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Abstract 

During 3 years of search for endophytes, an agricultural application was mainly observed, and novel bioactive 

compounds against drug resistant bacteria and Pythium insidiosum, a Pythiosis pathogen of human, were 

preliminary investigated from more than 1,000 endophytic strains isolated from Thai medicinal trees in Thailand. 

Three endophytes that are high potentially used to control a broad spectrum of plant diseases are Muscodor albus 

MFC2, Xylaria sp. QS4 and Paenibacillus polymyxa TL41. The fungus M. albus MFC2 was isolated from Myristica 

fragrans at Mahidol University, Salaya, Nakornprathom. A novel endophytic species of Bipolaris thaiendophytica 

JF2 with antagonistic activity of a broad spectrum of fungal plant pathogens was found from a fruit of this tree. In 

specific grain formula media, M. albus MFC2 could produce bioactive volatile organic compounds (VOCs, i.e. 

ethanol, isoamyl alcohol and aromadendrene) that partially to totally inhibit plant pathogens including Alternaria  

sp., Colletotrichum capsici, C. gloeosporioides, Fusarium sp., F. equiseti, Ganoderma sp., Geotrichum sp., 

Phytophthora parmivola, P. ultimum, Rhizoctonia and Sclerotinia sp.. Importantly, M. albus MFC2 colonizing grains 

could completely control P. ultimum on kale, Alternaria  disease on chili under field conditions, F. equiseti  black 

spots on Hom-Thong banana, and partially control C. gloeosporioides anthracnose on Nam-Dok-Mai mango fruits.  

The high production of ethanol from M. albus MFC2 colonizing grains was an interesting observation for an 

alternative energy source. Notably, M. albus MFC2 induced mechanisms affecting drought tolerance in tomato 

(Lycopersicon esculuentum). The second endophytic biocontrol agent was Xylaria sp. QS4, a fungal endophyte 

from twigs of Quereus lauritolia growing at Kanchanabury campus of Mahidol University. Results of in vitro 

antagonistic test showed that Xylaria sp. QS4 could inhibit Alternaria  sp., C. capsici, C. gloeosporioid and P. 

ultimum. Thoroughly mixing 15 plates of 10-day old Xylaria QS4 in 500 g mixture of commercial soil and field soil 

did not negatively affect both germination and growth of kale and lettuce seeds in outdoor conditions. In addition, 

the same concentration of Xylaria sp. strain QS4 could completely control P. ultimum infestation pots of kale and 

lettuce, but restored productions more than control pots. The last one was Paenibacillus polymyxa TL41, a gram 

positive bacterial endophyte of Paederia foetida that could control of Xanthomonas campestris on lettuce under 
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outdoor conditions. Additionally, P. polymyxa TL41 was able to inhibit Alternaria sp., Colletotrichum capsici, C. 

gloeosporioides, Fusarium sp., F. equiseti, P. palmivora and P. ultimum on potato dextrose agar.  

For the medicinal applications, the Xylaria QS4 also has antibacterial activity against Escherichia coli, 

Acinetobacter sp., Pseudomonas auriginosa, MRSA-1302, MRSA-2, Staphylococcus aureus and Candida albicans. 

Twenty three extracts of 10 day PDB shaking endophytic cultures had ability to inhibit growth of all those 

pathogens. The 15 extracts of which cultured for 10 days in stand and shaking GP both have the inhibition activity 

against all pathogens. Other objectives of this study were to screen endophytes having anti P. ultimum activity that 

are able to inhibit a growth of P. insidiosum based on a dual antagonistic test on PDA, GPA and modified PDA 

because Pythiosis is a life-threatening infectious disease of humans and animals that has been increasingly 

reported. Radical surgery is the main treatment for pythiosis since conventional antifungal drugs are ineffective. 

There were 24 endophytes that could inhibit P. insidiosum at 57-96% from a total of 49 endophytes with anti P. 

ultimum activity. These top eight endophytes were Dothideomycete sp. N5L4 and NAAL7, Myrothecium sp. RSb8, 

Phyllosticta citrullina NHL12, Xylaria  sp. QS4, Chaetomium sp. RPR2, Cladosporium cladosporioides RRS18, and 

the bacterial endophyte P. polymyxa TL41. These data indicate that endophytes from medicinal trees are promise 

reservoirs to search for novel antibiotic compounds against drug-resistant bacteria and anti- P. insidiosum agent 

for a treatment of patients with pythiosis. 
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�!��!����������!� Muscodor albus MFC2 �
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Roles of endophytic Muscodor albus MFC2 on Lycopersicon esculuentum seedling under stress conditions 
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"�	������������� sugar beet &�� ���
������ -��	���
�_)�
� (Chrysanthemum) +�"�
����
���+��!�
� &����

�K�
�!����� Dr. Strobel ������
$�%	 M. albus �"�-� Dr. Julien Mercier &�� Dr.Jorge I. Jimenez (2004) �!'��(0�� 

AgraQuest, Inc. 
��	� Davis ����J California (AgraQuest is a biotechnology company that focuses on discovering, 

developing, manufacturing and marketing effective, safe and environmentally friendly natural pest management 

products for the agricultural, institutional and home markets., http://www.agraquest.com) 
*�'	�@
�
����	��$�
$�%	

������
�����
�"�	����&	"
"���&��*!$ )
�
$�%	��	���-����
�
���
�!'��
$�� Penicillium expansum; Botrytis cinerea; 

Monilinia fructicola )
�+��
����	�"�
����
��
7�!'���
�)
�
$�%	 M. albus �!'
�!%����
������
����� �
�
�X��

$�%	 

Botrytis, Colletotrichum, Geotrichum, Monilinia, Penicillium and Rhizopus ��+�&	"
"��� *!$ *��	���%���	��#"�!'�!	!���



$�%	 M. albus �
�
�X�@
�""���#����$�"����$��������
�
��'	�)
�
$�%	 M. albus ����
�
�X+�(��"	���!')�&*�����)
��"

���+�������&���!'�@
��_ ���
$�%	
$�%	 M. albus �����������+�����+�������������� &����"}X���" Dr. Julien Mercier &�� Dr. 

Denise C. Manker (2005) ����!*(�*�
��'	��
��@
����� M. albus �"�$�����#���� Damping off �!'
�(�)
�
$�%	 Rhizoctonia 

solani ��������	�
�	���!' "} 2549 US-EPA (United States Environmental Protection Agency) ����-��
��	�������
�

�$� 
$�%	 M. albus ���
�
�0�� "�))#�����(0�� AgraQuest ����@
		��
�&��� (Strobel, 2006) 

�@
-���
$�%	�

	������� M. albus �
�*��5#� MFC2 �!'�$����
��()���!%
"~��
�*��5#�����!'&�����)
����)�����
���!'"�9���

����(�!�#��$
�( �-
�(��
����(��

���
�
�
 ��"} *.�. 2548 (�9"�!' 1, Sopalun &���K�, 2003) +�)
��
��()����

$���&��&����-�
-����
��
7)
�
$�%	�

	������� M. albus �
�*��5#� MFC2 �!]�5(`�����%�
$�%	�
��	����
�
��
������
 

����#���
�
)�(_�	��������
&�������	����������������
��%�&���
��	�)�X/��
�
���
�!'�� (Worapong &�� Strobel, 

2008) ��"} *.�. 2549 �����
��()���!%�������#���	
��'	�)
� ���. &����	 )@
��� 1,200,000 �
� (400,000 �
���	"}) �!

����
��
�@

�(��
� 3 "} ��%�&�� 20 �.�. 2549 X/� 2552 
*�'	�@
�
��()����
�+��
�"���#����$�
$�%	
	������� M. albus 

MFC2 &��&��
$�%	�

	��������
�*��5�	�'�� �!'
-�
������
�����#����*�$��
�� 

)
���	�9�
��%	�����!' +�. ��. )!�*��5� ��*�0� ���
��)
��
����	���-����	 “Biocontrol of a root rot of kale by 

Muscodor albus strain MFC2” &�����+��
����	�
��%	����
*('�
�(���
 �������
�����X
��!'�!�
�+��
$�%	 M.  albus 

�
�*��5#� MFC2 �!&�������!')���&�������!  ���&���	
�
�
-!'��X/�&��)�����������%@

"~�
��
�
� 2 ��� 
"�!��
�!��������

����
�!'���+��
$�%	 M. albus �
�*��5#� MFC2 ���&������9"�!' 2. �����%� ���X#"������-����	������
��()���!%
"~��
��/�0


���
��	�)#�$!*
	������� M. albus �
�*��5#� MFC2 ��	�����
���&�����*�$
)�
��
������
��	
�� 7/'�
"~�*�$


��0J�()�!'�!��
��@
��_$�(�-�/'��	�"��
����� ����/�0
�
��	���	��	������
��	
����	�
���&��������
��/�0
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��+6��!-( 1 ��+6��!-( 2 ��+6��!-( 3 ��+6��!-( 4 

��!���(��
&��������	�
	��7���
����
������
��	
���!'
)�(_���(��������
$�%	�

	������� M. albus �
�*��5#� MFC2 


"�!��
�!����������
��	
����#������#�
��'		�9����
���
��%@
 

 

 

 

 

 

 

 

 

��*!-( 1. &������0K�
$�%	�

	������� M. albus MFC2 7/'�
"~�)#�$!*�!'	
���	�9���
��%	
��'	�	����)�����
�� (Sopalun 

&���K�, 2003) 
"~�
$�%	�
�!�!'�����	����-�������*�$
)�
��
� &��&������0K�
������	�
$�%	 M. albus MFC2 �!'
)�(_��

	
-
�
�!%��
$�%	$�(���
� �  

 

 

 

 

 

 

 

 

 

 

 

��*!-( 2.   &������0K��	��������
�!'���������%@
 2 ���; ���X
��!' 1 
"~��������
��#��"�9����(��!'+��
$�%	�
��	����
�
��
 

Pythium ultimum ���*�$�!	
�
���
-!'��, ���X
��!' 2 
"~��������
��#��"�9����(��!'+��
$�%	�
��	����
�
��
 Pythium 

ultimum &��
$�%	 M. albus �
�*��5#� MFC2 �������
����9"��(�!����!	
�
�
-!'��, ���X
��!' 3 
"~��������
��#��"�9����(�

�!'+��
$�%	 M. albus �
�*��5#� MFC2 �������
����9"��(�!����!	
�
�
-!'��, &�����X
��!' 4 
"~��������
��#������#�"�9�

���(�5����
 �������
�!	
�
���
-!'�� 

�	�)
��!%�
��()������#���/�0

*�'	��������

$�%	�

	������� M.  albus �
�*��5#� MFC2 �
�
�X�!')�
��
�"
)�(_�����

��
��	
�����
�*
��
����
����-��	��� 7/'�	�����
��9��!'����
�
�X�@
�"�$����
�"���#����$�
$�%	�

	������� M.  albus 

�
�*��5#� MFC2 
"~�+�(���K���@
-����
������9"�����
*�(�
*�'	�
�
*
�"�9�*�$��	�" �����%� �
��()�����%��!%	
)�@
�"�9�

��
��9���
�
��
�)�������
���&����	�*�$
)�
��
������
 
$�%	�

	��������!����$����-�*�$
)�
��
��
�
�X�!')���&���

��� 7/'�)�
"~�"����$����	�"�@
-���
"~�&���
����
�"���"�#�
*�'	�$����
�����#��
�$!��(5!&���@
�""���#����$�

��	�)�*�^�
�"
"~�+�(���K���!'$����-�*�$+��
��
�
�0���
�
�X���
���	��
��&-��&���-��	���
�"���"�#���
*

�	��(��!'�$����
�
*
�"�9� �	�)
���%��
�
�X�!'�@
+��
��()���!'����
��
�+���	�"��*�$$�(�	�'�� 	
�(
$�� ��
� 7/'�
"~�

�(���
�
�
�0���������		����
��
�����-����"��
�����
"~�	�����-�/'�&���!&�������!')��!�
�
�9��/%�
��'	� � &��*�%��!'


*
�"�9����"�(�
K�!'
*
�"�9����������	���
��'	�)
���
��&-��&����!'������
��
��
���� 
*�'	"����$���
��
�


�0������7/'�
"~�	
$!*-����	�"��$
�����&���
�
�X�@
�"�$����)�(���	�"��	�
��  

�+��$��!. (Lycopersicon esculuentum Mill., Solanaceae)  

��
��	
�� )��
"~�*�$+���!'�!��
��@
��_�!'��%���&��+��	#��
-����&����(����� ��
��	
�� 
"~�*�$$�(�-�/'��!'	#���"����

�#K��
�
�	
-
� ��
��	
����
�"
���
�)��!"�(�
K�(�
�(�7!��/'�-�/'��	�����	��%�+� ��
��	
��-�/'�+�)��!�(�
�(�
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1 �� 3 �	��(�
�(�
	�!'��
��
���	��
���-�/'���� �	�)
��!% ��
��	
������!�"&��
7!�� �	��	��� &���!
7!�� &��&��

5
�#	�'�� 	!�-�
�$�(� "�(�
K�
����		���
��	
����&��+�
"~�+�(���K��
*('��/%�	��
���	
��'	�#�"} ��
��	
���!'"�9�

��"�)#��� &������
"~� ��
��	
�����"���
�+��� &����
��	
��	#��
-���� 
*�'	�������
��@
+�(���K����
��	
��&"�

�9" 
$�� ��
��	
��
������ (poste) 7	���
��	
��  

*�%��!'"�9���
��	
��	#��
-���� 27,195 ��� ��
��	
�����"���
��� 28,209 ��� (*.�.2540 / 2541) *��5#��!'���
��(� 

��
��	
��	#��
-���� *��5#�
���
 
���
 TW 4 ��
��	
�����"���
��� *��5#��!�
�(*������#��
�+�(�/��� 7,750 �
�/��� 

(*.�. 2539) *�%��!'���
��(��
�"�9���
��	
��	#��
-���� �!*�%��!'
-�
���
$(�5#��()��)��-��� 
$!���-��  
$!���
�  

-�	��
� ������  ���*��  &���
��(�5#�  *�%��!'"�9��!'�@
��_ )��-��� �#�!�����  	#��5
�!  �#�(����  &���
� �����
�"�9�

��
��	
�����"���
��� �!*�%��!'"�9�
$(�5#��()�!'�@
��_��)��-��� ���"J�  �
$�#�!  �
_)��#�!  
$!���-��  
$!���
�  &��

����
$�!�
  *�%��!'"�9��!'�@
��_ )��-��� �@
"
�  &���*�#�! 

��"}*.�. 2539-40 +�+�(�
��!'��	���
��	
��	#��
-���� 3,956 ��./��� ��
��	
�����"���
��� 2,047 ��� ��
��	
��

���"���
��� 40,649.64 ��� "�(�
K�!'�$���"��
���	���
��	
��	#��
-���� 171,815.7 ��� �
�
�!'
�0�����
����

�	���
��	
��	#��
-���� 1-1.6 �
�/��. ����"}*.�. 2540-41 +�+�(������%�"��
���	���
��	
��	#��
-���� 

107,572 ��� ��
��	
�����"���
��� 57,735 ��� ��"}*.�. 2541��
��	
�����"���
��� 11-16 �
�/��. .�
����		� 

��
��	
���� "�(�
K 1,170 ��� �9���
 9.4 ��
��
� ��
��	
��	#��
-���� "�(�
K 9,834 ��� �9���
 234 ��
��
�  

"����$��&�����*�#K�
��
��+���
��	
����	�
�)@
*�� &����!�	��� $�'	����*!� (Lycopene) 7/'�
"~��
��!&�� &��

�(�
�(�-�
�$�(� 
$�� �(�
�(� �! 1 �! 2 �(�
�(� 
� ���
�*
��(�
�(� 
	 &���(�
�(� 7! �!��"�(�
K�9� �!����
�(� ���7(

��(� 7/'��-���
"�!%�� &���!��9�
�(� (Glutamic) 7/'�
"~����	��(��$���
*('���$
�(�-�	
-
� �	�)
��!%���"���	������
�


���
 - &����!� &��&��5
�#-�
�$�(� 
$�� &��
7!�� �	��	��� 
-��� 
"~���� +��!��
"�!%�� $���������-
� �@
�-�
)�(_

	
-
� �@
�#�&�����������
*
�	
-
� �@
��� �� �-��@
�
�����!����$������*(0&���('���'���
�����
��
�
"~��
���
�	�	� 

� &��
-�
��!')�
"~�	
-
��@
-�����
"~�����('� ��K��� ���	��� -9	��
�� &��
-��'	�
	��
�� ������"���
�+��� +9��!'

���"���
���
��	
��
"~�"��)@
 )�$�����	���
�
�
�(������
������@
��� &����
�����	��9�-�
� �	�)
��!%����@
$���


"~��
���0
���+(�-����!'���&��
+
����$����@
�-���
	!���
��(
�K�!'
"~� �����
� �@
��� &����&���@
�
�������%@


���"���
�$���&��	
�
�"����� �%@
��
��	
��*	�-��
 -��		
))���
��	
���#��
��
� � &"�����-��
 )�$����-�

+(�-��
	�	��#��$������0
�(� ��
�+(�-��
�-�
����/� ��
��	
�����$���&�����	
-
��-��!��
"�!%�� &���@
�
"���	�	
-
�

��
� � �
��
� 
$�� ���� �@
��
� � ��
"�!%��-�
� ��
�+�� ����@
 7#" ����@
 7	���
��	
�� �@

"~�
���'	���'� ��	 �%@


��
��	
�� -��		
))����"���
��� �	�)
��!%����$�&���	
-
��-��!�!&�� 
$�� 7	���
��	
��  


	��7�� Peroxidase &�� ATPase 

Peroxidase 

Peroxidases (EC number 1.11.1.x) 
"~���#���-_��	�
	��7�� �9"&���	�"�(�(�(�
�	�
	��7�� peroxidase 

ROOR' + electron donor (2 e-) + 2H+ � ROH + R'OH  

�
���%�����!'
-�
����@
-���
	��7���!%��	 hydrogen peroxide (H2O2) �
�
	��7���
�
�X
�(�"�(�(�(�
��� organic 

hydroperoxides �	�)
���%� ����
�
�X
�(�"�(�(�(�
��� lipid peroxides 
	��7�� peroxidases �
�
�X���� heme 7/'�


"~� cofactor �� active sites -��	������  redox-active cysteine -��	 selenocysteine  5���$
�(�	� electron donor 

�/%�	�9�����������
��	�
	��7�� 

��
����
�
��!���	����*�$�!'
�(�)
���
�&-��&��� 7/'���	�-�
�(���
�
�!�-
���	
7����	�*�$�����
)�
"~��
����-��	

�
�	�	� ���9"�	� activated oxygen species (AOS) ���	��
�
$�� superoxide radicals &�� H2O2 (Mittler &�� 

Zilinskas, 1994) ��� Superoxide )���
�
"~� H2O2 	��
����
�������
�����#���	� superoxide dismutase (SOD) 

(Slooten &���K�, 1995) ����!' H2O2 �!'
�(��/%��!% �
�
�XX9��)��		�)
�
7���+�
� peroxidases �!'*���'���%�
7��� 

ATPase 


	��7�� ATPases 
"~���#��
	��7���!' catalyze *�� decomposition �	�  adenosine triphosphate (ATP) �-�
"~� 

adenosine diphosphate (ADP) &���		�	(����	� phosphate "�(�(�(�
�!%)�
�!����
"�(�(�(�
 dephosphorylation  7/'�
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"�(�(�(�
�!%)�"��"��	�*����
��!'�
�
�X$������
���'	�"�(�(�(�

��!	�'� � �
���
7��� �����
��!%
"~��!'�9�)������!��

�('��!$!�(� �
������	�
	��7��
"~� integral membrane proteins (anchored within biological membranes) &��$����-�

�
�
���'	��!'+�
� membrane �!'
�!����
  transmembrane ATPases ����!'�
����+�
���
��#��%@
�
�  ���	��(��  &��

��
��#��	��
�	(���!��	�'� � �
���
7���)��/%������
�
�������	�
��
�!��7/'�)�
�(�����9������-��
��
����		�&���
�

���
��
�	��			�: Protons (H+ ATPase) 

ATP 
"~��(���(�	�����!'�!-��
�!'�@
��_-�
�	��
��
���
7���  
$��  
"~�*����
�-����	�
7��� �!'�$����()������
� � �	�


7��� ATP 
"~�-�/'�������
�	���!'�$����
����
��
�-� RNA �
�-���)
��!'
"�!'��
"~� deoxyATP (dATP) DNA 

�	�)
���%� ATP ���$�������#������
�$!�
��!-�
�	��
���
7��� 
��'	��#���	� phosphate 3 ����	� ATP X9��@
)��

		��"+�
��������
��������7!� )����*����
�	(���"��	�		��
7/'�"�(�
K*����
�	(����!'X9�"��	�		��
��%��/%�	�9�

���"�(�(�(�
��%� �  

ATP + H2O � ADP + Pi   ADP ��	 adenosine diphosphate &�� Pi ��	 inorganic phosphate 


�-���!��������"� (Stress physiology) 

��!��(��
��
�
��� 
"~��
�
�($
�!'�@
��_�	��!��(��
��
��('�&����	��!'
�!'�����*�$&��������	���	���	��
*�('�&����	�

	��
����!'
�!'��
��	��
��!����@
��_)
��('��!$!�(��!'������+��!'�!�!'�#� 7/'�
"~��@
X
�-��	��
��9��/�	��
����
� � �@
-����('��!'�!

