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Abstract 

Bacterialantagonists, Pseudomonas fluorescens SP007s and Bacillus licheniformis SP009s 
were studied for biological control against cauliflower soft rot caused by Pectobacterium carotovorum 
subsp. carotovorum. All antagonists significantly enhanced seedling growth and decreased disease 
severity from 66 to 84 % compared to non-treated control. Under field conditions, seed treatment 
plus foliar spray with SP007s 4 times at 14, 28, 42 and56 days after planting significantly promoted 
plant growth with 57 % yield increase, and decreased severity of soft rot, black rot (caused by 
Xanthomonas campestris pv. campestris) and Alternaria leaf spot (Alternaria sp.) of 77.6, 82.3 and 
84.5 %, respectively. Risk assessment of bacterial antagonists used in cauliflower production for 
bacterial community impact revealed the rhizosphere populations from soil of plant grown for 65 days 
including Pseudomonas, Bacillus, Corynebacterium and Serratia populations were either constant 
and/or increased 1-2 folds, while Pectobacterium decreased from the initial cultivation. Moreover, the 
type III secretion system with the ATPase encoding gene hrcN necessary for bacterial pathogenicity 
was determined by PCR that the hrcN amplicon has not been found in SP007s. This strain also 
could not induce hypersensitive response on tobacco. These results indicate that SP007s is not a 
pathogen. Moreover, pesticide residues analysis including organophosphate (profenofos) and 
pyrethroid (cypermethrin) groups was investigated. The result revealed that all pesticides were not 
detected in each cauliflower samples. Results suggested that cauliflower production system using 
SP007s or SP009s and suitable pesticide has the potential for use in commercial field application as 
alternative control or reduced pesticide use. 
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U���	�Z���	��

��	�!	�`�������&��
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method � ��*�����'�	'�-W�-X�����^� 3 ���
��("� 
��'^��U�&���	 nutrient broth (NB) &��" 24 ��,���� 
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 ��������V��V��&�����'�	'�-W�-X�����Z�

���
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��	� �&��������Z� P. Fluorescens 
SP007s a�ZU�Z���^&�Z&�	�U���,��'�'��� �'��	�+���
�"��������',��',���V&� 2 �����
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(1) ��	� �&�-W���	����&���&����
�p'��
���  

��	'�� suspension ����'�	'�
-W�-X��� P. Fluorescens SP007s (1x108 cfu/ml) 
��
����'�	'����
��("��-	'����'�� P. syringae 
pv. syringae PS13 (1x108 cfu/ml) �����"�	�U�
a��V�V���
 -	����	���
��("��
 1 ��������	 p' 
��V��)ZU����)�&��" 45 ���  V����& p' ���',a�Z�'
��]����  1 ��������	 �	�!f���	��� -W���	���
� k � �� � � � & �Z � � � p' � �
�� �  ( hypersensitive 
response, HR) ��U����)��	����p' ���^&���U� 
24-48 ��,���� (Schaad, 1988) 

(2) ��	�	�!�&���	�'�'��Z&�	� hrcN 
�	�!�&���	�'�'� hrcN ���U� P. 

fluorescens SP007s k+,��-o��'��',��',���V&����
	
�� ATPase ��
 Type III secretion �&�
����'�	'��Z&�	�U���"Z��&� Pseudomonas spp. 
��
�-o�	
���',
�U�����'�	'������"�	���,�a- 
(�	�����
�����) � ��
�,���	-	���� '�&]��& V��
a
	��&	� hrcN-4r: CGA GCA CAY TCA TGA 



Thai Journal of Science and Technology                                       ����� 2 •••• ������� 1 •••• ���� � - "�#�$% 2556 

 82

ACG ��
 hrcN-5rR: CCG GWT GGT ATT CAC 
CCA G (Rezzonico et al., 2004) k+,��'����!*� 
�
�
U��	�����&� hrcN ���  250 bp ���U�V
-W���	����)��kZ
&����&	��	� (PCR) �-	'����'����� 

