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 Hydroponics originally came about to eliminate many of the variables that contribute 
to disease in the field, but other negative variables may have been created in the process. 
At present, Pythium causing root rot is a real problem in recirculating hydroponic systems 
as they provide ideal condition for rapid growth and spread of infectious propagules.  
Besides, it is an opportunistic disease which means that it is looking for weak or injured 
plants.  Biological-based approach to hydroponic cultivation may probably provide a helping 
hand in managing the root disease and maintaining a more sustainable and hydroponic 
crop ecosystem.  Therefore, the research was conducted to improve the hydroponic crop 
production against root rot disease of lettuce (Lactuca sativa L.) through biological and 
cultural measures.  The research consisted of four parts.  First, the evaluation were made 
on the efficacy of the four formulations of commercial fungal bioproducts presently available 
for conventional crops and the four reported-beneficial rhizosphere bacteria having high 
antagonistic potential in suppressing important pathogens for controlling Pythium root rot of 
lettuce grown in hydroponics.  It was found that the four formulations of fungal bioproducts 
for soil-grown crops were in effective against Pythium root rot disease of lettuce in NFT 
which are not in line with recent observation with other DFT crops suggesting that the 
products might be host specific in controlling.  Besides, it is possible that NFT might not 
provide the ideal condition to maintain the population of biocontrol agent in the system 
sufficient enough to control the disease compared to that in DFT.  The unsuited formulation 
to hydroponics as well as quality of the product would possibly be attributed to the 
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experiment.  For the four reported-beneficial rhizosphere bacteria, directly applying them 
into the hydroponic nutrient solution gave unsatisfactory result in controlling Pythium root rot 
of lettuce since their survival in the system were hardly detected.  Applying the beneficial 
rhizosphere bacteria as seed treatment, Pseudomonas fluorescens (SP007s) gave the best 
result in terms of percent seed germination and growth of green oak seedling under 
laboratory condition.  Seed treatment + directly adding into nutrient solution gave the best 
result in decreasing the disease incidence and increasing the crop growth. 
 Due to the efficacy limit of the forementioned-bioproducts for conventional crops to be 
used in hydroponics, therefore, the second and third parts of the research were conducted 
to find out and determine the new indigenous microorganisms including PGPR from 
hydroponic systems as biocontrol agents which would be an alternative biological-based 
approach for sustainable disease management.  It was found that 60 indigenous fungal 
isolates were obtained from hydroponics and some of them showed the in vitro antagonistic 
ability against the mycelial growth of Pythium sp. at 3 days less than 40 percent growth 
inhibition which was rather low.  This might due to the slow growth rate of these indigenous 
fungi.  Hence, competition was not responsible for this regard.  However, the in vitro 
abilities of fungal antagonists A003, A018 and A019 became quite satisfactory at 20 days 
since Pythium colony was almost covered by these 3 indigenous fungi and exploitation was 
observed.  Furthermore, the three isolates of fungal antagonists also gave good results in 
decreasing the Pythium root rot disease severity and increasing shoot fresh weight of 
lettuce in hydroponics compared to that in inoculated control without tested antagonists.  
Regarding the new indigenous rhizobacteria, it was found that 468 strains of miscellaneous 
endophytic and epiphytic bacteria were obtained from recirculating hydroponic systems and 
some strains were shown to be effective in inhibiting the in vitro growth of Pythium about 
65.8-87.9 percent.  KUKL205 showed the best potential to produce secondary metabolite 
equivalent to commercial strain Pseudomonas fluorescens SP007s for suppressing the 
target pathogen in bi-culture test.  In hydroponic trial, all the bacterial treated plants as seed 
treatment (KUKL205 included) showed no symptom of root rot compared to the non-treated 
plants.  In line with disease incidence, it was found that the accumulation of ß-1, 3 
glucanase, a defense-related enzyme was greater in bacterial antagonists-treated plants 
compared to that in inoculated control.  To our knowledge, this is the first report about 
induced systemic resistance under hydroponics with plant growth promoting rhizobacteria.   
 The fourth part was conducted to determine the efficacy of the obtained-beneficial 
indigenous fungal antagonists (3 isolates) together with the indigenous PGPR (KUKL205) 
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for controlling Pythium root rot of lettuce grown in the DFT.  The emphasis was placed on 
synergistic effect between antagonistic bacterium and antagonistic fungus.  Indigenous 
KUKL205 was used as seed treatment (106 CFU/ml), while the 3 isolates of indigenous 
fungal antagonists were applied as root-dip solution and added into DFT nutrient solution at 
the concentration of 108 CFU/ml (10 ml per plant).  The results showed that the application 
of the indigenous KUKL205 alone (T1) and with the 3 isolates of indigenous fungal 
antagonists (T2, T3 and T4) did provide significant control (on 21 dpi) of root rot disease 
compared to that in the inoculated control.  No synergistic effect between the indigenous 
KUKL205 and the 3 indigenous isolates of fungal antagonists (A003, A018 and A019) was 
noted on disease control efficacy.  However, synergistic effect on plant growth was 
significantly noted in T2 (KUKL205 and antagonistic fungus A003). 
 The beneficial indigenous rhizosphere microorganisms obtained from this research 
are as follow: KUKL205 indentified as Bacillus sp. (base on biochemical and 16S rRNA-
PCR characterization), antagonistic fungi A003, A018 and A019 indentified as 2 isolates of 
Trichoderma harzianum and 1 isolate of Gliocladium sp.  
 
Keywords : Pythium root rot, lettuce, Lactuca sativa L., hydroponics, PGPR, Trichoderma 

harzianum, Gliocladium sp.   
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��
���	�
ก"�ก��-������ ��
!�ก�D��������ก���������$ก�������ก%E/� FE�$������ก�
� �ก��
�����+$ก���  �������#����)
�#� ���� �
"�� ��
	�"��+���"��������� �#���$	��	GH"���$���# ��

��$�# �����"� ����"�	�#����#��ก+�ก�
� �ก����������+/$���� ก����������������
��	��ก
����������������+$�	,�ก�����	())+�ก���������$I ���"���$�*����� �D��-��ก����ก�
����"
����� ���"���"� ��%J
�#��+$�$�-��������#���$��"-�E�$-�� ���/��#�	��ก����"�	�#����#��ก+�ก��	��ก
�������� �+$�+/�ก���D���������#	��ก����������������#/��	�+�����-��-��
��ก+�ก���ก'����
	�
��;��� กK)
�	,���$-�E�$�#��� ���ก���*ก�*ก�D����	L�����"�D�ก���ก'������+/$�����$��� FE�$!�"
��� ���	,��
��ก���������-�E�$�#��+�$��� "���$��กK��� 	(M-��#��D��+M	�
ก��-�E�$%"$ก��	��ก���
�������������#��+$	�
��"���กK��"	(M-�����"$�����ก�����#��ก��)�ก���/" Pythium spp. ����"$)�ก�+ก'J

ก���D��$�#���
ก������ก�
)��%"$���/"���-�*�����#/ �#� ���-��
��"����� ���"�%"$ก��	��ก
��������������� ��ก�J#%"$ก��	��ก�+ก��+��	,�ก�������	�
��;��� �#��� ��-M��+กก�
�D����
��
	��ก��� Nutrient film technique (NFT) �+/� ���/"�+$ก��� �#�������$��"���������"���$��"�
�#��*�)
�D��-�ก���)��M���������$�	����  40-60 �	"�Y�FK��Y �+/$�#/�+$���� �!E$� ����M��#�����"$)�ก
����	,������� -�ก�#"*�+��ก��JY%"$�����
ก�������
����ก��%E/� ��ก��	Z"$ก+�กD�)+�����������
��ก������"�#��#������� )
��� �
#ก��)+�ก�����$I ����"��ก��	��	GH"�%"$���/"���-�*�%�������
�� 
� ��	!E$ก��[�����/"������
���
��*"�-�� FE�$��	())*�+��� �� ��������#�+$ก��� ก�� -����	��ก ��
\��Y�%����-M��#��#ก�������������$���"�	]��#��#�
��ก��[�����/"��
�*%�������	,�"���$�# �#������ 
������)
�#ก��	��	GH"�%"$���/"���-�*�%���	���
��ก������������ ���กK�+$�$�#	(M-�%"$�����ก
����"��� ���$�-��-K� �����/"���-�*�#��D��-��ก������#/"�)�	,����/"�#��#"������ ���
��	��ก %�"�+���'.��
�+$ก��� �"����"$ก+���ก��;Eก'��#�����D��	��� �� �� ���/" Pythium sp. �#��	,����-�*�����ก������
�+ก��+��#��D�ก��	��ก�	,�ก������+/� )
�����!�� )��ก����+/$)�ก��ก���)�ก����#������JY�%K$��$ 
��
����#��	,��������ก+� ���)
�#� ����ก���$������"$%"$	����J�����+/� ���$�-��-K� �� Pythium sp. 
�#��	,����-�*�����ก�������+ก��+��+/����)
�	,�� ก opportunistic microorganism ��
ก�������
���
%"$���กK)
�����)�ก���/"�#��#"������ ��������ก������	ก�� �����)D�� �%E/�������"����+������ ���"��#�
�-��
����"ก���ก����� )�����+$ก��� ���$"�ก��%"$��� )�ก�+/�กK)
�#ก�������
����	�+$�� �
"���I ��"�	 �+$�+/�ก��	Z"$ก+�กD�)+��#�������+/� � �)
ก�
�D��#�����"%"$���-�* �+����"� ��*�	����J
���/"���-�*�#��#"������ ���������-�"������
�+��#����ก�"�-��ก����� -��"	�+�	�*$����� ���"��-�����#
� ���%K$��$ "#ก�-�*��-�E�$�#��D��-��
��	��ก�����������������"�%��$�#�)
 susceptible ��"ก�����



ก�������	�
���
����ก������������
��	��ก�����������������
� �������!��ก����"���������ก������� �
#ก����$�# �����
�%�ก��� 2

���/"�#���กกK��" ก��%�����$�#���#�ก �� `biological buffera ���)*�����#�Y�"�I ��ก����#���"�%��$�#"���
��"� ก��� ��" �# biodiversity ��"�%��$��D�����"�	�#����#��ก+�����#�	��ก����� �-�*���+$ก��� �D��-�
�J
��� �)+���K$�-K� ��ก��� ��*�����#  �
#������)*�����#�Y�#��	,�	�
����Y )
�	,��� ��$-�E�$�#��D��+M��
ก����� ����#�-������"$)�ก�����ก�����#��ก��)�ก���/" Pythium spp. ��
�����	�
���
����%"$
ก������������
��	��ก������������������ "#ก�+/$��	())*�+��# �����+JcY�� ��-M��#��#"�����
��"$����กK)D�ก+�"���������� ��*��������#�	��ก����� FE�$�# �����+JcY�+$ก��� "�)�+$����-��
��ก+�
ก���D���������
��	��ก��������������� )�ก	(M-��+$ก��� )E$���)
�#ก���D�� )��
;Eก'�!E$
;+ก����%"$)*�����#�Y��"$!��� (indigenous microorganisms) �#��#"������ ���
��	��ก���������������
��
�+d�����	,����� ��*�����������#  �
#��"�)� �
#ก��)+�ก�����$I ���
- ��$ก��	��ก 
(cultural measures) ����"$)�ก)*�����#�Y�+$ก��� )
����D�"+�������"���	��ก �#� ���#����������"$%"$
ก���%����"���"$ (colonization) ก��	�+��+ ��
"����"� (survival) ��"�)�ก���+/$�ก��ก!���.�� 
(establishment) ����# )*�����#�Y"#กก�*��-�E�$�#��#� ��������)����ก�����#��#��#��%����"���"$����� 
(endophytic bacteria) ��
����#��#���+���*�ก���)��M������%"$��� (plant growth promoting 
rhizobacteria: PGPR) FE�$-������$���
�* ���#�*J���+����ก����+���*�ก���)��M������%"$��� 
-��"�+ก�D�����-��ก��� ��������� (induced systemic resistance) �+$�+/� +�!*	�
�$�Y��$�� �)+�
�#/ ����";Eก'���
� �� ����/")*�����#�Y (���/"����
���/"����#��#�) �%���ก��������-���#��	,�
	�
����Y)�ก�
��	��ก��������������� ��
	�
����	�
���
����%"$���/")*�����#�Y�+$ก��� �#�����+�
)�กก��� �� � ����"� ��*����/"���-�*�����ก����%"$�+ก��+�������-�"$	k��+��ก����
���
��
	��ก��������������� "#ก�+/$�#ก��	�
���� synergistic effect %"$���/")*�����#�Y�+$ก���  ;Eก'�
��	���ก����� �� ��$ก���+d���D������	�
����Y���
��	��ก��������������� 
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ก�
��
�� 
$�� �)+���+/$�#/���$ก�����"$�	,� 4 �� � �+$�#/ 
 

1. ก�
���
���
�
�ก���������ก�
�� ก�
�
������
��������� �
�!!�
"ก�#$��%&�� $'
������$(��
�)��*+,
�-
�-!��(�
(%��)
�ก�#$�(. $' �����(.����ก�
��%-�
�-
'� 

 1.1 ก�
����!�!#0��)'� 
 1.1.1 ก�
���
���
�
�ก�����(.�ก����ก�$#0� Pythium spp.  �
�!!�
"ก�#$��%&��

 $'��� 
  �D�ก���D�� )�����ก�����#��ก��)�ก���/" Pythium spp. %"$�+ก�#�	��ก���
��	��ก
��������������� J \��Y� Higreen ก�*$���m ��
 � � ��. ".	�ก��"$ ).�������#�� ����กK���� 
�+ก��+� Cos ��
 Red oak �#����$"�ก�������ก���� ����-#��  ����ก���/"���-�*������ �
# tissue 
transplanting technique  
 
 1.1.2 ก�
����!��������
3 �ก�
��� 4'�ก���
� (Pathogenicity) �(.�ก����ก

�$#0� Pythium spp. !���ก�
�� �
�!! Deep Flow Technique (DFT) 
 ����"�-��������+�
*Y�#��*���$%"$���/" Pythium FE�$�	,����/"�����-�*�����ก����%"$
�+ก��+�-������� )E$�D�ก�����"�� �������!��ก���D��-��ก����� (Pathogenicity) %"$���/" 
Pythium 3 ����+�
*Y �#���ก�����)�ก�
�� DRFT ��
 NFT ก+��+ก��+� 2 ���� ��" �+ก��+� Cos 
��
 Red oak 
  �$���ก�����"$��� Completely Randomized Design 	�
ก"��� � 4 
��#�����Y (%"$���/" Pythium) 2 F/D�I �
 5 ��� ��
���"$ก+��+ก��+� 2 ���� 
 
�I�ก
*, 

1. ���/" Pythium spp. 3 Isolates 
- Isolate 1 ��ก���)�ก�+ก��+� Cos �#��	,������ก���� )�ก�
�� DRFT ��
 NFT 
- Isolate 2 ��ก���)�ก�+ก��+� Red oak �#��	,������ก���� )�ก�
�� DRFT ��
 NFT 
- Pythium aphanidermatum ���)�ก stock %"$-�"$ Lab 

2. ����+ก��+� 
 - �+ก��+� Cos (Lactuca sativa L.) ����+�
*Y Tiberius RZ 

 - �+ก��+� Red oak (Lactuca sativa L.) ����+�
*Y Mondai RZ 
 3. �
�� DFT 
  - ก
�
�+$ 
  - �����$ 
  - 	(x�"�ก�; 



ก�������	�
���
����ก������������
��	��ก�����������������
� �������!��ก����"���������ก������� �
#ก����$�# �����
�%�ก��� 4

  - �+ 	�+���$�+� 
  - �����\� 
  - �����"$��" +�ก���D��\\Z� 
  - �����"$��" +�� ���	,�ก��-���$ (pH-meter) 
  - ก�������ก 
  - ����
���
��*"�-����� 
 4. "*	ก�JY��-�"$	k��+��ก�� 
  - plate 
  - test tube 
  - "�-�� Potato Dextrose Agar (PDA) 
  - "�-�� V-8 Broth 
  - selective-media �D�-�+� Pythium 
 
���(ก�
 
 1. ก��	��ก��� 
  1.1 ก�����#���
�� DFT 

  ����/D��$��ก
�
�+$�-����	������ 15 ���� ��� �������
���"�-���D�-�+��+กก��
�� Benoit (1992) 	�+���� EC = 1.55 mS/cm ��
 ��� pH "������� $ 5.8-6.2  
  1.2 ก�����
���K� 

  ���
���K��+ก��+� 2 ���� ����ก�  �+ก��+� Red oak ��
 �+ก��+� Cos �$��\"$�/D� 
�����
 30 ���K� ���� ��/D��	,�� �� 4  +� -�+$)�ก�+/����� �����
���	*���#��#��� EC =0.7 
mS/cm ��
 pH 5.8 �	,�� �� 3  +� ก�"��#�)
�����$�
��"�*����#�����
���	*���#��#��� EC =0.7 
mS/cm ��
 pH ���� $ 5.8-6.2 "#ก�	,�� �� 1 �+	��-Y 

  1.3 ก����������$�
�� DFT 
 ����ก����$�
�� DFT �#��#����
����#��#��� EC 1.55 mS/cm ��
��� pH "������� $ 
5.8-6.2 �D�ก������ �� )��K�����
�����
	�+�����
����-������"�+ก'�������� EC ��
 pH �-�
"������� $�+$ก��� �*ก +����� $���� 
  
 2. ก��	��ก���/"�$���
�� 
  �D����/" Pythium spp. ����
 Isolate ��#/�$��"�-�� PDA �	,�� �� 5  +� )�ก�+/��)�

���/"�� � cork borer ��"�Y 2 �$��"�-�� V-8 Broth ��� �D��	 �$�������"$�%���  +��
 8 ��.�	,�
� �� 5  +� )�ก�+/����#�� spore suspension �-���� 4.8 X 106 sporangium/ml ��
����$���
��
	��ก���������
��#�����Y 
 



ก�������	�
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 3. ก���� )�"����/"���-�*���
�����
- ��$ก�����"$ 
  ����"����+�"#ก��+/$-�E�$ �� ���/"���-�*������
��#�����Y�+$�	,����/"����"��� �+$�+/� ���
- ��$
ก�����"$ (���+	��-Y�#� 1 ��
 4 -�+$)�ก	��ก���/") )E$�#ก���D���ก�#����$"�ก���������ก���/"
���-�*"#ก��+/$-�E�$ ������ selective media ���"��+/$�D�� J�	,��	"�Y�FK��Yก����"���"$��ก 
 
ก�
!���Lก�
-
�ก�
�กM!�'��"
 
 1. %�"�����$������� 
  1.1 �+��Eก"�ก������*ก�+	��-Y-�+$)�ก�D�ก��	��ก���/" 
  1.2 �D�� J����	"�Y�FK��Yก����"���"$��ก���%"$���/" Pythium spp. -�+$)�ก	��ก

���/" 1 ��
 4 �+	��-Y 
 2. %�"�����$������� 
  2.1 ก���)��M������ ( +��*ก�+	��-Y) 
   2.1.1 )D�� ������ 
   2.1.2 � ��ก ��$ ��
� ���� %"$�� 
   2.1.3 � ����$%"$��� 
  2.2 ������ (�กK��+ก��+�����""��* 6 �+	��-Y) ����+�$�/D�-�+ก�������
��ก 
 3. %�"�����$����� ���"� 
  3.1 �*J���+��%"$����
��� (EC, pH, "*J-����) �D�ก���� ) +��*ก +� 
  3.2 � ���%����$ "*J-���� � ����/��+��+�
Y����$���"� 
 4.  �����
-Y����$�!��� 
 
�
ก�
��
�� 

)�กก�����"�� �������!��ก���D��-��ก����� (Pathogenicity) %"$���/" Pythium 3 ���
�+�
*Y �#���ก�����)�ก�
�� DRFT ��
 NFT ก+��+ก��+� 2 ���� ��" �+ก��+� Cos ��
 Red oak �#�
	��ก���
�� DFT �� �� ���/" Pythium �+/$ 3 ����+�
*Y �����!�D��-��ก�������ก�������$ก+��+$���$
������$�#� 1.1 ��
 1.2 ����#� 1.1 ��
 1.2 "#ก�+/$�+$�D��-�ก���)��M������ (� ����$%"$��� %���
��
)D�� ���) ��
���������$ �+/$����+	��-Y�#� 1-4 -�+$)�ก	��ก���/" pathogen ���  �+$����$�#� 
1.3 ��
 1.4 ����#� 1.3 ��
 1.4 ���)
�� �� ���/" Pythium isolate1 �"ก)�ก)
�D��-��+ก��+� Cos 
��
 Red oak ���$"�ก������#���ก�*���$�#��*����  �+$��$���-�ก���)��M��������
������%"$�+ก
��+��+/$�"$������D��#��*� ����"�	�#����#��ก+����/" Pythium isolate "���I �#��D�ก�����"� 

)�กก���� )�"����/"���-�*���
�����
- ��$ก�����"$ ����"����+�"#ก��+/$-�E�$ �����/"
���-�*������
��#�����Y�+$�	,����/"����"��� ���ก����ก���/"���-�*)�ก��ก�+ก��+� ����"���	"�Y�FK��Y
ก����"���"$��ก �� �� ���+	��-Y�#�1 �	"�Y�FK��Yก����"���"$��ก%"$���/" Pythium �+/$ 3 �"
�F��� ��"�%��$��D� (0-6 �	"�Y�FK��Y) ���+ก��+��+/$ 2 ���� ��"�����+	��-Y�#� 4 �� ���	"�Y�FK��Y



ก�������	�
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ก����"���"$��ก��$%E/����*ก��#�����Y ������+ก��+� Cos �#�	"�Y�FK��Yก����"���"$��ก��$
ก �����+ก��+� Red oak �������
 Pythium �"�F��� 1 �+$�#�	"�Y�FK��Yก����"���"$��ก��$
�#��*�����"�	�#����#��ก+��"�F���"���I "���$��กK����	,��#�����+$�ก� �� ����#�����Y�#�������	��ก
���/" (Healthy control) ก�+��� )��ก����"���"$��ก%"$���/" Pythium ���	"�Y�FK��Y��"�%��$��$
���+	��-Y�*����� FE�$���)
�	,� non-pathogenic Pythium ����
 ������+$ก��� ���������$"�ก��
������"���$�� (����$�#� 1.5) 
 
)�
���(. 1.1 �+ก'J
"�ก�����	ก��%"$��ก�#��ก��)�ก���/" Pythium spp. ���+ก��+� Cos �#�	��ก��

�
�� DFT  
 

��
� 
 

Isolate 1 Isolate 2  P. 

aphanidermatum 
Healthy Control 

 
�+	��-Y�#� 1
-�+$	��ก���/" 
 
 

ก�*����ก��"�%��$
�D���ก�����ก*� 
	�����ก�#�#
�/D�����D�	�
��J 
20% 

	�����ก�#)*��#
�/D�����D� 

	�����ก�"��#)*�
�#�/D�����D�%���
	�
��J 1 �.�. 

