�@( 

=
92�� .���	
� �!NI�� ��!�  �d �% ��� ��#� ))��p ^)�RC CFU XXXXC �) 
� Q
!N(   ��!@� �

 =� /S
(+��N(���#� B
2!2 ) /h�AI )��p ^)�RC  CFU XXXXXXX(�) �  ��@� ��#�)  /@h�AII 

www.SID.ir



Arc
hi

ve
 o

f S
ID

���, � �����#�'( :��������	 
��	�� ��	 ��	����� ��	���� ��� 
���� � ...  

  

  

  �

 )��p ^)�RC CFU XXXXXX(�� G
F� .��A B
� ���    =S@��C %� ��@� =
92 �0!�� tF� �
C%

 � ^�9(    �� �!I -�N�!9� �8� �%��(�  v�N:S( ���    �(�� �)�) 7!� /4�+�o0 . ��A ��      �) ��@C =@� 

-+
S(�\�+� �) /*��  ���92
� = �� ��C =� -� %� P$ � �)�) ��!F /S
(+��N(� �!NI�� %�y� 

       ����9,( T�2� ��C) J0�!� �) /*�����( .  ��A D0� P\�       ��@� =
92 -+
S(�\�+� J�+2 ��

 � �!NI��
��	�     �(�� /&I � �!\�� �% .        !N'�@� %� D0!N@�� e@� )��@R2 -+@C%� D0� �)�  �@�� 

    i+�� j!? BQ�F �) /S
(+��N(� ���   � �)�E2 UC�I        ��!o2 !� � ��!o2 ��9n �   UC�@� ��@A �) 

�
B �C% /�� ��' =� . �C%�0 eB
� -� �) ^�� �) ��C =I I�4 �) ��A -���
� �0 �
C%  ��

 )+� ��&( /&I !,0)�� �!�� .=2+� �d�) =0��% U0�:2 %� P$ � =:��KC tQ�� ���  BQ�F �) ��

 j!?��C��� =N�� ��' =� �� #
Q�(.  

  

I���$JK! �   

 �� V�	2!N0D ��� ��ZN(�   �    ��@� @��!�      /�@��+�� �@(� �@
Q+2 =@� �)�@F J
@KC ��� 

/&'pseudomonas agar F �()+�  -+2+2 �) /
��Sp T+� e�I�� )�r0� =� �)�F c
}
� Q� 

�()+:( .�0�[ ���          � ��@9n �) �@�� \
2+@�� y�    N(�@� =@��)          D
@(l�� � %��
S@I� � )�!@�

�)    -� =	� �) %q���
�     )+� /:�C ��� v�!�I� (�+2   ��NS  ��!N
(�� ��
p�  �@��'  .       ��� -�+@Q �@
Q+2

  J
KC���)� k %     =f�p ��� o
N
Q+No$ /
Q�R� � %�!I+�   B
@� ���     !N@�� �) @�
C%0D  �@�� 

   )+� ��C ��!� )�+C . !N�� BQ�A0D ���  @��!�     ��@�    D
@2ql  ��   #
Q���@
� �@()+	( . ]0�@N( 

-+C%� /�� ��C� c0 ���	� ^��� �) \
2+�� ���.  

 O��� !�J�+2 ��� =0��� \
2+�� ��
d+E4 Bossis et al. (2001) � Shaad et al. (2001) 

D0!N��    =@(+� =@� @��!� )�+C ���   ��@�P. aeruginosa �P. putida �P. fluorescens bv. II �P. 

fluorescens bv. III  �P. fluorescens bv. V  �(�@� BSN�C . =@r
N(    NS@
(+��N(� -�+@2 ��@0%�� 

�!N'�@@� �@@��B
@@� !�@@��#0� %� ��@@� ��@@� /�@@��+�� O�(+C�)+@@�   �!NI�@@� =@@
�* @@�
C%  

P. carotovorum B
� V!( ��
�+$ ���	
� UC�*  ��+@d =� =*�#C J0�!� �) �
C%   =S@0�fC

D
,(�
C   ��!� � ��       ���	� ^��� �) ����	
2 �����)   P(�0��� =0#r2 �  -�   ��    ���	@� ^��� �)  