P. syringae pv. syringae PS13 !����^��	�!�&�
� ���(' agarose gel electrophoresis �V&��!� V�� 
ethidium bromide ��
�	�! )�_� '�&]��&� � )
��	�	�&�������U�V��� ultraviolet 

 
Table 1 Treatments of bacterial antagonist strains SP007s and SP009s for growth promotion and 

natural diseases infection in cauliflower crops under commercial farming at Suphanburi 
 

 
2.4 � ���)#�*&!+ �#,��%-./ &4�!��-

#��%�[*�\�$37S?`!�-,�/ -��); ��4�!��#��%<&
.*& 

�	�!�&���	��	V��-	
���	����'�	'�
U� ��� �����	�
�� V��	
�� biolog k+,�U�V���� 
����	_�&�!"����	'�� U���	&&�k�a k����Z�

��������	��&���� �Z�� v 95 ���  U�_� ��"�
� �&� (Joseph et al., 1999) � �&�� ��"Z���]�
 ���Z&���
����-�)��
��,*� &�!���-��� �&�

U��		���('�', T3, T6, T9 (Table 1) �*��� 
�^��',
�"Z���]� ���	
!����,��-���"Z���]� 5 !"  �+�
-	
��� 10 �k������	 (Engelen et al., 1988) 
�*����&�Z�� �� 1 �	�� U�Z��U� 95 ��������	 NaCl 
0.85 % ���Z� 200 	&�/���' ��V�-�Z&�U�V
���
�&� �*��Z��U����*���	�!�&!��U�V�'-	����
�k�������'�	'���Z���� 1x108 cfu/ml ����& ��
�� GN2 plate ��"��
 150 a���	���	�Z�a�V�',
&"���)���V&� �	�!�&� V����	�,&� spectrophoto-

Code Treatment details1/ 
T1  ST. + F. with SP007s 2 times (14 and 28 days) 
T2  ST. + F. with SP007s 3 times (14, 28, and 42 days) 
T3  ST. + F. with  SP007s 4 times (14, 28, 42, and 56 days) 
T4 ST. + F. with SP009s 2 times (14 and 28 days) 
T5  ST. + F. with SP009s 3 times (14, 28, and 42 days) 
T6  ST. + F. with  SP009s 4 times (14, 28, 42, and 56 days) 
T7  ST. + F. with  KPS46 2 times (14 and 28 days) 
T8  ST. + F. with   KPS46  3 times (14, 28, and 42 days) 
T9  ST. + F. with KPS46 4 times (14, 28, 42, and 56 days) 
T10  Conventional treatment (ST. with copper hydroxide + F. with copper hydroxide plus swine 

placenta extract 8 times) 
T11 Negative control 
1/ ST = seed treatment, F = foliar spray, KPS46 = strain of Bacillus amyloliquefaciens, SP007s = 
strain of Pseudomonas fluorescens, SP009s = strain of Bacillus licheniformis, negative control = no 
input application. All treatments were combined with growers� standard practices of alachlor (weed 
control) and abamectin application (insect control). 
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meter �',����������,� 590 nm �"� v 12 ��,���� 
�� �Z&����-o����� 96 ��,���� �*���	����	�
��
�V&�)�� ��*��Z���	 ) ��������',�� a V���*����
� �U�V����	 average well color development = 
(C-R)/{[∑(C-R)]/95} (Garland, 1997) !����^�
�V &�) ��', a  V�* � a-�� ��	�
���Z & V ���-	��	� 
principle component analysis  

2.5 � ���)#�*&!+ �#,��%-./ &, �
�5 0�.6�7�89:;7�!/ -<&=2=2*7  

��	�	�!�&���	
�����V��U���"Z�
organophosphate ��
 pyrethroid � ��"Z���]�
���&�Z��f�f����
��,*� &��		���('�
 10 k̂*� ��
�*���	�	�!�&���	
�����V�� V����(' HPLC
(high performance liquid chromatography
�*����-	������	��'������	�q���	x���&�
��	���'�-	'����'�� Profenofos ��

Cypermethrin (Prathuangwong et al., 2011) 
 
3. =2� �+*0�% 

3.1 ��),*�M*^ 9_?-4�!��#��%�[*�\�$3
7S?� �,S-#,�*�� �#0�*L#7*�`742)!+�!1�`�!
#&S #2) 

(1) f���	� �&�U�	
 ���V&� 
-W�������	 

��	��" � ���] �
��,* � &� V��
suspension ����'�	'�-W�-X������
��("� SP007s 
�'-	
���(���
�)��" ��^�U���	�Z���	����	�&��&�
���] a V 100 % �'�����)��V���
�������	�� 
3.6 ��
 5.0 �k������	 ����*� �� 	&�������	
��"����]  V�� suspension ����'�	'�-W�-X������

��("� SP009s ��
 KPS46 
��Z��'�-&	��k]�����	
�&� �������	�� ��
�����)��*��V� ��Z���� 100 
% ��
 100 %, 2.9 ��
 2.8�k������	 ��
 5.
��
 4.8 �k������	 ����*� �� (Table 2) �� �U�V
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��,���� 
��,���� �*���	����	�
��

�V&�)�� ��*��Z���	 ) ��������',�� a V���*����
average well color development = 

!����^�
�V &�) ��', a  V�* � a-�� ��	�
���Z & V ���-	��	� 

� ���)#�*&!+ �#,��%-./ &, �

��"Z� 
� ��"Z���]�

k̂*� ��
HPLC 

chromatography) 
�&�
��
 

��),*�M*^ 9_?-4�!��#��%�[*�\�$3
7S?� �,S-#,�*�� �#0�*L#7*�`742)!+�!1�`�!

f���	� �&�U�	
 ���V&� 

��	��" � ���] �
��,* � &� V�� 
SP007s 

�'-	
���(���
�)��" ��^�U���	�Z���	����	�&��&�
�'�����)��V���
�������	�� 

�k������	 ����*� �� 	&�������	
����'�	'�-W�-X������

��Z��'�-&	��k]�����	

100 
.3 

�� �U�V

��]��Z�����'�	'�-W�-X����'-	
���(���
U���	
�Z���	����	�!	�`������a V '��Z���	���'����"��	� 
k+,��*���V��',U���	�����^����^&�	��
'��&�Z��� '��
(Prathungwong et al., 2005) 

(2) f���	� �&�U����
�	�&�� �&� 
��	��"����] 	Z�������	
Z�U�

�
��,* � &� V������' � 	'�-W�-X������
��("� 
SP007s ����	_� ����	"��	��	���Z���
a V�)�
�',�"  75.3 % k+,�a�Z����Z�������	��"����] 
	Z�����
Z�U� V������'�	'�-W�-X������
��("� 
SP009s �',����	_� ����	"��	��	���Z���
a V 
71.3 % (Figure 1) f���	� �&��� �U�V��]��Z�
��	U�V����'�	'�-W�-X�����^� 2 ���
��("�  �'
-	
���(���
�)�U���	����"��	���Z���
���,&
�-	'����'���������'�	'����
��("� KPS46 ��

��	���' (P=0.05) 
 

 
Figure 1 Soft rot reduction under greenhouse 

conditions after treated with bacterial 
antagonists. 