$!�(������� ��
��9�����
��!%�!�������
��@
�-�
��
�)��
	���
"~�"�))��)@
������
�&*�����)
��	�*�$ �
��/�0
������


&���()����
��9�����
��!%)�
�!'�������
*&����	��!'�@
�
�&���)@
���+�(�+��
��
�
�0�� 

��*��
���(�����!��(��
��
���
�
����!��
�&����
�����
� �@
�!'�$������'��"�!����!% 

��
���
��
�����
�
��� -��	 Stress resistance: ��
��
�
�X�!')����
���	��
�
����!'�-�)
��
��	� 

�
�-��-�!�����
�
��� -��	 Stress avoidance: ��
��
�
�X�!')�"�	������	��
�
����!'�-�)
��
��	��!'���
��/%�


��
�����
�
����
���*�$ 

�
����
�����
�
��� -��	 Stress tolerance: ��
��
�
�X�!')����
���	��
�
����
����!'$���@
 �����
�
����!'�-�

)
��
��	� 

 

�
�
�&�����
�
����
��('�&����	�-����!'*�$	
)������ 
������"� �
���/�� 

	#K-�9�(�9� ��
���	� 

	#K-�9�(�'@
 ��
�-�
�
���, �%@
��
� 

�%@
�
�
�(� �%@
���� 

�
��%@
 &-��&���, ��
�
"~��"����	��%@
�'@
 

��
�
��� 
���	 -��	 NaCl 

����! &���!'
-�����, 	#����
���	
�� 

�
�
��! �
��@
)������9*�$, ��-�-���, ��*(0�
�	
�
� 

�('��!'�!$!�(� 
$�%	���, �
�&������ 

 

������
���,��"�����������;��+�"��
�-���!�� 

*�$�
�
�X�	���	���	��
�
�����-�
� � �
� *�$	
)-��-�!�+�������	���
�
�������@
�-��
�
)�(_
�(����(%�

���9�K�����-��
�$����!'�!��
�
�����	��!'�#�-��	*�$	
))��������
�
�!�-
�X�
��
�
�����%��!	�9�&��*�$����
�
�X)��9�

��� ���
$����%��
�
��	����
�*
����
�
+
+�
_	
)�@
�-�*�$�
�
�X-�!�
�!'��-��	���
���	�
�������	���
�
������ 

��	
����
���	����	 

$!�(��	�*�$���
K����@

�(�����
*&����	��	��%@
�!'�!	�9��
��
� $!�(����������	�@

�(�
��'	�
-��
��!'-�	-#���%@

�('�

���������
"~���#���
�$!��
*�!'	�9��9"&��&-��&���"���
K 400 ��
�"}�����
&���  "�
���
�K����
��(��-��
�


)�(_
�(���
"~��"	��
����
����
�&���!��
�-�
�-�
��
�*��5#���� 	��
������
� �(����
����	�*�$���
"���	�
�

�-�
"~��9"&���-���	�"�))���!')@
������
�
)�(_
�(���&���
����*��5#���'���	 �%@
�!')�-
�����
�
�������
��%@

"~���
�
���

�
��('�&�� ��	��!'*���	��!'�#����*�$�!'�@
���
)�(_
�(�������
*5���$
�(  ��
*&-��&���
"~�"��(�
����
�%@
����7/'�
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�(��/%�
��	 � ����
��!'����!�%@
���(�  
��'	�)
����
��
-��	���(%�$���  &���!'�������%@

*!��*	����
����
�(� ��
�
���

&���
����%���	#K-�9�(�'@
	
))�$���@
�-�
�(���
�
�������
��%@
�/%����&����
�(���%�)����&-��&��� (Hsiao &���K�, 1976) 

7/'����+��������
� � �
��
 
$�� �
������%��
�
)�(_
�(������ ��
��
��!'���� ���$!��
*�!'���� �
����������

$!��
*�	��	��
����
���
� 
"~�+��
)
��
�������"�(�
���	�
7��� 	���
��!'
-�����$��	!�	��
���	�
�
-!'��
�
  

��7!�&��&-��  �
�-�#�����)�
-����*�$�
�$�(� 7/'�	
))�
��'	��
)
��
�����&	�7(�(� 	�7(� �
������
*&-��&���  

&��
�(��
������%����
�&��
"�!'��&��7&���
����
��
�-�&��   
 

�
�
�&���+�������	���
�
�������
��%@
����
�
"~��"����	��%@
����&��	���
�!'
�!'��*������
����
��
�-�&��

�����%��
��
��%@
����
��	
�� (Bauer &���K�, 1997) 

%/�����������"���"�(�
�) �����*N��*��"����')�,�,� (MPa) 
���

�����+���
� 

(�/�!-(��-(��#
��
� 0 �
� �*N���/���*�-���!-��) 
�������')� 

0 - 0.6 100 100 

8 - 1.2 95 84 

11 - 1.5 78 65 

12 - 1.8 52 21 

�
������-��%@
	!� - 0.8 93 74 

 

�	�)
���%�	
)
�(��
�		��	���	��@
-��&��+�(�+��!��
�
�����X�'�&����
��	
�� 7/'�	
)
"~�&+��
��	�*�$�@
-���

�
��!$!�(��	�&���
����0
$�(��	�*�$�-���	�9�����" ��
�
�������
��%@
���
"~��

-�#���
���"�(�
K)#�$!*����(
�K

�	� � �
� 
�(��
������
����
��
�-��"��!� ��	�)��
������	��
�����
�&���
��/��9�&��5
�#	
-
� ���

�������
��!%	
)
"~�
*�
�+�������!'&����������	� Na+  &��  Cl-   

����+!�!��%-����-,�����������*Q���
���+�����*N�#�0 

�
��	���	��
��9"��
�&����!��(��
�	�*�$��	��
�-�
�-�
���"��
���	���
�
������"���
"�!'���������$!�
��!

&����
��#�  �
��	���	�
-��
�!%�!
"�
-�
��"��&���
�"�	����*�$�!')�$����-���	��
���
�
�������	
����9"&�����
�

�	���	��	���
��#��!')��@
�-�*�$���&�����
�+(�"��(��������
��9"��
�-��	��!��(��
 (Bauer &���K�, 1997) 

�	���	
������������������
��� 


��%	
��'	-�	-#��
7���&��	���"���	��	�
7���
"~�
"�
�	��
��@
�
������
�
�����	�('��!'�!$!�(�-�
�"��
������������&��  

��*(0�
�	
�
�  ��-�-���  	#K-�9�( ���  �
��@
�-�
��%	
��'	&��	
))�
"~�+��������%�&���	���
�
���  -��	+��!')�


�(��
��
����
�+(�"��(�	��
���
��#�  7/'�
"~�+����
�&����
�&���
����
�
�)���(��	�
��%	
��'	-�	-#��  �
�&��

��
��	�
��%	
��'	-�	-#��
7���	
)
"~��

-�#�	���
�-�
�-�
���+��������	��!��(��
�	�
7���  �
�-�����	�
7���

&��
��%	
��'	�	����
�
"~�+����������
�
�!�-
��	�
��%	
��'	-�	-#��
����!'�#� 

�	������	��������	��	! 

*�$��	����%��!'+�(��"��!��-�����
��	���	���	��
�
����
��('��!$!�(�X�	��

"~��
��-���__
K&���
��	���	����
�

"�	����"�))���
�"���
��!'"��(&���)�$���@
�"��!����
��	� ��	���	��
�
�������!% 
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�
�
�&�����
�
������
�$���@
�"��!�&��
"�������*�$ 
�*��-� (�*��!��) ������"�!-(%
��)� 

Acquaporins ��
�&-��&��� 

�"��!���	��
�)#�
��	�&��� 	#K-�9�(�'@
 

�"��!� BN28 (��*�$ Brassica napus) 	#K-�9�(�'@
 

Dehydrins ��
�&-��&���, 	#K-�9�(�'@
, ��
�
���&��&	��(7(� 	�7(� 

�"��!��!'�!��
���	��@
�-�-�#��('� (HPSs) 	#K-�9�(�9� 

Osmotin &���
����
� Osmotin ��
�
���, �
�
"~�&+�, &	��(7(� 	�7(�, 
	5(�!� ��� 

Phytochelatins ��-�-��� 

 

��	
�"���	���������	�������
#$�%"�!-���&�� 

�
���	�@

�(�	�#�9�	(���&����
�
�!�-
��!')��
��
��	����"���	��	�
7����9
-��	���
)�
"~�
-�#�
�K��!'�@
��_�!'�#�

��-��
���
�
������('��!'�!$!�(�  	�#�9�	(����!'�@
��_�!'�#�
"~�$�(��	�		�7(
)��!'�!"�(�(�(�
-��	  Reactive Oxygen 

Species (ROS) -��	$�(��/'���
��	�		�7(
)��!'�!"�(�(�(�
-��	 Reactive Oxygen Intermediates (ROI)  
$�� 

Superoxide anion ( 2�O ) &�� Hydroxy free radical ( �OH ) &����
�
"~�*(0��	*�$�	� 22OH  ����
-��	���� 

�@
-��� ROI )�
"~�*(0�9��
�&���
�
�X�@
��
�
�!�-
����	��
��#�&����	����"���	��	�
7���  	�#�9�	(���
-��
�!%

	
))�
"~��

-�#�	��
�
*('�		�7(
)�������"���	��	�
��%	
��'	-�	-#������
-��	���� �	�)
��!%)���������
��	���	

��
��#��	��('��!$!�(� 
$���%@
��	��"��!� �(���(	(� 	�7(� ��� �
�+�(� ROI "��(&���)�
*('��/%���-��
���
���!'�!��
�
��� 

*�$�!�����
�"�	�����!'�!�!'
�����
�	�#�9�	(���
-��
�!%		��"7/'�"���	������
���	��
�	�#�9�	(��� -��	 Antioxidants 

���&���
� Ascorbate, Glutathione &���%@
��	�	!�-�
�$�(����&�� Superoxide dismutase (SOD), Ascorbate 

peroxidase, Ascorbate reductase &�� Glutathione reductase �
�
+
+�
_&���%@
��	�
-��
�!%X9�$���@
��-��
�
�(�

��
�
��� �
�$���@
)�
-�����$����*�$$�(��!'���
���	��
�
����
����
��*�$�!'	�	�&	 

�@
-��� Superoxide anion ( 2�O ) ���+�(��/%�
��'	"��)#��X9����		�)
�����&�� I  -��	 Photosystem I (PSI) 
��
�/�

�����
��#��	�		�7(
)�&���!'��� Ferredoxin �X
���
�K�&���!%���
��/%�
��'	�
�&����	� 2CO  X9�����&������"


��
��
��	� Ferredoxin &�� NADPH X9�)@
��� "��)#��X9����		�)
� PSI �!'����
�
�X)�)��-�����	����"��(�	���� 

Ferredoxin ����
���
�K�
$����%� Superoxide anion  
"~�"�(�(�(�
	��
��9��"�
�����"���	��	�
7���&��X�
���
+


+�
_���	
)$���@
��
�
"~�*(0��*�$ "��)#��)����
"�!'���9"�
�
+
+�
_�!'
"~�*(0��	���
�
�����	� -��	 22OH  ���

�%@
��	� Superoxide dismutase �@
-��� Hydrogen peroxide )����&����#K�����(�	�	�#�9�	(���&��
"~������
�	�#�9�

		�$(
)��!'����
*�
��!'�#� 	��
������
����
"~��������@
��	-����*��5#�����!'�!�@
����!'
"~��

-�#�-�		�7(
)��!'��

��
*�
��!'�#� 	��
������
����
"~��������@
��	-����*��5#�����!'�!�@
����!'
"~��

-�#�-�		�7(
)��!'�!�()�����9��� 

Peroxisomes 	��
������! �%@
��	�)��
��"-��	�!�()������	��
����7���7�, �����	�
�!� &�������*�
� �����!'�!

"���(�5(�
*�
����
���
�
��'	���
��	� 22OH  ������"���	��	�
7���
-��
�!%+�
���)� Ascorbate-glutathione ��

��)��!% 22OH  ���9"
"~��%@
����%@
��	� Ascorbate peroxidase �
�+�(� Monodehydroascorbate )
� Ascorbate 

�@
-��� Monodehydroascorbate X9����9"�����"
"~� Ascorbate ����%@
��	� Monodehydroascorbate reductase �!'�$�  

NADH -��	 NADPH 
"~�-�����-�	(
�����	��
������	)@
����!'�-� NAD(P)H 	�#�9�	(��� Monodehydroascorbate )����


"�!'���"
"~� Ascorbate &�� Dehydroascorbate �@
-��� Dehydroascorbate )�
"�!'���"
"~� Ascorbate ��� Reduced 

glutathione ���
��%@
��	� Dehydroascorbate reductase �
� Oxidised glutathione X9����"
"~� Reduced glutathione 

����%@
��	� Glutathione reductase  ���
��! NADPH 
"~�-�������9" ����
-�#�!%�
�
+
+�
_ Ascorbate &�� 

Glutathione &���%@
��	�
�!'����	�����)� Ascorbate-glutathione �!'�@
��_���
�
�����
�	�#�9�	(��� ��)� Ascorbate-

glutathione 
"~��!'��
����	!�$�'	-�/'���	 Asada-Halliwell cycle �
�$�'	�	�+9����*� 

��3-����)����������	
� 

���.:�0��*�-���!-��
�-���!������"��+��$��!. ,�
9��+!-(��/���')��*�-���!-���
��"��+��$��!.!-(*���

�/���
��%$'����������!� M. albus 
��#
�3&� MFC2  

������-���%$'����������!� M. albus 
��#
�3&� MFC2 
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1 ) 
�!%��
$�%	 M. albus �
�*��5#� MFC2 
"~�����
��
 10��� ��	
-
�
�!%��
$�%	 PDA �!'	#K-�9�( 25�C 

2 ) �9�
$�%	 M.  albus �
�*��5#� MFC2 +�������
���	���
���� ��
� 500 ���� ��	
$�%	 M.  albus �
�*��5#� MFC2 

)@
��� 10 plates  

%&����!���� 

��!�
�����
����	����
��	�
$�%	 M. albus �
�*��5#� MFC2 �!'$������
���&��� ����$��
�*��5#�  ��
��	
���9�+�� 

“F1 �!�
 50” 

1. $#�����#� )��!����+���	���
�+
������
��	
��&�����%@
"��(�#���� 

2. $#��!' 2 )��!����+���	���
�+
������
��	
�� &�����%@
"��(�#����)������
��	
���!	
�#13 ��� &���)/����%@
���
���

���-��	
��� 2-3 ��� ��		!� 8 ��� )������
��	
���!	
�# 22 ��� 

3. $#��!' 3 )��!����+���	���
�+
������
��	
��+
$�%	�

	������� M. albus �
�*��5#� MFC2 &�����%@
"��(�#���� 

4. $#��!' 4 )��!����+���	���
�+
������
��	
��+
$�%	�

	������� M. albus �
�*��5#� MFC2 &�����%@
"��(�#����)�

�����
��	
���!	
�# 13 ��� &���)/����%@
���
������-��	
��� 2-3 ��� ��		!� 8 ��� )������
��	
���!	
�# 22 ���  

�����!-( 1  &����
����%@
&���
�
������	��
��	������
��	
����&������� 

�����!-( 1.1 &����
����%@
&���
�
������	��
��	������
��	
����&������� $#��
����	��!' 1 
���&����"��+��$��!. (�
�) 

!�-������ 
13 14 15 16 17 18 19 20 21 22 

1. $#�����#�(
������
��	
��)���%@
�#���� � � � � � � � � � � 

2. (
������
��	
��)���������%@
�#���� � � � � � � � � � � 

3. (
������
��	
��+MFC2)���%@
�#���� � � � � � � � � � � 

4. (
������
��	
��+MFC2)���������%@
�#���� � � � � � � � � � � 

 

�����!-( 1.2 &����
����%@
&���
�
������	��
��	������
��	
����&�������  $#��
����	��!' 2 
���&����"��+��$��!. (�
�) !�-������ 

13 14 15 16 17 18 19 20 21 22 

1. $#�����#�(
������
��	
��)���%@
�#���� � � � � � � � � � � 

2. (
������
��	
��)���������%@
�#���� � � � � � � � � � � 

3. (
������
��	
��+MFC2)���%@
�#���� � � � � � � � � � � 

4. (
������
��	
��+MFC2)���������%@
�#���� � � � � � � � � � � 

-�
�
-�# :  ��_���0K� �-�
�X/� �!�
����%@
 &����_���0K� � -�
�X/� ����!�
����%@
 

 

������!' 13 
�('�
������	��
� ����
�
������	��
������
��	
���#�� ��!�
���� 
����#�����	�&�������
"~�"��)@
  

���
������	��
������
��	
��"���
K 100 �(��(���� (35-40 ���) �����
���
�		�&�������/�+���	�9��
���KJ
��(��


	��
����
��� -���)
���%�&����!��@
�"&$��������
)�
-�� &��
����!'	#K-�9�( -80�C 
*�'	�@
�
����	���	�" 

����*�-���!-��
�-���!������"��+��$��!. 

�*����X���������  

���)@
��������
��	
���!'�	�����	���!�
�����!' 1 &�� 2 7/'�
"~���!�
�����!'���������
$�%	 M. albus MFC2 ���"


"�!��
�!���
��	������!�
�����!' 3 &�� 4 7/'�
"~���!�
�����!'���
$�%	 M. albus MFC2 ���" ���)@
������&����@
�"

�@
��K
�!����� 100 
*�'	�(�
"~�
"	��
7���   

�
�������������� �$���������������
��
��	��
� &�������/�+��
����	� 

�
�����
������)��"� �$���������������
��9��	��@
��� &�������/�+��
����	� 

%
(��')���
�  $�'��%@
-�������	����	��
������
��	
�� &����@
�"-
��

��!'���	��� ����/�+��
����	� 

����*�-���!-���+�
��������X��!-(��-(���"���
����!���"�����"��+��$��!. 

���
�
��*��-�  
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�@

7����!'
����!'	#K-�9�( -80 	��

7�
7!�� 100 mg �
������ Micropestle 
�(��
����
�+���	� 0.1 M Tris-HCl pH 

7, 2 mM EDTA, 4 mM DTT &�� polyvinylpolypyrrolidone (PVPP) 30 �(��(����  "�(�
�� 500 ������(�� �@
�"&$��� 

Sonicator  �
� 15 �
�! &���@
�""���
-�!'���!' 12,000 �	�/�
�!  �
� 20 �
�!  
��������%@
�� 

�����*������*��-������3- Lowry  

"�
"����	��
� 10 ������(������X
�-�#� ����@
7%@
 4 7%@
  
�(��
����
�+���!'"���	����� 0.2% CuSo4�5H2O + 

0.4% tartaric  acid  solution : 20% Na2CO3  : 0.8 N  NaOH : 10 % SDS : nanopure ��	���
���� 1 : 1 : 2 : 2 : 2 

"�(�
�� 200 ������(��/-�#� ��%��(%�����!'	#K-�9�(-�	�
"~�
��
  30 �
�! 
�(��
����
� Folin-Ciocalteu phenol reagent 

(
��!��)
� Folin-Ciocalteu phenol reagent : nanopure  	���
���� 1 : 5) "�(�
�� 50 ������(��/-�#�  ��%��(%�����!'