=�/�� ��� =dw4 .   
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 L

'5 "�9 L �0�[ ���\
2+�� !N�� 0D ���B
� %� ��� ��� O�(+C�)+�  �
C% 

Table 1- Phenotypic features of the Pseudomonas strains  

isolated from potato rhizospher and tuber 

Test P. aeruginosa P. putida 
P. fluorescens 

bv. II 

P. fluorescens 

bv. III 

P. fluorescens 

bv. V 

O/F O O O O O 

KOH 3% + + + + + 

Catalase + + + + + 

NaCl 5% + + + + + 

Starch - - - - - 

Flourescent + + + + + 

Diffusible non -flourescent pigment + - - - - 

Arginine dihydrolase + + + + + 

Oxidase + + + + + 

Nitrate reduction + - + + - 

Licitinase - - - + + 

Potato rot - - - - - 

HR + - - - - 

Levan - - + - - 

Growth at 41º C + - - - - 

Growth at 4º C - + + + + 

Gelatin liquifection + - + + + 

Growth on:      

L-arabinose - + + V + 

D-xylose - + + + + 

L-tartaric acid + - - + + 

D-alanine + + + + + 

sorbitol - + + + + 

Trehalose - - + V - 

D-galactose - - + V + 

Sucrose + + + + + 

Meso-inositol - - + V + 

Adonitol - - - V - 

Ethanol + - + + + 

Geraniol + - - - - 

Butyrate + + + V V 

Valerate + + V V V 

Nicotinate - + - - V 

Phenyl acetate - + - - - 

Butylamine - + - V V 

Glucose + + + + + 

Fructose + + + + + 

Glyceole + + + + + 

Citrate + + + + + 

Malate + + + + + 

Tryptophane - + - - - 

Arginine + + + + + 

� :��C eI���` %0� �
!N�� !N&0D  ��(Negative reaction)� : +   /@:�C e�@I�� �` % @0� � @
 !N@�� !N&0D   �@�

(Positive reaction)�: V !
mNC ) _� �2 �L %!N��0D /:�C ��(. 
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"�'5 8 L ��!� !N�� ����0D ��� ��(��)%�� =Q�� D
,(�
C O��� !� /���+�� O�(+C�)+�%�  

���Pectobacterium carotovoru  )��,&0�C%� J0�!� ���  Do(�) -+C%� %� �)��N�� 

Table 2- Grouping of fluorescent pseudomonads based on their invitro  

inhibition zone towards Pectobacterium carotovorum 

����� .��� MN	 �� O% 

Statistical Grouping (5%)  
.��� ����� MN	 �� Q% 

Statistical Grouping (1%)  

  

F�G����.'������! $R�� �NS  (cm) 

.��� T�'U  �� VW $! ��  X + ½ 

Inhibition zone (cm)  

���#�! F���	� 

Bacterial strain  

A  A  2.39    PFD2 
AB  AB  2.31  PFH9  

AB  AB  2.31  PFH12  

AB  AB  2.30  PFH20  

BC  BC  2.16  PFQ19  

BCD  BC  2.13  PAQ1  

DE  BC  2.10  PAQ13  

F  D  1.87  PPH16 
FG  DE  1.86  PFD7  

FGH  DEF  1.74  PFD14  

HI  DEF  1.62  PPQ8  

HI  DEF  1.61  PFH3  

I  EF  1.49  PFQ4  

J  GH  1.06  PPD17  

JK  GH  0.91  PPD6  

K  H  0.89  PFH10  

K  H  0.77  PFQ15  

K  H  0.71  PPH11  

K  H  0.71  PFD5 
K  H  0.71  PFH18 

PFD*=  Pseudomonas fluorescens from Damavand %� ��@� ���   ��@(��C)PFH =P. fluorescens from 

Hamedan %� ��� ���  �-��	�PFQ = P. fluorescens from Qasere-e-Shirin   @� !E@F%� ��� ���
!0 �DPAQ =

aeruginosa from Qasere-e-Shirin P. %� ��� ���  � !EF
!0 �DPPH =P. putida from Hamedan%� ��� ���  

 �-��	�PPQ = P. putida from Qasere-e-Shirn  @� !E@F%� ��� ��� 
!0 �DPPD = P. putida from Damavand 

 ��� ��� � �(��C)%�  PPH = . putida from Hamedan P%� ��� ���  -��	�.  

�D
,(�
C ��(��)%�� =Q�� !bF  C ��!o2 =� ��� �����.  