��ก�#�#%�  

�+	��-Y�#� 2
-�+$	��ก���/" 
 

��กก*���
ก�*����ก
�#�#�/D����	�
��J 
50 % 

��ก%� ���กK�#	���
��ก�"��	,��#
�/D�������$�����"�
��ก 

��ก�	,��#�/D����
���� J	�����ก 
���$"�ก��
	�
��J 10 % 

��ก�� %E/���
�#
�#%�  

���������� 3
������ ก"#$%& 
 

��กก*���ก��

�����	,��#�/D����
�����+/$-�� 100% 

��ก��  �#%� 
�ก�"�)
	ก�� ����+$
�#�#�/D�������� J
	�����ก��Kก��"� 
	�
��J 10% 

��ก������ก%E/�
��
ก*���ก%E/�
	�
��J 60% 

��ก�� %E/���
�#
�#%�  
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)�
���(. 1.2 �+ก'J
"�ก�����	ก��%"$��ก�#��ก��)�ก���/" Pythium spp. ���+ก��+� Red oak �#�
	��ก���
�� DFT 

 
��
� Isolate 1 Isolate 2  P. 

aphanidermatum 
Healthy Control 

 
�+	��-Y�#� 1
-�+$	��ก���/" 
 

	�����ก�#)*��#
�/D�����D� 

ก�*����ก�#�#�/D���� 
	�����ก�	,�)*��#
�/D�����D� 

	�����ก�"��#)*�
�#�/D�����D� 

��ก�#�#%�  

�+	��-Y�#� 2 
-�+$	��ก���/" 

 

��ก�"�ก*���
�#�#
�/D����	�
��J 45 
% 

��ก%� ���กK�#	���
��ก�"��	,��#
�/D�������$�����"�
��ก 

	�����ก�"��	,��#
�/D������������$ 
����
��ก�#�$"ก
�-���#�#%� 	ก�� 

��ก�� %E/���
�#
�#%�  

���������� 3 
������ ก"#$%& 

 
 

��กก*���ก ��ก
�	,��#�/D����
	�
��J 95 % 

	�����ก���)
���
���$"�ก�� 

	�����ก�"�ก*�
�	,��#�/D������

���� J��ก�� $��  
	�
��J 45 % 

��ก�� %E/���
�#
�#%�  

 
 Isolate 1 Isolate 2 P. aphanidermatum Control 
  
�+	��-Y�#� 1    
-�+$	��ก���/" 
 
 
�+	��-Y�#� 2    
-�+$	��ก���/" 
 
    
�+	��-Y�#� 3    
-�+$	��ก���/" 
 
 
 
����(. 1.1 ���$"�ก�����	ก��%"$��ก�#��ก��)�ก���/" Pythium spp. ���+ก��+� Cos �#�	��ก��

�
�� DFT 
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 Isolate 1 Isolate 2 P. aphanidermatum Control 
  
�+	��-Y�#� 1     
-�+$	��ก���/" 
 
 
�+	��-Y�#� 2    
-�+$	��ก���/" 
  
 
�+	��-Y�#� 3 
-�+$	��ก���/" 
 
 
����(. 1.2 ���$"�ก�����	ก��%"$��ก�#��ก��)�ก���/" Pythium spp. ���+ก��+� Red oak �#�	��ก

���
�� DFT 
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)�
���(. 1.3  ก���)��M������%"$�+ก��+� COS ������
���
��*"�-�����%"$�
�� DFT �#��#ก��	��ก���/" Pythium spp.  
 

Treatment 
Height (cm) 

Leaf Fresh weight (g) 
at harvest Number Area (w x h, cm2) 

Before 
inoculation 

After inoculation Before 
inoculation 

After inoculation Before 
inoculation 

After inoculation 

1 wk 2 wk 3 wk 1 wk 2 wk 3 wk 1 wk 2 wk 3 wk Stem Root 
Isolate1 8.44a1/ 12.02b  18.13b 21.47a 4a 7.8a 13.3b 20.3a 3.06a x 

5.14a 
4.9c x 
10.2a 

7.3c x 
14.6b 

9.6b x 
17.5a 

107.30d 18.41d 

Isolate2 7.92a 13.14ab 20.43ab 25.30a 4a 7.4a 13.3b 21.0a 2.9a x 4.38a 4.9c x 
10.8a 

8.4bc x 
17.2a 

10.7ab x 
19.2a 

192.83a 28.85b 

P. 

aphanidermatum 

8.18a 14.22a 23.5a 25.37a 4a 8.6a 14.3ab 21.0a 2.9a x 5.3a 5.6b x 
11.6a 

8.9b x 
17.9a 

10.0b x 
20.6a 

138.63c 21.85c 

Healthy 
Control 

7.42a 13.36ab 22.23a 27.57a 4a 7.6a 15.3a 22.3a 2.74a x 
4.78a 

6.2a x 
11.8a 

10.8a x 
15.7a 

11.7a x 
20.4a 

170.83b 39.48a 

CV. 6.64 6.88 5.93 9.42 7.02 8.00 4.09 6.95 8.64, 10.49 5.29, 
7.97 

5.76, 
5.09 

5.21, 
7.73 

  

1/Means of 3 replications within the column followed by the same letter are not significantly different according to DMRT (P<0.01) 
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)�
���(. 1.4  ก���)��M������%"$�+ก��+� Red oak ������
���
��*"�-�����%"$�
�� DFT �#��#ก��	��ก���/" Pythium spp.  
 

Treatment 
Height (cm) 

Leaf Fresh weight (g) at 
harvest Number Area (w x h, cm2) 

Before 
inoculation 

After inoculation Before 
inoculation 

After inoculation Before 
inoculation 

After inoculation 
1 wk 2 wk 3 wk 1 wk 2 wk 3 wk 1 wk 2 wk 3 wk Stem Root 

Isolate1 5.74a 9.26a 15.03a 14.00a 3.2a 6.6a 11.0a 14.0b 2.8a x 3.4a 6.2a x 
7.5a 

11.5a x 
12.7a 

15.1a x 
14.3a 

65.13c 10.78c 

Isolate2 5.36a 9.04a 16.57a 14.87a 3.0a 6.8a 10.3a 17.7ab 2.9a x 3.5a 6.3a x 
7.6a 

13.3a x 
13.4a 

18.7a x 
16.6a 

122.67a 20.45a 

P. 

aphanidermatum 

5.58a 10.34a 14.97a 14.27a 3.6a 7.2a 12.7a 16.0ab 3.0a x 3.6a 6.6a x 
8.2a 

14.3a x 
14.2a 

18.8a x 
13.7a 

74.23b 15.25b 

Healthy Control 5.36a 9.50a 14.57a 15.50a 3.6a 7.0a 12.3a 19.0a 3.0a x 3.7a 6.7a x 
7.7a 

13.6a x 
13.9a 

19.1a x 
14.4a 

122.53a 23.18a 

CV. 12.17 8.36 7.27 8.47 13.35 11.9 12.2 9.64 11.34, 
14.06 

11.01, 
9.04 

15.43, 
9.78 

12.45, 
12.69 

  

1/Means of 3 replications within the column followed by the same letter are not significantly different according to DMRT (P<0.01) 
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)�
���(. 1.5 ���$ก���%����"���"$��ก%"$���/" Pythium spp ���+ก��+� Cos ��
 Red oak 
-�+$)�ก�D�ก��	��ก���/"�	�	,�� �� 1 ��
 4 �+	��-Y 

 

Treatment 
���
,�eM�),ก�
��'��
�!�
��
�ก 

Cos Red oak 
1 �����4, 4 �����4, 1 �����4, 4�����4, 

Isolate 1 0 96.67 3.38 91.67 
Isolate 2 0 96.67 6.25 41.67 

P. aphanidermatum 6.25 75 0 75 
Healthy Control 0 91.67 0 58.3 

 
�
I��
ก�
��
�� 

1. ���+ก��+� Cos �� �� ���/" Isolate 1 (�#���ก��)�ก�+ก��+� Cos) �#���D��-���ก�+ก��+� 
Cos �	,�����*���$��$�#��*� 

2. ���+ก��+� Red oak �� �� ���/" Isolate 1 (�#���ก��)�ก�+ก��+� Cos) �#���D��-���ก�+ก
��+� Red oak �	,�����*���$��$�#��*�����ก+� 

3. "�ก���������ก%"$�+ก��+� Cos �*���$��กก �� ���+ก��+� Red oak 
4. �	"�Y�FK��Yก���%����"���"$��ก%"$���/" Pythium isolate 1 �#��#��"�+ก��+� Cos ��
 

Red oak ��$�#��*�����"�	�#����#��ก+����/" Pythium isolate "���I �#��D�ก�����"� 
5. �+$�+/�)E$���"ก ���/" Isolate 1 ��
�+ก��+� Cos ���D�ก�����"$��"�	 
6. )�กก�����"�� �������!��ก���D��-��ก����� (Pathogenicity) �����!��*		�
����

�
�+�� ���*���$%"$�������+$�#/ 
  0 = ��ก�#�#%� 	ก�� (0%) 

1 = ��ก���!�ก�D������$�� � �	,��#�/D������Kก��"����� J	�����ก (25%) 
2 = 	�
��J��E�$-�E�$%"$��ก!�ก�D���� ��กก*���
�����	,��#�/D���� (50%) 
3 = ��ก����� ��-M�!�ก�D���� ก*���
�����	,��#�/D�������ก�"�-�� (75%) 
4 = ��ก����+/$-��!�ก�D���� ��กก*��+/���
�����	,��#�/D�����ก�"�-�� (100%) 
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1.2 ก�
�
������
���������$(��
�)��*+,
� (biocontrol products) �(.�(���4���% �
�'��)
��  �ก�
��!�I��
�
�ก���������ก�
�� �
�!!�
"ก�#$��%&�� $'��� 

 �D�ก�����"��# �����+JcY�� Trichoderma harzianum �#��#)D�-��������"$�����+/$ 4 
�����+JcY ��" �# �����+JcY1 (-+ ���/"��) T1, �# �����+JcY2 (�$�
����/D�) T2, �# �����+JcY3 
(�$�
����/D�) T3, �# �����+JcY4 (�	"�Y�/D��% ��"�) T4 ��ก��� ��*������ก������������#��ก��
)�ก Pythium spp. ���+ก��+� Cos (Lactuca sativa L.) ���
�� NFT 
  �$���ก�����"$��� Completely Randomized Design 	�
ก"��� � 6 ก��� �
# 2 
F/D�I �
 9 ��� ����
�"#��ก��� �
#�#�+$�#/  
 ก��� �
# 1 (C1) �������# �����+JcY, ���	��ก���/" pathogen 
 ก��� �
# 2 (C2) �������# �����+JcY, 	��ก���/" pathogen 
 ก��� �
# 3 (T1) �# �����+JcY 1 (-+ ���/"��), 	��ก���/" pathogen 
 ก��� �
# 4 (T2) �# �����+JcY 2 (�$�
����/D�), 	��ก���/" pathogen 
 ก��� �
# 5 (T3) �# �����+JcY 3 (�$�
����/D�), 	��ก���/" pathogen 
 ก��� �
# 6 (T4) �# �����+JcY 4 (�	"�Y�/D��% ��"�), 	��ก���/" pathogen 
 
�I�ก
*,-
����(ก�
 
1) ก��	��ก��� 
 1.1) ก�����#���
�� NFT  
 ����/D��$��!+$�/D��-����	������ 11.6 ���� ��� �������
���
��*"�-���D�-�+��+กก��
�� (Benoit, 1992) 	�+���� EC = 1.55 mS/cm ��
 ��� pH ���� $ 5.8-6.2 
 1.2) ก�����
���K� 
  ���
���K��+ก��+� Cos �$��\"$�/D� 120 ���K� ���� ��/D��	,�� �� 4  +� )�ก�+/���
�� �����
���	*���#��#��� EC = 0.7 mS/cm ��
 ��� pH 5.8 �	,�� �� 3  +� ก�"��#�)
�����$�
��
"�*����#��#��� EC = 0.7 mS/cm ��
 ��� pH 5.8-6.2 "#ก�	,�� �� 1 �+	��-Y 
 1.3) ก����������$�
�� NFT 
  ����ก����$�
�� NFT �#��#����
����#��#��� EC = 1.55 mS/cm ��
 ��� pH 5.8-6.2 
�D�ก������ �� )��K�����
�����
	�+�����
����-������"�+ก'�������� EC ��
 pH �-�"���
���� $�+$ก��� �*ก +����� $���� 
 
2) ก��	��ก���/" BCA �$���
�� ก�
�D�����" 1  +�-�+$)�ก��������$�
�� NFT 
 T1 � ���%��%�� 3.5 x 106 sporangium/ml 	����J 200 ��������� 
 T2 	����J 30 ก�+� 
 T3 	����J 30 ก�+� 
 T4 	����J 3.6 ��������� 
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3) ก��	��ก���/" pathogen �$���
�� 
 �D����/" Pythium spp. ��#/�$��"�-�� PDA �	,�� �� 5  +� )�ก�+/��)�
��/� *�����/"�� � cork 
borer ��"�Y 2 ��
����$��"�-�� V8 broth ��
�D��	 �$�������"$�%��� +��
 8 �+� ��$�	,�� �� 5 
 +� )�ก�+/����#�� spore suspension �-���� 5 x 106 sporangium/ml ��
����$���
��	��ก�����
ก��� �
#�#� 2-6 -�+$)�ก��� BCA ���  2  +� 
 
4) ก���� )�"����/" BCA ��
���/"���-�*���
�����
- ��$ก�����"$ 
 ����"����+�"#ก��+/$-�E�$ �����/"���-�*������
��#�����Y�+$�#	����J��������"���-��"��� �+$�+/���
�
- ��$ก�����"$)E$�#ก���D�����
���������
ก��� �
#����ก���/" BCA ��
���/"���-�*"#ก��+/$
-�E�$���*ก�+	��-Y ������"�-�� Martin�s medium ��
 selective media ����"�� )�+����/" BCA 
��
���/"���-�* ����D��+� 
 
5) ก���� )�"�ก���$	�
���
����%"$���/" BCA 
 ���ก���D� Bi-culture test ��"�-�� PDA ����+/$��ก�#���� BCA ��
�� +��กK������� 
 
ก�
!���Lก�'��"
 
1) %�"���������� 
 1.1) �+��Eก"�ก������*ก�+	��-Y-�+$)�ก	��ก���/" 
 1.2) �+��Eก	����J���/" BCA ��
 pathogen ���
�� 
 1.3) �+��Eก��%"$ Bi-culture test 
2) %�"�����$������� 
 2.1) ก���)��M������ ()D�� ��� � ��ก ��$ � ���� %"$�� � ����$%"$���)  

( +��*ก�+	��-Y) 
 2.2) ������ (�กK��+ก��+�����""��* 5 �+	��-Y) �������/D�-�+ก��%"$�����
��ก 
3) %�"�����$����� ���"� 
 3.1) �*J���+��%"$����
��� (EC, pH, "*J-����) �D�ก���� ) +��*ก +� 
 3.2) � ���%����$ "*J-���� � ����/��+��+�
Y����$���"� 
4)  �����
-Y����$�!��� ��� �
# Analysis of variance (ANOVA) ��� �
# Duncan�s Multiple 

Range Test 
 
�
ก�
��
��-
�����
*, 
 �����"�ก�����	ก���#���ก%"$�����ก��� �
# (C1) �#�����#ก��	��ก���/" pathogen ��
 ������
��� BCA �D�-�+�ก����� BCA ���*กก��� �
#�� �� ��������!� ��*�"�ก������#���ก�������"
�	�#����#��ก+�ก��� �
#�#��#ก��	��ก���/" pathogen (C2) �+$����$�#� 1.6 ���"���$��กK���� ��"���
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�"�%"$���/" pathogen ���
���#	����J���$"���$� ���K ���+	��-Y�#� 1 ��
 2 ��
�+$�$���$
�	����"�I )�!E$�
�
�กK��ก#��  FE�$��ก���$)�ก� ��"����"�%"$���/" BCA ���
���#��#	����J�+/$
���$��
�����%E/�������D����"��"��
�
� ��ก��	��ก (����#� 1.5) ��
�	,��#�����+$�ก� ������ $ 1-
3  +�-�+$)�ก������/" BCA �$�	���
�� �� ���# �����+JcY T2, T3 ��
 T4 ���)
��������!
�� )��� ��"����"�������������
���
��*"�-����� ���+$ก��� �#/�"����"$ก+����$��%"$ 
Thinggaard (1989) �#�ก���  �� )D�� �	�
��ก�%"$ Trichoderma harzianum )
���$����"�I 
-�+$)�ก����$�	���
������"� ��*���� black rot %"$��$ก � FE�$�ก��)�ก���/" Phomopsis 
sclerotioides ����$ก�+�ก+� ����"��/��*�ก�����"$�����!�� )��	����J� ��"����"�%"$���/" 
BCA �#���ก��$ก ��������
���
��*"�-�����"���$�#�+��D��+M��$�!��� (����#� 1.5) ��� ��)
�#ก��
������/" BCA �$��!+$����
���
��*"�-����� กK�+$�����!�� )��	����J%"$���/" BCA �#���ก��� 
�+$�+/��")
��*	��� ���
�� NFT �	,��
���#��-��
���-����/" BCA �%����"���"$��ก������ ���
	����J�#��%����"���"$��ก)
��ก��#�$�"�#�)
� ��*�������-��"��� FE�$� �)
�D��E$!E$��	�
��K�
�#/ ������#� ก+����$��%"$ Koohakan and Nantagij (2005) �#�ก���  �� �# �����+JcY�#����"�
�+/$-��� ��+/$�# �����+JcY Trichoderma harzianum ��������!��� ���*���$%"$�����ก�����#�
�ก��)�ก���/" Pythium spp. %"$�+ก��+��#�	��ก���
�� DFT ���$�	ก ���+/�!������# �����+JcY��
	����J��ก�ก���	)
�D�� ����#�-���-��ก���ก������ 
 ������ก���)��M������%"$�+ก��+� "��
���%"$�# �����+JcY�#����"��-����	����;��$
��#� ก+������ ��*���� ก��� ��" �# �����+JcY�*ก���������$����+���*�ก���)��M������%"$�+ก
��+��+/$������� ����$%"$�D���� %�����
)D�� ��� � ��+/$����������"�	�#����#��ก+� Inoculated 
control (����$�#� 1.7 ����#� 1.6) ��ก�����"$�#/%+����$ก+�$�� �)+��#�������"�ก+�����+ก����"���I 
���
�� DFT (Pariyaporn and Jaenaksorn, 2007; Rachniyom and Jaenaksorn, 2007)  
  
)�
���(. 1.6  	�
���
����%"$�# �����+JcY��"� ���*���$%"$�����ก����%"$�+ก��+� Cos �#�

	��ก���
�� NFT  
 

Treatment 
Disease severity1/ 

1st Week  2nd Week  3rd Week  
Non-inoculated control C1 0 0 0 

Inoculated control C2 1 1.5 2.5 
T1 1 1.72 2.72 
T2 1 1.4 2.3 
T3 1 1.1 2.6 
T4 1 1.0 2.4 

1/ Based on pathogenicity test, disease severity was assessed from incidence of brown root tips and 
percent total roots with brown discoloration using increment scale of 0-5. 
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1/Bars in each group labeled by the same letter are not significantly different according to DMRT 
(P<0.01). 
 
����(. 1.5 � ��"����"�%"$���/"���-�*�����
 BCAs ������
���
��*"�-��������
- ��$

ก��	��ก�+ก��+� Cos ���
�� NFT � ��+/$	����J���/"�+$ก��� �#�"����"��#���ก�����
 +��กK��ก#��   

 
)�
���(. 1.7 ก���)��M��������
�������� +��กK��ก#�� %"$�+ก��+� Cos �#�	��ก���
�� NFT �#��#

ก������# �����+JcY����"� ��*������ก���� 
 

Treatment 

Growth Yield (g) 

Shoot 
height 
(cm) 

Leaf 
no.. 

 

Leaf size (cm) Root 
length 
(cm) 

Shoot 
fresh wt. 