	#K-�9�(-�	�
"~�
��
 30 �
�!  �@
�"	�
���
���� Microplate reader �!'��
��
����'� 750 �
��
��� �@
��
��
��J
�

����$� Bovine  serum  albumin �!'��
�
������ 0, 2, 4, 6, 8  &�� 10 ���������/������(��    

�������	��������X��   

1) Peroxidase  activity   

"�
"����	��
� 5 ������(������X
�-�#� ����@
7%@
 4 7%@
 
�(� Substrate solution (0.174 mM  H2O2, 2.358 mM  

Guaiacol  &�� buffer ( pH 5.0,7.0,10.0 )) "�(�
�� 200 ������(��/-�#�  �@
�"	�
���
���� Microplate  reader �!'��
�

�
����'� 436 �
��
����#� 30 �(�
�!  
"~�
��
 3 �
�!  �@
7%@
���
"�!'�� pH �	� Substrate  solution  �(
��
�-�-
 

Peroxidase  activity ����@
��
�!'	�
����)
� Microplate  reader �!'��
��
����'� 436 �
��
��� -
�()�����	�
	��7�� 

Peroxidase �!'�!��
�&����
��	� pH  ����(�
"~��9�(���	����������"��!�   

2) ATPase activity  

"�
"����	��
� 5 ������(�� ����X
�-�#� ����@
7%@
 4 7%@
 
�(� Substrate solution (3 mM  ATP, 0.2 mM Ammonium 

molypdate, 5 mM MgSO4�7H2O, 
�(� 100 mM KNO3 -��	 nanopure &��"���"�(�
������ 50 mM Tris-HCl buffer ( 

pH 6.5)) "�(�
�� 50 ������(��/-�#� ����!' 37 	��

7�
7!���
� 30 �
�! &���)/�
�(� colour reagent (8.5 mM 

Ammonium molypdate, 1.62 mM Malachite green, 200 mM perchloric acid &�� 0.06% Tween 20 "���"�(�
������ 

nanopure) 200 ������(��/-�#� �@
�"	�
���
���� Microplate  reader �!'��
��
����'� 660 �
��
��� �@
��
�

�
��
J
�����$� KH2PO4 �!'��
�
������ 0, 0.1, 0.2, 0.3, 0.4 &�� 0.5 ���������/������(�� -
�()�����	�
	��7�� 

ATPase activity ����@
��
�!'	�
����)
� Microplate reader �!'��
��
����'� 660 �
��
��� �
�(
��
�-�-
�()����


	��7��
"�!��
�!�������
��
��
J
� ����(�
"~��9�(���	����������"��!�  

���.:�0��#$(����	
���)����/�����%$'����������!� M. albus 
��#
�3&� MFC2 !-(��"��* colonized ,��"��+��$�

�!. 

�������%$'����������!� M. albus 
��#
�3&� MFC2 ���������-'���%$'� water agar plate 

�(5!�
�&��
	�������)
����*�$ �����	��	 �@
$(%������	��('����&���������
� 1-5 7�. �
�@
�-�"�
�)
�
$�%	���&$���

&	��	�	�� 70 % �
� 2 �
�!, &$����
����
� 10 % Sodium hypochloride �
� 3 �
�!, ��
����%@
���'�"�
�)
�
$�%	

�
� 2 �
�! &�� 7���-�&-��������
0��	�"�
�)
�
$�%	 &������$(%������	�*�$�-��!��
�
����!'�#� (1-2 ��.) �����!�

"�
�)
�
$�%	 &����
�$(%������!'������� water agar plate &����@
�"����!'	#K-�9�( 25 �C ���
��&������/�+��#���� &��


	��������-�����
�*��5#���(�#�5(`�����(5!�
����"�
�
����� (Hyphal tip technique: Strobel &���K�, 1996) &���@
�
�

*��5#���(�#�5(`�!'����"
*
�
�!%����	�� potato dextrose agar (PDA) plate �9��
���(�#�5(`�	�
	��������� PDA ������
��

)
����0K������!�!'���
�)
��"	��
�!'�� (Single Spore Culture)  

���!�
�����%$'����������!� M. albus 
��#
�3&� MFC2 ,��"��+��$��!.�"����3-!��%-������&�  

�@
�
����	�-

$�%	�

	������� M. albus �
�*��5#� MFC2 �������
��	
����������!������
��@
 PCR 

�	�"�������'��� �@
�
������!
	��
	����
���(��!'"���#���)
��(5!�	� White &���K� (1990) ����������
��	
���� 

Liquid Nitrogen &�����
��� Lysis Buffer &��������	��"��!�&����������� Isomyl Alcohol:Chloroform ��	���
���� 

1:24 &�����
����	��!
	��
	���� 70% alcohol  
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�	���	 PCR �
�
*('�)@
����!
	��
	�!'����)
�
$�%	�
����
���(� Polymerase Chain Reaction (PCR) ����$��*�
�	��

�@
-���
*('�)@
����!� ITS4 &���!� ITS5 �	�
$�%	�

	������� M. albus �
�*��5#� MFC2  (White &���K�, 1990) 7/'���

-�/'�"�(�(�(�
�!"�(�
���
���� 50 ������(�� )�"���	����� 10X Taq Buffer with 15mM MgCl2, 5X Enhancer, 2U 

Taq polymerase (Finnzymes), 10mM dNTP, 25�M Primer &�� DNA 1 ������(�� ���
��@
"�(�(�(�
"���	����� 4 

��%��	���	 Initial Denaturation �!' 96 	��

7�
7!�� 2 �
�!, Denaturation �!' 94 	��

7�
7!�� 30 �(�
�!, Annealing �!' 

55 	��

7�
7!�� 45 �(�
�!, Extension�!' 72 	��

7�
7!�� 1 �
�! ����@
�
�
*('�)@
�����%�-�� 30 cycles &�� Final 

Extension�!' 72 	��

7�
7!�� 10 �
�! (Kong &���K�, 2003) )
���%��@
�
��(
��
�-� PCR product ����
���(� 

agarose gel electrophoresis &���������+������
�-
�@
����(���(�	�����	� PCR product &���@
+��!'����

"�!��
�!��

����@
����(���!�	�����	�
$�%	�
��J
���	�9��	� National Center for Biotechnology Information -��	NCBI 

(http://www.ncbi.nlm.nih.gov/BLAST) 

�����!������+�!��	���� 

���.:�0��*�-���!-��
�-�+��!������"��+��$��!. ,�
9��+!-(��/���')��*�-���!-���
��"��+��$��!.!-(*���

�/���
� �%$'����������!� M. albus 
��#
�3&� MFC2  

�	������)����)"���!�%��	*�+���
!�*����, 

����/�&'��/�	�+��*�+���
!�*����,  

)
�+��
����	�  �����
��	
���!'"�9�����
��!'�!�
�+��
$�%	 M. albus MFC2 ��%� �-�
"	��
7�����
��	��!'�9����
���

��
��	
���!'"�9�����
��!'����!�
�+��
$�%	 M. albus MFC2 ��%�$#��
����	��!'  1  &��$#��
����	��!'  2  ���&�����

�
�
��!' 2  �����%��
�
�X��#"�����
 
$�%	 M. albus MFC2  �
�
�X$����-�
������
��	
���!
"	��
7�����
��	�
"~�������


�!'
*('��9��/%� 	
))��!��
�
"~��"����!' 
$�%	 M. albus MFC2 �
�
�X�����__
K$�������#���-�
������
��	
���!	���
�
�

�	��!'
*('��9��/%� -��		
))��!��
�
"~��"����!' 
$�%	 M. albus MFC2 �"$�����
��'	��	��
�		�]�5(`�@
)��
$�%		�'� � �!'�!+�

��	�
������%��
��	��	�
������
��	
���!'�!	�9�����
� )/�$����@
�-�
������
��	
���!	���
�
��	�
"~�������
�!'�9��/%�

���

�(�  X/�&����
 
"	��
7�����!'
*('��/%�)����&�����
�&����
��
��X(�( 
 

�����!-(  2   &���
"	��
7�����
��	��	������
��	
�� 

�
���������  

%&����!���� �"��+��$��!.!-(*����/���
� 

�%$'� M. albus MFC2 

�"��+��$��!.!-(��/��"*����/���
� 

�%$'� M. albus MFC2 

1 82.20% 78.80% 

2 93.20% 92.80% 

 -�
�
-�#:  	���
�
��	��	������
��	
���@
��K)
������
��	
����%�-�� 1,000 ��� 
 

��	
�	�*�+�	��$!��	
"#+*�+$�	���*�+���
!�*����, 

$#��
����	��!' 2 ���	��
������
��	
��������!' 10 �	��
����	� �����
��	
���!'������"�9��������
$�%	 M. albus MFC2 

&��	�9�����
���!'�
��%@
��%��!��
���
��
��	��
��!'��%����
&��&����
����$#��
����	�	�'� � 	��
��!����@
��_ ���

&������
�
��!' 3  

RA= �
������
��	
�� + ���%@
�#���� ($#�����#�) RB= �
������
��	
�� +���%@
���
������ 

RC= �
������
��	
�� +MFC2+ ���%@
�#����  RD= �
������
��	
�� + MFC2+���%@
���
������ 

SA= �����
��	
�� + ���%@
�#���� ($#�����#�)  SB= �����
��	
�� +���%@
���
������ 

SC= �����
��	
�� +MFC2+ ���%@
�#����  SD= �����
��	
�� + MFC2+���%@
���
������ 

SC  &�� SD �!��
��	��@
����!'�9����
 SA &�� SB �
��@
��� &����$���&���	��
����	� $�������!' 1– 8   RA �!

��
���
��
��	��
��!'�
��!'�#� �	����
��	 RC &�� RD &�� RB �
��@
��� )
�+��
����	��
�
�X��#"�����
 ���

��
��	
���!'"�9��������
$�%	 M. albus MFC2 ��%�
��'		�9���
���!'�!�
����%@
�#����-��		�9�����
���!'�
��%@
��%�)��!��
�

��
��9��	��@
��� �9����
�����
��	
���!'������"�9��������
$�%	 M. albus MFC2  &����-�
-����
 
$�%	  M. albus MFC2  



 16 

��%��!"���(�5(�
*�!'$����-�������
��
��	
���!�
�
)�(_
�(����
����
  �������	���
��
��
���%� �����
��	
���!'������

"�9��������
$�%	 M. albus MFC2 &��	�9�����
���!'���%@
�#������%� �!��
���
��
��	��
��!'�
��!'�#� &�������
�

���9�K��!'�#� �	����
��	 �����
��	
���!'"�9��������
$�%	 M. albus MFC2  ����
���!'�!�
����%@
�#���� &���
��
���� 

�����
��	
���!'"�9��������
$�%	 M. albus MFC2  ����
���!'�!�
����%@
���
�������
��@
��� ���������
��	
���!'������"�9�

�������
$�%	  M. albus MFC2 ����
��
��!���
��%@
  )��!��
���
��
��	��
��!'��%��!'�#�  &����-�
-����
 
$�%	 M. albus 

MFC2  �!����$����-����*�$�!�
�
)�(_
�(����!'�!�/%� ��%��!%	
)
��'	��
)
�
$�%	 M. albus MFC2  �!%�����__
K�"����#���-�

*�$�!�
��	���	��
���!��(��

*�'	
"~�����-�/'��!'$����-�*�$-�!�
�!'����
��&-��&���  ��
��9"�!' 3 &�� 4 &�����
�

�
��	��
�&����
��9��	�������
��
��	
����&������!�
����
"~�
��
 10 ��� ��&����$#��
����	� )�
-�����	��
�

$��
)���
 �����
��	
���!'"�9��������
$�%	 M. albus MFC2  �!��
��	��
��!'�
�&���@
����!'�9����
�����
��	
���!'������

"�9��������
$�%	 M. albus MFC2 ��%�����
�����%@
�#����&����
���!'�
��%@
 +��
����	����$!%��
 
$�%	 M. albus MFC2 

�!%�!+���	�
�$����-������
��	
���
�
�X
)�(_	�9�����
���!'&-��&������ &��)�������������%� �������	��!�
��/�0



*('�
�(���	�" 
 

�����!-(  3  &�����
��
��	��
�&����
��9��	��@
����	������
��	
��   

�����!-(  3.1  &�����
��
��	��
�&����
��9��	��@
����	������
��	
��  $#��
����	��!' 1 
!�-������ 

1 2 3 4 

 

�
�1 

��� �)��"� ��� �)��"� ��� �)��"� ��� �)��"� 

1 3.25±0.39a 5.85±0.13a 1.93±0.21b 6.06±0.26a 2.93±0.17a 5.92±0.22a 2.85±0.21a 6.24±0.13a 

2 3.51±0.25a 6.59±0.24bc 2.20±0.24b 5.75±0.23a 2.48±0.20b 6.13±0.16ab 2.88±0.29ab 6.84±0.22c 

3 3.78±0.26a 4.61±0.34ab 2.38±0.19b 3.89±0.34a 3.32±0.22ac 4.48±0.30ab 2.79±0.13bc 4.86±0.34a 

4 3.80±0.30a 4.56±0.34a 2.69±0.21b 4.40±0.41a 3.47±0.17a 4.98±0.34a 3.52±0.21a 4.62±0.37a 

5 2.80±0.15a 5.36±0.33a 2.02±0.08b 5.73±0.15a 3.16±0.14c 8.11±0.20b 2.40±0.09d 7.63±0.13b 

6 3.42±0.24bc 5.76±0.14a 2.53±0.20a 4.20±0.10b 3.83±0.27c 7.21±0.19c 3.09±0.13ab 6.90±0.15cd 

7 4.54±0.33b 6.24±0.11bc 3.74±0.46ab 5.47±0.14a 3.11±0.23a 6.13±0.23ab 2.74±0.29a 6.85±0.39c 

8 4.72±0.26a 6.55±0.15a 2.91±0.33b 5.59±0.14b 2.77±0.19b 6.87±0.21a 3.33±0.26b 6.94±0.15a 

9 4.65±0.40a 5.90±0.29a 3.79±0.27a 5.95±0.26a 4.02±0.27a 6.70±0.28b 3.85±0.26a 6.47±0.20ab 

10 4.23±0.40ac 6.33±0.19a 3.08±0.24b 5.018±0.15b 5.29±0.42c 6.45±0.13a 4.18±0.36ad 6.34±0.16a 

-�
�
-�# : ���1   ��	 ����!'
�('��@
�
����	����%@
 
 

�����!-(  3.2  &�����
��
��	��
�&����
��9��	��@
����	������
��	
��  $#��
����	��!' 2 
!�-������ 

1 2 3 4 

 

�
�1 

��� �)��"� ��� �)��"� ��� �)��"� ��� �)��"� 

1 3.78±0.37a 6.47±0.19a 2.36±0.21b 5.99±0.26ab 2.70±0.24b 5.61±0.32b 2.92±0.31b 6.09±0.21ab 

2 2.47±0.56a 5.22±0.21a 2.04±0.22a 6.09±0.28b 3.69±0.43a 6.69±0.16b 2.84±0.28ab 6.20±0.20b 

3 4.41±0.40a 6.57±0.17a 2.53±0.17b 6.21±0.12a 3.32±0.30b 6.34±0.23a 3.29±0.32b 6.29±0.28a 

4 2.86±0.30a 5.76±0.35a 2.65±0.33a 6.44±0.27a 4.16±0.33b 6.19±0.23a 3.17±0.46ab 6.37±0.15a 

5 3.38±0.20ab 4.81±0.18a 3.53±0.27ab 4.92±0.29a 3.04±0.24a 5.83±0.20b 3.78±0.27b 4.76±0.14a 

6 3.91±0.25a 5.89±0.36a 3.62±0.42a 5.58±0.25a 3.34±0.29a 6.54±0.19b 3.59±0.41a 6.30±0.13a 

7 4.68±0.37a 5.63±0.21a 3.28±0.23b 5.77±0.20a 3.59±0.24b 6.67±0.12b 3.07±0.251b 6.25±0.27a 

8 3.77±0.29a 4.94±0.24a 3.49±0.38a 4.74±0.12a 3.39±0.30a 5.64±0.16b 5.29±0.38b 5.48±0.11c 

9 3.88±0.30ab 6.07±0.25a 3.30±0.21b 5.23±0.20a 4.29±0.27a 6.35±0.15b 4.18±0.24a 6.48±0.15b 

10 6.14±0.30a 5.88±0.16a 4.46±0.22b 5.77±0.28a 6.28±0.23a 5.50±0.16b 6.07±0.37a 6.40±0.21b 

-�
�
-�# : ���1   ��	 ����!'
�('��@
�
����	����%@
 "�����+��
��X(�(�����"�&��� SPSS Version 11.5 �$��(5! ANOVA &�� LSD Test  

  ��
�!'��� ��	 ��
 mean±S.D.  &�� significant  �!' p < 0.05 

��*!-(  3.  ��
�&�����
��
��	��
�&����
��9��	�������
��
��	
����&������!�
����
"~�
��
 10 ��� �
������
��

"��(
"�!��
�!�������
����
�
��!�� $#��
����	��!' 1 
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���

�
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�
�

��
 ( 	



�

�
�	�

�

)

RA
SA
RB
SB
RC
SC
RD
SD

 
�
	�����:   

RA= �
������
��	
�� + ���%@
�#���� ($#�����#�) RB= �
������
��	
�� +���%@
���
������ 

RC= �
������
��	
�� +MFC2+ ���%@
�#���� RD= �
������
��	
�� + MFC2+���%@
���
������ 

SA= �����
��	
�� + ���%@
�#���� ($#�����#�) SB= �����
��	
�� +���%@
���
������ 

SC= �����
��	
�� +MFC2+ ���%@
�#����  SD= �����
��	
�� + MFC2+���%@
���
������ 

 

 

��*!-(  4.  ��
�&�����
��
��	��
�&����
��9��	�������
��
��	
����&������!�
����
"~�
��
 10 ��� �
���� 

��
��"��(
"�!��
�!�������
����
�
��!��  $#��
����	��!' 2 
 

0
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���

�
��

�
�

��
 ( 	



�

�
�	�

�

)

RA
SA
RB
SB
RC
SC
RD
SD

 
�
	�����:   

RA = �
������
��	
�� + ���%@
�#���� ($#�����#�)      RB = �
������
��	
�� +���%@
���
���2-3��� 

RC = �
������
��	
�� +MFC2+ ���%@
�#����  RD = �
������
��	
�� + MFC2+���%@
���
���2-3��� 

SA = �����
��	
�� + ���%@
�#���� ($#�����#�)  SB = �����
��	
�� +���%@
���
���2-3��� 

SC= �����
��	
�� +MFC2+ ���%@
�#����  SD = �����
��	
�� + MFC2+���%@
���
���2-3��� 
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�')���
����-(��/��"�����"���"��+��$��!. 

$�������!' 1–4  �����
��	
���!'������"�9��������
$�%	 M. albus MFC2 �!��
�%@
-���
��!'���	����!'�9����
�����
��	
���!'"�9�

�������
$�%	 M. albus MFC2 &��
��'	
��
+�
��"��%�&������!' 5 ��������
��	
���!'"�9��������
$�%	 M. albus MFC2  �!��


�%@
-���
��!'���	����!'�9����
�����
��	
���!'������"�9��������
$�%	 M. albus MFC2  )
���
����9"�!' 5 ��%�  W3 &�� W4 �!