 
(3) f���	� �&�U����
a	Z 

f �� � 	� �& �
��Z � U ���Z � 

�		���('�'-	
���(���
U���	����"��	���
�
�,�
f�f���a V����Z����� ��
U�Vf� '��Z��		���('
����"��',a�Z�'��	U�V����'�	'�-W�-X��� (P=0.05) 

0
20
40
60
80

S
P
00

7s

S
P
00

9s

K
P
S
46

C
op

pe
rh

yd
r�

dd
H

2O

a ab c c

d

D
is

ea
se

 r
ed

uc
tio

n 
(%

)



Thai Journal of Science and Technology                                       ����� 2 •••• ������� 1 •••• ���� � - "�#�$% 2556 

 84

 
Table 2 Effect of seed treatment with antagonistic bacteria SP007s and SP009s as seed germination 

and growth promotion at 7 days after incubating under laboratory conditions1/ 
 

 

Seed treatment2/ 
 

A600 nm 
Cell concentration 

(cfu/ml) 
Seed germination 

(%) 
Root length 

(cm) 
Stem height 

(cm) 
SP007s  0.10 2.0x106 100a 3.6a 5.0a 
SP009s  0.15 2.2x106 100a 2.9b 5.3a 
KPS46 0.15 2.0x106 100a 2.8b 4.8ab 
Copper hydroxide - -   98ab 2.3c 2.8c 
Negative control - -   92c 2.5c 2.1c 
1/ Mean values in column followed by the same letter are not significantly different (P=0.05). 
2/ Description of antagonistic bacteria followed Table 1. 
 

 
Table 3 Growth of cauliflower treated with antagonistic bacteria under commercial farming1/ 
 

Code 

Plant growth 
Parameter (28 days after planting) Yield (65 days after planting) 

Plant height 
(cm) 

Leaf wide 
(cm) 

Leaf length 
(cm) 

Plant weight 
(g) 

Plant weight 
(g) 

Head size 
(cm) 

Marketable weight 
(g) 

T1  17.6b 6.8a 9.9b 16.9b 754.3b 12.3b 642.3a 
T2  16.0c 6.1b 11.6a 16.6b 721.3b 12.7b 612.2a 
T3  18.5a  7.4a 12.0a 18.6a 784.0a 13.5 a 654.8a 
T4 17.3b 6.3b 10.3b 17.7b 632.4c 12.4b 508.0c 
T5  17.3b 6.5b 10.3b 17.1b 754.0b 12.4b 623.6a 
T6  17.5b 6.3b 8.9c 17.0b 659.7c 12.0b 562.7b 
T7  17.6b 7.2a 9.7c 17.3b 755.2b 12.3b 648.2a 
T8  17.5b 6.4b 9.7c 17.2b 654.3c 11.8bc 535.4b 
T9  16.9b 7.7a 10.7b 17.5b 692.3c 13.5a 562.3b 
T10  16.9b 7.6a 9.4c 15.5c 648.0c 10.2c 558.3b 
T11 14.3d 5.2c 8.3d 11.3d 476.3d 8.2d 416.3d 
1/ Mean values in column followed by the same letter are not significantly different (P=0.05). Details 
of treatments code T1-T11 are the same as explained in Table 1. 
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� ��		���(' T3 ��"����] 	Z�������	
Z�U� 4 �	�^� 
���,&
��&��" 14, 28, 42 ��
 56 ��������&�  V��
����'�	'�-W�-X��� SP007s �'-	
���(���
�)��" U�
��	�Z���	����	�!	�`�������&��
��,*� &���^�	
�

��V�!�_+�	
�
��]���',�� (Table 3) ���,&�!������'�	'�
-W�-X������ �'^�'��������	_U���	f��� secondary 
metabolites �����"Z� k+,��'	������Z���	������ 
�'�"�������U���	�	
�"V���	�&���
�Z���	���!	�`
�&��& ��
	�� ��Z� ��	f�����	 indole-3-acetic 
acid (IAA) ��
 gibberellins �Z�f�U�V�
��,*� &�

	& 
V�!����	��V��*�����&��	�������� �',
��� �+^��&�U�(		����� a V��Z �	���Z���
 (!��
����'�	'� P. carotovorum subsp. carotovorum)  
�&�U��&� (����'�	'� Xanthomonas campestris pv. 
campestris) ��
U�!" &����&	����	'� (	� Alternaria 
sp.) a V '�',�"  77.6, 82.3 ��
 84.5 % ����*� ��
(Table 4) ��,�a-��Z���^��		���(' ����Z��U�Vf�f���
�
��,*� &��"���
� ��p�',� 2 ���/a	Z �&�!���'^
�		���(' ����Z�����U�Vf� '��Z�U��"�����'^�� ���,&��'��
����		���('&�,� v 	����^��		���('�',����	�	-W����� 