Root fresh 
wt. Width Length 

Non-
inoculated 

control 
19.041/a 18a 10.15a 14.30a 48.45a 118.62a 20.48a 

Inoculated 
control 

12.11b 12b 6.41bc 8.90b 10.31b 19.30bc 8.11b 

T1 11.95b 13b 4.92de 6.44cd 8.77b 14.12bc 6.20b 

T2 12.26b 13b 5.47cd 7.31c 5.79b 17.46bc 7.78b 

T3 9.60c 13b 4.22de 5.27d 4.20b 8.56c 5.51b 

T4 13.16b 14b 6.55b 9.76b 6.80b 23.02b 7.60b 

CV 4.9% 5.7% 4.1% 4.8% 18.7% 10.1% 15.6% 
1/Means within the column followed by the same letter are not significantly different according to DMRT 
(P<0.01) 
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����(. 1.6 ก���)��M���������� $�+	��-Y�#� 1, 2 ��
 ����"�กK��ก#�� %"$�+ก��+� Cos �#�	��ก��

�
�� NFT �#��#ก������# �����+JcY����"� ��*������ก���� (A); C2, T1, T2, T3 ��
 
T4 ���$"�ก�����	ก���#���ก��
���� (B) 

 
�
I��
ก�
��
�� 
 )�กก�����"$��+/$�#/  �� ���# �����+JcY���#�)D�-��������"$�����+/$ 4 ���� ����#
	�
���
������ก��� ��*������ก����%"$�+ก��+��#��ก��)�ก���/" Pythium spp. "#ก�+/$�����$���#��"
ก���)��M������%"$����+$ก���  FE�$%+����$ก+�$�� �)+��#��������#����"�ก+�����+ก����"�����
	��ก
���
��	��ก����������������#����$ก+� �+/$�#/"�)�#���-�*)�ก 1) � ������
�)�
)$�
- ��$���/" 
BCA ก+� ��� 2) �
�� NFT ��������!�+ก'��
�+�%"$ BCA �-��$�#���
��$��#�$�"�#�)
� ��*�
�������"��#��ก+��
�� DFT 3) ��	���%"$�# �����+JcY�+$ก��� ����"�/"-��"�-��
���#�)
�D������
���
�� NFT �������
�# �����+JcY��	����$ (WP) )
�	�ก�
����#��� ��ก��� �D��-�%+�% �$
ก�����FE�
��*"�-��%"$��ก��� 4) �*J���%"$�# �����+JcY กK���)
�#����"ก�����"�
	�
���
��������+/$�#/ ����
��)�กก���� )�"� (monitoring) � ��"����"� (survival) %"$���/"
)�ก�# �����+JcY�������ก����"����$���
��	��ก �� ��� ���#�# ��"����"�%"$���/"���)
����#"������

Healthy Inoculated T1 T2 T3 T4 

A 

B 
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-��"��"�%��$��D���ก����"��#��ก+�%�"����#��
�*� ������ก%"$�# �����+JcY�+/�I ���"���$��กK��� ��
�
- ��$ก��	��ก���ก�+��� )��	����J� ���#�# ��"����"�%"$���/"���
�� (������
���
��*
"�-�����) ��$%E/� "#ก�+/$�+$�� )�� �����/"�+$ก��� �����!�)��M�%����"���"$��ก�������� ���� ��
�������#ก������# �����+JcY�#���ก�����$ ��#�$�������# �����+JcY�$������
���
��*"�-�����
�����+/� (Koohakan and Nantagij, 2005) 
 

1.3 ก�
�
������
�����������%����I,-!��(�
(%��)
�ก�#$�(.&�'
�!ก�
��%-�
�-
'� �
ก�
��!�I��
�
�ก���������ก�
�� �
�!!�
"ก�#$��%&�� $'��� 
1.3.1 ก�
�
������
�����������%����I,-!��(�
(%��)
�ก�#$�(.&�'
�!ก�


��%-�
�-
'� �ก�
��!�I��
�
�ก���������ก�
�� Cos �(.�
"ก � NFT 
ก�����"$�#/�# +�!*	�
�$�Y����")
�D�����#��#��%���ก�������+�
*Y�#�����+�ก��

���������
���$�� ���#�*J���+���	,����/"	k�	(ก'Y��"���/"���-�*��������-������� (Buensanteai 

et al., 2009; Chen et al., 2000; Pan et al., 1991; Prathuangwong, 2007) ������ ��*����%"$�����
�
��	��ก��������������� �+$�+/� )E$�#ก��	�
����	�
���
����%"$����#��#��%���ก����+$ก��� ��
ก��� ��*���� Pythium root rot %"$�+ก��+� Cos ���
��	��ก��������������� (NFT ก��$�)�$)  

���/"����#��#��%���ก����#��D���;Eก'�����ก� Bacillus amyloliquefaciens 
(KPS46), Paenibacillus pabuli (SW01/4), Pseudomonas fluorescens (SP007s), B. 
lichiniformis (SP009s) (Prathuangwong, 2007) ��
 �# �����+JcY����#��#� 1 ���� ��� �$
���ก�����"$��� Completely Randomize Design )D�� � 3 F/D�I �
 9 ��� �#ก���� )��

	�+���� pH ��
 EC %"$����
���
��*"�-������*ก +� ก��������/"����#��#��%���ก����+$ก��� )

ก�
�D��������$������
���
��*"�-�������	����J OD 0.1 120 ��������� ก�"� 2  +� �#�)
�D�
ก��	��ก���/"���-�*����� � 5 x 105 sporangium/ml %"$���/" Pythium spp. )
�D�ก��	�
������
����+��Eก� ���*���$%"$��� (Disease severity) ก���)��M������%"$����*ก"�����Y ��
�#ก��
�� )�"�� ��"����"����
��%"$���/" BCA ��
���/"���-�*��� � ��+/$	�
����ก���$
� �������!�	,�	k�	(ก'Y%"$���/" BCA �+$ก��� �� +��กK��ก#��  ��� �
# Bi-culture test ������
-�"$	k��+��ก�� 
 
�
ก�
��
��-
�����
*, 
 ��ก�����"$�� �� �� �
#ก���#��#ก��	��ก���/"���-�*��� ���������$"�ก�����	ก���#��
��
��ก����"�	�#����#��ก+� �
#ก���#�������������/"���-�*��� ���"�ก�������+$ก��� )
�����/"����"
��$�� �%"$��ก��
��
-�*�""ก)�ก��� �D�-�+�ก��	�
����	�
���
����%"$����#��#��%���ก���
�#�����#ก������������ ��
�# �����+JcY����#��#� ���#�����+�����	,��	����#����- +$ ก��� ��" 
����#��#��%���ก����*ก�+ �#��D�ก�����"���������!��� ���*���$%"$����������"�	�#����#��
ก+� �
#ก���#��#ก��	��ก���/"���-�*��� (Inoculated control) (����$�#� 1.8) 
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 �D�-�+�� ��"����"�%"$���/"���-�*������
��%"$�*ก �
#ก�����$"���$� ���K ���+	��-Y�#� 1 
��
 2 )�ก�+/� )
���$����"�I )�!E$�
�
�กK��ก#��  ��
�	,��#�����+$�ก�* ��� ��"����"�%"$
����#��#��%���ก��� (BCA) �#�����$�	���
���#	����J��"���ก)�!E$��������!�� )����� 
(����#� 1.7) ���"���$��กK��� ����"�D����/"����#��#��+$ก��� )�ก�
����	�
����ก���$� ���	,�
	k�	(ก'Y��"���/"���-�*���������-�"$	k��+��ก����� �
# Bi-culture test �� �����/"����#��#�
�+$ก��� �+$�$�#� �������!�	,����/"	k�	(ก'Y"��� (����#� 1.8)  
 ������ก���)��M������%"$��� ��� �����/"����#��#��%���ก����#��D������"��+/��������+�
ก�����$�� ���	,����/"����#��#��#���$�����ก���)��M������%"$��� ������#����ก�+�����"����"$ก+�
$�� �)+��#������� (Buensanteai et al., 2009; Chen et al., 2000; Pan et al., 1991; Prathuangwong, 

2007) ก��� ��" ���/"����#��#��%���ก����+$ก��� ����#����$�����ก���)��M������%"$������"���$�� 
����"�	�#����#��ก+� �
#ก���#��#ก��	��ก���/"���-�*��� (Inoculated control) (����$�#� 1.9 ����#� 
1.9) �#��	,������#/"�)�	,�����)�ก� ��"����"����
��	��ก����#/����"�%��$��D���ก �����#�$�"
��"ก��� ��*� ���"���$��กK���%�"�#�����+$�ก�*�#��#%�"-�E�$ ��" !E$��� �����/"����#��#��%���ก���
�+$ก��� )
"����"��������#���
������+$�$� �������!�	,����/"	k�	(ก'Y��"���/" Pythium spp. ���
�	,�"���$�# �+$�+/� !��-�ก�#ก��	�+�	�*$���/"����#��#��%���ก����+$ก��� %��$��������!"����"���
�
������#กK)
�D��-��#	�
���
������ก��� ��*�����+$ก��� ��� 

 
)�
���(. 1.8 � ���*���$%"$�����ก����%"$�+ก��+� Cos �� NFT �#��#ก��������/"����#��#��%�

��ก����#�����+�ก������������  4 ����+�
*Y ��
 �# �����+JcY 1 ���� 
 

Treatment 
Disease severity1/ 

1st week  2nd week  3rd week  
Non-inoculated control 0 0 0 

Inoculated control 1.05 3.50 2.56 
T1 0.94 2.72 3.17 
T2 0.80 2.89 3.00 
T3 1.06 2.89 3.39 
T4 1.11 2.83 2.67 
T5 1.22 3.22 3.22 

1/ Based on pathogenicity test, disease severity was assessed from incidence of brown root tips and 
percent total roots with brown discoloration using increment scale of 0-5. 
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����(. 1.7 � ��"����"�%"$ Pythium spp. ������
���
��*"�-������
- ��$ก��	��ก���  

�� NFT 
 
 

 
 
����(. 1.8 ก���� )�"�ก�+�%"$� ���	,�	k�	(ก'Y��"���/" pathogen %"$ BCA -�+$)�ก����$

���
��	��ก��� ��� �
# Bi-culture  
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)�
���(. 1.9 ก���)��M��������
������%"$�+ก��+� Cos �� NFT �#��#ก��������/"����#��#��%�
��ก����#�����+�ก������������  4 ����+�
*Y ��
 �# �����+JcY 1 ���� ����"� ��*�
��� Pythium root rot 

 

Treatment 

Growth (At 35 days) Yield (g) 
Shoot 
height 
(cm) 

Leaf 
no. 

 

Leaf size (cm) Root 
length 
(cm) 

Shoot 
fresh wt. 

Root 
fresh wt. Width Length 

Non-inoculated 
control 

15.811/a  19.3a   8.48a 11.45a 42.50a  93.82a  23.45a 

Inoculated control 10.69bc  11.9b   4.91b  7.17b   6.43b  10.03b    5.06b 
T1   9.54bc  11.7b   4.50b  5.83bc   4.68b    7.51b    4.61b 
T2 10.61bc  12.1b   4.87b  6.40bc   4.90b  10.17b    5.04b 
T3   9.93bc  11.8b   4.79b  6.08bc   4.82b    9.50b    4.05b 
T4   9.08c  10.3b   3.89b  5.24c   5.79b    6.43b    2.51b 
T5 10.90b  12.0b   4.97b  6.32bc   5.90b  11.51b    4.93b 
CV  16.72% 25.37%  24.37% 21.30% 55.92% 130.92%   81.70% 

1/Means within the column followed by the same letter are not significantly different according to DMRT 
(P<0.01) 
 

 

 

 
����(. 1.9 ก���)��M�������� +��กK��ก#�� %"$�+ก��+� Cos �#�	��ก�� NFT �#��#ก��������/"

����#��#��%���ก����#�����+�ก������������  4 ����+�
*Y ��
 �# �����+JcY 1 ���� 
����"� ��*���� Pythium root rot  
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1.3.2 ก�
�
������
�����������%����I,-!��(�
(%��)
�ก�#$�(.&�'
�!ก�

��%-�
�-
'� �ก�
��!�I��
�
�ก���������ก�
�� Green oak �(.�
"ก � 
DRFT 

 1) ����!��������
3 �ก�
�����
��ก�
��ก-
�ก�
��
�l�)�!�) 
���ก
'� Green oak  

 �D�����#��#��%���ก��� 4 ����+�
*Y�#�����+�ก������������  (KPS46, 
SW01/4, SP007s, SP009s) �����"�� �������!��ก����$�����ก��$"ก��
ก���)��M������
%"$ก��� ���������K��+ก��+���[�����/"�#��� �� � Clorox 10% 5 ���# )�ก�+/������ ��/D�ก�+��[�����/"
�	,�� �� 3 ���# 2 ��+/$ )�ก�+/�����$�� bacterial suspension � ���%��%�� 106 CFU/ml �	,�� �� 
10 ���# 	��"��-��-�$�#�"*J-����-�"$ �D����K��#�����ก�������� �	���"�� ��$"ก��� �
# Blotter 
method �+��Eก��"+���ก��$"ก � ���� ��ก � ����$%"$ก��� ��
�D����	�#����#��ก+����K��#�
��������� bacterial suspension 
 
�
ก�
��
�� 
 )�กก��;Eก'��� �� ก����*ก���K��� �����#��#��%���ก����+/$ 4 ����+�
*Y �����!��$�����
ก��$"ก%"$���K� � ����$%"$���ก�����
� ���� %"$��ก������-�"$	k��+��ก������"
�	�#����#��ก+� control �������#��#� Pseudomonas fluorescens (SP007s) �-����#�#��*� �+$
����$�#� 1.10 
 
)�
���(. 1.10 	�
���
����ก����*ก���K��� �����#��#��%���ก��� 4 ����+�
*Y (PGPR) ��"ก��

$"ก��
ก���)��M%"$ก����+ก��+� green oak ������-�"$	k��+��ก�� 

 

Treatment 
Laboratory condition 

Seed germination 
(%) 

Shoot length 
(cm) 

Root length 
(cm) 

    T1 (KPS46) 98b 4.43b 4.10b 

    T2 (SW01/4) 100a  4.43b 4.95a 

    T3 (SP007s) 100a 5.47a 5.26a 

    T4 (SP009s) 98b 4.87b 4.98a 

    Control2/ 92c 3.48c 3.86c 
1/ Means of 10 replications. Means in a column followed by the same letter are not significantly different 
according to DMRT. 
2/ Without seed bacterization. 
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 2) ����!��������
3 �ก�
)��)'���$#0� Pythium spp.  ����� 
4'���n�!�)�ก�
 

 �D�����#��#��%���ก����+/$ 4 ����+�
*Y�����"�� �������!��ก��
��"�������/" Pythium spp. ��� �
# dual culture ��
 mixed culture 
 
�
ก�
��
�� 
 )�กก�����"$�� �� ����#��#��%���ก��� Pseudomonas fluorescens (SP007s) �-����#
�#��*� (75 �	"�Y�FK��Y) ��ก���+��+/$ก���)��M��������$������%"$���/" Pythium spp. �+/$�� dual 
culture ��
 mixed culture (����$�#� 1.11 ����#� 1.10) 
 
)�
���(. 1.11 ก�����"�� ���	,�	k�	(ก'Y%"$���/"����#��#��%���ก�����"ก���)��M��$������

%"$ Pythium spp.  
 

Treatment Growth inhibition of Pythium spp. (%) 
T1 (KPS46) 55.56c 
T2 (SW01/4) 66.67b 
T3 (SP007s) 75.00a 
T4 (SP009s) 62.00b 

Control 0c 
 

 
 
����(. 1.10 ��%"$ Pseudomonas fluorescens (SP007s) ��"ก���)��M��������$������%"$ 

Pythium spp. �� Dual culture (A), Control (B) ��
 Mixed culture (A), Control (B) 
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3) ����!�����($(��) (Viability)  ���

�
�%��)I��4�
�#$ 
 �D�����#��#��%���ก�������+�
*Y�#��-����#)�ก%�" 1) ��
 2) �����"�� ��
"����"� (������� ���%��%�� 106 ��
 109 CFU/ml) �� flask %��� 500 ��������� �#����)*����
���

��*"�-����� ���� ��#�"*J-�����������"$�%����	,�� �� 1 ���"� �� )�"�� ���#�# ���*ก"�����Y 
 
�
ก�
��
�� 
 )�กก�����"$�� �� ����#��#��%���ก��� Pseudomonas fluorescens (SP007s) �����!
�#�# ��"������!E$ 21  +� -�+$)�ก�+/�)D�� �%"$�F��Y����#��#���������$ (����$�#� 1.12) 
 
)�
���(. 1.12 � ���#�# ��%"$ Pseudomonas fluorescens (SP007s) ������
���
��*"�-����� 
 

 
O.D. 

Cell amount (cfu/ml) 
0 day 7 days 14 days 21 days 28 days 

0.1 2.3x104 3.1x106 1.1x108 2.3x106 1.2x103 
0.2 3.2x106 4.3x108 3.2x109 6.1x107 2.1x104 

 
4) �
�������������
3���-!��(�
(%��)
�ก�#$ Pseudomonas  
fluorescens (SP007s)  �ก�
��!�I��
�
�ก���������ก�
��  
green oak �(.�
"ก � DRFT  
 )�ก��ก�����"$�#� 1), 2) ��
 3) �� �� Pseudomonas fluorescens 

(SP007s) ������#�#��*� )E$�D���	�
����� �������!��ก��� ��*������ก����%"$�+ก��+� green 
oak �� DRFT (����#� 1.11) ����D�ก��	�
������	��� �
#ก������#��-��
���#��*� FE�$�# �
#ก���+$�#/ 
T1: ��*ก���K�, T2: ����$������
���
��*"�-�����, T3: ��*ก���K� + ����$������
���
��*
"�-�����, T4: ������ P. fluorescens (SP007s) (control) ����#ก�� �$���ก�����"$��� 
Completely Randomized Design 3 F/D�I �
 20 ��� �*ก �
#ก���D�ก��	��ก���/" Pythium spp. 5 x 
105 sporangium/ml ���
- ��$ก��	��ก�#ก���� )��
	�+���� pH ��
 EC %"$����
���
��*
"�-��%"$��� �+��Eกก���ก����� (disease incidence) ��
 ก���)��M������%"$��� (� ����$��� 
� ���� ��ก ��
 �/D�-�+ก��%"$���) 
 
�
ก�
��
�� 
 ก��������/" Pseudomonas fluorescens (SP007s) �*ก �
#ก���D��-�ก���ก����� (disease 
incidence) ���$"���$�#�+��D��+M��$�!�������"�	�#����#��ก+� control (����$�#� 1.13) �������

"���$���$ �
#ก���� ��
- ��$ก����*ก���K���
����$������
���
��*"�-����� (T3) �-����#�#��*� 
(disease incidence = 15 �	"�Y�FK��Y) ������ก���)��M������%"$����+$ก��� �� �� �	,��	��
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��;��$��#� ก+���%"$ก���ก����� ก��� ��"  �
#ก���� ��
- ��$ก����*ก���K���
����$������
���

��*"�-����� (T3) �#ก���)��M��������$�#��*� (����#� 1.12) 
 

 
 
����(. 1.11 �
�� DRFT �D�-�+�	�
����	�
���
����%"$����#��#��%���ก�����ก��� ��*�

�����ก����%"$�+ก��+� green oak  
 
)�
���(. 1.13 ��%"$ Pseudomonas fluorescens (SP007s) ��"ก���ก����� Pythium root rot 

%"$�+ก��+� green oak �#�	��ก�� DRFT 
 

Treatment Disease incidence (%) 
Seed treatment (T1) 35c 

Application into nutrient solution (T2) 25b 
Seed trt + Application into nutrient solution (T3) 15a 

Control 85d 
 

 

 
����(. 1.12 ก���)��M��������
������%"$�+ก��+� green oak �#�	��ก�� DRFT ��
��� 

Pseudomonas fluorescens (SP007s) 
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�
I��
ก�
��
�� 
)�ก��ก�����"$ 1.3.1 ��
 1.3.2 �#/�-��-K� �� �
#ก���������#��#��%���ก��� (Plant Growth 

Promoting Rhizobacteria) ���
��	��ก��������������� �#������#��D��+M��"	�
���
����%"$���/"
����#��#�	k�	(ก'Y 
 ก����� PGPR �������$������
���
��*"�-����������$ �� �� ����-����	,��#�����"�)��
ก��� ��*���� Pythium root rot %"$�+ก��+� "#ก�+/$���)
�����	����J� ��"����"�%"$ PGPR 
���
��	��ก��������������� 
 ก����� PGPR ���ก����*ก���K�ก�"�	��ก �� �� �-����#��"ก��$"ก%"$���K���
ก��
�)��M������%"$ก����+ก��+� green oak ������-�"$	k��+��ก�� "#ก�+/$ก����� PGPR ��*ก���K�
� ����ก+�ก������$������
���
��*"�-����������$)
�-����#�#��*���ก�����	"�Y�FK��Yก���ก��
��� (disease incidence) ��
�����ก���)��M������%"$����� � 
 
2.  ก�
4���%����I,�$#0�
�$��� 4�� �
�!!�
"ก�#$��%&�� $'��� (Indigenous antagonistic 

fungi) �(.�(p�ก%��� �ก�
��!�I��
�
�ก���� �
�!!�
"ก�#$��%&�� $'���  
2.1  ก�
���
�� �กM!
�!
����%����I,�$#0�
� �
�!!�
"ก�#$��%&�� $'��� 