�%@
-���
��!'���	����!'
*('��/%�
��'	� � &��$#� W2 
"~������
��	
���!'������"�9��������
$�%	 M. albus MFC2 &�����	�9���

��
����
�
��!����	  �
��%@
  �@
�-��%@
-���
��!'���	��� -���)
�����!' 4  �!�%@
-�����	���
��'	� � &����	��!'�#�
��'	
�!��

���$#�	�'� � )
�+��
����	���#"�����
 
��'		�9�����
����
�
��!�� ��	�
��%@
  
$�%	 M. albus MFC2 $����-������
��	


���!�%@
-���
��!'���	����!'�9����
$#��
����	������
��	
���!'������"�9��������
$�%	 M. albus MFC2 ������9"�!' 5 W1  

W2 &�� W3 �����
��	
���!��
�%@
-���
��!'�����
�!����� &�� W2  �����
��	
���!��
�%@
-���
��!'���	�����	��!'�#� )
�+�

�
����	���#"�����
 
��'		�9�����
����
�
��!�� ��	�
��%@
 
$�%	 M. albus MFC2 $����-������
��	
��
)�(_
�(�����	�"

��� �@
�-��!�%@
-���
��!'���	����!'�9����
�����
��	
���!'������"�9��������
$�%	 M. albus MFC2  ���&������
�
��!' 4  �9"�!' 

14 &�� 15  7/'������!'
$�%	 M. albus MFC2 $����-�*�$
)�(_
�(������	��
�"��(����
��&-��&����������	��!�
��/�0



*('�
�(���	�" 

 

�����!-(  4  &����%@
-���
��!'���	����	�������
��
��	
��  

�����!-(  4.1  &����%@
-���
��!'���	����	�������
��
��	
��  $#��
����	��!' 1 
!�-������ �
�1 

1 2 3 4 

1 52.63 51.67 32.00 31.82 

2 60.00 59.38 52.78 46.25 

3 70.62 60.59 41.76 54.76 

4 71.25 61.76 54.76 58.89 

5 71.00 51.74 60.00 56.00 

6 69.52 54.78 83.48 78.57 

7 66.00 61.67 62.78 65.00 

8 65.45 48.10 81.67 81.82 

9 81.05 57.78 62.00 77.14 

10 75.24 44.85 79.54 53.67 

 

�����!-(  4.2  &����%@
-���
��!'���	����	�������
��
��	
��  $#��
����	��!' 2 
!�-������ �
�1 

1 2 3 4 

1 76.36 74.00 50.00 62.86 

2 57.50 42.86 57.14 51.67 

3 72.50 64.44 75.38 60.00 

4 84.00 69.09 61.25 76.00 

5 83.00 79.00 78.00 88.00 

6 92.73 82.50 83.64 94.00 

7 102.50 83.33 100.71 86.67 

8 107.00 94.00 128.00 123.00 

9 115.71 88.00 107.00 103.64 

10 128.39 90.67 124.33 122.00 

-�
�
-�# :  1  ��� ��	 ����!'
�('��@
�
����	����%@
 

�%@
-���
��!'���	����	�������
��
��	
�� &�����-�����(��(���� 

�%@
-���
��!'��!'&���	
)�!��

*('������
"~��"�
��]0�!�!'��	�
*('��/%�
��'	� � 
��'	�)
��!�
�
)�(_
�(�����%� 
"~�+��
)
����	��
��!'�@
�
�@
�
�

����
�
)�(_
�(����
)
��
��#�����	��
� 
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��*!-(  5.  ��
�&����%@
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�#���� ($#�����#�)     W2 = �
������
��	
�� +���%@
���
������ 

W3 = �
������
��	
�� +MFC2+ ���%@
�#����  W4 = �
������
��	
�� + MFC2+���%@
���
������ 
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���
���2-3��� 

W3 = �
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��	
�� +MFC2+ ���%@
�#����  W4 = �
������
��	
�� + MFC2+���%@
���
���2-3��� 
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����*�-���!-���+�
��������X��!-(��-(���"���
����!���"�����"��+��$��!. 

�	������)����)�!��)�%����
���0&
/ peroxidase 
�"���$�	���*�+����$�	
!�*����, 

�	������)����)�!��) peroxidase pH 5  
�"���$�	���*�+����$�	
!�*����, 

$#��
����	��!' 1 7/'� SA &�� SC �! peroxidasae activity 
*('��/%�������!' 3 
������
 activity �	� SA ($#�����#�) &�� 

SD 
"~�
��
 1 ��� 	!���%� SB &�� SC �!&������+��
����	��	� peroxidase activity �!' pH 5 
-��	���� ��	
*('��9��/%�


��'	� �  ���K��!' SA &�� SD �!&������+��
����	���	 peroxidase activity �!' pH 5 ��	���
�)����!' 	�9���$��� 0-10 (

10-3) U/�g protein ���K��!' SB �!&�������	� peroxidasae activity �!'
*('��9��/%�
��'	� � &���9����
��!�
����	�'�� ��

$#��
����	�
�!����� ���&������9"�!' 7 

$#��
����	��!' 2 ���9"�!' 8 SA �!&�������	�+��
����	� peroxidase activity �!' pH 5 �!'��	���
�)����!'
-��	�$#��
�

���	��!' 1 �
��!'������
������
���� ���K��!' SB �!&�������	� peroxidasae activity �!'
*('��9��/%�
��'	� � 
$��
�!������!'

*���$#��
����	��!' 1 ������!' 3 SC &�� SD �!&�������	� peroxidase activity �!' pH 5 �"���
�
�!����� ��	 �!  

peroxidase activity 
*('��9��/%�
��'	� � &���9����
 SA &�� SB 7/'���%� SC &�� SD �	�$#��
����	��!' 2 ��
�)
�$#��
�

���	��!' 1 ��	 �! peroxidase activity �!' pH 5 �9����
$#��
����	��!' 1 
"~� 2 
��
 &�� SC �!&�������-�+��
����	���

$#��
����	��!' 2 �"���
�
�!�����$#��
����	��!' 1 &����
����
*!�� activity 
*('��9��/%�
�����	�
��
��%� ���&������9"�!' 

17 7/'�$#��
����	��!' 2 �!�
�
*('���
�
��!���-���������
��	
���
��/%����
$#��
����	��!' 1 )
�+��
����	� *���


��$#��
����	��!' 2 $#� SA  SB &�� SC �-�+�
-��	�$#��
����	��!' 1 &�� SD ��%��!��
 peroxidase activity �!' pH 5 �9�

���
$#��
����	��!' 1 &���9����
$#��
����	�	�'� � 7/'�	
))��!��
�
"~��"����!' 
��'	�����
��	
���!��
�
��!��
*('��
�

�/%� 
$�%	 MFC2 �!%��)����
��(��-� peroxidase activity �!' pH 5 
*('��9��/%� 

�	�)
��!% SD �!&�������	�+��
����	��"���(��
�
�!�������� SA ��	 �!��
 peroxidase activity 
*('��/%���$�������!' 

3-4 &��
*('��9��/%�	!���$�������!' 8-9 ����� SD �!��
 peroxidase activity �9����
 SA 
�����	� ���@
�	�
�!����� SB �!

&�������	�+��
����	��"���(��
�
�!�������� SC ��	 �!��
 peroxidase activity 
*('��/%�������!' 6 &��
*('��9��/%��9��#�

������!' 9 ����� SC �!��
 peroxidase activity �9����
 SB ���&������9"�!' 8   

)
�+��
����	����*()
�K
)
��
����	�$#��!' 2 )�
-�������
 �����
��	
���!'"�9��������
$�%	 M. albus MFC2 )��!��
 

Peroxidase activity 
*('��9��/%�
��'	� � 7/'�&����-�
-����
 
$�%	 M. albus MFC2 	
)�!����
�!'����	�����
������__
K�-����

��
��	
���!������()�����	�
	��7��
*	��	�7(
�� 7/'�)��!����$����-�*�$�� 22OH  7/'�
"~��
��!'�!��
�
"~�*(0��	


7�������!�����!'$������
�
��'	���
��	� 22OH  ������"���	��	�
7���+�
���)� Ascorbate-glutathione �����

��)��!% 22OH  ���9"
"~��%@
&���%@
��	�����%@
��	� Ascorbate peroxidase 7/'� Reactive Oxygen Species (ROS) -��	

$�(��/'���
��	�		�7(
)��!'�!"�(�(�(�
-��	 Reactive Oxygen Intermediates (ROI)  
$�� Superoxide anion ( 2�O ) &�� 

Hydroxy free radical ( �OH ) &����
�
"~�*(0��	*�$�	� 22OH  ����
-��	���� �@
-��� ROI )�
"~�*(0�9��
�&��

�
�
�X�@
��
�
�!�-
����	��
��#�&�� ��	����"���	��	�
7��� 	�#�9�	(���
-��
�!%	
))�
"~��

-�#�	��
�
*('�

		�7(
)�������"���	��	�
��%	
��'	-�	-#������
-��	���� �	�)
��!%)���������
��	���	��
��#��	��('��!$!�(� 
$��

�%@
��	��"��!� �(���(	(� 	�7(� ��� �
�+�(� ROI "��(&���)�
*('��/%���-��
���
���!'�!��
�
��� *�$�!�����
�"�	�����!'�!

�!'
�����
�	�#�9�	(���
-��
�!%		��"7/'�"���	������
���	��
�	�#�9�	(���-��	 Antioxidants ���&���
� Ascorbate, 

Glutathione &���%@
��	�	!�-�
�$�(����&�� Superoxide dismutase (SOD), Ascorbate peroxidase, Ascorbate 

reductase &�� Glutathione reductase �
�
+
+�
_&���%@
��	�
-��
�!%X9�$���@
��-��
�
�(���
�
��� )
��
����	�

*���
�����
��	
���!'"�9��������
$�%	 M. albus MFC2 )�
�(��
�$���@
	��
�
-�����$��&�����

$�%	�!%	
))��!+��-�*�$
�(�

��
����
���	��
�
��� 
��'	�)
� �
�
+
+�
_&���%@
��	�
-��
�!%X9�$���@
��-��
�
�(���
�
��� �
�$���@
)�
-�����$��

��*�$$�(��!'���
���	��
�
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����
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��*!-(  7.  ��
�&�����
 peroxidase pH 5 
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�
	�����:  SA = �����
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�� + ���%@
�#���� ($#�����#�) SB = �����
��	
�� + ���%@
���
������ 

SC= �����
��	
�� +MFC2+ ���%@
�#����  SD = �����
��	
�� + MFC2+���%@
���
������ 
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�� +MFC2+ ���%@
�#����  SD = �����
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�� + MFC2+���%@
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���2-3��� 
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�	������)����)�!��) peroxidase pH 7  
�"���$�	���*�+����$�	
!�*����, 

$#��
����	��!' 1 &�� 2  ��%� SB SC &�� SD �-�+��
����	��!'�!&�������"���(��
�
�!�������	 �! peroxidase 

activity �!' pH 7 �!'�9��/%�
��'	� � 	��
�
-�����$�� ���K��!' SA �!&�������	�+��
����	� peroxidase activity �!' pH 7 �!'

��	���
�)����!' &��	
))��!&�������!'
*('��/%�
�����	� ������$#��
����	��!' 2 SD �!��
 peroxidase activity �!' pH 7  �9�

���
$#��
����	��!' 1 7/'�	
))��!��
�
"~��"��� 
��'	�����
��	
���!��
�
��!��
*('��
��/%� 
$�%	 MFC2 �!%)������__
K

����#��$����-�*�$ �! peroxidase activity �!' pH 7 
*('��9��/%����� ���&������9"�!' 9 &�� 10 
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 peroxidase pH 7 
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�
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�� + ���%@
�#����($#�����#�)  SB = �����
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�� + ���%@
���
������ 

SC = �����
��	
�� +MFC2+ ���%@
�#����  SD = �����
��	
�� + MFC2+���%@
���
������ 
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�� +MFC2+ ���%@
�#����          SD = �����
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�� + MFC2+���%@
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�	������)����)�!��) peroxidase pH 10  
�"���$�	���*�+����$�	
!�*����, 

$#��
����	��!' 1 &�� 2 �-�+��"��&��
�!�������	 ��%� SA  SB  SC  &��  SD �! peroxidase activity �!' pH 10 ��	���
�

���!'	�9���$��� 0-10 (×10-3) U/�g protein  &��)
���
�&���+��	�$#��
����	��!' 2 SC &�� SD �! peroxidase activity 

�!' pH 10 �9��/%����
$#��
����	��!' 1 	
))�
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)
� SD ��$#��
����	��!' 2 �!�
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*('���
�
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��
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�
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))��"
*('���
�
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��	
��
$�����)/��@
�-� activity �!'��(
�K�!%
*('��9��/%���%��� SC &�� SD ���

&������9"�!' 11 &���9"�!' 12 
*�'	�
��!����$����-�*�$�� 22OH  7/'�
"~��
��!'�!��
�
"~�*(0��	
7���  
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����*�-���!-���+�
���	��������X�� ATPase ,�
/���)��"�����"���"��+��$��!. 

����*�-���!-���+�
� ATPase !-( –KNO3  ,�
/���)��"�����"���"��+��$��!. 

)
���
�&���+��
����	� )�
-�������
 ��%�$#��
����	��!' 1 &�� 2 �!&�������	�+��
����	��"���(��
�
�!�����

��	 neutral ATPase activity ��%� �!��
�����#�$#��
����	� 7/'�	
))��!��
�
"~��"����!' neutral ATPase activity ��%�
"~� 

activity �	� ATPase �!' 
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7��� )��@
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���
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))��!��
�
"~��"���	!�
$��
�!�������
 
$�%	 MFC2 	
))��"$�������#��*�$

�-��!��
��
�
�X���
����
���	��
����
�
��!��������	�'� � 
*�'	�-�*�$�
�
�X	�9��	���� ����!'  ATPase activity  

�!'"�(
�K�!%�����	�
*('��9��/%���'�
	�  

 

��*!-( 13.  ��
�&�����
 ATPase �!' –KNO3  
	��7��&	��(�(�!�	�������
��
��	
����&������!�
���� 
"~�
��
 10  

����
������
��"��(
"�!��
�!�������
����
�
��!��  $#��
����	��!' 1 

 

0

5

10

15

0 1 2 3 4 5 6 7 8 9 10

���

A
ct

iv
ity

 (*
10

-5
) U

/u
g 

pr
ot

ei
n

SA
SB
SC
SD

�
	�����: SA = �����
��	
�� + ���%@
�#���� ($#�����#�)  SB = �����
��	
�� +���%@
���
������ 

SC = �����
��	
�� +MFC2+ ���%@
�#����  SD = �����
��	
�� + MFC2+���%@
���
������ 

 

 

 

 



 25 

��*!-( 14.  ��
�&�����
 ATPase �!' –KNO3  
	��7��&	��(�(�!�	�������
��
��	
����&������!�
����
"~�
��
 10 ���  

�
������
��"��(
"�!��
�!�������
����
�
��!��  $#��
����	��!' 2 

0

5

10

15

0 1 2 3 4 5 6 7 8 9 10

���

A
ct

iv
ity

 (*
10

-5
) U

/u
g 

pr
ot

ei
n

SA
SB
SC
SD

 
�
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���
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 acid ATPase activity �!'�9����
$#�	�'� � &��
��'	
"�!��
�!��$#��
����	��!' 1 SA &�� 

SC �! acid ATPase activity �!'
*('��9��/%�������!' 3 &���!&�������!')�����
��'	� � �@
-��� SC &�� SA ��%��!��
 ����&��


*('��/%������"�
 &��$#��
����	��!' 2 SA &�� SC �! acid ATPase activity �!'
*('��9��/%�������!' 2 &���!&�������!')�

����
��'	� � �@
-��� SC &�� SA ��%��!��
 ����&��
*('��/%������"�

$����� 7/'��!��
�
"~��"����!' $#��
����	��!' 2 *�$�!
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�
��!���
����
$#��
����	��!' 1 �@
�-�*�$X9�����#���-��! acid ATPase activity �!'
������
��'�
	� ���&������9"�!'  15  

&�� 16   �	�)
���%�  SD &�� SB �! acid ATPase activity �!'
*('��9��/%�������!' 4 &���!&�������!')�����
��'	� � &��

������	�
	��7��&	��(�(�!��)��/%���  ��%�$#��
����	��!' 1 &�� 2 

���.:�0��#$(����	
���)����/�����%$'����������!� M. albus 
��#
�3&� MFC2 !-(��"��* colonized ,��"��+��$�

�!. 

)
�+��
����	�  ��%��(5! Conventional isolation method  &��  Molecular method  ��%����*�
$�%	 M. albus MFC2 ��

�#�$#��
����	� &���(5! Conventional isolation method  *������!�	�
$�%	$�(�	�'� 
��'	���
�����0K������! &�����0K�

�	��"	�� *���

"~�
$�%	 Collectotricum sp. ��$#� 1, 2 &�� 3 ��	�����
��	
���!'������"�9��������
$�%	 M. albus MFC2��

��
�����%@
"��( �����
��	
���!'������"�9��������
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���
��%@
 &�� �����
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���!'"�9��������


$�%	 M. albus MFC2����
�����%@
"��( �
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��
����
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�
$
�(��
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seed born �	�
������
��	
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�
�X �@
 PCR &���@
�
� Run Agarose Gel 
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����	� )
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���
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�	�
	��7�� ATPase ��%��!��
������%���
��'	-#��
7���&��&��(��	� �#�$#��
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���*�+�&���,%"�%$'����������!�  M. albus  MFC2  ,��������&��������!����
!-(����	���%$'��� 

Colletotrichum  gloeosporioides, C. capsic  ��+  Alternaria  sp.  ,�#��� 

Apllication of M. albus  MFC2 for control Colletotrichum  gloeosporioides, C. capsic  and  Alternaria  sp. in 

Capsicum sp. 