� D
,(�
C  ^�	Np� ab� �) ����NC ���C� ��!� >�!p ����) ���� % �k %�RC >wN4� �(��) ��). 
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 ��

"�'5 : L �)�) P(�0��� =0#r2  =� �+�!C ���!bF  ��(��)%�� =Q��!N'��� ��� O�(+C�)+�   

��� ��� /���+�� B
� !���#0� %� =
�* �
C% Pectobacterium carotovorum 

Table 3- Statistical analyses of fluorescent pseudomonades  

inhibition zone against Pectobacterium carotovorum 

F 
F�G���� 4�X!��  

M 

 Y-54�X!�� 

SS  
����� $5�� 

DF  
 Y!���4����Z  

Source  

  � 22.61  59  T# 

Total  
**

190 1.71
 

22.25  19  ��-�  

Treatment  

  0.009  0.36  40  �N( 

Error  
** :�RC ab� �) ��) �%.(Significant difference at 1% level)  

  

]0�N(2 ���C� =0#r -�+2 ��0%�� NS
(+��N(�!N�� 0D ��� ��� ��� /���+�� O�(+C�)+� 

B
� !���#0� %�  �!NI�� =
�* �
C%P. carotovorum  B
@� V!( ��
�+$ ���	
� UC�*   @�
C%

  =*�#C J0�!� �)    ��+d =�  C =S0�fC
,(�
D  ��!� ���        ���	@� ^��� �) ����	
2 ����   ��@9n �

P(�0��� =0#r2-�   ��)/�� ��� =dw4 ]�$ ���	� ^��� �.   

  �[0� G
:b2 ��     \
2+@�� ���W`      ��@� @��!� D0!N@��  �@�        J@�+2 ��@� =@0��� ^���@�   

Bossis et al. (2001) � Shaad et al. (2001) D0!N@@��  =@@(+� =@@� @@��!� )�+@@C ��@@�  ��@@�  

P. aeruginosa �P. putida � P. fluorescens) ]�$ � c0 ������+
� (N��) G�R2��.D0!N�� D0�  ��

       J
KC ��� /���+�� �(� )�r0� 0�(�+2King’B e�I�� � %��
SI�  �D
(l�� �)    ��� �%q���
�

 ��9n �)) %� !
A(P. aeruginosa � y�N(�� =��)  )�!� -� �)    �@
Q+2 �V!@� e�I�� � /:�C ��

 -�+Q) %� !
AP. fluorescens bv. II (=F�� -�
(�9Q B
� ���  @(� �
Q+2 ��
C%   /�@��+�� !@
A �

) %� !
AP. aeruginosa (-� �) -+2+2 �) /
��Sp T+� )�r0� e�I�� � )+� ��C ��.   !0�@� �)

�[0� D0!N�� ��!� )�+C ���      ��@� =@0��� ^���@� �@� ��!@� !� ��� Bossis et al. (2001) � 

Shaad et al. (2001)       )+@� ���+@
� � =@(+� �@p �) c@
o�2 /@9� ^+:F U��F T�:b(� ����) � �

�(�� 0�����.  
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"�'5 [ L  D
,(�
C =S0�fCNS
(+��N(� -�+2 !N��0D ��� ��� /���+�� O�(+C�)+�   

%� ��� B
� !���#0� �
C%�* 
= Pectobacterium carotovorum �)  J0�!�  

=*�#C �� �d�) c0 ^�	Np� ab� �) Do(�) -+C%� %� �)��N�� 

Table 4- Analysis of antagonistic activity of fluorescent pseudomonads against 

Pectobacterium carotovorum under field condition 

���C� ��!� ab� �) �% 

Statistical grouping (1%)  
��!� ���C�  ab� �)k% 

Statistical grouping (5%)  

,(�
C =2+� �d�) ���  ��(�	
F�� tQ�� 

=0��% U0�:2 %� P$ �
C% B
� �� 

Healthy plant %  

D0!N�� -� /h�A� �!NI�� 

Bacterial strain and its 
concentration  

A A  90.00 �U\� "���# 

B  B  56.95  PAQ1   I 

BC  B  55.65  PAQ1   II 

BC  C  52.55  PFH12  II  
BC  CD  51.05  PFH12   I  
C D 49.90  PFD2     I  
C  D  49.40  PFD2    II  
D  E  40.60  PPH16   II 