�D�ก���D�� ) �กK�� �� �����+�
*Y���/"���������$I )�ก�� ����$I %"$��� ��

����
���
��*"�-�����)�ก�-��$	��ก��������������� ����ก� ;���Y �)+���
�+d���%�-��F�"� 
���$ก���� ���
"$�Y ). �
���$���� ���$ก���+d���� ���
"$�Y �D�����$��� ". ��������$ ). 
	��)#��*�# ;���Y;Eก'�ก���+d���%�-��F�"�m ". ��������� ). �
���$���� �-��$	��ก���������
������������$ก����
����D��� -�+$���� Golden place ����D��-$ ก�*$����-���� � � �.�. ".
	�ก��"$ ).�������#�� �-��$	��ก�+ก���������ก�Y��$	� ).��*��	��ก�� ��
 ���$ก���� �
��
"$�Y��ก��
���� ). ��*��	��ก�� ����กK�� �� ��+ "���$�+ก (�� ��
��ก) ����ก� �+���"�Y
��� (butterhead) ก�#��"� (green cos) �+ก�%��ก�  �+ก�%���$ �+ก�%��%#�  �
�
�-�� �+ก
��+�����"�� (red oak) ก�#��"�� (green oak) ������+� (red coral) \]�����Y Water cress, Dai-
Tokyo �������� ��
 �+กก��%�  �#��#� �������JY������$"�ก���	,������I �����
	��ก�#��#���
�	,���� � ��+/$�กK�����
���
��*"�-�����
��	��ก-���I ��� ���� NFT, DFT, DRFT, water 
culture ����"��ก���/"���#��#	�
����Y ����กK��+ "���$����
�������!*$������ก�#�	�"����/" �+�	�ก
!*$�-����� �%#��%�"�������
�"#�� ����ก� �+�
*Y "��*  +����"�	��#��กK� ����")+��	,�%�"�����/�.�� ���
ก��"$�\����)*�/D��%K$����"	Z"$ก+�����-#�� ก�"��D��	��ก���/"��-�"$	k��+��ก���� � �
#ก�� tissue 
transplanting technique �� �ก+� selective media  

 
2.2  ก�
����!�
��������� �ก�
��q��$#0�
��n��rกs, �����4'���n�!�)�ก�
 

 �D����/"���#����)�กก���D�� )��
�กK�� �� �)�ก%�" 2.1 )D�� � 56 �"�F��� �����"�
	�
���
����� ���	,����/"��	k�	(ก'Y��"���/"�����-�*�����ก���� Pythium spp. ������
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-�"$	k��+��ก����� �
# Bi-culture test �+$�#/ �D�ก����#/�$���/"�����-�*�����ก���� �"�F����#��ก�����
�*���$�#��*�)�กก�����"$�#� 1 ��
 ���/"��	k�	(ก'Y�#���ก����*ก�"�F�����"�-�� PDA ���� ��#�
"*J-����-�"$ (25-32 "$;��F��F#��) �	,�� �� 3  +��D�-�+����/"���-�*��� ��
 7  +��D�-�+����/"��
	k�	(ก'Y �D�-�+�ก���D� Bi-culture test �����)�ก��� cork borer %����������;���Yก��$ 0.5 
�F������� ���\[�����/" �)�
���� J%"������#%"$���/"�����-�*��
���/"��	k�	(ก'Y )�ก�+/�����
��/� *��%"$���/"���+/$�"$������ �$��)��"�-����#/�$���/" PDA ��$%���ก+��-��#�
�
-��$
�"	�
��J�	,�)��"�-����#/�$���/"�� � (Bi-culture plate) )�ก�+/��D�ก����#/�$���/"��	k�	(ก'Y��

���/"�����-�*�������
������ก)�กก+���"�-�� PDA �	,��+ �	�#����#�� ���)��"�-����#/�$���/"
�+/$-���#�"*J-����-�"$ �	,�� �� 20  +� 
 ก�����"$��+/$�#/ �$������ Completely Randomized Design )D�� � 5 F/D� ���"�
ก+����/"��	k�	(ก'Y)D�� � 56 �"�F���  
 �+��Eก��ก�����"$ ��� +�%����������;���Yก��$%"$�����# ��
�+�)D�� � oospore 
%"$���/"�����-�*��� ��� �D����D�� J-��	"�Y�FK��Yก���+��+/$ก���)��M������ (Growth inhibition, 
GI) �+$�#/ 
    GI = (R1-R2)/R1 x 100 
��� R1 = %����������;���Yก��$�����# -��")D�� � oospore %"$���/"�����-�*�����)��"�-�� 

�	�#����#�� 
R2 = %����������;���Yก��$�����# -��")D�� � oospore %"$���/"�����-�*�����)��"�-��

��#/�$���/"�� � 
 
�
ก�
��
�� 
 )�กก���D�� )��
�กK�� �� ����/"�����
��	��ก��������������� )�ก�-��$���$I �+$�#�ก��� 
�	��� %��$����+/� ���/"���#�� �� ���� )D�� � 60 �"�F��� �+$����$�#� 2.1 ��
 2.2 ����ก� ���/"����
ก�*�� Trichoderma spp., Gliocladium sp., Aspergillus spp., Penicillium spp. ��
 Curvularia spp.  

)�กก�����"�	�
���
������ก���	,����/"��	k�	(ก'Y%"$���/"���#���ก���)�ก�
��	��ก���
�������������+/$ 60 �"�F��� ��� �
# Bi-culture test �� �� ���/"���#��D������"�)D�� �-�E�$���
���$;+ก����ก���	,����/"��	k�	(ก'Y �D�-�+�"#ก)D�� �-�E�$ ���$;+ก������ก���+��+/$ก���)��M
��$������%"$���/" Pythium spp. ������
�+�-�E�$���� $ 3  +���ก (�	"�Y�FK��Y�+��+/$��$����ก�� 40 
�	"�Y�FK��Y) �+$����$�#� 2.3 FE�$"�))
�	,�����)�กก���#����/"���-�*����)��M��"�%��$��K  �+$�+/�
ก��กก���+��+/$������)
�	,�ก���%�$%+� (competition) �+$�+/�)E$�#ก���+$�ก�*ก��ก%"$ก���	,����/"��
	k�	(ก'Y��"�	"#ก�
�
-�E�$ ������)��"�-����#/�$���/"�� �� �)�!E$ 20  +� �� �� ���/"��	k�	(ก'Y 3 
�"�F��� ����ก� A003, A018 ��
 A019 �����!�)��M��"���*����/"���-�*�������ก�"������JY 
(exploitation) )�ก�
�+�$��������!�+�)D�� � oospore %"$���/"���-�*������ (����#� 2.1) 
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)�
���(. 2.1 ก���D�� )��
�กK�� �� ����/"�����
��	��ก��������������� 
 

Isolates Isolated plant part Location Hydroponic 
type 

RK-K1 Celery root  Ramkamhang, BKK DFT 
RK-K2 Celery root  Ramkamhang, BKK DFT 
RK-K3 Celery root  Ramkamhang, BKK DFT 
RK-DK1 Dai-Tokyo root Ramkamhang, BKK DFT 
RK-DK2 Dai-Tokyo root Ramkamhang, BKK DFT 
RK-DK3 Dai-Tokyo root Ramkamhang, BKK DFT 
RKPG-NS Nutrient solution DFT Ramkamhang, BKK DFT 
RKDK-NS1 Nutrient solution DFT Ramkamhang, BKK DFT 
RKDK-NS2 Nutrient solution DFT Ramkamhang, BKK DFT 
RKDK-NS3 Nutrient solution DFT Ramkamhang, BKK DFT 
RKK-NS1 Nutrient solution of celery Ramkamhang, BKK DFT 
RKK-NS2 Nutrient solution of celery Ramkamhang, BKK DFT 
RKK-NS3 Nutrient solution of celery Ramkamhang, BKK DFT 
RKK-NS4 Nutrient solution of celery Ramkamhang, BKK DFT 
RKK-NS5 Nutrient solution of celery Ramkamhang, BKK DFT 
BT-NS1 Nutrient solution of pak-khome Bangtan, Prachinburi DFT 
PNS-MNS1 Nutrient solution of peppermint Panomsarakam, Chachoengsao DFT 
PNS-MNS2 Nutrient solution of peppermint Panomsarakam, Chachoengsao DFT 
PNS-MNS3 Nutrient solution of peppermint Panomsarakam, Chachoengsao DFT 
BT-KG1 Pak-khome (green) root Bangtan, Prachinburi DFT 
BT-KG2 Pak-khome (green) root Bangtan, Prachinburi DFT 
BT-KR1 Pak-khome (red) root Bangtan, Prachinburi DFT 
BT-KW1 Pak-khome (white) root Bangtan, Prachinburi DFT 
BT-KW2 Pak-khome (white) root Bangtan, Prachinburi DFT 
PNS-M1 Peppermint root Panomsarakam, Chachoengsao DFT 
PNS-M2 Peppermint root Panomsarakam, Chachoengsao DFT 
PNS-M3 Peppermint root Panomsarakam, Chachoengsao DFT 
PNS-M4 Peppermint root Panomsarakam, Chachoengsao DFT 
Trichoderma 
PNS-BH1 

Butterhead root Panomsarakam, Chachoengsao NFT 

Trichoderma 
PNS-BH2 

Butterhead root Panomsarakam, Chachoengsao NFT 

BP-BH Butterhead root Bangpoo, Samutprakarn NFT 
RK-BH Butterhead root Ramkamhang, BKK NFT 
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)�
���(. 2.1 ก���D�� )��
�กK�� �� ����/"�����
��	��ก��������������� (��") 
 

Isolates Isolated plant part Location Hydroponic 
type 

BP-C Cos root Bangpoo, Samutprakarn NFT 
RK-C Cos root Ramkamhang, BKK NFT 
PNS-FL1 Frillice root Panomsarakam, Chachoengsao NFT 
PNS-FL2 Frillice root Panomsarakam, Chachoengsao NFT 
PNS-FL3 Frillice root Panomsarakam, Chachoengsao NFT 
BP-FL Frillice root Bangpoo, Samutprakarn NFT 
PNS-GO1 Green oak root Panomsarakam, Chachoengsao NFT 
PNS-GO2 Green oak root Panomsarakam, Chachoengsao NFT 
PNS-GO3 Green oak root Panomsarakam, Chachoengsao NFT 
Trichoderma 
PNS-GO 

Green oak root Panomsarakam, Chachoengsao NFT 

RK-GO1 Green oak root Ramkamhang, BKK NFT 
RK-GO2 Green oak root Ramkamhang, BKK NFT 
RK-GO3 Green oak root Ramkamhang, BKK NFT 
RK-GO4 Green oak root Ramkamhang, BKK NFT 
RK-NS1 Nutrient solution in NFT Ramkamhang, BKK NFT 
RK-NS2 Nutrient solution in NFT Ramkamhang, BKK NFT 
BP-NS1 Nutrient solution  Bangpoo, Samutprakarn NFT 
BP-NS2 Nutrient solution  Bangpoo, Samutprakarn NFT 
BP-RC Red coral root Bangpoo, Samutprakarn NFT 
RK-RC1 Red coral root Ramkamhang, BKK NFT 
RK-RC2 Red coral root Ramkamhang, BKK NFT 
RK-RC3 Red coral root Ramkamhang, BKK NFT 
RK-RC4 Red coral root Ramkamhang, BKK NFT 
RK-RC5 Red coral root Ramkamhang, BKK NFT 
BP-RO1 Red coral root Bangpoo, Samutprakarn NFT 
BP-RO2 Red coral root Bangpoo, Samutprakarn NFT 
BP-RO3 Red coral root Bangpoo, Samutprakarn NFT 
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3 days 20 days 

)�
���(. 2.2  �-��$�#�����
)D�� ��"�F���%"$���/"���#���ก���  
 

Hydroponic type Source Isolate amount 
DFT Celery 4 
 Dai-Tokyo 3 
 Pak-khome 5 
 Peppermint 4 
 DFT solution 13 
NFT Butterhead 4 
 Cos 2 
 Frillice 4 
 Green oak 8 
 Red coral 9 
 NFT solution 4 
Total  60 

 
 

  
 Pythium sp. Bi-culture  Antagonist  Pythium sp. Bi-culture Antagonist 

 
����(. 2.1 ก�����"� Bi-culture test ���������/"���%���ก�����"�������/" Pythium spp. 

���-�*�����ก���� 
 
 
 
 
 

A003 

A018 

A019 

A003 

A018 

A019 
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)�
���(. 2.3 ���$�	"�Y�FK��Yก���+��+/$ก���)��M��$���������/" Pythium spp. %"$ก�����"�  
Bi-culture test %"$���/"���%���ก���%"$�
��	��ก��������������� �#�"��* 3  +� 

 

Source code Isolate code % growth inhibition 
Th uniseed A001 26.25 
BR-BH 3 A002 21.75 
Tr tomato A003 22.25 
Th trisan A004 24.13 
Thm WC A005 21.38 
RK-K1 A006 0.00 

RK-DK3 A007 14.25 
DK-DK1 A008 0.00 
RK-DK2 A009 17.25 

RK-DK NS3 A010 16.75 
WC3 A011 32.63 
BP-C A012 29.63 

RK-RC5 A013 29.00 
BP-R02 A014 29.13 
BP-RC A015 28.75 
WC1 A016 27.75 
WC2 A017 25.50 

TR8 durian A018 35.38 
WC4 A019 29.25 

BP-NS2 A020 21.13 

 
�
I��
ก�
��
�� 
 )�กก���D�� ) � �� ���
�+����"ก���/"���%���ก��� )D�� � 60 �"�F��� )�ก�-��$���$I 
%"$�
��	��ก��������������� ����")
�D�������	,����/"��	k�	(ก'Y��ก��� ��*����/" Pythium spp. 
�� �� ���/"��	k�	(ก'Y 3 �"�F��� ����ก� A003, A018 ��
 A019 �#	�
���
������ก��� ��*����/"
���-�*���������-�"$	k��+��ก������# )E$� ��D��	���"���"���
��	��ก�����������������"�	 
 

2.3  ก�
����!�
��������� �ก�
��q��$#0�
��n��rกs, �
�!!�
"ก�#$��%&�� $'��� 
 ก�����"$�#/�# +�!*	�
�$�Y�#�)
�D����/"���#���ก���)�ก�
��	��ก�����������������
���$
� �������!��ก���	,����/"	k�	(ก'Y��"���/"���-�*�����ก����������-�"$	k��+��ก��)�ก%�" 2.2 
��	�
����	�
���
������ก��� ��*������ก�������
��	��ก��������������� 
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  �$���ก�����"$��� Completely Randomized Design 	�
ก"��� � 5 ก��� �
# 5 
F/D�I �
 2 ��� ����
�"#��ก��� �
#�#�+$�#/  
 ก��� �
# 1 (T1): Healthy control 
 ก��� �
# 2 (T2): Inoculated control with Pythium spp. 
 ก��� �
# 3 (T3): ������/"��	k�	(ก'Y A003 ��
	��ก���/" Pythium spp. 
 ก��� �
# 4 (T4): ������/"��	k�	(ก'Y A018 ��
	��ก���/" Pythium spp. 
 ก��� �
# 5 (T5): ������/"��	k�	(ก'Y A019 ��
	��ก���/" Pythium spp. 
 
1) ก��	��ก��� 
 1.1) ก�����#���
�� DRFT  
 ���ก�
�
������ก�#�D�%��� 17 x 43 x 10 ��ก��;กY�F������� ��� �������
���
��*
"�-���D�-�+��+กก���� (Benoit, 1992) 	�+���� EC = 1.55 mS/cm ��
 ��� pH ���� $ 5.8-6.2 
 1.2) ก�����
���K� 
  ���
���K��+ก��+� Cos �$��\"$�/D� 60 ���K� ���� ��/D��	,�� �� 4  +� )�ก�+/����� �
����
���	*���#��#��� EC = 0.7 mS/cm ��
 ��� pH 5.8 �	,�� �� 3  +� ก�"��#�)
�����$�
��
"�*����#��#��� EC = 0.7 mS/cm ��
 ��� pH 5.8-6.2 "#ก�	,�� �� 1 �+	��-Y 
 1.3) ก����������$�
�� DRFT 
  ����ก����$�
�� DRFT �#��#����
����#��#��� EC = 1.55 mS/cm ��
 ��� pH 5.8-6.2 
�D�ก������ �� )��K�����
�����
	�+�����
����-������"�+ก'�������� EC ��
 pH �-�"���
���� $�+$ก��� �*ก +����� $���� 
 
2) ก��������/" BCA (���/"��	k�	(ก'Y) �$���
��  
 �����)�กก�����#�� spore suspension %"$���/"��	k�	(ก'Y�+/$ 3 �"�F��� �����)�ก��#/�$���/"��
)��"�-����#/�$���/" PDA �	,�� �� 7  +� )�ก�+/�%�� spore ��������/D�ก�+��[�����/"����"�D� spore 
suspension ��
�+�	����J spore ��
	�+��-���� 1 x 106 spore/ml ������ haemacytometer 
)�ก�+/��D���ก�������� spore suspension �+$ก��� �	,�� �� 5 ���# ��������	����J 10 ���������
��"��� )�ก�+/����$���
��	��ก  
 
3) ก��	��ก���/" pathogen �$���
�� 
 �D����/" Pythium spp. ��#/�$��"�-�� PDA �	,�� �� 5  +� )�ก�+/��)�
��/� *�����/"�� � cork 
borer ��"�Y 2 ��
����$��"�-�� V8 broth ��
�D��	 �$�������"$�%��� +��
 8 �+� ��$�	,�� �� 5 
 +� )�ก�+/����#�� spore suspension �-���� 5 x 106 sporangium/ml ��
����$���
��	��ก��� 
-�+$)�ก��� BCA ���  2  +� ���ก��� �
#�#��
�*%��$��� 
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4) ก���� )�"����/" BCA ��
���/"���-�*���
�����
- ��$ก�����"$ 
 ����"����+�"#ก��+/$-�E�$ �����/"���-�*������
��#�����Y�+$�#	����J��������"���-��"��� �+$�+/�)E$
�#ก���D�����
���������
ก��� �
#����ก���/" BCA ��
���/"���-�* ����"��/��*�ก�����"$ �D�-�+�
	����J� ��"����"�%"$���/"��	k�	(ก'Y ��� �
# ������"�-�� Martin�s medium ��
 selective 
media ����"�� )�+����/" BCA ��
���/"���-�* ����D��+� 
 
ก�
!���Lก�
-
�ก�
�กM!�'��"
 
 1. %�"�����$������� 
  1.1  �+��Eก"�ก������	,�� �� 8  +� -�+$)�ก�D�ก��	��ก���/"���-�*��� 
  1.2 �+��Eก� ��"����"�%"$���/"���-�*�����
���/"��	k�	(ก'Y �#� +��กK��ก#��  
 2. %�"�����$������� 
  2.1 ก���)��M������ ( +��*ก�+	��-Y-�+$)�ก�$�
����
�#� +��กK��ก#�� ) 
   2.1.1 )D�� ������ 
   2.1.2 � ��ก ��$ ��
� ���� %"$�� 
   2.1.3 � ����$%"$��� 
   2.1.4 Leaf SPAD value 
  2.2 ������ (�กK�����""��* 6 �+	��-Y) ����+�$�/D�-�+ก�������
��ก � ���� ��ก 
 3. %�"�����$����� ���"� 
  3.1 �*J���+��%"$����
��� (EC, pH, "*J-����) �D�ก���� ) +��*ก +� 
  3.2 � ���%����$ "*J-���� � ����/��+��+�
Y����$���"� 
 4.  �����
-Y����$�!��� 
 
�
ก�
��
�� 
 )�กก��	�
����	�
���
����%"$���/"��	k�	(ก'Y (3 isolates) �#����)�ก�
��	��ก������������
��� �� �� -�+$)�ก�D�ก��	��ก���/"���-�*��� (Pythium spp.) ��+/$��ก����" +��#� 18 -�+$)�ก���

���K����  �����ก��� �
#�#�	��ก���/"���-�*���"���$��#�  (Inoculated control, T2) ���$"�ก���	,�
�����$�*���#�$�
�+� 2.5 (Disease severity) �+$�+/� )E$�D�ก��	��ก���/"���-�*���F/D�"#ก��+/$-�E�$��
 +��#� 28 -�+$)�ก���
���K� ����"�-�������$"�ก������+��)����$%E/� FE�$���)
��$���-�ก��	�
����
	�
���
����%"$���/"��	k�	(ก'Y���!�ก��"$ �����D�%E/� ���"���$��กK��� -�+$)�กก��	��ก���/"���-�*
�����+/$�#� 2 ��#�$ 1  +� � ���*���$%"$�����$%E/��	,��
�+� 2.8 )�ก�+/�� ���*���$%"$���กK
���$"#ก�������� )�ก�
�+�$ +��#� 8 -�+$)�ก	��ก���/"���-�*�����+/$�#� 2 �� �� ก��� �
#�#�	��ก���/"
���-�*�����#�$"���$��#� )
���$"�ก�������ก�����*���$	�
��J�
�+� 2.2 FE�$��ก���$"���$�#
�+��D��+M��$�!���ก+����	ก�� (����	,����) �D�-�+�������*กก��� �
#�#�������/"��	k�	(ก'Y�+/$ 3 ���� 
���$� ���*���$%"$�����ก����������$ก+���$�!��� (	�
��J 1.2) ����*���$��"�ก ��ก��� �
#�#�
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������������/"��	k�	(ก'Y (Inoculated control) "���$�#�+��D��+M��$�!��� "���$��กK���	�
���
����
%"$���/"��	k�	(ก'Y�+$ก��� ����-����#����ก+� ���	ก�� (healthy control) ����$�#� 2.4 ����#� 2.2 
��
 2.3 
 �D�-�+�� ��"����"�%"$���/"��	k�	(ก'Y��
���/"�����-�*����#���ก��� �� +��กK��ก#��  �� �� 
� ��"����"�%"$���/"���-�*����#���ก����#��$�#��*���ก��� �
#�#�	��ก���/"���-�*�����#�$"���$��#�  
��
��$ก ��"���$�#�+��D��+M��$�!���ก+�ก��� �
#�#��#ก��������/"��	k�	(ก'Y�� ��� � ���$ �����/"��
	k�	(ก'Y�#����ก���+��+/$��
�D��-�� ��"����"�%"$���/"���-�*������$ "���$��กK��� ���/" 
Pythium spp. กK�+$������ก%"$���	ก�������	����J��#�$��Kก��"� FE�$"�))
�	,� non-
pathogenic Pythium spp. (����$�#� 2.5) �� �� ��"����"�%"$���/"��	k�	(ก'Y �#���ก����#
� ���+��+�
Yก+�����$�� (negative correlation) ก+�	����J� ��"����"�%"$���/"���-�*��� 
Pythium spp. ก��� ��" )
��� ��"����"�%"$���/"��	k�	(ก'Y��$ ��
��� ��"����"�%"$ Pythium 
spp. ��D���ก��� �
#�#��#ก��������/"��	k�	(ก'Y �+$����$�#� 2.5 
 ����#� 2.4 ���$�
�� DRFT �#�����ก�����"�	�
���
����%"$���/"��	k�	(ก'Y��ก��
� ��*������ก����%"$�+ก��+� �D�-�+�����ก���)��M������ �������
�/D�-�+ก��%"$�������"�
�

�กK��ก#��  �� �� �	,��	����;��$��#� ก+�� ���*���$%"$��� ก��� ��" �/D�-�+ก��%"$�*กก��� �
#
�#��#ก��������/"��	k�	(ก'Y (T3, T4 ��
 T5) �-��������ก���$ก+���$�!��� ��
��$ก ��"���$�#
�+��D��+M��$�!�������"��#��ก+�ก��� �
#�#�	��ก���/"���-�*���"���$��#�  ���$�	ก ���+/�)
�� ��ก�����
���/"��	k�	(ก'Y�+$ก���  �����!��� ���*���$%"$�����
�D��-��������#�����ก���$ก+���$�!���
ก+����	ก����� ก��� ��" �#����$�����ก���)��M������ FE�$�"����"$ก+����$��%"$ ����"$ ��

�J
, 2548; Thinggaard, 1988; Kleifeld and Chet, 1992; Yedidia et al., 1999; Pariyaporn and 
Jaenaksorn, 2007; Rachniyom and Jaenaksorn, 2007; Jaenaksorn and Rachniyom, 2008 
�D�-�+�ก��� �
#�#�������/"���-�*���"���$��#� ��� ��)
���$"�ก�������$�*� ��������ก�*���#/�����!
	�+��+ ��
$"ก��ก%E/����-����� ��$���-�ก���)��M�����������/D�-�+ก�� ��$%E/�������
�+�-�E�$ 
(����$�#� 2.6) ���)
�	,�����)�ก����� ���"�����-��
����"ก���+d��ก��%"$����#/ ���� 
"*J-����������
���
��*"�-��"������� $ 25-28 "$;��F��F#�� "#ก�+/$"��*%"$����ก���
�
�#�)

"�"��" (susceptible) ��"����#/ 
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)�
���(. 2.4  ���$ก���ก�������ก����%"$�+ก��+�)�ก���/" Pythium spp. ���
�� DRFT 
 

Treatment1/ 
Disease severity2/ (1st inoculation) 

Dpi 1 Dpi 2 Dpi 3 Dpi 4 Dpi 5 Dpi 6 Dpi 7 Dpi 8 
T1 (Healthy control) 0.0c3/ 0.0d 0.0d 0.0d 0.0c 0.0c 0.2c 0.2c 
T2 (Pythium spp.) 2.7a 2.7a 2.3a 2.1a 1.9a 1.9a 2.2a 2.5a 
T3 (A003+Pythium spp.) 2.2ab 2.3ab 2.1ab 1.7ab 1.4ab 1.3b 1.4b 1.7b 
T4 (A018+Pythium spp.) 2.3a 1.8bc 1.6bc 1.2bc 1.1b 1.2b 1.5b 1.3b 
T5 (A019+Pythium spp.) 1.6b 1.5c 1.2c 1.0c 1.0b 1.0b 1.4b 1.3b 

 

Treatment1/ 
Disease severity2/ (2nd inoculation) 

Dpi 1 Dpi 2 Dpi 3 Dpi 4 Dpi 5 Dpi 6 Dpi 7 Dpi 8 
T1 (Healthy control) 0.2c3/ 0.2c 0.0c 0.0c 0.0c 0.0c 0.0c 0.0c 
T2 (Pythium spp.) 2.8a 2.6a 2.9a 2.4a 2.4a 2.5a 2.4a 2.2a 
T3 (A003+Pythium spp.) 2.2b 1.9b 1.7b 1.5b 1.4b 1.4b 1.4b 1.2b 
T4 (A018+Pythium spp.) 2.3b 1.4b 1.2b 1.3b 1.1b 1.2b 1.4b 1.3b 
T5 (A019+Pythium spp.) 1.9b 1.8b 1.5b 1.6b 1.7ab 1.7b 1.5b 1.1b 
1/Pathogen was inoculated twice on 18 days, 28 days after seeding. Antagonistic fungi were treated on 
16 days after seeding. Dpi = Days post 2nd inoculation  
2/Disease severity rated as 0 = healthy root, 1 = diseased root 1-20%, 2 = diseased root 21-40%, 3 = 
diseased root 41-60%, 4 = diseased root 61-80% and 5 = diseased root 100% (rot) 
3/Means of 10 replications. Means in a column followed by the same letter are not significantly different 
according to DMRT. 
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 Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 

Dpi 
1 

     

Dpi
3 

     

Dpi
6 

     

Dpi
8 

     
 
����(. 2.2  "�ก�������ก����%"$�+ก��+� butterhead �#�	��ก������
���
��*"�-��%"$�
�� 

DRFT �#�������/"��	k�	(ก'Y��
���/"�����-�*��� �� +��#� 1, 3, 6 ��
 8 -�+$)�ก	��ก
���/"���-�*�����+/$�#� 2 
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  A 

  B 
 
����(. 2.3  "�ก�������ก����%"$�+ก��+� butterhead (A ��
 B) �#�	��ก������
���
��*"�-��

%"$�
�� DRFT �#�������/"��	k�	(ก'Y��
���/"�����-�*��� �� +��กK��ก#�� ������ 
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)�
���(. 2.5 ���$	����J���/"��	k�	(ก'Y ��
 Pythium spp. �#�"����"��#���ก�����
�� DRFT ��
 +��กK��ก#��  

 

Treatment 
Survival of microorganism  

Antagonistic fungi  
(CFU/g of root) 

Pythium spp. 
(CFU/g of root) 

T1 0.2 x 102c1/ 0.32 x 102c 
T2 0.00c 7.28 x 102a 
T3 4.4 x 102c 1.04 x 102bc 
T4 1.9 x 103b 2.56 x 102b 
T5 3.32 x 103a 1.04 x 102bc 

1/Means of 5 replications. Means in a column followed by the same letter are not significantly different 
according to DMRT. 
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)�
���(. 2.6  ก���)��M��������
������%"$�+ก��+� butterhead �#�	��ก������
���
��*"�-��%"$�
�� DRFT �#�������/"��	k�	(ก'Y��
���/"�����-�*��� 
 

Treatment 

Days after seeding At harvest 
25 days 32 days 40 days 46 days Fresh weight 

Leaf 
No. 

Leaf 
size 
(cm2) 

SPAD 
value 

Leaf 
No. 

Leaf 
size 
(cm2) 

SPAD 
value 

Leaf 
No. 

Leaf 
size 
(cm2) 

SPAD 
value 

Leaf 
No. 

Leaf 
size 
(cm2) 

SPAD 
value 

Stem 
(g) 

Root 
(g) 

T1 7.7a1/ 13.3b 25.7b 11.2ab 51.8a 31.1ab 20.1bc 99.4ab 31.9ab 22.3b 127.3a 31.8a 80.0ab 6.3a 
T2 7.7a 13.7b 27.1ab 10.8b 45.2a 31.9ab 19.1c 91.6b 31.6ab 22.3b 126.5a 31.8a 69.9b 6.8a 
T3 8.1a 14.8ab 27.6a 10.5b 46.4a 32.6a 21.7ab 103.6ab 32.2ab 25.8a 146.5a 30.3a 89.5a 7.7a 
T4 8.2a 17.5a 27.5a 12.1a 47.9a 31.4ab 22.5a 111.3a 30.6b 25.1ab 136.5a 31.1a 91.3a 7.8a 
T5 8.2a 16.3ab 28.1a 11.3ab 47.4a 30.8b 19.4c 104.2ab 32.4a 23ab 134.8a 31.6a 84.4ab 8.0a 
CV. (%) 7.54 22.94 8.67 8.5 20.4 7.23 10.01 16.13 7.46 12.59 15.82 7.51 19.28 23.57 
1/Means of 10 replications in a column followed by the same letter are not significantly different according to DMRT. 
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����(. 2.4  �
�� DRFT �#�����ก�����"�	�
���
����%"$���/"��	k�	(ก'Y��ก��� ��*����

��ก����%"$�+ก��+� 
 

 
 
����(. 2.5  �+ก��+� butterhead �#�	��ก������
���
��*"�-��%"$�
�� DRFT �#�������/"��

	k�	(ก'Y��
���/"�����-�*��� �#� +��กK��ก#��  
 
�
I��
ก�
��
�� 
 ���/"��	k�	(ก'Y 3 �"�F��� ����ก� A003, A018 ��
 A019 �#���ก���)�ก�%���ก���)�ก�
��
	��ก��������������� �#;+ก������ก����� ���*���$%"$��� Pythium root rot %"$�+ก��+���� "#ก
�+/$�+$��+���*�ก���)��M������%"$�������#�����ก���$ก+����	ก�� 
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3. ก�
4���%����I, �$#0�-!��(�
(%$��� 4�� �
�!!�
"ก�#$��%&�� $'��� (Indigenous 
antagonistic bacteria) �(.�(p�ก%��� �ก�
��!�I��
�
�ก���� �
�!!�
"ก�#$��%&�� $'���  

 ก��;Eก'��#/�# +�!*	�
�$�Y����"-� �+����"ก��
	�
����	�
���
����%"$���/"����#��#�
�*J��������-��)�ก�� ����$I %"$�����
����
���
��*"�-��������
��	��ก����������������#�
�#;+ก������ก��� ��*������ก����%"$�+ก��+����
��	��ก��������������� 
 3.1  ก�
�กM!
�!
�� -%ก�$#0� -
����ก
I��-!��(�
(%�(.�(�
��%$�, 
  3.1.1 ก��
�ก�����
��������������������� 

�กK�� �� �����+�
*Y���/"����#��#��#��#	�
����Y)�ก�� ����$I %"$��� ��

����
���
��*"�-�����)�ก�-��$�����+ก���������ก�Y ;���Y �)+���
�+d���%�-��F�"� ���$ก��
�� ���
"$�Y ). �
���$���� �-��$�����+ก���������ก�Y%"$�ก'��ก� ".	�ก��"$ ).�������#�� 
��
 ���$ก���� ���
"$�Y��ก��
���� ). ��*��	��ก�� ����กK�� �� ��+ "���$�+ก (�� ��

��ก) �+/$-��)D�� � 10 ���� � � 32 �+ "���$ ����ก� �+���"�Y��� (butterhead) ก�#��"� (green 
cos) �+ก�%��ก�  �+ก�%��%#�  �
�
�-�� �+ก��+�����"�� (red oak) ก�#��"�� (green oak) ������+� 
(red coral) \]�����Y ��
 �+กก��%�  �#��#� �������JY������$"�ก���	,������I � ��+/$�กK�
����
���
��*"�-�����
��	��ก ����"��ก���/"����#��#��#��#	�
����Y ����กK��+ "���$����
����
���!*$������ก�#�	�"����/" �+�	�ก!*$�-����� �%#��%�"�������
�"#�� ����ก� �+�
*Y "��*  +����"�	��#�
�กK� ����")+��	,�%�"�����/�.�� ���ก��"$�\����)*�/D��%K$����"	Z"$ก+�����-#�� ก�"��D��	��ก���/"��
-�"$	k��+��ก���� � �
#ก���+$�#/ 

1) ก�
-%ก�$#0�-!��(�
(%��ก��� !-
�
�ก 
 ��ก���/"����#��#�)�ก�� ����
��ก�� �ก��	�
�*ก�Y��� �
# leaf wash 

technique (�*�)�Y, 2544) ����D���-��"��ก�+ "���$�
 5 ก�+� ����$���/D�ก�+���E�$[�����/"	������ 
100 ��������� -���������$�E$��  (Tension-T7) �$�	 1-2 -�� �D��	�%����������"$�%����#�
� ����K �"� 120-150 �"�/���# 	�
��J 30-60 ���# ����"�-����/"����#��#�)�ก�� ��""ก��"�����
�/D���
����	,� stock suspension )�ก�+/��D�ก���)�")�$� ���%��%��%"$ suspension �� � �
#ก�� 
ten-fold serial dilution ������ micropipette ��� suspension %"$����
� ���%��%��	������ 0.1 
��������� ก�
)�� (spread) �-��+� ��"�-���%K$ nutrient agar (NA) ��
 King�s medium B ���
���/"�#�"*J-����-�"$ (28-30 0C) ��� 24-72 �+� ��$ -��")�ก�
�+�$�#�����#%"$����#��#��)��M%E/��� 
���"ก�กK������#%"$����#��#��#��)��M"�����"�-������ก���/"�-�����*�
�� ���ก�� cross streak 
plate ��"�-�� NA )���-�� 2-3 �"�����"�����ก�����"�	�
���
����%+/���"�	 

2) ก�
-%ก�$#0�-!��(�
(%��ก��% �
�ก 
��ก���/"����#��#�)�ก��ก ����D���ก�+ก����
���� �+ "���$�
 5 ก�+� ���

�$ clorox 10% ��� 15 ���# ��� ���$�� ��/D�ก�+���E�$[�����/" 2-3 ��+/$ �D���ก�������
�����	��
�� ��ก��$	�"����/" ��������/D�ก�+���E�$[�����/"	������ 9 ��������� ��� micropipette ��� suspension 
	������ 0.1 ��������� ก�
)�� (spread) �-��+� ��"�-���%K$ NA )�ก�+/��D��	���� ��#�
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"*J-����-�"$ (28-30 0C) ��� 24-72 �+� ��$ ���"ก�กK������#%"$����#��#��#��)��M"�����"�-����
��ก���/"�-�����*�
��������#� ก+� �
#ก��%�" 3.1.1 ����"�����ก�����"�	�
���
����%+/���"�	 

3) ก�
-%ก�$#0�-!��(�
(%��ก��

�
�%��)I��4�
�#$ 
��ก���/"����#��#�)�ก�+ "���$����
���
��*"�-�������� �
# dilution 

plate ���ก���D��+ "���$����
���
��*"�-��������)�")�$�� � �
# ten-fold serial dilution �� ��/D�
ก�+���E�$[�����/" 9 ��������� �-��������)�")�$ 103-1010 )�ก�+/���� suspension %"$����
� ���%��%��
	������ 0.1 ��������� ก�
)�� (spread) �-��+� ���� -���"�-����#/�$���/" NA ��
 King�s medium 
B ������/"� ��#�"*J-����-�"$ ��� 24-72 �+� ��$ �กK������#%"$����#��#��#��)��M�+/$-������ก���/"
�-�����*�
��������#� ก+� �
#��%�" 3.1.1 ����"�����ก�����"�%+/���"�	 
 3.1.2  ���ก
I��-!��(�
(%�(.�(�
��%$�, 

�D����/"����#��#��+/$-���#�� �� ����)�กก����ก���/"���� J�� �� �� ��ก 
�������ก ��
����
���
��*"�-�������)+�ก�*������+�
*Y���/"����#��#� ���ก��)D���กก�*�����
�+ก'J
��/�.����$�����+J.�� ����%"$�����# (��	���$ %��� ��
�#) �#��)��M���� -���"�-����
"�-�� NA 

 
�
ก�
��
�� 
  3.1.1 ก�
-%ก�$#0�-
����ก
I��-!��(�
(%�(.�(�
��%$�, 
 ก����ก����+�
*Y���/"����#��#��#��#	�
����Y)�ก�� ����$I %"$�+ก�#��กK�)�ก
�-��$�����+ก���
��	��ก��������������� ����กK��+ก�#��#� �������JY������$"�ก���	,������I 
� ��+/$����
���
��*"�-�����
���+$ก���  �+/$-��)D�� � 10 ���� � � 32 �+ "���$ �� ��
�����!�+���ก���/"����#��#��+/$-����� 468 �"�F��� ��
�����!)D���กก�*��"���$-��� ���
�+ก'J
�����#��"�-�� NA ��� 23 ก�*�� ���ก�*���#��#)D�� ����/"��ก�#��*� ��" ก�*�� 1 �+ก'J

�����#�#%� %*�� ก����� �+� �  ���/� 57 �"�F��� �"$�$�� ��" ก�*�� 7 �+ก'J
�����#�#%� %*�� 
������ ��������������/"�� )D�� � 39 �"�F��� ��
ก�*�� 21 �+ก'J
�����# �#�-��"$�%�� ก�� 
%"�-�+ก��Kก��"� 32 �"�F��� �� �ก�*���#��#)D�� ���"��#��*� ��" ก�*�� 14 �+ก'J
�����#�#%� %*�� 
��	���$�������"���"�%��$ก�� ��� �+� �  7 �"�F��� FE�$�#)D�� �����ก+�ก�*�� 22 �#��#�+ก'J

�����#�#%�  ก����$ก��$�*�� ����%"�-�+ก ��
ก�*�� 9 �+ก'J
�����#�#�-��"$"�"���$ก��$�%�� 
��	���$�������"� �+� �  9 �"�F��� (����$�#� 3.1 ����#� 3.1) 
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)�
���(. 3.1 �+ก'J
��/�.����$�����+J.�� ����%"$�����# (��	���$ %��� ��
�#) %"$
����#��#��#��)��M���� -���"�-����"�-�� NA �#���ก���)�ก�� ����$I %"$��� 
(�� �����
��ก) ����
���
��*"�-������#�������
��	��ก��������������� 

 

Group Bacterial isolate Morphotypes1/ 
Number 

of 
isolate2/ 

1 KUKL001-057 Gray white, flat, circular, glint slimy 57 
2 KUKL058-080 Yellow, convex, glint slimy 23 
3 KUKL081-092 Gray white, convex, circular, glint smooth surface, 

undulate margins 
12 

4 KUKL093-119 Gray white, flat, irregular, rough surface, lobate 
margins 

27 

5 KUKL120-138 Gray white, convex, circular, lobate margins 19 
6 KUKL139-149 Light brown, convex, circular, glint smooth surface 11 
7 KUKL150-188 Gray white, flat, filamentous 39 
8 KUKL189-201 Yellow pale, convex, circular, glint smooth surface, 

lobate margins 
13 

9 KUKL202-210 Yellow pale, irregular, glint smooth surface 9 
10 KUKL211-225 Light white, oval, entire margins 15 
11 KUKL226-253 Gray white, flat   28 
12 KUKL254-274 Gray white, flat, circular, undulate margins  21 
13 KUKL275-284 Gray white, circular, glint smooth surface 10 
14 KUKL285-291 Gray white, convex, irregular, glint smooth surface 7 
15 KUKL292-313 Brown yellow (soluble on medium), irregular 22 
16 KUKL314-533 Gray white, convex, glint, smooth surface 20 
17 KUKL534-346 Gray white, convex, circular, glint smooth surface, 

spread colony  
13 

18 KUKL347-374 Gray white, irregular, smooth surface 28 
19 KUKL375-400 White, flat, rough surface, undulate margins 26 
20 KUKL401-415 Dark yellow, irregular, flat, smooth surface, entire 

margins 
15 

21 KUKL416-447 Dark yellow, circular, undulate margins 32 
22 KUKL448-454 Gray white, circular, umbilicate, rough surface, 

undulate margins 
7 

23 KUKL456-468 Whitish cream, circular, convex, entire margins 14 
1/ Comparison of bacterial morphotypes based on color and colony characteristics. 
2/ Total collected bacteria are 468 isolates. 
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����(. 3.1 ���$�+ก'J
�+J.�� ����%"$�����# (��	���$ %��� ��
�#) %"$ก�*������#��#��#�

�)��M���� -���"�-����"�-�� NA �#���ก���)�ก�� ����$I %"$��� (�� �����

��ก) ����
���
��*"�-������#�������
��	��ก��������������� 

 
3.2 ก�
����!�
�������������$#0�-!��(�
(% �ก�
%�!%�0��$#0� Pythium spp. ���4)I

�
�
�ก���������ก �
�!!�
"ก�#$��%&�� $'��� 
���!4'���n�!�)�ก�
 
�D����/"����#��#��#��#	�
����Y�#���ก���)�ก%�" 1 �����"�ก���	,����/"����#��#�	k�	(ก'Y

��"���/"���-�*��� �����#/�$���/"����#��#���"�-�� NA �	,�� �� 24 �+� ��$ ������/"�#�"*J-����-�"$
ก�"��D������"��� � �
# dual culture technique ก+����/" Pythium spp.���-�*�����ก����%"$�+ก 
�����#/�$���/"�����-�*�����"�-�� potato dextrose agar (PDA) �-��#"��* 4-5  +� )�ก�+/����#�� 
plate ���"������� cork borer %����������;���Yก��$ 0.5 �F������� �)�
��/� *������ J%"�
�����#%"$���/"�����-�*��� �����	 �$��$ก��$"�-����#/�$���/"��"�-�� PDA )���-�� ��� loop 
�#�[�����/"��� ��
�����#��#�� %"$���/"����#��#�	k�	(ก'Y%#��$��)����#/�$���/"�����"�%��$����-��#
�
�
-��$)�ก���/"�����-�*��� 2 �F������� �+/$�"$%��$ ���� ��#�"*J-����-�"$ ��� 48-72 �+� ��$ 
 +�%�����������;���Yก��$�����#���/"���#��)��M����	�#����#��ก+�ก��� �
#� ��*��#��#ก����#/�$���/"
��"���$��#�  �������	,��	"�Y�FK��Yก���+��+/$ = 100-[��������;���Yก��$�����#�#� +���� x 100 / 
��������;���Yก��$�����# control (90 mm)] )�ก�+/��D�ก���+����"ก���/"����+�
*Y�*J����#��#
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	�
���
������ก���+��+/$ก���)��M%"$���������/"���+/$���+ก'J
ก���������	k��# �
 ��
ก��
�)��M�%�$%+��	���"���%+/��"���"�	 
 