�
%\�  �
�
�1  ����G�- .�-�!�!�
#��1  �
���%;�  ��������2  ��+  	-�#
�3�  ��#�0� 1 

19����%��!������-%-�9�# ��+��!��.�
��� �����!���
������ 
2 �������
"���-(%��]� �. 
��#��� 	. ���*1� 

�
�6&*�+
���  

1. 
*�'	�/�0
-
�9���
�+�� Modified Rice Starch (MRS) ������
$�%	�

	������� M. albus strain MFC2  �!'�
�
�X

�����%�
$!%	 Colletotrichum gloeosporioides, C. capsici &�� 
$�%	�
 Alternaria sp. ��)
�	
-
�
�!%��
$�%	 (in vitro) 

2. 
*�'	�/�0
-
�9���
�+�� Modified Rice Starch (MRS) ������
$�%	�

	������� M. albus strain MFC2  �!'�
�
�X

�����%�
$!%	��	���&	�&�����������X#"��������	�!' 1 �����
��	�
*
�$@
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"~�*�$������9� Solanaceae �!$�'	�
��(��
�
������
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�!%���-�
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��� ����*�(�
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��*!-( 1.   &����9"*�(�$�(���
�� �!'
����
)
�����	�
�0����)��� �.��
�)
� 	.*#5�5�� ).�#�!����� �
* A) *�(�����
� 

, �
* B) *�(�-����
�, �
*C) *�(��!%-�9, �
* D) *�(��
������-�(�  

 

)
�+��
��
��()�������. )!�*��5� ��*�0� &�� Professor Dr. Gary A. Srobel &-�� Montana State University �!'+�
��
 

�
�
�X&���

	��������
�*��5#��-��)@
��� 2 �
�*��5#� ��	 1) �

	������� Muscodor albus )
����*�$ 

Cinnamomum zeylanicum (Worapong &���K� 2001) &��  2) �

	������� M. roseus )
����*�$ Grevillea 

pteridfolia (Worapong &���K� 2002) �!'�
�
�X���
���
7�����%��
�
)�(_
$�%	�
�!'��	������*�$ 	
�(
$�� Ustilago hordei 

(Loose Smut) �	������
��

���  �	�)
��!%�

	��������
�*��5#� M. albus ����
�
�X����#��
�
)�(_�	� 

Rhizoctonia solani 
$�%	�
�!'��	����	���� sugarbeet �������  "} 2003-2004 Dr. Strobel &�� ����/�0
"�(__
�� Eva 

Grimme (Grimme &���K� 2004) ������	��@

$�%	 M. albus &�� M. roseus �"�$�����
�"�	������������� sugar beet 

&�� ���
������ -��	���
�_)�
� (Chrysanthemum) +�"�
����
���+��!�
� &�����K�
�!����� Dr. Strobel ������
$�%	 

M. albus �"�-� Dr. Julien Mercier &�� Dr.Jorge I. Jimenez (2004) �!'��(0�� AgraQuest, Inc. 
��	� Davis ����J 

California (AgraQuest is a biotechnology company that focuses on discovering, developing, manufacturing and 

marketing effective, safe and environmentally friendly natural pest management products for the agricultural, 

institutional and home markets., http://www.agraquest.com) 
*�'	�@
�
����	��$�
$�%	������
�����
�"�	����&	"
"��� 

*!$ )
�
$�%	��	���-����
�
���
�!'��
$�� Penicillium expansum; Botrytis cinerea; Monilinia fructicola )
�+��
����	�

"�
����
��
7�!'���
�)
�
$�%	 M. albus �!'
�!%����
������
����� �
�
�X��

$�%	 Botrytis, Colletotrichum, Geotrichum, 

Monilinia, Penicillium and Rhizopus ��+�&	"
"��� *!$ *��	���%���	��#"�!'�!	!���

$�%	 M. albus �
�
�X�@
�""���#����$�

"����$��������
�
��'	�)
�
$�%	 M. albus ����
�
�X+�(��"	���!')�&*�����)
��"���+�������&���!'�@
��_ ���
$�%	
$�%	 M. 

albus �����������+�����+�������������� &����"}X���" Dr. Julien Mercier &�� Dr. Denise C. Manker (2005) ����!*(�*�


��'	��
��@
����� M. albus �"�$�����#���� Damping off �!'
�(�)
�
$�%	 Rhizoctonia solani ��������	�
�	���!' "} 2549 

US-EPA (United States Environmental Protection Agency) ����-��
��	�������
��$� 
$�%	 M. albus ���
�
�0�� 

"�))#�����(0�� AgraQuest ����@
		��
�&��� (Strobel, 2006)  Dr. Julien Mercier &�� Dr.Jorge I. Jimenez (2004) �!'

��(0�� AgraQuest, Inc. 
��	� Davis ����J California (AgraQuest is a biotechnology company that focuses on 

discovering, developing, manufacturing and marketing effective, safe and environmentally friendly natural pest 

management products for the agricultural, institutional and home markets., http://www.agraquest.com) 
*�'	�@
�
�

���	��$�
$�%	������
�����
�"�	����&	"
"��� *!$ )
�
$�%	��	���-����
�
���
�!'��
$�� Penicillium expansum; Botrytis 

cinerea; Monilinia fructicola )
�+��
����	�"�
����
��
7�!'���
�)
�
$�%	 M. albus �!'
�!%����
������
����� �
�
�X��


A B 

C D 
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$�%	 Botrytis, Colletotrichum, Geotrichum, Monilinia, Penicillium and Rhizopus ��+�&	"
"��� *!$ *��	���%���	��#"�!'�!

	!���

$�%	 M. albus �
�
�X�@
�""���#����$�"����$��������
�
��'	�)
�
$�%	 M. albus ����
�
�X+�(��"	���!')�

&*�����)
��"���+�������&���!'�@
��_ ���
$�%	
$�%	 M. albus �����������+�����+�������������� &����"}X���" Dr. Julien 

Mercier &�� Dr. Denise C. Manker (2005) ����!*(�*�
��'	��
��@
����� M. albus �"�$�����#���� Damping off �!'
�(�)
�


$�%	 Rhizoctonia solani ��������	�
�	���!' "} 2549 US-EPA (United States Environmental Protection Agency) ����-�

�
��	�������
��$� 
$�%	 M. albus ���
�
�0�� "�))#�����(0�� AgraQuest ����@
		��
�&��� (Strobel, 2006) ��
�#� 

Worapong and Strobel (2008) ����!*(�*���

$�%	 M. albus MFC2 7/'��
�*��5#��!'&�����)
�"��
����� (Sopalun et al., 

2003) �
�
�X�@
�""���#����$�����#�����
�
��
������
��� �����%������
��()���!%)/�
��	$!��(5!   ����
��@
)#�(���!��

$!��
* (Biocontrol agent) ����$�
$�%	�

	������� M. albus strain MFC2  
*�'	����#�
$�%	��	���&	�&������&�����

�#��&-���	�*�(���   -�	�"�(���(�
� 

"����$���!'�
���
)�������)
������
��()���!%��	�
����	 	�����
��9��-���!')���������
��
�
�X�	���
7-��	�
��#�(��9�(

�!'���
����
$�%	�

	������� M. albus strain MFC2   �!]�5(`�����%����&	�&�������!'
�(�)
�
$�%	�
   C.  gloeosporioides 

&�� ����#��&-��
�!���!'
�(�)
�
$�%	�
  Alternaria sp.  	��
"~�&���
����
��/�0
&���()����
�+�-
�9��	
-
���
� � �!'

�������
��
�
�X�	�
$�%	�

	������� M. albus strain MFC2 ���
������%����	�'��
$�� �!'
"~�"�_-
�@
��_���
�"�9�

���*�(������
��	�
*
�$@
)@
�	�
*�'	�@
�"�$����)�(������+��  &��
�0����+9�"�9��!�
�
��	��-�����
��� �� 
�(� �
��$�

���X#�!*(0*���
�
��!)
��
��
&����
��
�
�0��
*�'	+9���(��������(���+��"�	��
�*(0 �	�)
��!%���$���"��
��$
�(

"��-���
�(���
���#��
���
���
���'�7�%	&���@

��
���X#�!*(0�
��
�
�0��&��"#¡�
��! ���
����	����%��!%����@
�
�

���	�&��  in vitro ��	
-
�
�!%��
$�%	-�
�$�(� ����(5! Antagonistic test 7/'�)��@
�
����	���
��
�
�X�	�
$�%	�



	�������  �!'�
�
�X���
��
��#�(��9�(���
������%��
�
)�(_�	�
$�%	�
��	���&	�&������&������#��&-��
�!���!'�!�!'�#�  

&������K!�!')��$�"�	��������!%�!'�
�
�X�(��"���
����*��5#� M. albus strain MFC2 )�X9��@
�"���	����*�$���������

���
$�%	���"�����X
� *��	�����
����*��5#�*�(�&��
$�%	�
��	���&	�&������&������#��&-��
�!��
�!�� 

��3-����)����������	
� 

�	������
�������� ( inoculums)   
��%6���+��� 

1  
��!��	
-
�
�!%��
$�%	 PDA 

2  �@
 stock �	�
$�%	 M. albus strain MFC2  �

�!%����	
-
�
�!%��
$�%	 PDA �@
-���
"~�-��
$�%	      inoculums  
�!%��

�
� 10 ��� 

3  
��'	
$�%	 M. albus strain MFC2  �!	
�#��� 10 ���&��� �-����$(%��#���!'�!
$�%	  M. albus strain MFC2  �
�
���'@
�����

��
�)
�	
-
�
�!%��
$�%	 PDA 

�	������
�	�	� 3 "#�� 

1.  
��!����
���
� ��
����	� �@
  ��	���
���� 70:30:10 

2. �@
	���
������%�-���""���+�����������&�����)#�������
� 100 ml. ���&���		�
"~�	
-
� 3 �9�� 7/'�

"���	����� 

1. MRS1  ( F2*50 g + Modified rice starch 50 g ) 

2. MRS2  ( F2*40 g + Modified rice starch 60 g ) 

3. MRS3  ( F2*60 g + Modified rice starch 40 g ) 

F2* -�
�X/� ��
���
�:��
����	�:�@
:�%@
 �� 	���
���� 70:30:10:10 +�����&"�����
�$�
 (Modified   rice starch) 

3. 
�(��%@
���'� sterile "�(�
�� 20 ml &����@
�"
��

���'	� Autoclave 2 ���%�  

�	���"�)��	
"	
	�9
��	���)��
�����������*�+�����  M. albus strain MFC2  
��	���)���+�����    C. 

gloeosporioides, C. capsici   ���������	  Alternaria sp.   )��	��	�	��$���+�����)��	�	�  PDA                      

1.  �@

$�%	 M.albus MFC2  �!'�!	
�#��� 10 ����
�����	
-
� 3 �9�� ����$�	���
���� 1 ���:    "�(�
��
$�%	 MFC2 50 

)#� )
���%����@
�"�����	
-
�
�!%��
$�%	   PDA  �!'�@
�
����	
-
�
�!%��
$�%	PDA 		���/'�-�/'�&��� &���(%�����
� 10 &�� 

14 ��� 
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2.  
��'	��� 10 &�� 14 ���&���  �-��@

$�%	��	���7/'�"���	�����
$�%	 C.gloeosporioides , C.capsici   &�� 
$�%	  Alternaria 

sp.   �
�
����	!���
�-�/'��	�	
-
�
�!%��
$�%	 PDA 

3.  )
���%��@
)
�	
-
�
�!%��
$�%	��%�-���"����!'	#K-�9�(   25�C �
� 7��� ���
�� &������/�+��
�  % inhibition 

���	��
�
)�(_
�(����	�
$�%	���&	�&������&������#��  &-��
�!�� ��	
-
�
�!%��
$�%	 �!'
��
  3, 5   &�� 7  ��� 

�
�����/�+� 

�@
�
�
"�!��
�!��&���@
���
"~� % inhibition ��	 �������!�
�
)�(_�	�
$�%	�
��	���&	�&��������	
-
�
�!%��
$�%	$#�

����#�
"�!��
�!�����$#�  Dual antagonistic test &����@
�
�@
��K
"~�
"	��
7�����
������%� �
��9��   % inhibition  =  

(R1- R2 )/ R1�100  ����!' 

R1 ��	����!�
�
)�(_�	�
$�%	�
��	���&	�&��������	
-
�
�!%��
$�%	 PDA �!'
"~�$#�����#� 

R2 ��	����!�
�
)�(_�	�
$�%	�
��	���&	�&��������	
-
�
�!%��
$�%	 PDA �!'�!
$�%	
	������� M. Albus &���9��

	
-
���%� 3 �9�� 

4. �@
�
����	� Viability tests 

4.1  �@
�����!�	�
$�%	��	�����%� 3 $�(� ��	  C. gloeosporioid, C. capsici   &��  Alternaria sp.   �!'����!  �
�
)�(_
�(���

�"
�!%����	
-
�
�!%��
$�%	 PDA �-�� )
���%��@
)
�	
-
�
�!%��
$�%	��%�-���"����!'	#K-�9�(   25�C �
� 7 ��� 

4.2  �@
�
����
�� &������/�+��
�
)�(_
�(����	�
$�%	�
��	������  3 $�(���	
-
�
�!%��
$�%	 PDA ������
����
 X�


�����!�	�
$�%	��	�������!�
�
)�(_
�(�����	
-
�
�!%��
$�%	 �
�
�X��#"�����
 
$�%	 M.albus  MFC2  �
�
�X��
 (kill) 
$�%	

�
��	�����%�� ���)�(� &��-
���
�����!�	�
$�%	�
��	����!�
�
)�(_
�(�����	
-
�
�!%��
$�%	 �
�
�X��#"�����
 
$�%	 M. 

albus  MFC2  �
�
�X�����%� ( inhibit )  
$�%	�
��	���&	�&��������� 

4.3 ����%��!%
�
)����
$�%	�
��	���&	��!'�-�
"	��
7�����
������%��9��!'�#���	
-
�
�!%���9���!'�!�!'�#�)
���%�-�� 3 �9�� �"�@


�
����	���	 

5.  �@
�
����	� inoculum concentration test 

5.1  �@
�
�
�!%��
$�%	�
��	����!'�-�
"	��
7�����
������%��9��!'�#���	
-
�
�!%���9���!'�!�!'�#�)
��
����	��!'  4  ��	
-
�


�!%��
$�%	 PDA &����@
�
��9�+(�-��
�	������!�	�
$�%	�
��	���)@
��� 3 plates �����%@
���'��!'��

$�%	&��� 

5.2  )
���%��@
�"	���	������!�	�
$�%	��	����!'����"��	����
���'	� Hemacytometer 
*�'	�@
�
����)@
����"	�� &���@
�"

�@
��K-
��
�
�������	�
$�%	�
�!'��	�-�
�(����&	�&��������	�" �����
�
�������	�
$�%	�
��	����!'���)�X9��@
�"�$�

���
�+�����
����*�(�
*�'	��&"��
*
�"�9���	�" 

6. �
����	���
��
�
�X�	�
$�%	�

	������� M. albus strain MFC2  ���
������%�
$�%	�
��	��� (���!'�!%��	
$�%	 

Alternaria sp.) ��*�(��!'"�9������X
� 

6.1 �
�
��!���(�+���(���-��
��(���'��"��&"��"�9�����(��!')@
-��
�
"~�X#� ( �(���
�"9 ) 	���
���� 2:1 ��������X
�

��
�7x23 �(%� ���X
��� 3 �(������ ���&���$#��
����	�		�
"~� 7  $#� (&����$#��@
 5 7%@
) �����	�"�!% 

%&�!-( *�+����"�� 

1 
����*�(� 20 
���� + �(� 3 Kg  ( $#�����#� ) 

2 
����*�(� 20 
���� + �(� 3 Kg + 	
-
��9�� MRS1 + 
$�%	 Alternaria sp. 

3 
����*�(� 20 
���� + �(� 3 Kg + 	
-
��9�� MRS2 + 
$�%	 Alternaria sp. 

4 
����*�(� 20 
���� + �(� 3 Kg + 	
-
��9�� MRS3 + 
$�%	 Alternaria sp. 

5 
����*�(� 20 
���� + �(� 3 Kg + 	
-
��9�� MRS2 

6 
����*�(� 20 
���� + �(� 3 Kg + 	
-
��9�� MRS2 �!'����!
$�%	 MFC2 

7 
����*�(� 20 
���� + �(� 3 Kg + 
$�%	 Alternaria sp. 

-�
�
-�#  �9���!' 1 MRS1  ( F2*50 g + Modified rice starch 50 g ) 

�9���!' 2 MRS2  ( F2*40 g + Modified rice starch 60 g ) �9���!' 3 MRS3  ( F2*60 g + Modified rice starch 40 g ) 

F2* -�
�X/� ��
���
�:��
����	�:�@
:�%@
 �� 	���
���� 70:30:10:10 +�����&"�����
�$�
 (Modified rice starch) 
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6.2 �
�
��!��
����  �@

����*��5#�*�(��"&$����%@
���'��!'+�
��
���

$�%	&��� �(%�����
� 1 ���
*�'	
"~��
����
��	�
����

*��5#��!'�
��9�K��@
-����"��&"��"�9�)@
�	� ���-����
�
��	�
����*��5#�)�
��	�
����*��5#��!')����������!�
�	�� 
��'	�)
�


"~�
�����!'���9�K� ����
����*��5#��!')�)����X9�
��	�
��'	�)
�
"~�
�����!'��	X�
)����"�9�)�����
�
�X�����&$�
����*��5#�

����
&��+���
�-	� ���%@
���'� 5 �
�! ���
�*
�
�����!')��%@
 

6.3 )   �
�"�9� �$�
����*��5#�*�(����X
��� 20  
���� �����X
���
� 7x23 �(%� �@
�
����%@
 150 ��. ���
������ &�����

"#¡�
��!�9�� 25 : 5 : 5 �#� � 1 ��"�
-�  

7. �@
�
�����/�+�
"~�
"	��
7�����
�
)�(_
�(����	����*�(��#� 2, 4, 8 &�� 10 ��"�
-�  

�������/���
��
��
� ��
��9��@
���&���%@
-��� &���@
�
�
"�!��
�!����
�&����
���&��$#��
����	����$#�����#�

���)��@
&������
���#�7%@
�
-
��

��!'��
��X(�(�����(5! Fisher’s LSD multiple-comparison test  

�����!���� 

���!-( 1   �
����	��#K�����(�	��9��	
-
��	�
$�%	 M. albus MFC2 
*�'	�$����
�����#��
�
)�(_
�(����	�
$�%	�


��	��� )
�+��
����	��9��	
-
���
���!'�@
�

�!%��)��!+���	�
����	�
$�%	 M. albus MFC2 �����0K��!'��
���� ��	 

-�9�� MRS1    *���

$�%	�
  M. albus  MFC2  �!�
�
)�(_
�(�������!  ���
������	�
$�%	�
�9�	� &��*���

$�%	�
�
�X


)�(_�����'���%����	
-
�
�!%��
$�%	   

-�9�� MRS2    *���

$�%	�
  M. albus MFC2  �!�
�
)�(_
�(�������!  ���
������	�
$�%	�
�9�	�   &��*���

$�%	���

�
�
�X
)�(_�����'���%����	
-
�
�!%��
$�%	    

-�9�� MRS3    *���

$�%	�
  M. albus MFC2  �!�
�
)�(_
�(�����������	��!�!  ���
������	�
$�%	�
�9�	� &��*���

$�%	

�
�
�X
)�(_�����'���%����	
-
�
�!%��
$�%	    

���!-( 2    �
����	���
��
�
�X���
�����#�
$�%	��	����	�
$�%	
	�������  M. albus strain MFC2 ���
������%�
$�%	  

C. gloeosporioides, C. capsici   &�� 
$�%	�
 Alternaria sp.   ��)
�	
-
�
�!%��
$�%	��	
-
�  PDA  

)
�+��
����	��
����	���
��
�
�X���
�����#�
$�%	��	����	�
$�%	
	�������  M. albus strain MFC2  ���
�

�����%�
$�%	  C. gloeosporioides , C. capsici   &�� 
$�%	�
 Alternaria sp.   ��)
�	
-
�
�!%��
$�%	��	
-
�  PDA  *���



$�%	�
 M. albus strain MFC2  �!'�(%����  14  ��� ���9��	
-
�  MRS2  7/'��@
�
����
��#
"	��
7�����
������%�
$�%	��	����!' 7 

��� �-�
"	��
7�����
������%�
$�%	 Alternaria sp. �9��!'�#�  
��'	
�!�����$#��
����	��!'�!
$�%	�
 M. albus strain MFC2 �!'�(%�

���  10  ��� ���9��	
-
���
��   
��'	�)
���
$�%	��	�����%�  3 $�(�*���

$�%	 Alternaria sp. �!�
�
)�(_
�(�����	��!'�#� 


��'	
�!�����
$�%	�
 C. gloeosporioides &�� C. capsici   

���!-( 3   �
����	� Viability tests ��)
�	
-
�
�!%��
$�%	 

�����!-( 1.  &����
����	� Viability tests  �	�
$�%	  Alternaria sp.  ����!'+��
$�%	�
 M. albus strain MFC2����9�� 

MRS2&��
�!%������� plates  �
�  10  ���  

 
MRS2 

Pathogen C. gloeosporioides 
�� ����� 

Plates �!' 1 �  

Plates �!' 2 �  

Plates �!' 3 �  

Plates �!' 4  � 

Plates �!' 5  � 

Plates �!' 6  � 

Plates �!' 7 �  

Plates �!' 8 �  

Plates �!' 9 �  

Plates �!' 10  � 
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�����!-( 2. &����
����	� Viability tests  �	�
$�%	  Alternaria sp. �!'+��
$�%	�
 M. albus strain MFC2����9�� MRS2

&��
�!%������� plates  �
�  14 ��� 

 
MRS2 

Pathogen Alternaria sp.   
�� ����� 

Plates �!' 1 �  

Plates �!' 2  � 

Plates �!' 3 �  

Plates �!' 4  � 

Plates �!' 5  � 

Plates �!' 6 �  

Plates �!' 7  � 

Plates �!' 8  � 

Plates �!' 9  � 

Plates �!' 10  � 

    

)
�+��
����	��
����	� Viability tests  ��)
�	
-
�
�!%��
$�%	     *���

��'	�@

$�%	 Alternaria sp.    �!'����!�
�


)�(_
�(������9��	
-
� MRS2  �
���	� Viability tests  ����@
�
�
"�!��
�!��+��	�
$�%	�
 M. albus strain MFC2 

�!'�(%����  10  &�� 14  ��� ���9��	
-
�
�!�����  *���

$�%	�
 M. albus strain MFC2 �!'�(%����    14  �������!�
�


)�(_
�(�����	
-
� PDA   )@
��� 7 plates )
� 10 plates   ���K��!'
$�%	�
 M. albus strain MFC2 �!'�(%����    10  ���

����!�
�
)�(_
�(�����	
-
� PDA )@
��� 4  plates )
� 10 plates     �����%�)/��
�
�X���
������

$�%	�
  M. albus 

MFC2 �!'�(%����   14    ��	
-
��9��  MRS2   �
�
�X��

$�%	�
��	����#��&-���!'
�(�)
�
$�%	  Alternaria sp. ����!���

$�%	

�
 M. albus strain MFC2 �!'�(%����    10  ���   
��'	�)
��!)@
��� Plates  �	�
$�%	�!'����!�
�
)�(_
�(����
����
  

���!-( 4    �
����	� inoculum concentration test 

)
�+��
����	��
����	� inoculum concentration test  *���

��'	�@
�
��9�+(�-��
�"	�� �	�
$�%	�
  Alternaria sp.  