DE EF 39.15  PPH16   I 

DE F 37.65  PFQ15   I  
DE G 34.70  PFQ15   II  
DE G 34.55  PPD17    II  
DE G 34.50  PPD17    I  

E G 33.05  ��C ^!N�I  

PFD*= Pseudomonas fluorescens from Damavand %� ��� ���  ��(��C)PFH =P. fluorescens 

from Hamedan  �-��	�%� ��� ���PFQ= P. fluorescens from Qasr-e-Shirin %� ��� ��� � !EF
!0 �D

PAQ =aeruginosa from Qasr-e-Shirin P.%� ��� ���  � !EF
!0 �DPPH =P. putida from Hamedan 

%� ��@@@� ��@@@�  �-��@@@	�PPQ = . putida from Qasr-e-Shirin P%� ��@@@� ��@@@�  @@@� !E@@@F
!0�D  

PPD = . putida from Damavand P%� ��@@� ��@@�  ��C)� �@@( PPH = . putid P%� ��@@� ��@@�  -��@@	�.   

 *�)�)      ��9n D
,(�
C V��I !� ^��� ���  C ��!o2 ����. **D
,(�
C   �����    ��!@� >�!@p    ���@�NC ���@C� ���) � 

�RC >wN4�  ��)��NS�.  
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 ��

"�'5 ] L �)�) P(�0��� =0#r2 NS
(+��N(� -�+2 ��� !N��0D ��� /���+�� O�(+C�)+�   

��� ��� �#0� %�B
� !�� B
� V!( ��
�+$ ���	
� =
�* �
C% =*�#C J0�!� �) �
C% 

Table 5- Statistical analyses of fluorescent pseudomonades antagonistic activity  

against potato soft rot disease under field condition 

)Table (F   
1%       5% 

F F�G����  4�X!�� 

M 

 Y-54�X!�� 

SS  
$5�� ����� 

DF  
 Y!���4����Z  

Source  

� �  � 13355.34  55 
UI 

Total  

2.845    0.045 � 1.89 5.68  3  <+�� 

Block  

1.98** 2.625** 21.20  899.61  11694.98  13  ��	
2 

Treatment  

�  �  42.43  1654.68  39  �b4 

Error  
**:  ����2 )+���RC ��) (Siginificant difference)  

 

-�+2 ��!�!N�� NS
(+��N(� 0D �� =
�* P. carotovorum      V!@( ��
@�+$ ���@	
� U@C�*

B
�     J0�!� �) �
C%     -� ��	* =I )�) -�&( ��,&0�C%�         �@�� %� ��(��)%�� =Q�� �
Q+2 0�(�+2 ��

      ��!� �) !h( D0� %� � �)+�   ���� ��!F ����NC ���C ��N�!� .     @��!� ]0�@N( =@� =@�+2 �@�  �@�� 

� )��R2 ��,&0�C%� ab� �) e�+$ ��+d =� ����NC /h�A �) �) � Y�ZN(� D0!N�� e

��A  B
� ���    /�� ��I =� �
C% .  !N�� D0� V�	20D           =@2+� !@
C� �!@C e��@I 0�@(�+2 ��   ��@�

B
�  =�	p !�� �) �
C%P. carotovorum   ���@	
� UC�I ^!N�I =� �)�F V��o}
� Q� ��N��) ��

�()+:( .!N�� D0�0D d�) ��NS(�+2 ��=2+� �  D
� �� �)+Q� ���k/_ �2 �k/�����) e��I�d�)  .  

   ��(��)%�� B
2!2 � -�#
C !N��0D ���  ��� ��!�   ��,&@0�C%� J0�!��)    ��!@� �@�   ��@��

!N��0D ��       /�� ����NC �)��p �2 =*�#C J0�!� �) .4!� !N��0D  �@� �)  J0�!@�   ��,&@0�C%�

    �()+� ��(��)%�� -�+2 D0!2q�� ����) Q�   !� �)   �)� �) =*�#C J0�    �@�N�!� ��!@F ��@R� ��� .

!N��0D ��0        ��� %� ���)%�� 0�(�+2 ��,&0�C%� J0�!� �) #
(     ��N���( ���C�     =@*�#C J0�!� �) 
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