�
ก�
��
�� 
 ก�����"�	�
���
����%"$���/"����#��#�)D�� � 468 �"�F��� �#���ก���)�ก�� ����$I 
%"$�����
����
���
��*"�-�����
��	��ก��������������� ��ก���+��+/$ก���)��M%"$���������/"
�� Pythium spp. �� � �
# dual culture technique �� �� ����#��#��"�F��� KUKL205 FE�$)+�"�����
ก�*���#� 9 �#�+ก'J
�����#�#�-��"$"�"� ��$ก��$�%�� ��	���$�������"� �+� �  ��
��ก���)�ก��
�
�
�-�� (����$�#� 3.2 ����#� 3.2) �����!�+��+/$ก���)��M%"$���������/"�� Pythium spp. ����#
�#��*� ���+ก'J
ก���������	k��# �
�+��+/$ ����#�	"�Y�FK��Yก���+��+/$����ก+� 87.9 �"$�$����" �"
�F��� KUKL319, KUKL210, KUKL371, KUKL077, KUKL189, KUKL209, KUKL432 ��
 
KUKL357 FE�$�	,�����#��#�)+�"�����ก�*�� 16, 9, 16, 2, 8, 9, 21, ��
18 ����D��+� FE�$�#�	"�Y�FK��Y
ก���+��+/$����ก+� 77.3, 66.2, 66, 66, 65.8, 65.8, 65.8, ��
 65.8 �	"�Y�FK��Y ����D��+� ����*ก
�"�F����#�*J���+����ก���������	k��# �
�+��+/$���/"���-�*��������$ (����$�#� 3.2) 
 
)�
���(. 3.2 	�
���
����%"$���/"����#��#��#��#�*J���)�ก�
��	��ก�����������������ก��

�+��+/$ก���)��M��$������%"$ Pythium spp. �� � �
# dual culture ������
-�"$	k��+��ก�� 

 

Bacterial 
isolate 

Source 
Inhibition 
diameter1/ 
(mm) 

% Inhibition 

KUKL357 Root of pak-khom-kaew 30.8 65.8c 
KUKL432 Root of green spinach 30.8 65.8c 
KUKL209 Root of butter head lettuce 30.8 65.8c 
KUKL319 Leaf of pak-khom-kaew 20.5 77.3b 
KUKL210 Leaf of green oak  30.5 66.2c 
KUKL205 Leaf of peppermint  10.9 87.9a 
KUKL077 Leaf of butter head 30.6 66.0c 
KUKL189 Nutrient solution in green spinach culture 30.8 65.8c 
KUKL344 Nutrient solution in butter head culture 40.0 55.6d 
KUKL371 Nutrient solution in mint culture 30.6 66.0c 
Control ddH2O 90 0e 
1/ Means calculated from 4 replications. 
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����(. 3.2 	�
���
����%"$���/"����#��#��#��#�*J��� (KUKL 205) )�ก�
��	��ก������������

��� ��ก���+��+/$ก���)��M��$������%"$ Pythium spp. �� � �
# dual culture ��
����-�"$	k��+��ก�� 

 
�
I��
ก�
��
�� 
 )�กก���D�� ) � �� ���
�+����"ก���/"����#��#��%���ก��� )D�� � 468 �"�F��� )�ก
�-��$���$I %"$�
��	��ก��������������� ����")
�D�������	,����/"����#��#�	k�	(ก'Y��ก��� ��*�
���/" Pythium spp. �� �� ���/"����#��#� )D�� � 9 �"�F��� �#��#	�
���
������ก���+��+/$ก���)��M
%"$���������/"�����-�*��� ����#�"�F��� KUKL205 �#���ก���)�ก�����
�-���#	�
���
������
ก���+��+/$ก���)��M%"$�����������$�*�!E$ 87.9 �	"�Y�FK��Y �+$�+/� )E$� ��D��	���"���"���
��
	��ก�����������������"�	 
 

3.3 ก������������ ��!�"�#$�%�����
���������$&��ก#�� (new indigenous, KUKL205) 
8�ก���9��:���� Pythium root rot $�%ABก CBD8������CEก#���D�F�G8�HD�� 
(DRFT)  
ก�����"$�#/�# +�!*	�
�$�Y����"�D����/"����#��#��%���ก���FE�$���$;+ก�����#��#��

-�"$	k��+��ก�� �#������)�กก�����"$%��$��� (KUKL205) ��	�
����	�
���
������ก��� ��*�
��� Pythium root rot %"$�+ก��+����
�� DRFT ����	�#����#��ก+����/"����#��#��#���$�����ก��
�)��M�������#�����+�ก������������  (SP007s) (Prathuangwong, 2007) ��
 elicitor (salicylic 
acid) ����#ก�� �$���ก�����"$��� Completely Randomized Design 3 F/D�I �
 20 ��� FE�$�#
 �
#ก���+$�#/ T1: control (H2O), T2: H2O + Pythium spp., T3: SA, T4: SA + Pythium spp., T5: 
SP007s, T6: SP007s + Pythium spp., T7: KUKL205, T8: KUKL205 + Pythium spp. 

�D�ก�����"$���������K��+ก��+���[�����/"�#��� �� � Clorox 10% 5 ���# )�ก�+/������ �
�/D�ก�+��[�����/"�	,�� �� 3 ���# 2 ��+/$ )�ก�+/�����$�� bacterial suspension � ���%��%�� 106 
CFU/ml �	,�� �� 10 ���# 	��"��-��-�$�#�"*J-����-�"$ �D����K��#�����ก�������� �	���
��!� �
	��ก�#����)* +��*	��ก vermiculite )����ก���������#��)��$)E$���� �����
���
��*"�-����� )����
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"��* 7  +� �����	"�*������
�� DRFT "�*��� )�ก�
�+�$���ก���"��* 14  +� )E$�����		��ก��
�
�� DRFT ��"�	 (����#� 3.2) �D�-�+� �
#ก��	��ก���/" Pythium spp. ก�
�D� 2  +� -�+$)�ก�$
�
�� DRFT ���  ������ Pythium spp. 5 x 105 sporangium/ml ��	����J 10 �����������"��� ��
�
- ��$ก��	��ก�#ก���� )��
	�+���� pH ��
 EC %"$����
���
��*"�-��%"$���  
 ��ก�����"$��+/$�#/�#ก���� )�"�ก�)ก���%"$ defense-related enzyme (ß- 1, 3-
glucanase) ������*กก��� �
#�	,�� �� 6  +� (�����-�+$)�ก	��ก���/"���-�*���) ��� �
# laminarin 
dinitrosalicylic acid  +�������ก�����$ (absorbance) �#� 50 nm ก�)ก���%"$�"��F�Y)
���$""ก
��-�� � µg glucose min-1 mg-1 protein (Pan et al., 1991; Buensanteai et al., 2007)  

�+��Eกก�)ก���%"$�"��F�Y ß- 1, 3-glucanase ก���ก����� (disease incidence) ��
 
 +� leaf SPAD value 

 

 
 

����(. 3.3  �
�� DRFT �#�������"�	�
���
����%"$����#��#��%���ก��� 
 
�
ก�
��
�� 
 ����#��#ก����*ก���K��� �����#��#��%���ก����*กก��� �
#������$"�ก����ก���� ����"
�	�#����#��ก+�����#��������#ก����*ก���K���
�#ก��	��ก���/" ���"���$��กK�����%"$ก����*ก���K�
�� �����#��#��%���ก����������#�	ก �����	ก�� (����#� 3.4)  
 �D�-�+�ก���
���"��F�Y ß- 1, 3-glucanase �� �� ���*กก��� �
#)
�#ก�)ก���%"$�"��F�Y
��$%E/�������+/$��� +���ก-�+$)�ก	��ก���/"���-�*�����
)
��$�#��*��� +��#��"$ ��
�$�#�!E$ +��#���� 
)�ก�+/�)
���$ ��ก�J#%"$����#�����+�ก����*ก���K��� �����#��#��%���ก����+/$�"$���� 
(KUKL205 ��
 SP007s) ��
�#ก��	��ก���/"���-�*���)
���$ก�)ก���%"$�"��F�Y�+$ก��� ��$ก ��
����#��#ก��	��ก���/"���-�*�����#�$"���$��#�  �� ����ก���
���"��F�Y�����#/������#���*ก���K�
�� � KUKL205 �	,��	����;��$��#� ก+�����#���*ก���K��� � elicitor (SA) ��
 SP007s ���
"���$��กK���)
�-K���� �� 	����J�"��F�Y�+$ก��� �#��� )��������#���*ก�� � KUKL205 )
��D�ก ��
����#�!�ก��*ก���K��� � SA ��
 SP007s ���� $ 2-3  +���ก (����#� 3.5) 
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����(. 3.4 ��%"$ก����*ก��
�����*ก���K��� �����#��#��%���ก��� (KUKL205 ��
 SP007s) 

��
 elicitor (SA) ��"ก��� ��*���� Pythium root rot %"$�+ก��+� 
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����(. 3.5 ก�)ก���%"$ β- 1, 3-glucanase ���+ก��+��#���*ก��
�����*ก���K��� �����#��#��%�

��ก��� (KUKL205 ��
 SP007s) ��
 elicitor (SA) �	,�� �� 6  +� (�����-�+$)�ก
	��ก���/"���-�*���)   

 
�
I��
ก�
��
�� 
 �D����/"����#��#��%���ก��� KUKL205 FE�$���$;+ก�����#��#��-�"$	k��+��ก�� �#������)�ก
ก�����"$%��$��� ��	�
����	�
���
������ก��� ��*���� Pythium root rot %"$�+ก��+���
�
�� DRFT ����	�#����#��ก+����/"����#��#��#���$�����ก���)��M�������#�����+�ก������������  
(SP007s) �� ��ก����*ก���K��� � KUKL205 �����!��� ���*���$%"$��� (disease severity) 
��� ����"�	�#����#��ก+�����#��������#ก����*ก���K���
�#ก��	��ก���/" (Inoculated control) ���
"���$��กK�����%"$ก����*ก���K��� �����#��#��%���ก����������#�	ก �����	ก��  
 ก����*ก���K��� �����#��#��%���ก����*ก�+ � ��+/$ KUKL205 �#ก���
�� defense-related 
enzyme ß- 1, 3-glucanase ��"�%��$��$����"�	�#����#��ก+� inoculated control FE�$���#/�"����"$
ก+�� �������!��ก����� ���*���$%"$��� 
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4. ก�
�
������
����������$#0�-!��(�
(%
���ก�!�$#0�
��n��rกs,��)
�ก�#$$��� 4����ก

�!!�
"ก�#$��%&�� $'��� (new indigenous antagonist)  �ก�
��!�I��
�
�ก�������
��ก�
�� �
�!!�
"ก�#$��%&�� $'���  

 )�กก��� �� ���
�+����"ก)*�����#�Y�%���ก���)�ก�
��	��ก��������������� ����"�D���
���"�	�
���
������ก��� ��*������ก����%"$�+ก��+��+/$��-�"$	k��+��ก����
���
��	��ก���
�������������+$ก��� %��$��� �+$�+/� )E$����D����/"����#��#���
���/"��	k�	(ก'Y�%���ก��������-�� 
(new indigenous antagonist) �#�����+�)�ก��ก�����"$�#� 1, 2 ��
 3 �����"������ �ก+�����"
	�
����	�
���
������ �%"$)*�����#�Y�%���ก����+$ก���  ���
�� DRFT (����#� 4.1) 
  �$���ก�����"$��� Completely Randomized Design 	�
ก"��� � 7 ก��� �
# 5 F/D�I 
�
 2 ��� ����
�"#��ก��� �
#�#�+$�#/  
 ก��� �
# 1 (T1): KUKL205 � seed treatment 
 ก��� �
# 2 (T2): KUKL205 � seed treatment + antagonistic fungus A003  
 ก��� �
# 3 (T3): KUKL205 � seed treatment + antagonistic fungus A018  
 ก��� �
# 4 (T4): KUKL205 � seed treatment + antagonistic fungus A019  
 ก��� �
# 5 (T5): Inoculated control 
 ก��� �
# 6 (T6): Healthy control 
 ก��� �
# 7 (T7): SP007s � seed treatment 
  
 1) ก��	��ก��� 
 1.1) ก�����#���
�� DRFT  
 ���ก�
�
������ก�#�D�%��� 17 x 43 x 10 ��ก��;กY�F������� ��� �������
���

��*"�-���D�-�+��+กก���� (Benoit, 1992) 	�+���� EC = 1.55 mS/cm ��
 ��� pH ���� $ 5.8-6.2 
 1.2) ก�����
���K� 
  ���
���K��+ก��+� Cos �$��\"$�/D� 100 ���K� ���� ��/D��	,�� �� 4  +� )�ก�+/���
�� �����
���	*���#��#��� EC = 0.7 mS/cm ��
 ��� pH 5.8 �	,�� �� 3  +� ก�"��#�)
�����$�
��
"�*����#��#��� EC = 0.7 mS/cm ��
 ��� pH 5.8-6.2 "#ก�	,�� �� 1 �+	��-Y 
 1.3) ก����������$�
�� DRFT 
  ����ก����$�
�� DRFT �#��#����
����#��#��� EC = 1.55 mS/cm ��
 ��� pH 5.8-6.2 
�D�ก������ �� )��K�����
�����
	�+�����
����-������"�+ก'�������� EC ��
 pH �-�"���
���� $�+$ก��� �*ก +����� $���� 
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 2) ก��������/" BCA �$���
��  
 2.1) �D�-�+� bacterial antagonist ��� �
#��*ก���K��� � bacterial suspension � ��
�%��%�� 106 CFU/ml (OD 0.1) �	,�� �� 10 ���# 	��"��-��-�$�#�"*J-����-�"$ก�"��D��	���
���K� 
���ก��� �
#�#��
�*� �%��$���  
 2.2) �D�-�+� fungal antagonist ก�
�D�-�+$)�ก��������$�
��	��ก���  2  +� ���)*����ก
����$�� spore suspension � ���%��%�� 1 x 106 spore/ml 	������ 10 �����������"��� )�ก�+/�
���$���
��	��ก  
  

 3) ก��	��ก���/" pathogen �$���
�� 
 �D����/" Pythium spp. ��#/�$��"�-�� PDA �	,�� �� 5  +� )�ก�+/��)�
��/� *�����/"�� � 
cork borer ��"�Y 2 ��
����$��"�-�� V8 broth ��
�D��	 �$�������"$�%��� +��
 8 �+� ��$�	,�
� �� 5  +� )�ก�+/����#�� spore suspension �-���� 5 x 106 sporangium/ml ��
����$���
��	��ก
��� -�+$)�ก��� BCA ���  2  +� ���ก��� �
#�#��
�*%��$��� 
  

 4) ก���� )�"����/" BCA ��
���/"���-�*���
�����
- ��$ก�����"$ 
 ����"����+�"#ก��+/$-�E�$ �����/"���-�*������
��#�����Y�+$�#	����J��������"���-��"��� �+$�+/�
)E$�#ก���D�����
���������
ก��� �
#����ก���/" BCA ��
���/"���-�* ����"��/��*�ก�����"$ ���
���"�-�� Martin�s medium ��
 selective media ����"�� )�+����/" BCA ��
���/"���-�* 
����D��+� 
 
ก�
!���Lก�
-
�ก�
�กM!�'��"
 
 1. %�"�����$������� 
  1.1  �+��Eก"�ก�����-�+$)�ก�D�ก��	��ก���/" 1, 2, 4, 11 ��
 21  +� 
  1.2 �+��Eก� ��"����"�%"$���/"���-�*�����
���/"��	k�	(ก'Y 
 2. %�"�����$������� 
  2.1 ก���)��M������ ( +��*ก�+	��-Y��
�#� +��กK��ก#�� ) 
   2.1.1 )D�� ������ 
   2.1.2 � ��ก ��$ ��
� ���� %"$�� 
   2.1.3 � ����$%"$��� 
   2.1.4 Leaf SPAD value 
  2.2 ������ (�กK�����""��* 6 �+	��-Y) ����+�$�/D�-�+ก�������
��ก � ���� ��ก 
 3. %�"�����$����� ���"� 
  3.1 �*J���+��%"$����
��� (EC, pH, "*J-����) �D�ก���� ) +��*ก +� 
  3.2 � ���%����$ "*J-���� � ����/��+��+�
Y����$���"� 
 4.  �����
-Y����$�!��� 
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����(. 4.1  �+ก'J
��$���"���
�
�� DRFT �#�������"�	�
���
������ �%"$���/"����#��#�

��
���/"��	k�	(ก'Y�%���ก��������-��)�ก�
��	��ก��������������� (new 
indigenous antagonist) ��ก��� ��*������ก����%"$�+ก��+�  

 
�
ก�
��
��-
�����
*, 
 )�กก�����"$������ �����	ก���#���ก���*กก��� �
# %"$ +���ก-�+$)�ก�#ก��	��ก���/" 
Pythium spp. )�ก�+/������ก��� �
#�#��#ก��	��ก���/" Pythium spp. ��������$� �����	ก���#���ก
�����%E/�����"�I )�ก�
�+�$ +��#� 21 -�+$)�ก	��ก���/"���-�*���)
��� �����	ก��"���$�+��)��#���ก 
����ก� ��ก�	�#����# ��ก�	,���� ���+ก��+��#�����+�ก��	��ก���/" Pythium spp. ����"�	�#����#��ก+�
���	ก�� (����$�#� 4.1) 
 �D�-�+�ก���������#��#�	k�	(ก'Y (KUKL205) ��#�$"���$��#�  (T1) �-�����ก����� ��
�*���$%"$�������#�����ก���$��$�!���)�กก��� �
#�#��#ก������� �ก+����/"��	k�	(ก'Y 3 �"�F��� 
(T2, T3, T4) ����#ก ��ก��� �
#�#��#ก��	��ก���/"���-�*��#�$"���$��#�  (T5: Inoculated control) 
"���$�#�+��D��+M��$�!��� (����$�#� 4.1 ����#� 4.2) �+$�+/� ���$�-��-K� �� ก������� �ก+�%"$���/"
����#��#�	k�	(ก'Y��
���/"��	k�	(ก'Y"#ก 3 �"�F��� ����#	�
���
������ก��� ��*���������%E/� 
(synergistic effect) ���"���$��  
 ����#� 4.3 ���$�-��-K� �����/"���-�*��������!"�;+���
"����"�����#���ก%"$��� (�� +��กK�
�ก#�� ) ���*กก��� �
#�#��#ก��	��ก���/"���-�*�$�	 ��
	����Jก��"����"��+$ก��� )
��$�#��*���
ก��� �
#�#��#ก��	��ก���/"���-�* (T5: Inoculated control) ��%J
�#�	����Jก��"����"�%"$���/"
���-�*�����D��*�����ก��� �
# T3 (KUKL205 + antagonistic fungus A018) �D�-�+�ก��"����"�
%"$���/"��	k�	(ก'Y �� �����/"��	k�	(ก'Y �+/$ 3 ���� �����!"����"�����#���ก������)�!E$ +��กK�
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�ก#��  ������/"��	k�	(ก'Y A018 !�ก�� )����	����J��$�#��*� )�ก���+$ก��� %��$��� ���)

��+���*�ก���#� T3 �#� ���*���$%"$�����D�����"��#��ก+� inoculated control ก���� )��
� �������!��ก��"����"�%"$���/"��	k�	(ก'Y �#���ก����� +��กK��ก#�� ����+/$�#/�"����"$ก+�
$�� �)+��#����$��� � �� ���/" Trichoderma sp. !E$���)
!�ก����$������
���
��*"�-����� ����+$
�����!�%����"���"$��ก�������	,�"���$�# ����ก� ��ก%"$ Cucumis sativus L. (Yedidia et al., 
1999), Brassica campestris L. var. chinensis (Pariyaporn and Jaenaksorn, 2007) ��
 
Brassica oleracea L. var. acephala DC. (Jaenaksorn and Rachniyom, 2008) ���"���$��กK��� 
!E$��� �����/")*�����#�Y	k�	(ก'Y)
�����!�#�# ��"����"�����#���ก�����
������
����#�
��*"�-�����
)�!E$ +��กK��ก#��  ���������%"$ก���D��������ก��	Z"$ก+�กD�)+������� �+$�$��"$�D��E$!E$	����J
���/")*�����#�Y	k�	(ก'Y �#��#"������
����$�� $"�)�����#�$�"��"ก��� ��*���� �+/$�#/กK��"$�#
ก��;Eก'�"�ก��%"$���� ����ก+��	 ��
"�)��"$���)*�����#�Y	k�	(ก'Y������%���	���
����ก�J#�#�
���/"���-�*����D��-�������$"�ก��%"$����*���$%E/� �+$���$��%"$ Chatterton et al. (2004) �#�
ก���  �� ���/"����#��#� Pseudomonas chlororaphis �#���ก�����"$�#	����J 105 CFU/g )E$)

�����!� ��*������ก����%"$���ก- �� (Capsicum annuum) �#��#���-�*)�ก���/"�� Pythium 
aphanidermatum ��
 P. dissotocum ���
��	��ก������������������ 
 ����#� 4.4 ���$ก���)��M������%"$�+ก��+� Cos �*กก��� �
#���
�� DRFT �D�-�+�����
ก���)��M��������
������%"$����+$ก���  �������
�/D�-�+ก��%"$��� ��ก�����"$�	,��#����
�	�ก�)"���$���$FE�$����"����"$ก+�����$������� ก��� ��" �� T3 (KUKL205 + antagonistic 
fungus A018) FE�$������$� ���*���$%"$�����D�ก�+��-�����������#��
��D�ก �� inoculated 
control ����$��$%������/"��	k�	(ก'Y A003 ����"����� �ก+����/"����#��#�	k�	(ก'Y KUKL205 (T2) 
�-����/D�-�+ก��%"$�����$ก ��ก��� �
#�#�������/"����#��#�	k�	(ก'Y��#�$"���$��#�  (T1) (����$�#� 
4.2) �+$�+/� )
�-K���� �� synergistic effect %"$���/"	k�	(ก'Y 2 ���� ��"ก���)��M��������
������
%"$�+ก��+��������"� %E/�"���ก+�����%"$���/"��	k�	(ก'Y �� ���� leaf SPAD �� ������#� ��
��ก���$ก+���$�!������*กก��� �
# 
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)�
���(. 4.1 	�
���
������ �%"$���/"����#��#���
���/"���%���ก��������-��)�ก�
��	��ก���
��������������"� ���*���$%"$�����ก����%"$�+ก��+� Cos �#�	��ก���
�� mini-
DRFT  

 

Treatment 
Disease severity1/  

1 dpi 2 dpi 4 dpi 11 dpi 21 dpi 
(at harvest) 

T1 (KUKL205-seed treatment) 0.80ab2 1.90b 1.90b 2.20ab 1.30ab 
T2 (KUKL205-seed treatment + A003 in NS) 1.00ab 1.80b 1.80b 1.40ab 1.10ab 
T3 (KUKL205-seed treatment + A018 in NS) 0.80ab 1.40b 1.90b 2.60ab 1.90b 
T4 (KUKL205-seed treatment + A019 in NS) 1.20ab 1.20b 1.40ab 2.80ab 1.80b 
T5 (Inoculated control)l 1.80b 2.00b 2.50b 3.30b 3.80c 
T6 (Healthy control) 0.20a 0.00a 0.00a 0.00a 0.00a 
T7 (SP007s-seed treatment) 1.40ab 1.50b 1.90b 2.30ab 1.20ab 
CV (%) 74.85 41.49 57.53 57.27 44.59 

1/Disease index rated as 0 = healthy root, 1 = 1-20% diseased roots, 2 = 21-40% diseased roots, 3 = 41-
60% diseased roots, 4 = 61-80% diseased roots, and 5 = 100% diseased roots and rot. 