&���
��	����
���'	�  Hemacytometer  
*�'	�@
�
����)@
����"	�� &���@
��K		��

"~���
�
�������	�
$�%	��	���
*�'	

)��@
�"�$���	���
���&"��
*
�"�9�)@
�	�   *���

��'	��
��
�
�������	�
$�%	  Alternaria sp.  �!'�@
��K���  
��
��� 106   

cfu/ml  ����$�
$�%	 Alternaria  sp. )@
�����%��(%�  3  Plates  

���!-( 5     �
����	���
��
�
�X�	�
$�%	�

	�������  M. albus strain MFC2  ���
������%�
$�%	�
  ��	 ��� ��*�(�

�!'"�9������X
� 


��'	�@
�
�"�9�*�(���� 2 ��"�
-� &�� 4-6   ��"�
-�*���
��&����$#��
����	��-�+��
����	����&������
�
��!' 3 

)
�+��
����	��
����	���
��
�
�X�	�
$�%	�

	�������  M. albus strain MFC2  ���
������%�
$�%	�
��	�����

*�(��!'"�9������X
� ����9)
�
"	��
7�����
�
)�(_
�(����	����*�(�	
�#  2, 4 &�� 6 ��"�
-� -���)
��
�"�9� *���


*�(�	
�#  2 ��"�
-���$#��
����	��!'  1 &��  7  �-�
"	��
7�����
��	��9��!'�#�  &����$#��
����	��!'  4 �-�
"	��
7����

�
��	��'@
�!'�#� &��-���)
�*�(�	
�#��� 4 ��"�
-�     *���
��$#��
����	��!'�!�
�����9��	
-
� MRS1, MRS2 &�� 

MRS3  �!
"	��
7�����
��	�
*('��/%� �K��!'$#�����#��!
"	��
7�����
��	�
��
���  0%  
��'	�)
�����!�
��	�
*('��/%��
	!�

����"�
-��!' 4  ���)�*���
$#��
����	��!' 2 ��	  �9�� MRS2 �-�
"	��
7�����
��	��9��!'�#�    &��$#��!' 7  ��	$#� 

Negative Control    �-�
"	��
7�����
��	��'@
�#�   )
�+��
����	���
���� )/����
������
  �9��	
-
��!'�-�
"	��
7�����
�

�	��!�#���	 MRS1> MRS2>MRS3   
�!��)
��
��#��"��	��!'�#�    ���&������
�
��!' 3  


��'	�@
�
������
 pH �	��(��!'�@
�
�"�9� *���
�(������X
��	�$#��!' 1-3 �!��
 pH= 7  �����(������X
��	�$#��!' 4-7 �!

��
 pH= 8 
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�����!-( 3. &���
"	��
7�����
��	��	�
����*�(� -���)
��
�"�9� 2  ��"�
-� &�� 4-6   ��"�
-� 

 
$#��
����	� % germination -���)
��
�"�9� 2  ��"�
-� % germination -���)
��
�"�9� 4-6  ��"�
-� 

1 70% 70% 

2 42% 70% 

3 46% 67% 

4 36% 59% 

5 47% 56% 

6 43% 56% 

7 48% 43% 

 
 


��'	�@
�
�X	����*�(��!'�	�		��
����"�
-��!' 2, 4 &�� 6 ��"�
-��
�@
�
������
��
��
�&����
��9��	�    �@
���  

*���
��
��
��	��
����*�(���	
�# 2 ��"�
-��	�$#�����#��!��
�
��!'�#�&��&����
�)
�$#��
����	�	�'�� 	��
��!

����@
��_  ���)�*���
��
��
��	��
���%�&��$#��
����	��!'  3-7 ��%�����!��
�&����
�	��
��!����@
��_�
��X(�(  ����

��
��
��	��@
�����%�  *���
$#� Negative Control �!��
��9��@
����
��!'�#�&������!��
�&����
�	��
��!����@
��_�
�

�X(�(���$#��
����	��!' 5 &�� 6  ���K��!'$#��
����	��!' 1 &�� 2   ��
��9��	��@
�������!��
�&����
�	��
��!

����@
��_�
��X(�(   
$��
�!�����$#��
����	��!'  3 &�� 4   ���&������
�
��!' 4  

 

�����!-( 4. &�����
��
��	��
�&����
��9��	����*�(� ��"�
-��!'  2  -���)
�"�9� 

 
Treatment Length  of  pulled  root ( cm ) Height from tip to stem base (cm) 

1 3.24±0.11a 2.67±0.07a 

2 2.94±0.13b 2.62±0.09a 

3 2.59±0.13c 1.84±0.09c 

4 2.32±0.11c 1.82±0.08c 

5 2.49±0.13c 2.91±0.15e 

6 2.50±0.12c 2.96±0.08e 

7 2.58±0.13c 3.04±0.06e 

-�
�
-�#    ��
 ± ��	��
 standard errors 

 

)
�+��
����	��
������
��
��
�&����
��9��	��@
����	�*�(�-���)
�"�9����    4 ��"�
-� *���
��
��
��	��
�

���*�(����9��  MRS1 &�� MRS2 �!��

�!��
��
���$#�����#� ��'���	 ��
��
��	��
�����%� 3 $#��
����	�����!��
�

&����
�	��
��!����@
��_�
��X(�(  &����$#��
����	��!' 4 – 7  �!��
��
��	��
�
��
���   ������
��
��	��@
�����%�  

*���
�#�$#��
����	��!��
��9��	��@
���&����
�)
�$#�����#�	��
��!����@
��_�
��X(�(  ���&������
�
��!' 5 

 

�����!-(  5.   &�����
��
��	��
�&����
��9��	����*�(� ��"�
-��!'  4  -���)
�"�9� 

 
Treatment Length  of  pulled  root ( cm ) Height from tip to stem base (cm) 

1 3.24±0.11a 2.67±0.07a 

2 3.19±0.14a 8.00±0.21b 

3 3.30±0.12a 8.30±0.12b 

4 2.09±0.22b 7.09±0.22b 

5 2.34±0.13b 7.34±0.13b 

6 2.36±0.13b 7.36±0.13b 

7 2.83±0.23b 7.83±0.23b 

-�
�
-�#    ��
 ± ��	��
 standard errors 
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)
�+��
����	��
������
��
��
�&����
��9��	��@
����	�*�(�-���)
�"�9����   6   ��"�
-� *���
��
��
��	�

�
����*�(����9��  MRS1 &�� MRS2 �!��

�!��
��
���$#�����#� ��'���	 ��
��
��	��
�����%� 3 $#��
����	�����!

��
�&����
�	��
��!����@
��_�
��X(�(  &����$#��
����	��!' 4 &�� 5 �!��
��
��	��
�
��
���  ��'���	����!��
�

&����
�	��
��!����@
��_�
��X(�(   
$��
�!�����$#��
����	��!'  6 &�� 7   ������
��
��	��@
�����%�  *���
��$#��
�

���	��!' 1-4 , 7  �!��
��9��	��@
���
��
���   ��'���	����!��
�&����
�	��
��!����@
��_�
��X(�(   �X(�(   
$��
�!�����$#�

�
����	��!'  5 &�� 6   ���&������
�
��!' 6 &���9"�!' 2 

 

�����!-(  6. &�����
��
��	��
�&����
��9��	����*�(� ��"�
-��!'  6  -���)
�"�9� 

 

Treatment Length  of  pulled  root ( cm ) Height from tip to stem base (cm) 

1 6.20±0.27a 9.45±0.23a 

2 6.10±0.27a 8.59±0.21a 

3 6.39±0.29a 9.02±0.27a 

4 4.66±0.29b 8.02±0.29a 

5 4.24±0.36d 7.47±0.30b 

6 4.08±0.33c 7.04±0.25b 

7 3.35±0.30c 8.86±0.5a 

-�
�
-�#    ��
 ± ��	��
 standard errors 

 

 

 

 

 

 
 

��*!-( 2. &���*�(�	
�#  6  ��"�
-�  ��7�
� : $#�����#� / �9�� MRS1 / �9�� MRS2  / �9�� MRS3 

��
�7�
� : �9�� MRS3 �!'������
$�%	�
��	��� / �9�� MRS3 �!'������
$�%	�
��	���&��
$�%	MFC2 / Negative Control 
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��'	�@
�
����	���%� 7 $#��
����	� )@
��� 5 7%@
�
�@
�
�
"�!��
�!����
��9�&��)@
�������*�(�	
�#   10  ��"�
-� 

*���
���+�����9"�!' 3 ��	 ���*�(������X
�$#��!'�!�9�� MRS1 &�����X
��!'����9�� MRS2 ���*�(��!��
��9��
��!'�#� 

 

 

 
 

��*!-( 3 &���*�(�	
�#  10 ��"�
-�  ��7�
� : $#�����#� / �9�� MRS1 / �9�� MRS2  / �9�� MRS3 

��
�7�
� : �9�� MRS3 �!'������
$�%	�
��	��� / �9�� MRS3 �!'������
$�%	�
��	���&��
$�%	MFC2 / Negative Control 

 


�&*��+��	���������!���� 

)
��
����	���
��
�
�X�	�
$�%	
	�������  M. albus strain MFC2  	
�#  10 &�� 14 ��� �!'�@
�
�+�����&"��

���
�$�
&���9�� F2 ��	���
�����!'&����
����  3  �9����	  MRS1, MRS2 &��  MRS3  
*�'	���
�����#�
$�%	��	���

&	�&��������*�(���)
�	
-
�
�!%��
$�%	 PDA 7/'�
$�%	�
��	����!'�@
�
���	�"���	�����       C. gloeosporioides , 

C capsici   &�� Alternaria sp.   �!'&�����)
����*�(� +��
����	��!'���*���

$�%	  M. albus strain MFC2  ��	
-
�

�9��   MRS2  �!'�(%����  14  ��� 7/'��!����"���	���	  &"�����
�$�
 40 ��	�9�� F2  �!'�!
$�%	
	�������  M. albus  MFC2 

��"�(�
K 60 ���� �-�
"	��
7�����
������%�
$�%	 Alternaria sp.   �9��!'�#� ����9)
��
��!'�����!�	�
$�%	 Alternaria sp. �!'


�!%����)
�	
-
�
�!%��
$�%	����!�
�
)�(_
�(���    �����%�)/����
������

$�%	�

	������� M. albus strain  MFC2  �
�
�X

�����%��
�
)�(_
�(����	�
$�%	 Alternaria sp.   ��)
�	
-
�
�!%��
$�%	���  )
���%�+9��@
�
��()��)/�����@
+��
����	��!'���

)
��	�����
���	� Viability tests   
*�'	�9��

$�%	�

	�������  M. albus strain  MFC2  �!'�(%����  14  ��� �
�
�X�����%�

�
�
)�(_
�(���-��	�
�
�X��

$�%	  Alternaria sp. ���  ����@
�
��@

	
�����!�	�
$�%	 Alternaria sp.   �!'����!�
�


)�(_
�(��� ��
��"
�!%����	
-
�
�!%��
$�%	  PDA �-��  &�����
����
�����!��%� � �!�
�
)�(_
�(���-��	���   7/'�)
�+�

�
����	� *���
�����!�!'��
��
����!�
�
)�(_
�(���  )/��
�
�X��#"�����

$�%	�

	�������  M. albus strain  MFC2  

�
�
�X��

$�%	 Alternaria sp.  ��)
�	
-
�
�!%��
$�%	���   
��'	�)
�)@
���  plates  �	�
$�%	 Alternaria sp.  �!'���


)�(_
�(�����
$�%	�
 M. albus strain  MFC2  �!'�(%����  14  ����!)@
��� plates  �	�
$�%	 Alternaria sp.  �!'���
)�(_
�(���

�
����
��
$�%	�
  M. albus strain  MFC2  �!'�(%����  10  ��� ��	
-
��9��
�!�����   
��'	�@
�
����	�
*�'	-
��
�
������

�!'
-�
����	�
$�%	 Alternaria sp.  
*�'	�@
�"�$�+�����
����*�(�
*�'	��&"��
*
�"�9�)@
�	�  &��)
��
����)@
���

�"	���	�
$�%	 Alternaria sp.  )@
��� 3  Plates  &���@
��K-
��
�
������ *���
�����
�
�������	�
$�%	 Alternaria sp.  


��
��� 106   cfu/ml     )
�+��
����	��
����	���
��
�
�X�	�
$�%	�

	������� M. albus strain MFC2  ���
�

�����%�
$�%	�
  Alternaria sp.   ��*�(��!'"�9������X
� *���
+��
����	��!'�����	 *�(�	
�#  2  ��"�
-� $#�����#� &��

$#�  Negative control  �-�
"	��
7�����
��	��9��#� 
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)
���%�+9��@
�
��()������@
+��
����	�)
� 3 �	� ��
���� �
�$����&"��
*
�"�9�)@
�	����&���$#��
����	�		�
"~� 

7 $#� ����!%  1. $#�����#�   2.  �9�� MRS1   3.  �9�� MRS2     4.  �9�� MRS3 5. �9�� MRS3 �!'������
$�%	�
��	���   6. 

�9�� MRS3 �!'������
$�%	�
��	���&��
$�%	MFC2   7. Negative Control   +��
����	�-���)
�"�9����  2 ��"�
-� *���



"	��
7�����
��	��	����*�(���$#�����#��-�
"	��
7�����
��	��9��#�  &��$#��
����	��!' 4 �-�
"	��
7�����
��	��'@


�!'�#�   &��-���)
�"�9�*�(����  4 ��"�
-�     *���
��$#��
����	�	�'�� �!
"	��
7�����
��	�
*('��/%� �K��!'$#�����#��!


"	��
7�����
��	�
��
���  0%  
��'	�)
�����!�
�
)�(_
�(����	�*�(� ���)�*���
$#��
����	��!' 2 ��	  �9�� MRS2 �-�


"	��
7�����
��	��9��!'�#�
��'	
�!�����$#�����#�       &��$#��!' 7  ��	$#� Negative Control    �-�
"	��
7�����
��	��'@
�#�   

�@
�-���#"�����
�9���!'�-�
"	��
7�����
��	��!�#���	 MRS1> MRS2>MRS3   
�!��)
��!�#��"�'@
�!'�#�  �

-�#�!'
"~�
$���!%

	
)
��'	��
)
�
"~���
�9��	
-
�������
�"���	����� ��
���
�, ��
����	� &���@
 �!'�$�
"~�	
-
�
��(��@
-���
�!%��
$�%	 

M.albus MFC2 
��'	�)
���
���
�)�$������
��9*�#�
*�'	�-�		�7(
)����
$�%	 M.albus MFC2 ������
����	�&���@

"~�

&-��� Carbon Source &���(�
�(�$����@
�-�
$�%	 M.albus MFC2 
)�(_
�(�������!�/%�  �����%��
����&"�����
�$�
��

	���
�����!'��	����
�9��	
-
�  )�$����@
�-�
$�%	  M.albus  MFC2  �!*�%��!'���
�
)�(_
�(����
��/%�
��'	�)
��!"�(�
K

	
-
��-�
$�%	������
��/%�      ��������K!�!'�!�
����&"����"�(�
K�!'�
����
�9��	
-
�)��@
�-�&"��	��������&��� &���!

*�%��!'���
�
)�(_
�(����	�
$�%	 M.albus  MFC2 ��	���)/����+��@
�-����*�(���$�
&���@
���&���&������
�9��	�'��!'�!

"�(�
K&"����	����
 (MRS3)    )
�+��
����	���
�����@
�-���#"�����
�9��	
-
��!'�$� &��
$�%	 M.albus MFC2   �!'�����

�"����!+�����
�
)�(_
�(����	����*�(�
��'	�)
����*�(��
�
�X
)�(_
�(�������
�"��(   -
�&��*���

$�%	 M.albus 

MFC2  �!'+�����"������$����-����*�(���
����/%�  
��'	�)
�*���
��$���  2 ��"�
-�&���	��
�
)�(_
�(��� *���
$#��
�

���	��!' 1 &�� 7  �-�
"	��
7�����
��	��9����
$#��
����	�	�'��  &��)�*���
-���)
� 4 ��"�
-��	��
�"�9���%� ���

*�(��!'�!
$�%	  M.albus MFC2  �!
"	��
7�����
�
)�(_
�(���
*('��/%�
�!��
��
���$#�����#�  &��$#� Negative Control �-�


"	��
7�����
��	��'@
�!'�#�    �	�)
��!%���*���
*�(��!'����%��!�@
���	�� &��&���&�����
$#�����#�  ���!
�!��
���&�����


"~���� 
$�� ��-�(� ��-��	�  ����!'*���$#� Negative Control   )/�	
)���
������
�
����
$�%	�
 M.albus MFC2  ��%��@
�-�

���*�(���$�
���
"��(&�������@
�-����*�(��!��
����9�K��
����
$#�����#�  ���)�*���
*�(�	
�#��%�&��  6  ��"�
-� �/%�

�"���9�� MRS1 &�� MRS2 �
�
�X
)�(_
�(���������$#�����#�  &��*���
�@
����	����*�(�	�� &���&�� &�����!�!