 
Table 4 Effect of biological and conventional controls on disease severity of economic cauliflower 

diseases under commercial farming at Suphanburi1/ 
 

Code 
Disease severity (%)2/ Disease reduction (%) 

Yield (ton/rai) 
SR BR AL SR BR AL 

T1  17.4d 27.7c 12.0c 66.6b 56.2d 76.9b 1.7d 
T2  16.3c 18.5b 11.1b 68.6b 70.7c 78.6b 1.4g 
T3 11.6a 11.2a   8.1a 77.6a 82.3a 84.5a 2.0a 
T4 13.0b 17.2b 11.1b 75.0a 72.7c 78.8b 1.5f 
T5  13.6b 16.3b 11.2b 73.8a 74.2b 78.4b 1.8c 
T6  12.8b 15.3b 11.3b 75.4a 75.8b 78.3b 1.6e 
T7  11.2a 11.8a 10.3b 78.4a 81.3a 80.3a 1.9b 
T8  10.6a 16.3b    9.6ab 69.9b 74.2b 81.5a 1.6e 
T9  11.2a 12.6a   8.3a 78.4a 80.0a 84.0a 1.7d 
T10  15.9c 24.8c 29.5d 69.5b 60.7d 43.4c 1.2h 
T11 52.0e 63.2d 52.0e   0.0c   0.0e   0.0d 0.6i 

1/ Mean values in column followed by the same letter are not significantly different (P=0.05). Details 
of treatments code T1-T11 are the same as explained in Table 1. 

2/ SR= soft rot, BR= black rot and AL= Alternaria leaf spot.  
 

3.2 !+ �#,��%-<&� �#�b&4�!��#��%�S?
`�! 

(1) f���	� �&�-W���	����&���&�
&�Z���p'��
���  

��	� �&��������&�����'�	'�
-W�-X��� P. fluorescens SP007s U���	�-o����^&
�Z&�	�U���,��'�'��� 
��Z� SP007s a�Z����	_���
�*�U�V��� -W���	�����	�&���&�����p'��
�����
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U����)�a V (Figure 2) U���
�',���
��("�
�-	'����'�� P. syringae pv. syringae PS13 
�����"�	�
���	
�"V�U�V���)���� -W���	�����	
�&���&�����p'��
��� � �-	��W&���	a��V
�	��	�����',-�)����^& ��^��'^-W���	��� ����Z���-o�
��('��	��^��V��*��	����	�	�!�&��Z�����'�	'���� 
��^� v �-o����^&�����"�	�
���	�&a�Z � �&����
-W���	�����	! !*��&����^&�	���

��&������

�^�x���&���	�+���	
�� Type III secretion 
�� �U�V��]��Z� SP007s a�ZU�Z����'�	'������"�	�  
 

 
 

Figure 2 Hypersensitive response (HR) 
symptom on tobacco 
(Nicotianatabacum cv. xanthi) leaf 
infiltrated with cell suspension of P. 
fluorescens SP007s could not induce 
HR symptom at infiltration area (A) 
where Pseudomonas syringae pv. 
syringae PS13 induced HR at 48 h 
after inoculation (B). 