2/Means within the column followed by the same letter are not significantly different at probability level 
0.05 by Duncan�s Multiple Range Test. 

 

  

 
 

����(. 4.2 �+ก��+� Cos ���$"�ก����ก�����#��ก��)�ก���/" Pythium spp. �� +��#� 2, 11 ��
 21 
-�+$)�ก	��ก���/"���-�*��� 

T1 T2 T3 T4 T5 T6 T7 

T1 T2 T3 T4 

T5 T6 T7 

T1 T2 T3 T4 

T7 T6 T5 

11
 d

pi
 

2 d
pi

 
21

 d
pi
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(B) 
Each bar labeled by the same letter is not significantly different according to DMRT (P<0.01). 
 
����(. 4.3 � ��"����"�%"$���/" Pythium (A) ��
 ���/"��	k�	(ก'Y (B) �#���ก�+ก��+� Cos �� +�

�กK��ก#��  
 
 

 
 
����(. 4.4  ���$ก���)��M������%"$�+ก��+� Cos ���
�� DRFT 
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)�
���(. 4.2 ก���)��M��������
������%"$�+ก��+� Cos ����"�กK��ก#��  ("��* 42  +�) 
 

Treatment 
Leaf number 

(No.) 
Leaf area2/ 

(cm2) 
Leaf  

SPAD value 
Shoot fresh 

wt. (g) 
Root 

length (cm) 
Root wt. 

(g) 
T1 10.6abc1/ 108.68a 38.52ab 32.50c 22.44b 2.17b 
T2 12.0a 80.80ab    40.81a 39.50b 30.89a 3.45a 
T3 8.1c 61.62ab    38.52ab 18.12e 22.65b 1.41c 
T4 8.5bc 46.94b    39.15ab 22.55de 13.74c 1.52c 
T5 12.0a 74.90ab    37.50ab 26.36d 16.05c 1.98bc 
T6 12.5a 111.02a    37.64ab 45.75a 29.01a 3.31a 
T7 11.3ab 92.35ab    36.59a 22.25de 24.85b 2.26b 

CV (%) 19.10 45.85      6.79 13.00 11.61 18.11 
1/Means within the column followed by the same letter are not significantly different at probability level 
0.05 by Duncan�s Multiple Range Test.   2/Leaf area of the biggest leaf. 

 
�
I��
ก�
��
�� 
 )�ก +�!*	�
�$�Y%"$ก�����"$���� ��#/ ����"�+d��	�
���
����ก��� ��*���� Pythium 
root rot ����#  �
#�-���$%E/� )E$����D����/"����#��#� ��
���/"���%���ก��������-�� (new obtained 
indigenous antagonists) �#�����+����#)�กก�����"$�#� 2 ��
 3 ����ก� KUKL205 ��
 ���/"��
	k�	(ก'Y 3 �"�F��� ������� �ก+�����"	�
����	�
���
������ � (synergistic effect) %"$ 
)*�����#�Y�%���ก����+$ก���  ���
�� DRFT �� �� ������	,��	������*��.���#��+/$� � ก��� ��" 
ก���������#��#�	k�	(ก'Y (KUKL205) ��*ก���K���#�$"���$��#�  (T1) �-�����ก����� ���*���$
%"$�������#��������ก���$��$�!���)�กก��� �
#�#��#ก������� �ก+����/"��	k�	(ก'Y"#ก 3 �"�F��� (T2, 
T3, T4) �+$�+/� ���$�-��-K� �� ก������� �ก+�%"$���/"����#��#�	k�	(ก'Y��
���/"��	k�	(ก'Y"#ก 3 �"
�F��� ����#	�
���
������ก��� ��*���������%E/� (synergistic effect) ���"���$�� �D�-�+�����ก��
�)��M������%"$��� ���#��������"����"$ก+�	�
���
������ก��� ��*���� "#ก�+/$�������#�����+�
�	�	� � ก��� ��" ��ก��� �
#�#���� KUKL205 �� �ก+����/"��	k�	(ก'Y A003 (T2) ��������$ก ����� 
KUKL205 ��#�$"���$��#�  ����$ก�+�ก+�����"��� KUKL205 �� �ก+����/"��	k�	(ก'Y A018 ��
 
A019 ���������$"���$�#�+��D��+M��$�!��� ����"��#��ก+�ก����� KUKL205 ��#�$"���$��#�  )E$
�-K���� ��ก���D�)*�����#�Y-�������������� �ก+� ��%�")D�ก+� 
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5. 
�%
���(%�����$#0��I
���
(%,��)
�ก�#$�(.��q��
��%$�, �
�!!�
"ก�#$��%&�� $'����(.&�'
��ก��
�ก�
����%  

 )�ก���$ก�� �)+��#/ ���+�
Y�#������" ���/")*�����#�Y�%���ก����#��	,�	�
����YFE�$��ก���)�ก
�
��	��ก�����������������
�������ก�����"�	�
���
������ก��� ��*������ก����%"$�+ก
��+��#��ก��)�ก���/" Pythium spp. �+/$������-�"$	k��+��ก����
���
��	��ก��������������� ��

�D�ก��)+�)D���ก���/")*�����#�Y�+$ก��� ����+ก'J
��$�+J.�� ������
�# ���# 
 
�
ก�
��
�� 

�D�-�+�)*�����#�Y�%���ก��������-���#��	,�	�
����Y���
��	��ก����������������#����)�ก
���$ก�� �)+��#/��" ���/"����#��#��%���ก��� Bacillus sp. ()D���ก����+ก'J
��$�# ���# ��
 16S 
rRNA-PCR) ��
���/"��	k�	(ก'Y�%���ก��� Trichoderma harzianum 2 �"�F��� ��
 
Gliocladium sp. 1 �"�F��� 
 

 

 
����(. 5.1  �+ก'J
�����#%"$���/"����#��#��%���ก������
��	��ก��������������� Bacillus sp. 

KUKL205 ��"�-�� NA 
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   A 

   B 

   C 
 
����(. 5.2  �+ก'J
�����#��
�+ก'J
���$����$%"$���/"���%���ก����#����
��	��ก������������

��� �#�กD��+$%��� 400 ���� (A) Gliocladium sp. A003 (B ��
 C) Trichoderma 
harzianum A018 ��
 019 ����D��+� ��#/�$��"�-�� PDA 
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�
I�-
��'�����-�� 
 )�กก�����"$���� ���ก �	,�ก���D�� )�����ก����%"$�+ก��+� ก��	�
����	�
���
����
���
��	��ก���������������%"$�# �����+JcY����
����#��#��%���ก����#����������#�����ก��
����������  �� �����/"���-�*��� Pythium spp. �����!�D��-��ก�������ก����ก+��+ก��+�����*ก���
�+�
*Y ����+ก��+� Cos )
���$"�ก���������*���$�#��*� )�กก�����"$���� ��#/����#ก����*	�
�+�
� ���*���$%"$���� �����"����	,�����.����ก�� +��
�+�%"$����#/��ก�����"$"���I ��"�	 �+$�#/ 
0 = ��ก�#�#%� 	ก�� (0%), 1 = ��ก���!�ก�D������$�� � �	,��#�/D������Kก��"����� J	�����ก 
(25%), 2 = 	�
��J��E�$-�E�$%"$��ก!�ก�D���� ��กก*���
�����	,��#�/D���� (50%), 3 = ��ก���
�� ��-M�!�ก�D���� ก*���
�����	,��#�/D�������ก�"�-�� (75%) ��
 4 = ��ก����+/$-��!�ก�D���� 
��กก*��+/���
�����	,��#�/D�����ก�"�-�� (100%) �D�-�+�ก��	�
����	�
���
�����# �����+JcY�� 
(biocontrol products) �#��#)D�-��������"$���� ��ก��� ��*������ก����%"$�+ก��+����
��	��ก
��������������� �� ���# �����+JcY���#�)D�-��������"$�����+/$ 4 ���� ����#	�
���
������ก��
� ��*������ก����%"$�+ก��+��#��ก��)�ก���/" Pythium spp. "#ก�+/$�����$���#��"ก���)��M������%"$
����+$ก���  FE�$%+����$ก+�$�� �)+��#��������#����"�ก+�����+ก����"�����
	��ก���
��	��ก������
����������#����$ก+� �+/$�#/"�)�#���-�*)�ก 1) � ������
�)�
)$�
- ��$���/" BCA ก+� ��� 2) �
�� 
NFT ��������!�+ก'��
�+�%"$ BCA �-��$�#���
��$��#�$�"�#�)
� ��*��������"��#��ก+��
�� 
DFT 3) ��	���%"$�# �����+JcY�+$ก��� ����"�/"-��"�-��
���#�)
�D���������
�� NFT 
�������
�# �����+JcY��	����$ (WP) )
�	�ก�
����#��� ��ก��� �D��-�%+�% �$ก�����FE�
��*
"�-��%"$��ก��� 4) �*J���%"$�# �����+JcY กK���)
�#����"ก�����"�	�
���
��������+/$�#/ 
����
��)�กก���� )�"� (monitoring) � ��"����"� (survival) %"$���/")�ก�# �����+JcY�������ก
����"����$���
��	��ก �� ��� ���#�# ��"����"�%"$���/"���)
����#"������-��"��"�%��$��D���ก����"
��#��ก+�%�"����#��
�*� ������ก%"$�# �����+JcY�+/�I ���"���$��กK��� ���
- ��$ก��	��ก���
ก�+��� )��	����J� ���#�# ��"����"�%"$���/"���
�� (������
���
��*"�-�����) ��$%E/� "#ก
�+/$�+$�� )�� �����/"�+$ก��� �����!�)��M�%����"���"$��ก�������� ���� ���������#ก������# 
�����+JcY�#���ก�����$ ��#�$�������# �����+JcY�$������
���
��*"�-����������+/� �� ����
�+�
*Y����#��#��%���ก����#�����+�ก������������  ����"�D���	�
����	�
���
������ก��� ��*����
��ก����%"$�+ก��+����
��	��ก��������������� �� ��ก���������#��#��%���ก��� (Plant Growth 
Promoting Rhizobacteria) ���
��	��ก��������������� �#������#��D��+M��"	�
���
����%"$���/"
����#��#�	k�	(ก'Y ก����� PGPR �������$������
���
��*"�-����������$ �� �� ����-����	,�
�#�����"�)��ก��� ��*���� Pythium root rot %"$�+ก��+� "#ก�+/$���)
�����	����J� ��"���
�"�%"$ PGPR ���
��	��ก��������������� �� �ก����*ก���K��� � PGPR ก�"�	��ก �� �� �-�
���#��"ก��$"ก%"$���K���
ก���)��M������%"$ก����+ก��+� green oak ������-�"$	k��+��ก�� 
"#ก�+/$ก����� PGPR ��*ก���K�� ����ก+�ก������$������
���
��*"�-����������$)
�-����#�#��*�
��ก�����	"�Y�FK��Yก���ก����� (disease incidence) ��
�����ก���)��M������%"$����� � 
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 )�กก�����"$���� ��#� 2 ��
 3 FE�$�	,�ก��-�����+�
*Y���/")*�����#�Y�%���ก��������-����
�
��	��ก��������������� (Indigenous antagonistic microorganisms) �#��#;+ก������ก��� ��*�
�����ก�������
��	��ก����������������+/� �� �� ���/"���%���ก��� 3 �"�F��� (A003, A018 
��
 A019) )�ก)D�� � 60 �"�F����#���ก���)�ก�-��$���$I %"$�
��	��ก��������������� �#
	�
���
������ก��� ��*����/"���-�*���������-�"$	k��+��ก������# ��
��� ���*���$%"$��� 
Pythium root rot %"$�+ก��+�������
��	��ก��������������� "#ก�+/$�+$��+���*�ก���)��M������
%"$�������#�����ก���$ก+����	ก�� �D�-�+�ก���D�� ) � �� ���
�+����"ก���/"����#��#��%���ก��� 
FE�$������	,�)D�� � 468 �"�F��� )�ก�-��$���$I %"$�
��	��ก��������������� �� �� ���/"
����#��#� )D�� � 9 �"�F��� �#	�
���
������ก���+��+/$ก���)��M%"$���������/"�����-�*��� 
����#�"�F��� KUKL205 �#���ก���)�ก���
�
�-���#	�
���
������ก���+��+/$��$�*�!E$ 87.9 
�	"�Y�FK��Y �D�-�+�	�
���
�������
��	��ก��������������� ���	�
�����	�#����#��ก+����/"
����#��#��#���$�����ก���)��M�������#�����+�ก������������  (SP007s) �� ��ก����*ก���K��� � 
KUKL205 �����!��� ���*���$%"$��� (disease severity) ��� ����"�	�#����#��ก+�����#��������#
ก����*ก���K���
�#ก��	��ก���/" (Inoculated control) ���"���$��กK�����%"$ก����*ก���K��� �
����#��#��%���ก����������#�	ก �����	ก�� ��ก�����"$�� ��#/ ����#ก���� )�"�ก���+ก�D��-��ก��
� ��������������� PGPR (KUKL205) �� �� ก���
���"��F�Y ß- 1, 3-glucanase �� ����
�	,��	����;��$��#� ก+�ก���ก����� ��ก�J#%"$����#�����+�ก����*ก���K��� �����#��#��%���ก���
�+/$�"$���� (KUKL205 ��
 SP007s) ��
�#ก��	��ก���/"���-�*���)
���$ก�)ก���%"$�"��F�Y
�+$ก��� ��$ก ������#��#ก��	��ก���/"���-�*�����#�$"���$��#�   
�D�-�+�ก�����"$���� ��#� 4 )�ก +�!*	�
�$�Y%"$ก�����"$���� ��#/ ����"�+d��	�
���
����
ก��� ��*���� Pythium root rot ����#  �
#�-���$%E/� )E$����D����/"����#��#� ��
���/"���%���ก���
�����-�� (new obtained indigenous antagonists) �#�����+����#)�กก�����"$�#� 2 ��
 3 ����ก� 
KUKL205 ��
���/"��	k�	(ก'Y�%���ก��� 3 �"�F��� ������� �ก+�����"	�
����	�
���
������ � 
(synergistic effect) %"$)*�����#�Y�%���ก����+$ก���  ���
�� DRFT �� �� ������	,��	���
���*��.���#��+/$� � ก��� ��" ก���������#��#�	k�	(ก'Y (KUKL205) ��*ก���K���#�$"���$��#�  (T1) 
�-�����ก����� ���*���$%"$�������#��������ก���$��$�!���)�กก��� �
#�#��#ก������� �ก+����/"��
	k�	(ก'Y"#ก 3 �"�F��� (T2, T3, T4) �+$�+/� ���$�-��-K� �� ก������� �ก+�%"$���/"����#��#�
	k�	(ก'Y��
���/"��	k�	(ก'Y"#ก 3 �"�F��� ����#	�
���
������ก��� ��*���������%E/� (synergistic 
effect) ���"���$��กK��� synergistic effect ก�+��� )�����������ก����$�����ก���)��M������%"$
�����ก��� �
# T2 (KUKL205 + antagonistic fungus A003) �-����/D�-�+ก��%"$�����$ก ��
ก��� �
#�#�������/"����#��#�	k�	(ก'Y��#�$"���$��#�  (T1)  

�D�-�+�)*�����#�Y�%���ก��������-���#��	,�	�
����Y���
��	��ก����������������#����)�ก
���$ก�� �)+��#/��" ���/"����#��#��%���ก��� Bacillus sp. ()D���ก����+ก'J
��$�# ���# ��
 16S 
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rRNA-PCR) ��
���/"��	k�	(ก'Y�%���ก��� Trichoderma harzianum 2 �"�F��� ��
 
Gliocladium sp. 1 �"�F��� 
 ������� ��#%�"��*	��
���"��
����������+$�#/ ก���D�$�� �)+���+/$�#/�# +�!*	�
�$�Y��ก��
�+d��������%"$�+ก���
��	��ก��������������� ����*�$�����	�#�ก��� ��*���� Pythium root 
rot %"$�+ก��+� (Lactuca sativa L.) FE�$������
ก�����"$��"�������"�ก+��+ก��+�-�������+�
*Y 
����ก� Cos, Green oak, Red oak, Butterhead ���� ���-��
��%"$����
ก�����"$���� $�+/� 
��ก�����"$�#����������
�� �%"$$�� �)+��#/ ����#ก�����"$F/D�-�����+/$ ����"$)�ก��� ��
�	�	� �%"$��ก�����"$"+�����ก� �����ก��� �
#�#��#ก��	��ก���/"���-�*���"���$��#�  ������$
"�ก���	,����"���$�����JY��
� ���*���$%"$���������D����"���*กก�����"$ FE�$�	,�	(M-���
ก��	�
����	�
���
�������/")*�����#�Y�#��D��������ก��� ��*���� )�กก���+$�ก�*�� �� ���-�*�#�
�D��-�� ���*���$%"$���������D����"�	,�����)�ก����� ���"� �������
"���$���$"*J-������
����
���
��*"�-�� !��"*J-����������
�����$ก �� 30 "$;��F��F#�� � ���*���$%"$���)
��$ 
��%J
�#�!��"*J-����������
���"������� $ 25-28 "$;��F��F#�� (����ก� ก��	��ก����$���"��#��# 
evaporative cooling system, -��"	��กก��$�)�$���� $���-�� ) � ���*���$%"$���)
���$)

"������
�+���D� �+$�+/�)
�-K���� �� ก���D� �
#� ��*��������#  �
#���������"� ��*���� Pythium root 
rot %"$�+ก��+��#/ � ��D��E$!E$ �
#ก��)+�ก��ก+������ ���"����$I �-�����-��
��-��"��+���*�
��"ก���ก����� "+�����ก� "*J-����%"$����
���
��*"�-��	��ก �+$�#�ก��� ��%��$��� FE�$���)
��$��
�-��#	�
���
������ก��� ��*��������#���$%E/� )�ก$�� �)+��#/ ���/")*�����#�Y�%���ก����#��	,����+�
Y
��)�กก�����"$ ����ก� ���/"����#��#��%���ก����#��	,�	�
����Y Bacillus sp. KUKL205 ��
 
���/"��	k�	(ก'Y�%���ก��� 3 �"�F��� (Trichoderma harzianum 2 �"�F��� ��
 Gliocladium sp. 
1 �"�F���) ���$	�
���
������ก��� ��*���� Pythium root rot �	,��#�����"�)�
�+�-�E�$ ��
����ก���+d����	���%"$���/")*�����#�Y�+$ก���  ����"�D��	�������$ก�������"�	�+/� �+$�#%�")D�ก+�
"����#�	�
���
����������������ก�+ก "#ก�+/$)�กก�����"$�"��*	��� �� ก��������/"��	k�	(ก'Y����	
�$�
����/D� �� ���#%�"��"�-���	�
ก�� �������
��� adjuvant ���# �����+JcY)
�	�ก�
����#�
��ก�����ก)��D��-����%��""กF��)���
�������#��*� )�กก�����"$-���ก�����"$�#/�-��-K� �� 
ก��������/"��	k�	(ก'Y����	 spore suspension ����$������
���
��*"�-��)
��$���# �D�-�+�ก�J#
���/"����#��#��%���ก����+/�  �
#�#��-��
���#��*���" ก����*ก���K��� ����/"��ก�"�	��ก)
�-����# 
��
���$�D��+M"#ก	�
ก��-�E�$��ก�����)*�����#�Y�+$ก��� ��" 	����J��
�� $�# ��"����"�%"$
���/")*�����#�Y�+$ก��� ���
����"$��$��
��#�$�"��ก��� ��*����/"���-�*��� �+$�+/�)E$� ����
���/")*�����#�Y������	,��� $I ���
- ��$ก��	��ก�+ก��+� 
 �"ก)�ก�#/�	,��#�����+$�ก�* �� �"ก)�ก)*�����#�Y�%���ก����#��� )����
����D�ก�����"�
	�
���
������ก��� ��*������� �+$ก��� %��$��� �+$�#ก���� )�� non-pathogenic Pythium 
�	,�	�
)D����
��	��ก����+ก�������������#��������
���
��*"�-�����-�*�� #�� FE�$���)
�#ก���D�
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���/" non-pathogenic Pythium �-����#/��;Eก'�����"�	,��� ��$��ก���+d����
���	�
����Y
� ����ก+����/")*�����#�Y	k�	(ก'Y�%���ก����+ "���I ��"�	 
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!