�!����&���!"�(�
K�����
$#�����#�	!�����  �����%�)/���#"�����

$�%	  M.albus  strain MFC2  �
�
�X��

$�%	�
��	����#��

&-���!'
�(�)
�
$�%	�
 Alternaria sp. ��%���)
�	
-
�
�!%��
$�%	&����&"��
*
�"�9�)@
�	���� 

	#"�����!'
�(�)
��
��@
�
����	���	
�(��
�  contaminated   )
�
$�%	&���!
�!��@
�-��
����	���
$�
		��"  

�	�)
��!%
��'	��&"��"�9�)@
�	�����"�
-��!'  10 *���
�9�� MRS1 )@
��� 1 ���X
� )
� 5 ���X
� ���-�9&���@
���

*�(��"�@
�-��
�
�X��#"+��
����	����  4 7%@
 )
� 5 7%@
 &���
��
�&�����@
-���"�_-
�!'
�(��/%� ��	 ����!�
��!� 

Alcohol ����(
�K�!'�@
&�"&�������
���	&���!�  Alcohol �#����%�
*�'	"�	�����
� contaminated  ����K!�!'"�9�*�(���

���X
�����!�
���	����X
������
��
�&�����)��
	�9�
��	
*�'	"�	���������&��&�����
�� ����-��
��������*�(� 
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�������&���������/�,��+�"���+�
�����������%$'����������!� Xylaria sp. QS4 	���"��
����� 

Control of Pythium uitimum in kale and lecttice by an endophyte Xylaria sp. QS4 from Quereus lauritolia 

��9#  	��3��%��1 ����9�9���  	_��"��1 ����G�- .�-�!�!�
#��1  ��+  	-�#
�3�  ��#�0�1 

19����%��!������-%-�9�# ��+��!��.�
��� �����!���
������ 

 

�
�6&*�+
��� 

1. 
*�'	�/�0
��
��
�
�X�	�
$�%	�

	������� Xylaria spp. ���
������%�
$!%	�
��	����
�
��
  P. uitimum ��)
�	
-
�


�!%��
$�%	 (in vitro) 

2. 
*�'	�/�0
��
��
�
�X�	�
$�%	�

	������� Xylaria spp. ���
������%�
$!%	�
��	����
�
��
  P. uitimum &���
���	

����	�
$�%	�

	������� Xylaria spp. ��	+������
&��+���
�-	������X
�  

3. 
*�'	�/�0
��
��
�
�X�	�
$�%	�

	������� Xylaria spp. ����	 2 ���
������%�
$!%	�
��	����
�
��
  P. uitimum  

&���
���	����	�
$�%	�

	���������	+������
&��+���
�-	������X
� 

�!�)� 

����
�
��
 (Root Rot) �!'
�(�)
�
$�%	�
 P. ultimum  ���
"~�����!'��	�-�
�(���
�
�!�-
��
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�
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$�%	
	������� Xylaria spp. )
����+��-�
��!'���
��
��#�(��9�(�!'�!]�5(`�
�$!��
*
*�'	�@
�"�$���$!��(5!����#�����
�
��


������
&��+���
�-	�&���
�
��!�!'
"~�	����
���	��#0�� �����&���('�&����	� 

 
�9"&������0K�	
�
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�
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��3-���!����  

����
���$���%$'����������!� Xylaria spp. 	�� stock culture !-(��j��
�0���" 

�@
$(%��#���	�
$�%	�

	������� Xylaria spp. )
� stock culture �!'
������0
��� )@
��� 20 �
�*��5#� ���&�� �

�!%����

	
-
�
�!%��
$�%	 PDA �
�*��5#��� 1 plate �!'	#K-�9�(-�	�
"~�
��
 7-10 ���
��'	���
��
)/��@
�
�
��	�
$�%	�

	������� 

Xylaria spp. �!'
)�(_����! )@
��� 5 �
�*��5#� 
*�'	�@
�
����	���	�"  

���!�
��*�+
�!3�9�#������j�#
�3&� 

�@

����*��5#�����
&��+���
�-	��
&$��� 70% &	��	�	�� 5 �
�!
*�'	�@
�
���

$�%	 )
���%��@
�"&$����%@
���'� 5 �
�! 


��	�
����*��5#�
�*
��!')��%@
 )@
��� 100 
���� �
�
�
�!���� plate �!'�	���(
�K��� plate ��������
0�($$9 &���!��%@


)�
"}��$#�� (�@
 3 7%@
) &���)/��@
����
0�($$9�
"�����
���� &����@
�
��!��%@
�-�
"}��$#�� ��%��(%������(
�K�!'�!&��&����	�

X/�
"~�
��
"���
K 3 ��� 
��'	���	�	��	��@
�
����)@
������	�	��!'�	� &������/�+�
"~�
"	��
7���� 

���!�
������
����6����%$'����������!� Xylaria spp. !-(!)�����
���$�� ,�����
��
'��%$'� Pythium 

ultimum  ���������-'���%$'�   
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�$�������
��	� Pasture pipette ���$(%��#���!'�!
$�%	�

	������� Xylaria spp. �!'�@
�
����
��	� �
�
���'@
�������
�)
�

	
-
�
�!%��
$�%	 PDA, YPD &�� SDA (���*) GPA, MEA &�� CMA (�(�(�
��K�)(�@
 2 7%@
)  �@
�"����!'	#K-�9�(-�	�
"~�


��
 7 &�� 10 ���  
��'	���
��
�!'�@
-�� ���$(%��#���!'�!
$�%	
$�%	 P.  ultimum  �
�
��	�� 
$�%	 Xylaria spp. �-�-�
� 1 


7��(
��� )@
��� 5 )#� (Antagonistic test) �@
-���$#�����#���
$�%	 P.  ultimum  �������
�)
�	
-
�
�!%��
$�%	�!'����! 

Xylaria spp. &����@
)
�	
-
����	���%�-���"����!'	#K-�9�(-�	� �������!�
�
)�(_�	�
$�%	 P. ultimum  ��	
-
�
�!%��


$�%	$#�����#�
"�!��
�!�����$#� Dual antagonistic test �!'
��
 2 &�� 5 ��� �@
�
��@
���
"~� % inhibition  

% inhibition  =     R1- R2    * 100 

                                                                    R1 

���   R1  ��	 ����!�
�
)�(_�	�
$�%	 P.  ultimum  ��	
-
�
�!%��
$�%	�!'
"~�$#�����#� 

            R2  ��	 ����!�
�
)�(_�	�
$�%	 P.  ultimum  ��	
-
�
�!%��
$�%	�!'�! Xylaria spp. 

 

���!�
��������������j��+�"����������-'���%$'� PDA, YPD ��+ SDA ��+�
����������������-'���%$'� 

GPA, MEA ��+ CMA !-(�-�%$'����������!� Xylaria spp.  

�@

����*��5#�����
&��+���
�-	��
&$��� 70% &	��	�	�� 5 �
�!
*�'	�@
�
���

$�%	 )
���%��@
�&$����%@
���'� 5 �
�! 


��	�
�*
�
����*��5#��!')��%@
 �@
�
�
��	��
$�%	�

	������� Xylaria spp. ��)
�	
-
�
�!%��
$�%	 PDA, YPD &�� SDA 

�-�-�
�"���
K 1 
7��(
��� )@
��� plate �� 20 
���� ����!'	#K-�9�(-�	��-��!&�����
���	�X/� 
"~�
��
 3-5 ��� (�@
 2 

7%@
) ����/�+�&���@
��K	���
�
��	��	�
����
"~�
"	��
7���� 

���!�
������
����6����%$'����������!� Xylaria sp. QS4  ,�����
��
'��%$'� P. ultimum  ,��
��+�"���+

�
�������!-(*���,���+6�� 

������������  

+���(���-��
��(���'��"��&"��"�9�����(��!')@
-��
�
"~�X#�(�(���
�"9) 	���
���� 1:1 ��������X
���
�  

20 x 20 7�. ���X
��� 500 �������&���$#��
����	�		�
"~� 5 $#� (&����$#��@
 6 7%@
) �����	�"�!% 

$#��!' 1 
"~�$#�����#� �����%�)�����!�
����
$�%	�� � ���"�����X
�  

$#��!' 2 
"~�$#��!'���
$�%	�

	������� Xylaria sp. QS4  	
�# 10 ��� 4 plates  

$#��!' 3 
"~�$#��!'���
$�%	 P. ultimum 	
�# 2 ��� 3 plates  

$#��!' 4 
"~�$#��!'���
$�%	 P. ultimum 	
�# 2 ��� 3 plates &��
$�%	�

	�������  Xylaria sp. QS4  	
�# 10 ��� 4 plates  

$#��!' 4 
"~�$#��!'���
$�%	 P. ultimum 	
�# 2 ��� 3 plates &��
$�%	�

	������� Xylaria sp. QS4  	
�# 10 ��� 15 plates  

�
�
��!��
����  &$�
����*��5#�����
&��+���
�-	� ���%@
���'� 5 �
�! ���
�*
�
�����!')��%@
 

���*�����$�
����*��5#�����
&��+���
�-	����X
��� 25 
���� �@
�
����%@
 50 ��. : 1 ���&�����"#¡�
��!�9��  25 : 5 : 5 

�#� � 1 ��"�
-� �
�
"�!��
�!����
�&����
���&��$#��
����	�)��@
&������
���#�7%@
�
-
��

��!'��
��X(�(�����(5! 

Fisher’s LSD multiple-comparison test� 
�����.:�0� 

����
���$���%$'����������!� Xylaria spp. 	�� stock culture  
)
��
��@

$�%	�

	������� Xylaria spp. �!'&�����)
����+��-�
�)@
��� 21 �
�*��5#� �
�@
�
�
�!%����	
-
�
�!%��
$�%	 
PDA &���@
�
����
��	��
)@
��� 5 �
�*��5#��!'
)�(_����! ���&�� Qb19, Qb20, Qb21, QS4 &�� N3S9 ���&������9"�!' 1 
���!�
��*�+
�!3�9�#������������j�#
�3&��+�"���+�
������� 

����*��5#�����
&��+���
�-	��!�
��	��!'	�9���
�K"��(��	 95.66% &�� 90.33% �
��@
��� ���&������9"�!' 2 
���!�
������
����6����%$'����������!� Xylaria spp. ,�����
��
'��%$'� P. ultimum  ���������-'���%$'� 

PDA 
)
�)@
��� 5 �
�*��5#� ���&�� Qb19, Qb20, Qb21, QS4 &�� N3S9 *���
 
$�%	�

	������� Xylaria �
�*��5#�  QS 4  
	
�# 10 ��� ��	
-
�
�!%��
$�%	 PDA &�� GPA �
�
�X�����%�����!�!'�#� ���&������9"�!' 1 
��*!-( 1. ���0K������!�	��
��@

$�%	�

	������� Xylaria spp. )@
��� 5 �
�*��5#� ���&�� Qb19, Qb20, Qb21, QS4 &�� 
N3S9 �!'
)�(_����! ��	
-
�
�!%��
$�%	 PDA 
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Qb19                              Qb20                              Qb21 

 
                                                   QS4                               N3S9 
��*!-( 2. �
����	�"���(�5(�
*�
��	��	�
����*��5#�����
&��+���
�-	� 

 
                                           ���j�#
�3&��+�"�                            ���j�#
�3&��
������� 

��*!-( 3.  (A) �
������%�
$�%	 P. ultimum ��� 
$�%	�
  Xylaria QS4  	
�# 10 ��� ��	
-
�
�!%��
$�%	 PDA (B) �
������%�
$�%	 
P. ultimum ��� 
$�%	�
 Xylaria  QS4 	
�# 10 ��� ��	
-
�
�!%��
$�%	 GPA   

 
 (A)                                                                 (B)  

 

��*!-( 4. (A) �
����	�+��	�
$�%	 Xylaria QS4 �� PDA��	�
��	��	���������
 (B) �
����	�+��	�
$�%	  
Xylaria QS4 �� GPA��	�
��	��	�����+���
�-	�  
  

 
                                                          (A)                                             (B)  
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���!�
��������������j��+�"����������-'���%$'� PDA, YPD ��+ SDA ��+�
����������������-'���%$'� 

GPA, MEA ��+ CMA !-(�-�%$'����������!� Xylaria  QS4  
*���

$�%	 Xylaria sp. QS4 ����!+���	�
��	��	�
��������
��	
-
�
�!%��
$�%	 PDA &���!+�
�����	���	�
��	��	�

����+���
�-	���	
-
�
�!%��
$�%	 GPA ���&������9"�!' 4 

 
��*!-( 5. (A-1), (A-2) �
�
"�!��
�!���������
	
�# 45 ��� &�� (B-1), (B-2) �
�
"�!��
�!�����+���
�-	�	
�# 35 ���  
��$#��
����	��!'+��
$�%	 Xylaria sp. QS4 ���
������%�
$�%	 P. ultimum  (A-3) (A-4) �
�
"�!��
�!���������
	
�#  51 
��� ��$#��
����	��!'+��
$�%	 Xylaria sp. QS4 2 plates &�� M. albus MFC2 2 plates ���
������%�
$�%	 P. ultimum 

 

        
(A-1)                                                                                                (B-1) 

 

              
(A-2)                                                                                                   (B-2) 

 

    (A-3)   (A-4)   

 

Ctrl 
QS4 2  
MFC2 3 

QS4  2 
MFC2  3 
Pt  3 

Pt  3 
QS4  2 
MFC2  3 
Pt  3 

QS4 2  
MFC2 3 

Ctrl Pt  3 QS4  2 
MFC2  3 
Pt  3 
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�����!-( 1. &����
�
"�!��
�!���������
	
�# 45 ��� ��$#��
����	��!'+��
$�%	 Xylaria sp. QS4 ���
������%�
$�%	 P. 
ultimum 3 plates 

 

$#����	� 
��
��9�)
���� 

X/��	� (cm) 
�%@
-����� 
(g/plant) 

��
��
� 
�
� (cm) 

)@
����� 

Non-infested control 12.51a 2.79a 4.62a 6 

QS4 4 plates 12.45a 3.22a 4.60a 6 

QS4 15 plates + 
P. ultimum  

15.28b 4.41b 11.67b 6 

QS4 4 plates + 
P. ultimum  

8.29c 2.88a 4.73a 6 

P. ultimum  6.51c 1.47a 5.30a 5 

Means with different letters are significantly different according to Fisher’s LSD Multiple-Comparison test (P < 0.05) 

 

 

 
�����!-( 2. &����
�
"�!��
�!�����+���
�-	�	
�# 35 �����$#��
����	��!'+��
$�%	 Xylaria sp. QS4 ���
������%�
$�%	 
P. ultimum 3 plates 

 

$#����	� 
��
��9�)
���� 

X/��	� (cm) 
�%@
-����� 
(g/plant) 

��
��
� 
�
�(cm) 

)@
����� 

Non-infested control 11.92a 1.63a 12.63a 5 

QS4 4 plates 15.16b 2.56a 12.15a 5 

QS4 15 plates + 
P. ultimum  

15.35b 3.08b 9.25b 5 

QS4 4 plates + 
P. ultimum  

9.78a 1.05a 8.2b 5 

P. ultimum  - - - - 

Means with different letters are significantly different according to Fisher’s LSD Multiple-Comparison test (P < 0.05) 
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�����!-( 3 &����
�
"�!��
�!���������
	
�# 51 ��� ��$#��
����	��!'+��
$�%	 Xylaria sp. QS4 2 plates &�� M. albus 
MFC2 3 plates ���
������%�
$�%	 P. ultimum 3 plates 

 

$#����	� 
��
��9�)
����X/��	� 

(cm) 
�%@
-����� 
(g/plant) 

��
��
��
�(cm) )@
����� 

Non-infested control 21.5 18.97 30 7 

QS4 2 plates + 
MFC2 3 plate 

16.9 17.29 27 6 

QS4 2 plates + 
MFC2  3 plate  + 

P. ultimum  
20 25.6 30 6 

P. ultimum  15 5.7 22 6 

Means with different letters are significantly different according to Fisher’s LSD Multiple-Comparison test (P < 0.05) 

 


�&*�����!���� 

)
�
$�%	�

	������� Xylaria spp. �!'&��)
����+��-�
� �!'
������0
����� stock culture )@
��� 20 �
�*��5#� 
��'	�@
�


���	�
�!%����	
-
�
�!%��
$�%	 Potato Dextrose Agar (PDA) �!'	#K-�9�(-�	�
"~�
��
 10 ��� *���
 �!
$�%	�

	������� 

Xylaria spp. �!'
)�(_
�(�������!)@
��� 5 �
�*��5#� ���&�� Qb19, Qb20, Qb21, QS4 &�� N3S9 �K�+9��@
�
��()��)/��@
�"

���	���
��
�
�X���
������%��
�
)�(_�	�
$�%	�
 Pythium ultimum 7/'�
"~�
$�%	��	����
�
��
��*�$+�� �����(5! 

Antagonistic Test ����@
�
�
�!%����	
-
�
�!%��
$�%	 6 $�(� ���&�� Potato Dextrose Agar (PDA), Yeast  Extract  

Peptone  Dextrose  Agar (YPD) &�� Sabouraud  Dextrose  Agar (SDA)(���*) &�� Glucose Peptone Agar (GPA), 

Malt  Extract Agar  (MEA) &�� Corn Meal Agar (CMA �@
-���
$�%	
	������� Xylaria spp.�
�*��5#�  Qb19, Qb20, 

QS4 &�� N3S9 �@
�
�
�!%���!'	#K-�9�(-�	� 
"~�
��
 7 &�� 10 ��� �����
�*��5#� Qb21 �
�
�X
)�(_
�(������
����
�)/�

�@
�
�
�!%��
*!�� 5 ��� &����@
�"���	����
$�%	 Pythium ultimum 	
�# 2 ��� &�� 5 ��� *���
�!
*!���
�*��5#� QS4 &�� 

N3S9 
��
��%��!'�
�
�X���
��
��#�(��9�(		��
�����%��
�
)�(_�	�
$�%	�
 Pythium ultimum ��� �����%� 2 �
�*��5#��!

���0K��!'&����
�		��" ��	 ��(
�K	
-
�
�!%��
$�%	�	�������! )��!�!&�� (QS4) &���!
-��	� (N3S9) 7/'�
$�%	
	������� 

Xylaria QS4 	
�# 10 ��� �
�
�X�����%�����!�!'�#� 

�K�+9��@
�
��()��)/�����@
�
����	���	�" ��	 �
����	�+��	�
$�%	
	������� Xylaria QS4 	
�# 10 ��� ��	�
��	��	�


����*��5#� ���+������
 ���	���	
-
�
�!%��
$�%	 PDA, YPD &�� SDA ����+���
�-	� ���	���	
-
�
�!%��
$�%	 

GPA, MEA &�� CMA "�
����
 
$�%	 Xylaria QS4 ����!+������%��
��	��	�
����*��5#�����
 
��'	���	�
"~�
��
 3 ��� 

����!	���
�
��	��9��!'�#���	
-
�
�!%��
$�%	 PDA �����
����	����
����*��5#�+���
�-	� 5 ��� *���
 �!
*!��
$�%	 

Xylaria QS4 �!'
�!%����	
-
�
�!%��
$�%	 GPA 
��
��%� �!'����!+������%��
��	��	�
����*��5#�+���
�-	� �����
����	���

	
-
�
�!%��
$�%	 MEA &�� CMA 
����*��5#�����
�
�X�	��/%��
���
�� 7/'�	
)
"~�+�)
��
� contaminate �	�
$�%	$�(�

	�'���
"~���� 

-���)
��!'�����	��#"��
 
$�%	�

	������� Xylaria QS4 	
�# 10 ��� �!'
�!%����	
-
�
�!%��
$�%	 PDA &�� GPA ����!+������%�

�
��	��	�
����*��5#�����
 &��+���
�-	� �
��@
��� �K�+9��@
�
��()��)/��@
�
���	�����
������
�!��5���$
�( 

�
������
��	�
*
�$@
)@
�	� ���+�������(��!'�$�"�9�"�(�
K&����
�����" &���
"�!��
�!���
��	�&���
�
)�(_�	�

+������
&��+���
�-	� ���$#�����#� "�
����
�
�+��
$�%	 Xylaria QS4 	
�# 10 ��� )@
��� 15 plates �������X
��!'