 
(2) f���	�	�!�&��'� hrcN �',

��',���V&������	�-o����^&�����"�	� 
! ����	�* � ����' � 	' �-W� -X ��� 

SP007s ���	�!�&���	-	��W�&��'� hrcN �
�,&
�������Z� P. fluorescens SP007s a�Z�-o����^&
�����"�	�
�� ��"��� ��
����� 
��Z�-W���	��� 
PCR a�Z����	_�
�,�-	���� '�&]��&U��	�����'� 
hrcN �&� SP007s a V �� �U�V��]��Z� SP007s a�Z
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�'�'� hrcN U���
�',���
��("��-	'����'�� P. 
syringae pv. syringae PS13 -	��W�_� '�&]��&
�'���  250 bp (Figure 3) k+,�f� sequencing 

��Z��_� '�&]��& ����Z���'��������&� 100 % 
����'� hrcN !+�����	_��������
�	"-a V�Z� P. 
fluorescens SP007s a�ZU�Z���^&�����"�	� ��
a�Z�'
������',��U���	�-�',���-o����^&�Z&�	�a V 
 

 
 

Figure 3 The PCR product of hrcN gene 
amplified with specific primers and 
separated by electrophoresis on a 0.8 
% agarose gel. Lane M = 1 kb 
ladder, lanes 1, 2 and 3 = PCR 
products amplified, 250 bp fragment 
from genomic DNA of Pseudomonas 
syringae pv. syringae PS13 and lane 
4 = P. fluorescens SP007s. 

 
3.3 !+ �#,��%-./ &� �<;/4�!��#��%

�[*�\�$37S?`!�-,�/ -��); ��4�!��#��%<&.*&  
f��	
���&���	U�V����'�	'�-W�-X���

�Z&��	��	V������'�	'�U� �� � ���	�	�!�&�
���&�Z�� ���',�"Z���]�U��-��� �&��Z&���
����U�V
����'�	'�-W�-X��� (�		���('�', T3, T6 ��
 T9) 

��Z�!*����-	
���	����'�	'��',�	�!
��'��� 
��
-	��������Z����� � ����&�Z�� ���Z&��'��	
U�V����'�	'�-W�-X���
�����'�	'�U���"Z� Bacillus, 
Corynebacterium, Pseudomonas,Serratia ��
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Pectobacterium ��Z���� 34, 26, 18, 8 ��
 14 %
����*� �� U���
�',-	�����&�����'�	'��',�	�!

�U� ��������	��]���',���
��,*� &�
��Z��'��	
�-�',���-���&�-	
���	�&�����'�	'�U� ��
��^� v � �
��Z��		���('�',�'��	U�V SP007s U���	
��" � ���]  	Z �������	
Z� U�  (T3)  �	�!
�
Bacillus, Corynebacterium, Serratia ��
 
 

 

Figure 4 The impact of biological control agent on the bacterial community structure in cauliflower 
cultivated soil before and after treated with

 
3.4 � �7�+0,?�, ��5 0�.6�7�89:;

7�!/ -<&=2=2*7  
f���	� 	�!�&���	 ���' U ���"Z � 

organophosphate ��
 pyrethroid k+,��-o���	���'
��"Z��',����U�VU���	����"����	)
��U�	
����	
f����
��,*��',&�!���V��U�f�f��� 
��Z����&�Z��
�
��,*� &��',�	�!����	�
���"��		���('a�Z
�
��	
�����V �� �����', -	
����&��	
�	��
��(�	��"� (2548) U��"���"Z��',�'��	�	�!�&� 
��
!����	� �&�
��Z�-	�����&���	���'U�
�		���('�',�'��	U�V��	���'����"���^��	���
����
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% 
U���
�',-	�����&�����'�	'��',�	�!


�U� ��������	��]���',���
��,*� &�
��Z��'��	
�-�',���-���&�-	
���	�&�����'�	'�U� ��   

U���	
�	�!
� 

��
 

Pectobacterium �'-	���� 31, 23, 6 ��
 8 % 
����*� �� U���
�',���^& Pseudomonas �'-	����
�
�,��+^��-o� 32 % U���
�',�		���(' T6 ��
 T9 
U�Vf���	�-�',���-���&�-	
���	U� ����Z����
� �
��Z���"Z�����'�	'� Bacillus �'!*����
-	
���	�
�,�����+^� (Figure 4)  

 

The impact of biological control agent on the bacterial community structure in cauliflower 
cultivated soil before and after treated with antagonistic bacteria. 