*��Iก
� 
 
)��
��� �)��� ��$,  ���� �$'Y;+ก������� ��
 ��J ��� �ก'���. 2534. ก���� )�+�	����J���/" 

Pythium aphanidermatum ����� ��� �
#�)�")�$�����
ก������-���"��".  �������
�ก'��;����Y 25: 39-46. 


��
�� �����, ������� 
��������, ������ � ���!�" 
��!���#$ก��& 
���ก'�. 2548. ก��+�,��-.��� 
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Bacterial antagonists increase growth promotion and natural defense response of lettuce 
(Lactuca sativa L.) under hydroponics 

 
Jaenaksorn T.1, Koohakan P.1, Pratuangwong S.2 
 
1  Faculty of Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang,   

Thailand. 
2 Faculty of Agriculture, Kasetsart University, Thailand. 
 
kjtanimn@kmitl.ac.th, agrsdp@ku.ac.th  
 
The 468 strains of endophytic and epiphytic bacteria were isolated from recirculating hydroponic 
system.  Of which, some strains were shown to be effective in inhibiting the in vitro growth of 
Pythium sp., a cause of root rot of lettuce. Percent inhibition was between 87.9 and 65.8 which 
strain KUKL205 showed the best potential equivalent to commercial strain Pseudomonas 
fluorescens SP007s in suppressing the target pathogen. The efficiency of seed treatment with 
tested antagonist bacteria significantly gave better results in terms of seed germination, shoot 
and root length compared to non-treated control. Seed treatment and mixed nutrient solution with 
each antagonist exhibited good protection against disease (86.2% reduction).  The accumulation 
of β-1,3 glucanase, a defense-related enzyme was also greater in bacterial antagonist-treated 
plants compared to control. Based on biochemical and 16S rRNA-PCR characterization, strain 
KUKL205 obtained in this study was identified as Bacillus sp. To our knowledge, this is the first 
report of induced systemic resistance under hydroponics with plant growth promoting 
rhizobacteria. 
 
Keywords: bacterial antagonist, endophytic and epiphytic bacteria, PGPR, lettuce, hydroponics 
 
 

Introduction 
 
Presently, Pythium causing root rot is a real problem in recirculating hydroponic systems.  
Biological-based approach to hydroponic cultivation may probably provide a helping 
hand in managing the root disease and maintaining a more sustainable and healthier 
hydroponic crop ecosystem.  Therefore the objective of this study was first to evaluate the 
four reported-beneficial rhizosphere bacteria, having high antagonistic potential in 
suppressing important pathogens, for their biological control of Pythium root rot of 
lettuce (Lactuca sativa L.) in hydroponics compared with commercial product.  Second, 
isolation, screening and evaluating the in vitro antagonistic ability of new indigenous 
endophytic and epiphytic bacteria from recirculating hydroponic system was conducted.  
Third, the most beneficial indigenous isolate was further evaluated in lab-scale 
hydroponics.  Besides, β-1,3 glucanase, a defense-related enzyme was checked 
accordingly. 
 
Materials and Methods 
 

Evaluation of reported-rhizosphere bacteria for controlling Pythium root rot 
of lettuce in hydroponics 

1. Evaluation of four reported-rhizosphere bacteria for controlling Pythium 
root rot of Cos grown in NFT 

This experiment was aimed to determine whether the beneficial rhizosphere bacteria 
earlier reported to be the potential antagonists against several pathogens of soil-grown 



 

crops (1, 2) could retard the disease of hydroponic crops.  Therefore, the ability of 
Bacillus amyloliquefaciens (KPS46), Paenibacillus pabuli (SW01/4), Pseudomonas 
fluorescens (SP007s) and B. lichiniformis (SP009s) for controlling Pythium root rot of 
Cos grown in outdoor NFT was investigated.  Treatments were arranged in CRD with 
three replications of 9 plants.  The pH and EC of NS was monitored daily.  Antagonists 
(OD 0.1, 120 ml) were applied directly into the NFT-nutrient solution at 2 days before 
inoculation with 5x105 sporangium / ml of Pythium sp.  Disease severity and crop growth 
was weekly assessed.  Besides, pathogen and BCAs survival as well as potential of 
antagonists was weekly monitored in NS while last check was made on root at harvest. 
 
Results and Discussions 
 

Regarding the NFT experiment, the pathogen-inoculated control significantly showed 
mushy and sad root system compared to the non inoculated control.  Besides, the soft to 
slimy rotted portion of the root was easily separated from the inner core.  Unexpectedly, 
diseases severity of lettuce in the treatments added with either the tested beneficial 
rhizosphere bacteria or bacterial bioproduct were not different from that in the pathogen-
inoculated control (Table 1).  Figure 1 revealed that pathogen survivals in NS of all tested 
treatments decreased sharply in the 1st-2nd wk. and continued to decrease till harvest.  
Surprisingly, the BCAs survival could hardly be detected either from nutrient solution or 
root.  To sum up, the all tested BCAs did not improve disease control in NFT although 
the in vitro bi-culture was positive (Figure 2).  In terms of crop growth, the tested 
treatments did not significantly influence shoot height, leaf number, leaf size, root length, 
shoot or root fresh weight compared to those of inoculated control (Table 2, Figure 3).  
This might probably due to the incidence of having nil BCAs survival in the cropping 
system.  This finding was not in line with the other reports (1, 2, 3, 4) of which achieved 
good result of using some rhizosphere bacteria for controlling damping-off caused by 
Pythium aphanidermatum. 
 
Table 1 Disease severity of Cos grown in NFT applied with 4 beneficial rhizosphere 

bacteria and one commercial biocontrol product. 
 

Treatment 
Disease severity1/ 

1st week  2nd week  3rd week  
Non-inoculated control 0 0 0 

Inoculated control 1.05 3.50 2.56 
T1 0.94 2.72 3.17 
T2 0.80 2.89 3.00 
T3 1.06 2.89 3.39 
T4 1.11 2.83 2.67 
T5 1.22 3.22 3.22 

1/ Based on pathogenicity test, disease severity was assessed from incidence of brown root tips and percent total roots with brown 
discoloration using increment scale of 0-5. 
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Figure 1 Pathogen survival in NFT-nutrient solution during cropping. 
 
 

 
 

Figure 2 Bi-culture for rechecking the potential of BCAs (beneficial rhizobacteria) after 
being added into the nutrient solution. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

Table 2 Growth and yield of Cos grown in NFT-nutrient solution applied with 
beneficial rhizosphere bacteria and one commercial biocontrol product for 
controlling Pythium root rot. 

 

Treatment 

Growth (At 35 days)  Yield (g) 
Shoot 
height 

(cm) 

Leaf 
no. 

 

Leaf size (cm) Root 
length 

(cm) 

 Shoot 
fresh 
wt. 

Root 
fresh 
wt. Width Length  

Non-inoculated 
control 

15.811/a  19.3a   8.48a 11.45a 42.50a   93.82a  23.45a 

Inoculated 
control 

10.69bc  11.9b   4.91b  7.17b   6.43b   10.03b    5.06b 

T1   9.54bc  11.7b   4.50b  5.83bc   4.68b     7.51b    4.61b 
T2 10.61bc  12.1b   4.87b  6.40bc   4.90b   10.17b    5.04b 
T3   9.93bc  11.8b   4.79b  6.08bc   4.82b     9.50b    4.05b 
T4   9.08c  10.3b   3.89b  5.24c   5.79b     6.43b    2.51b 
T5 10.90b  12.0b   4.97b  6.32bc   5.90b   11.51b    4.93b 
CV  16.72% 25.37%  24.37% 21.30%  55.92%  130.92%   81.70% 

1/Means within the column followed by the same letter are not significantly different according to DMRT (P<0.01) 

 
 

 

 
 

Figure 3 Growth at harvest of Cos in NFT-nutrient solution applied with 4 kinds of four 
beneficial rhizosphere bacteria (T1, T2, T3 and T4) and one commercial 
product (T5) for controlling Pythium root rot. 

 
 
 



 

2. Evaluation of reported-rhizosphere bacteria for controlling Pythium root rot 
of green oak grown in DRFT 

 
 2.1 Testing their ability for germination stimulation and growth promoting of 

lettuce (green oak) seedling 
 Four reported-rhizosphere bacteria were tested for promoting the seed 
germination seedling growth.  Green oak seeds were disinfested with 10% clorox for 5 
min. then soaked with distilled water 3 min. twice before soaking in antagonist 
suspension of 106 cfu/ml for 10 min. and let them air-dried.  Treated seeds were 
separately checked for germination by blotter method.  Rate of germination, root length, 
stem height of seedlings were noted comparing with non-treated control. 
 
Result 
 

The efficiency of seed treatment with tested antagonistic bacteria significantly gave better 
results under laboratory condition in terms of seed germination, shoot and root length 
compared to that of the control (Table 3).  Regarding this, seed treatment with 
Pseudomonas fluorescens (SP007s) was the best. 
 
Table 3 Efficiency of seed treatment with four antagonistic bacteria as PGPR on the 

germination and growth of green oak seedling under laboratory condition.1/ 

 

Treatment 
Laboratory condition 

Seed germination 
(%) 

Shoot length 
(cm) 

Root length 
(cm) 

    T1 (KPS46) 98b 4.43b 4.10b 

    T2 (SW01/4) 100a  4.43b 4.95a 

    T3 (SP007s) 100a 5.47a 5.26a 

    T4 (SP009s) 98b 4.87b 4.98a 

    Control2/ 92c 3.48c 3.86c 
1/ Means of 10 replications. Means in a column followed by the same letter are not significantly different according to DMRT. 
2/ Without seed bacterization. 

 
 2.2 Testing their ability against Pythium sp. 

 Four rhizosphere bacteria were tested for their ability against Pythium sp 
using dual culture and mixed culture. 
 
Result 
 

Among the tested rhizosphere bacteria, Pseudomonas fluorescens (SP007s) was the best 
in retarding the growth of Pythium sp. under dual culture and mixed culture (Table 4, 
Figure 4). 
 
 
 
 
 
 



 

Table 4 Effect of antagonistic bacteria on growth of Pythium sp. 
 

                   Treatment Growth inhibition of Pythium sp.(%) 
                   T1 (KPS46) 55.56c 
                   T2 (SW01/4) 66.67b 
                   T3 (SP007s) 75.00a 
                   T4 (SP009s) 62.00b 
                   Control 0c 

 
 

 
 

Figure 4 Effect of Pseudomonas fluorescens (SP007s) on growth of Pythium sp.:1. 
Dual culture (A), Control (B)  2. Mixed culture (A), Control (B) 

 
 2.3 Testing their viability in nutrient solution  

 Rhizosphere bacterium showing the highest ability from 1.1 and 1.2 was 
selected.  Then its viability (using 106 and 109 cfu / ml) was tested in flask containing 500 
ml of hydroponic nutrient solution.  During incubation (shaking condition for 1 month), 
its viability was checked weekly. 
 

Result 
 

Regarding the viability of Pseudomonas fluorescens (SP007s) in nutrient solution, it 
could survive up to 21 days, after that the cell amount decreased (Table 5). 
 
Table 5 Viability of Pseudomonas fluorescens (SP007s) in nutrient solution. 
 

 

O.D. 
Cell amount (cfu/ml) 

0 day 7 days 14 days 21 days 28 days 
0.1 2.3x104 3.1x106 1.1x108 2.3x106 1.2x103 
0.2 3.2x106 4.3x108 3.2x109 6.1x107 2.1x104 

 
  
 
 
 
 
 
 



 

2.4 Evaluation of the selected rhizosphere bacteria for controlling Pythium root rot of 
lettuce (green oak) grown in DRFT 

 

Based on the result of the 2.1, 2.2, 2.3 experiment, Pseudomonas fluorescens (SP007s) 
was chosen to evaluate the appropriate application for controlling Pythium root rot of 
lettuce (green oak) in DRFT (Figure 4).  Treatments [seed treatment (T1), application into 
nutrient solution (T2), seed trt + application into nutrient solution (T3) and control] were 
arranged in CRD with three replications of 20 plants.  All tested treatments were 
inoculated with 5x105 sporangium / ml of Pythium sp.  The pH and EC of NS was 
monitored daily.  Parameters measured were disease incidence and crop growth. 
 

 
 

Figure 5 DRFT system for evaluating the beneficial rhizosphere bacteria for controlling 
Pythium root rot of lettuce (green oak). 

 
Result 
 

All tested methods of applying the Pseudomonas fluorescens (SP007s) into the DRFT 
system could significantly reduce the disease incidence compared with that of control 
(Table 6).  Besides, combined method [seed trt + application into nutrient solution (T3)] 
was the best on this regard.  Crop growth result was in line with the disease incidence, 
that is combined application gave the best result in terms of shoot and root length as well 
as fresh weight (Figure 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Table 6 Effect of Pseudomonas fluorescens (SP007s) on Pythium root rot of lettuce 
(green oak) grown in DRFT. 

 

Treatment Disease incidence (%) 
Seed treatment (T1) 35c 

Application into nutrient solution (T2) 25b 
Seed trt + Application into nutrient solution (T3) 15a 

Control 85d 
 

 
 
Figure 6 Growth and yield of lettuce (green oak) grown in DRFT added with 

Pseudomonas fluorescens (SP007s). 
 

Based on both experiments, it should be pointed out that the method of applying the 
beneficial rhizosphere bacteria into hydroponic system plays the crucial role for 
achieving their satisfying antagonist potential. 
 
Isolation, screening and evaluating the in vitro-ability of new indigenous 
endophytic and epiphytic bacteria from recirculating hydroponic systems 
 

Indigenous rhizosphere bacteria were isolated, using serial dilutions and spread on 
selective media in Petri dishes, from nutrient solution and root of hydroponic crops 
collected from commercial hydroponics located in central region of Thailand.  
Morphologically distinct bacteria were isolated and grown in pure culture on NA. 
 
Result 
 

468 isolates of miscellaneous endophytic and epiphytic bacteria are obtained (Table 1, 
Figure 1) and some isolates are shown to be effective in inhibiting the in vitro growth of  



 

Pythium sp. (Table 2, Figure 2).  Percent inhibition is between 87.9 and 65.8 while isolate 
KUKL 205 is the best potential to produce secondary metabolites for suppressing the 
target pathogen. 
 
Table 1 Bacterial morphotypes on NA isolated from nutrient solution and plant parts 

(root, stem, and leaf) grown in hydroponics. 
 

Group Bacterial isolate Morphotypes1/ 
Number 

of 
isolate2/ 

1 KUKL001-057 Gray white, flat, circular, glint slimy 57 
2 KUKL058-080 Yellow, convex, glint slimy 23 
3 KUKL081-092 Gray white, convex, circular, glint smooth surface, 

undulate margins 

12 

4 KUKL093-119 Gray white, flat, irregular, rough surface, lobate margins 27 

5 KUKL120-138 Gray white, convex, circular, lobate margins 19 
6 KUKL139-149 Light brown, convex, circular, glint smooth surface 11 

7 KUKL150-188 Gray white, flat, filamentous 39 

8 KUKL189-201 Yellow pale, convex, circular, glint smooth 
surface, lobate margins 

13 

9 KUKL202-210 Yellow pale, irregular, glint smooth surface 9 

10 KUKL211-225 Light white, oval, entire margins 15 

11 KUKL226-253 Gray white, flat   28 

12 KUKL254-274 Gray white, flat, circular, undulate margins  21 

13 KUKL275-284 Gray white, circular, glint smooth surface 10 

14 KUKL285-291 Gray white, convex, irregular, glint smooth surface 7 

15 KUKL292-313 Brown yellow (soluble on medium), irregular 22 

16 KUKL314-533 Gray white, convex, glint, smooth surface 20 

17 KUKL534-346 Gray white, convex, circular, glint smooth surface, 

spread colony  

13 

18 KUKL347-374 Gray white, irregular, smooth surface 28 

19 KUKL375-400 White, flat, rough surface, undulate margins 26 

20 KUKL401-415 Dark yellow, irregular, flat, smooth surface, entire 
margins 

15 

21 KUKL416-447 Dark yellow, circular, undulate margins 32 
22 KUKL448-454 Gray white, circular, umbilicate, rough surface, 

undulate margins 

7 

23 KUKL456-468 Whitish cream, circular, convex, entire margins 14 
1/
 Comparison of bacterial morphotypes based on color and colony characteristics. 

2/
 Total collected bacteria are 468 isolates. 



 

 
 
 
Figure 1 Bacterial morphotypes on NA isolated from nutrient solution and plant parts 

(root, stem, and leaf) grown in hydroponics 
 
 
Table 2 Inhibition of Pythium sp. by different antagonistic bacteria with dual culture 

method under laboratory condition. 
 

Bacterial 
isolate 

Source 
Inhibition 
diameter1/ 
(mm) 

% 
Inhibition 

 

KUKL357 Root of pak-khom-kaew 30.8 65.8c 
KUKL432 Root of green spinach 30.8 65.8c 
KUKL209 Root of butter head lettuce 30.8 65.8c 
KUKL319 Leaf of pak-khom-kaew 20.5 77.3b 
KUKL210 Leaf of green oak  30.5 66.2c 
KUKL205 Leaf of peppermint  10.9 87.9a 
KUKL077 Leaf of butter head 30.6 66.0c 
KUKL189 Nutrient solution in green spinach culture 30.8 65.8c 
KUKL344 Nutrient solution in butter head culture 40.0 55.6d 
KUKL371 Nutrient solution in mint culture 30.6 66.0c 
Control ddH2O 90 0e 
1/
 Means calculated from 4 replications. 



 

 
  
 

  
 

Figure 2 Bi culture test of bacterial isolate (KUKL 205) shown to be effective in 
inhibiting the in vitro growth of Pythium sp. 

 
Evaluation of the new indigenous rhizosphere bacterium (KUKL 205) for 
controlling Pythium root rot of lettuce in hydroponics 
 

This experiment was conducted to determine the effect of KUKL205, the newly-obtained 
indigenous rhizosphere bacterium, on root rot of lettuce in DRFT compared to the 
reported PGPR (SP007s) and the elicitor (salicylic acid).  Besides, the accumulation of β-
1, 3-glucanase, the defense-related enzyme, in the treated plants was assayed by the 
laminarin dinitrosalicylic acid method (Pan et al., 1991; Buensanteai et al., 2007) during 6 
days after pathogen-inoculation.  
 
Result 
 

All the bacterial treated-plants showed no symptom of root rot compared to the non-
treated plants (Figure 1).  However, all the treatments had the same leaf SPAD value.  
Regarding the defense-related enzyme, it was found that the accumulation of β-1, 3-
glucanase in bacterial antagonist-treated plants which were inoculated with Pythium sp. 
were significantly greater than those in non-treated control (Figure 2).  β-1, 3-glucanase 
activity of the KUKL205 treatment seemed to be in line with the SA and SP007s 
treatments.  However, the accumulation of this enzyme in the SA and SP007s treatments 
were significantly higher than that in KUKL205 treatment on the 2nd and 3rd day after 
pathogen-inoculation (Figure 2). 
 



 

 
 

Figure 1 Effect of bacterial antagonists (including an indigenous PGPR) as seed 
treatment on Pythium root rot of lettuce grown in DRFT. 
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Figure 2  β-1, 3-glucanase activity of the antagonists-treated plants and non-treated 

plants during 6 days after Pythium sp.-inoculation. 
 



 

 
Conclusion 
 

1. Directly applying the four beneficial rhizoshere bacteria and bioproduct into the 
hydroponic nutrient solution gave unsatisfactory result in controlling Pythium root rot of 
lettuce since their survival in the system was hardly detected. 

2. Among the four tested rhizosphere bacteria, seed treatment with Pseudomonas 
fluorescens (SP007s) gave the best result in terms of percent seed germination and 
growth of green oak seedling under laboratory condition.  Seed treatment + directly 
added into nutrient solution gave the best result in decreasing the disease incidence and 
increasing the crop growth. 

3. Based on biochemical and 16S rRNA-PCR characterization, KUKL205, the 
newly-obtained indigenous rhizosphere bacterium, was identified as Bacillus sp. being 
effective in inhibiting the in vitro growth of Pythium sp. 

4. The accumulation of β-1,3 glucanase, a defense-related enzyme was also greater 
in bacterial antagonists-treated plants compared to control which was in line with disease 
incidence. 
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