�5 0�.6�7�89:;

f���	� 	�!�&���	 ���' U ���"Z � 
k+,��-o���	���'

��"Z��',����U�VU���	����"����	)
��U�	
����	

��Z����&�Z��

�',�	�!����	�
���"��		���('a�Z
�
�����', -	
����&��	
�	��

U��"���"Z��',�'��	�	�!�&� 
��
!����	� �&�
��Z�-	�����&���	���'U�
�		���('�',�'��	U�V��	���'����"���^��	���
����

���	)
��&�Z�����)	���'��	���V���&���	
���)�
��Z����,&��'������		���('�',U�V����'�	'�-W�-X���	Z��
 V���� �U�V��]��Z���"Z��&�����'�	'�-W�-X���&�!
�'��a�U���	�����^����^&�	���
/�	�&�Z&���	���'�',
���V��U�f�f�����
���
�� �V&�a V V�� (Table 
5) 
 
4. +*0 �J3 

��	��"����]  V�� suspension ����'�	'�
-W�-X��� P. fluorescens SP007s �'-	
���(���

�)��" U���	�Z���	����	�&��&����]  �����)��V�

3 T6 T9

Postcultivation

a a
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Table 5 The residues analysis from marketable cauliflower sample1/ 
 

Chemical   T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 
Organophosphate group 
Profenofos               0.07 0.08 0.05 0.06 0.07 0.08 0.07 0.07 0.09 0.12 0.08 
Pyrethroid group 
Cypermethrin          0.03 0.02 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0.1 0.03 
1/ Maximal residue limited of prefenofos and cypermetrin in cauliflower with 0.5 and 1 mg/kg, 
respectively. 

 
��
�������	�� 	����^��	
�"V�U�V�
��,*� &���
�Z&��	��V��*�����&����^&�	���^�U�	
 ���V&� 
-W�������	 �	�&�� �&� ��
���
a	Z ���,&�-	'�� 
��'�������	����"��	� V������'�	'�-W�-X������ 
&�,���
�		���('����"��', ����	�	-W�����  (U�V
��	���') �� �U�V��]��Z���	U�V����'�	'�-W�-X���
 V������_',��
��('��	�', ����
��!
�Z���	��
-	
���(���
�&�����'�	'�-W�-X������Z���^�U�V
�� �&&�&�Z����]�������
� ��p
�
&�Z����,� 
��	U�V����'�	'�-W�-X���U���	��"����] �Z&�-�)�
�-o���	�*�!� ���^&�	��',�� ��������]  (�	��&�
U��&�) �	�&-u&�������^&�	�U� ����V��*�������] 
�	�&�V���V� (�	���Z�	
 �� ����
�	���Z���
) k+,��	�
��Z���
�������	_&�)Z�V��� )U� �� �'	������Z���	

Z�U��
��,*� &� V������'�	'�-W�-X����-o���	
-�-u&�
��U��Z������& ��U�V	& 
V�!���	��',�*���` 
(�&�U��&� U�!" &����&	����	'� ��
	��̂*��V��) k+,�
����_',U���	
Z�����'�	'�-W�-X���!*���� 4 �	�^� �"� 
14 ��� ��^� �-o�����_',�',����
�����,&���!�����^&�	�
��Z�
��� �'�Z������U���	��V��*����
��a V����Z��
��� (���(	, 2545) 

��	-	
����������',����
f��	
���&�
��	U�V����'�	'�-W�-X����Z&��	��	V������'�	'�U�
 �� 
��Z�-	
���	����'�	'�-W�-X����
�,��+^� 
��
� '�����!*����-	
���	���^&�	� � ��p
�


���^&�����"�	���Z���
 (Pectobacterium) � ��
U��Z���',�'��	�+���� �&�����"��	� V���'���('k+,�
�'�����-	f���	��Z&����	"��	��&��	���Z���

� �����'�	'�-W�-X��� P. Fluorescens SP007s 
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