�!
$�%	 Pathogen P. ultimum 	
�# 2 ��� 3 plates �-�+��
��	��	�
���� �9�����
�!�����$#� Non-infested control &�����

*�	
�
��	����"�
�����������
	
�# 45 ��� (�9" (A-1) (A-2) &���
�
��!' 1 &�����+���
�-	�	
�# 35 ���-���)
�

"�9� (�9" B-1) (B-2) &���
�
��!' 2 	!���%�����!�
�
)�(_
�(����!'�9����
$#� Non-infested control ���*()
�K
)
�
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�%@
-����� &����
��9�)
�������X/��	� 
$��
�!����������X
��!'�!
$�%	 Xylaria QS4 
*!��	��
�
�!�� &�� % 

Germination &���
�
)�(_)�&���
����������
&��+���
�-	���$#����	��!'+��
$�%	��	����
�
��
 P. ultimum  
*!��

	��
�
�!�� )/��@
�-�
�(���	���
����
 
$�%	 Xylaria QS4 �	�)
������%�
$�%	 P. ultimum  &��� 	
)$���
*('��
�
)�(_
�(���

�-�&��*�$���	!����� +��
�
"�!��
�!���������
	
�# 51 ��� ��$#��
����	��!'+��
$�%	 Xylaria sp. QS4 &�� M. albus 

MFC2 (�9" (A-3) (A-4) &���
�
��!' 3) &����-�
-����

$�%	�

	������� 2 ��%�$�(��!"���(�5(�
*���
������%�
$�%	 P. 

ultimum &��
*('��
�
)�(_
�(����-�&��*�$���	!����� )�
-�����$��
)���
�
����
$�%	 M. albus MFC2 
*('�
��
�"�
�
�X��

"�(�
K
$�%	 Xylaria sp. QS4 )
�
�(� 15 plates 
"~� 2 plates &���
����
$�%	 M. albus MFC2 
*('�
��
�
�
�X����#�


$�%	 P. ultimum ���	��
��!"���(�5(�
* X/� ~4 
��
 (15-2=13/3)  

	&���/���+�-�����
����6�������� 

�������	
�%�'��-'�*N���
'����!-(�-���*�+�&���,%"�%$'����������!� 2 %���!-(�����"	��
�&��#��!��$� M. albus 

MFC2 	���"�	
�!���!. ��+ Xylaria sp. QS4 	���"��
�����
����6�)���,%"�*N�%-�����&� (Biocontrol) �%$'�

�/���������/�,��
��+�"���+�
���������"��/���-*�+
�!3�9�# ��+�%$'����������!� 2 %���
����6�#�(����

�	��;������,�"��/�
��+�"���+�
���������"�-��"�� ���	���-'�%$'����������!� Xylaria sp. QS4 �
�%/��,�"

+������
&��+���
�-	��	�*��)
��
��$�"#¡��!'��
�
�������9�X/� 10 
��
 )
���
�+(�*�
����
�
��!��"#¡��	�+9��()����%� 

2 �� ���,%"�%$'����������!� M. albus MFC2&�� Xylaria sp. QS4 �j�#$(���/,�"���$���
�
�!3��
��!-( Prof. Strobel 

��"	���" �����%�+��
��!'�!�
��	�-��

"~��
��$�
$�%	�
�!'&���
)
��(�
$��
$�%	 Trichoderma sp. �!'�@
��_����!�
�����	�

)
� Environmental Protection Agency �	�"��
���-��J	
��(�
��

$�%	 Muscodor albus �
�*��5#� �!' Prof. Strobel ���

)��(�5(�����!%���
"~�	����
���	��#0��&���('�&����	� 	���������	
�%�'��-'�j#��/��/��%$'����������!�!
'� M. albus 

MFC2 &�� Xylaria sp. QS4 ��/�*N��
������/���&0�� 

���  
�(�����"�� ��+
����6�)��*,%"�
��
'�.
���#$%�!�


�����-�#$(�%/��,����#
}����+*�
�*�&�������!�������0����"	��� ���
���	��$����	��
��@
�
��()�� ����!-�9�!'

	
���	�9���(
�K���
��	�
*
�$@
)@
�	��
����(����+���
�-	�$����!'���+���
�-	��!	
�# 14 ��� &�������*���
�!7
��*

�	�-�9�
�����(
�K����
�!��&��	��
��� ��#���	�+9��()�� ��	 	
)
����!'"�/�0
�����
� +�.��.)!�*��5� ��*�0� (�9"��
�) 

&��+9�$����()�������%����+9��()����%� 2 ��������"���
�+���!'"�9��������
��()���!%����9"�!'&�����
���
� ����+������
+9��()�����

�@
�"�-��#K&��+������
�%@
���-	����"���
��!'��
� ��
$(�����	�����&���#����!'������"���
�+������
&�� 

+���
�-	�������!$!�(�	�9�&���#��
*�!�#�������
*-�9� 

 

           
9�#�
��+���
�-	��!'���)
��
��@
�
��()�� &��X9��@
�
���"���
��
�����#���	�+9��()�� ��	 	
)
����!'"�/�0


�����
� +�.��.)!�*��5� ��*�0� (�9"��
�) &��+9�$����()�������%����+9��()����%� 2 �� 7/'�
"~�+9�X�
��
*�!% 
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���.:�0����%$'��������!��#$(�,%",��������&��%$'� Xanthomonas campestris ,��"��
������� 

Screening of endophytes for control bacterial leaf spot of lettuce, Xanthomonas campestris 

.������� �&/����!�� 1 ����G�- .�-�!�!�
#��2 ��+ 	-�#
�3� ��#�0� 2 

1) 
�����!��.�
��������0�� 9����%��!������-%-�9�# ��+��!��.�
��� �����!���
������ 

2) 9����%��!������-%-�9�# ��+��!��.�
��� �����!���
������  

  

�
�6&*�+
��� 

1.
*�'	���
��	�
$�%	
	��������!'�!]��5(`�����%�
$�%	��	���
��
�@
�!'
�(�)
�
$�%	&���!
�!� X. campestris ��+���
�-	� 

2.
*�'	�/�0

$�%	
	�������)
���	 1 ��
 �!+���	�
��	�&��
)�(_
�(�����	���+���
�-	�-��	���
��'	"�9���&"��"�9� 

�!�)� 

+���
�-	�
"~�+���!'�!��
��@
��_�
�
��0J�()$�(�-�/'��!'������)���!��
���	��
�
*('��/%�
��'	��&���
�"�9�+���
�-	�

���"�������"�_-
���
��
�@
�!'
�(�)
�
$�%	&���!
�!� X. campestris $
�����9�)������!���
��	����
��
�@
 (Bacterial leaf 

spot) 
*�
����0K�	
�
��	�*�$�!'&���		��
� �����%�&"��)��!��&-��
"~��!�%@
�
�-��	
-��	����
��!�	� ���
"~����

��	�-�
�(���
�
�!�-
��
� ��	�
�+�(�+���
�-	�
��'	�)
�
$�%	�

-�# �
�
�X
��
�@
�
��#������
�
)�(_
�(����
�"�	�

���&���@
)��   
�0����+9�"�9�����$��
�
��!�!'�!�
�
&*�&��
"~�*(0 �
��()���!%)/�
��	$!��(5!)
�
$�%	�

	������� 

Muscodor albus strain MFC2 &�� �
�&��
$�%	�

	�������	�'���!'���)
�*�$��#��*�
*�'	 ����#�
$�%	��	���
��
�@
�����

+���
�-	�)
��
��/�0

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

$�%	
	������� 

�!�
����
��
��#�(��9�( �����%�
$�%	��	���*�$��+���
�-	����   ��
��
�
�X���
������%�
$�%	 X. campestris �	�
$�%	�

	�

��������%��/%�	�9����$�(��	�	
-
� &������
��
�!'
�!%��
$�%	 )/�����@
�
����	�
*�'	��������
��
�
�X���
������%�
$�%�  X. 

campestris  ��
��	�
*
�$@
)@
�	�&���@
�
��/�0
���0K��
���KJ
��(��
����"X/��
�)@
&��$�(��	�
	����������

�(5!�
� molecular 
*�'	�!'�
�
�X��
�X/�$�(�&���
�*��5#�
	����������	��
�&��)�(� 
*�'	
"~�&���
����
�-
�9��&��

	���
����	
-
��!'
-�
������
��@
�" �$����
�����#����*�$��&"��"�9�+���
�-	����)�(�  

��3-���!���� 

���!�
������
����6����%$'��%$'��������!� ���������-'���%$'� 

2.1 �(5! Antagonistic test �@

$�%	�

	������� ��%� 38 �
�*��5#� �@
�

�!%����	
-
�
�!%��
$�%	��%�3$�(� ���&�� PDA, GPA 

&�� YPD ����
���!'	#K-�9�(-�	� 
"~�
��
 5, 7 &�� 10 ��� ����
$�%	&���!
�!�
	��������
�*��5#� TL41 &��
$�%	��	��� X. 

campestris X9��@
�

�!%����	
-
�
-��$�(� MHB )�X9��@
�" shaking 
"~�
��
 8 &�� 5 $�'�����
��@
��� �@

$�%	��	��� 

X. campestris �!'��
�
������ 4.3x107CFU )�X9� �@
�
 spead plate ����	
-
�$�(� MHA "�(�
�� 100 l )
���%����

$(%�����
$�%	�
�!'����@
�
�
�!%������
�����!'������
��
&��� �@
�
�
��� plate �!'����@
�
� spread 
$�%	��	��� X. campestris 


���)
�!����	�&�������
$�%	&���!
�!�
	��������
�*��5#� TL41 �!'��
�
������ 8.3x107CFU )�X9�-������ disk �!'��

$�%	��

"�(�
�� 10 l �
��� plate �!'����@
�
� spread 
$�%	��	��� X. campestris  
$��
�!�����)
���%����
��#��
��
�
�X���
�

�����%�
$�%	
$�%	��	��� X. campestris ����
����
�� 
��!����7��!'
�(��/%� 

���!�
������
����6����%$'��������!�,���$���#�+%)�	)���� 

���
����	��!%)��$��
�*��5#�+���
�-	��!'�@
�
�$����
����	��!%+���
�-	��
�*��5#� Grand Rapid �!'�����-�	
"~�-�� �!'

�(��"�9������'��"��"��
�����&������		
�
���	�����!���
 ���)��@
�
�"�9����X
��� 25 
��� �������X
��!'�$�"�9�)�

�!��
� 20x20 7�. &���������
�"�9��!' 1 &�� 2 �$�����#"�9����X
���  500 ���� &����$#� �@
 3 7%@
 )@
��� 2 ���%� &��

������)��!$#��
����	� 5 $#�����!% 

$#��!' 1 
"~�$#�����#������%�)/�����!�
����
$�%	������"�����X
� 

$#��!' 2 
"~�$#��!'��� X. campestris �!'�!��
�
������  "�(�
K 4.3x107CFU 25 ml &��
$�%	�

	�������	
�# 10 ��� )@
��� 6 

plate ����
$�%	&���!
�!�
	������� �!'��
�
������ 8.3x107CFU "�(�
�� 50 ml 

$#��!' 3 
"~�$#��!'���
$�%	 X. campestris �!'�!��
�
������"�(�
K 4.3x107CFU 25 ml &��
$�%	�

	�������	
�# 10 ��� )@
��� 

2 plate ����
$�%	&���!
�!�
	��������!'��
�
������ 8.3x107 CFU "�(�
�� 25 ml  
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$#��!' 4 
"~�$#��!'���
$�%	�

	�������	
�# 10 ��� )@
��� 2 plate ����
$�%	&���!
�!�
	������� �!'��
�
������ 8.3x107 CFU 

"�(�
�� 25 ml 

$#��!' 5 
"~�$#��!'���
$�%	 X. campestris �!'�!��
�
������ "�(�
K 4.3x107CFU 25 ml  

    ���	
�	)����
��#
�3&�����%$'��������!����	+!)����.:�0�!��

�1����!����+�!����!�� molecular 

#$'�1�� �
��-' 

1.�
�����&���
�*��5#������%�-��)
�
$�%	�
�@

$�%	�
�!'��	��
�����DNA �
��	��9���0K��������
��
�������	�)#������� 

)
���%��$�*
���
)	��"�
"�
�!'���(
�K"�
�
�����&���@
�

�!%����	
-
� PDA �!'	#K-�9�(-�	�
"~�
��
 2 ��� )
���%��9�
���

��
$�%	�
��	-
� PDA �@
�
���
�
����������%@
���'��!'"�
�)
�
$�%	&��� )
���%��@
�
���-���
	!��&���
�(� DNA lysis 

buffer (pH 8) 400 ������(�� +���-�
"~�
��%	
�!�����  
�(�  Tris-HCl 100 �����(��&����@
�
��9��� Eppendorf ��
� 1.5 

�(��(�(�� -
�����+���!��
�-����
� 
�(� lysis buffer 
*('����&��������
�(� 700 �����(�� )
���%��@
�
"���
-�!'���!'

��
�
��� 10,000 �	���	�
�! 
"~�
��
 10 �
�! �9��������
 400 ������(�� 
������ Eppendorf ��
� 1.5 �(��(�(�� 	���-�� 


�(� 400 ������(��  Chloroform:TE-saturated phenol 1:1 &���+���-�
��
��������
� votex )
���%��@
�
"���������
�
��� 

10,000 �	���	�
�! 
"~�
��
 15 �
�! �9��
����
���$�%����#�7/'��! DNA ���
�	�9�"���
K 300-350 ������(��  
������ 

Eppendorf ��
� 1.5 �(��(�(�� 	���-�� 
�(� 3 M NaOAc (pH 8) 10 ������(�� &�� Isopropanal 0.54 
��
�	�"�(�
K

�
����
� DNA &��
���
�"�

�
� �-��
����
�+����� )����
��
-�����	� DNA ��
-��	��#��
���  �@
�
"�������

��
�
��� 10,000 �	���	�
�!
"~�
��
 2 �
�! 
��������(%� &����
����	� DNA ���� 70% ethanol &����@
�
"���
-�!'������

��
�
��� 10,000 �	���	�
�!
"~�
��
  3 ���%� 
� 70% ethanol 		�&���
����	� DNA �-�&-���!'	#K-�9�(-�	�"���
K 

15-30 �
�! ���
����	� DNA ���� TE Buffer -��	 �%@
���'� B3 �!'+�
��
���

$�%	�!' 121 	��

7�
7!����
���� 15 "	��� 

15 �
�! "�(�
K 20-40 ������(�� ��	��@
�"�$�&��
������0
�!'	#K-�9�( -20 	��

7�
$!�� &���@
�
��(
��
�-� DNA ���

�(5! gel electrophoresis 

2. �
��@
 PCR �@
-�����*�$���	��
��!'�@
�
�����
	
DNA
$�%	�
�������$� Universal  ITS Primer ���
��@
 PCR 7/'���

-�/'�"�(�(�(�
�!"�(�
���
���� 50 ������(��)�"���	�����10X Taq Buffer with 15mM MgCl2, 5X Enhancer, 2U Taq 

polymerase (Finnzymes) , 10mM dNTP , 25�M Primer &�� DNA 1 ������(�� ���
��@
"�(�(�(�
"���	����� 4 ��%��	�

��	 Initial Denaturation �!' 96 	��

7�
7!�� 2 �
�! Denaturation �!' 94 	��

7�
7!�� 30 �(�
�! Annealing �!' 55 	��



7�
7!�� 45 �(�
�!  Extension�!' 72  	��

7�
7!��  1 �
�!  ����@
�
�
*('�)@
�����%�-�� 30 cycles &�� Final 

Extension�!' 72 	��

7�
7!��   10 �
�! (Kong et al., 2003) )
���%��@
�
��(
��
�-� PCR product �����
� run garose 

electrophoresis gel �@
 PCR product �	�
$�%	�
������)����(���!�	�����!'-������(�
�$!��
*�9���*��5#�(������&
��

�����!$!��
*  &���@
+��!'����

"�!��
�!������@
����(���!�	�����	�
$�%	�
��J
���	�9��	� NCBI 

�����!���� 

�����!�
������
����6����%$'��������!� ,�����
��
'��%$'� X. campestris ���������-'���%$'�%��� PDA , GPA 

��+ YPD 

       )
��
��/�0

$�%	�

	���������%�-�� 38 �
�*��5#� *���
7 �
�*��5#� ��	 NHL6, NAAS10, NAAL23, NPPL3, 

NAAL4, NHL8, N6L12 &��&���!
�!�
	������� �
�*��5#� TL41 �
�
�X�����%�
$�%	&���!
�!� X. campestris ��	
-
�
�!%��


$�%	��� ����
	������� M. albus strain MFC2 ����
�
�X�����%�
$�%	&���!
�!� X. campestris ��� 
$�%	�

	��������
�*��5#� 

NAAL23 )��!"���(�5(�
*���
����
��
��#�(��9�(�����%� X. campestris ��	
-
�$�(� PDA ����!���
��	
-
� GPA ����

	
-
�$�(� YPD ��%�*���
����
�
�X�@
�-�
�(�
��!����7� &��
$�%	
	��������
�
�X�!')�
)�(_
�(�����	
-
����
��
��%� 

(��
��!' 1) ������
��
�
�X�	�
$�%	"�("��0��
�*��5#� TL41 	
�# 8 $�'�����
�
�X�����%�
$�%	&���!
�!� X. campestris ����!

�!'�#� (��
��!' 2) 
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����!-( 1 
$�%	�

	��������
�*��5#� NAAL23 )��!"���(�5(�
*���
����
��
��#�(��9�(�����%� X. campestris ��	
-
�

$�(� PDA GPA &�� YPD  

 

 

 

 

 

 

 

 

����!-( 2 ��
��
�
�X�	�
$�%	�
�*��5#� TL41 ���
������%�
$�%	&���!
�!� X. campestris �!'
��
��
�� 

 

 

 

 

 

 

�����!�
������
����6����%$'��������!�,���$���#�+%)�	)���� 


��'	�@

$�%	�
"�("��0��"���	�"���(�5(�
* �
�����#������
��	�
*
�$@
)@
�	� $#��
����	����(��
��
���
��'��" 

*���
$���	���
�
��	��!' 7 &�� 14 ��� *���
	���
�
��	��	�
����+���
�-	����� 
��'	�)
��
�+��
$�%	���(��!

����+���	�	
-
�
�!%��
$�%	�@
�-�
$�%	��	����
�*��5#�	�'�
)�(_
�(�������!�@
�-��"�����%��
��	��	�
���� &������!+���	�
�


)�(_
�(����
�-���)
��
��	� 14 ��� �
�
�X����
��#�&�� ����#����
��
�@
���	��
��!"���(�5(�
*&�����������#�

�
�
)�(_
�(����	����+���
�-	�	!�����  �����%�
$�%	�
�*��5#� NAAL23 &�� TL41 �!"���(�5(�
*���
�����#�������	��
�

&����
��
��X(�( ����
�
��!' 1 &�� 2 &���9"�!' 2  

�����
����	��!'�$�����#"�9�
-��*���
�!'	���
�
��	� 7 &�� 14 ����!	���
�
��	���	��
� �	�)
��!%���*�
$�%	�
���*/�

"������
�(��/%�&�����+��-��!	���
�
��
��	����+���
�-	� �����%�����#"�9�
-��)/����
-�
������
�"�9�+���
�-	� 

�����	)����
��#
�3&��������!� TL41 ��+ NAAL23 �"���)��
������-���!�� 

)
��
��/�0
X/��@
����(���!�	���� 16S rDNA �	��
�*��5#� TL41 ����$� (Primer 27F-1522R)  &�� Blast &��


"�!��
�!����	�9���Genbank �
�
�X)��)@
&���
�*��5#� TL41 ����!% Prokaryota; Bacterial Firmicutes; Bacillales; 

Paenibacillaceae; Paenibacillus �
�*��5#��!'�!��
�����
�!�����
$�%	&���!
�!�
	��������
�*��5#�  TL41 �!'��
�
-��	� 

99.44% ��	 Paenibacillus polymyxa strain GBR 472 �!'
"~�
$�%	&���!
�!�
	��������!'*���
-��&�����-�	��
�	�
�  

)
��
��/�0
�@
����(���!�	�����!'�!��� ITS1-5.8S-ITS2 �	��
�*��5#� NAAL23 �
�
�X)��)@
&���
�*��5#� NAAL23 ����!% 

Eukaryota; Fungi Dikarya; Ascomycota; Pezizomycotin; Pleosporomycetidae; Pleosporales; Leptosphaeriaceae; 

mitosporic; Leptosphaeriaceae; Ampelomyces &���
�*��5#��!'�!��
�����
�!�����
$�%	�

	��������
�*��5#� NAAl23 �!'1

��
�
-��	� 99.42% ��	 Ampelomyces sp. Po59 �!'*���������
����	�$�%�  

�����!-( 1. +��	�
$�%	�

	��������
�*��5#� NAAL23 ��		���
�
��	�&���
�
)�(_
�(���+���
�-	� 

Treatment                                             %Germination 7 day   %Germination 14 day      33-day old after planting 

                                                                                     Soil                                Soil                   High                 Fresh weight 

Non-infested control                                        24.0a                              24.0a                15.9a                       2.2a 

NAAL23 6 plate + X. campestris 25 ml           14.0b                              15.0b               17.4ad                     2.0a 

NAAL23 2 plate + X. campestris 25 ml           17.3b                              18.3b               18.3bd                     3.3b 

NAAL23 6 plate                                                 11.0b                              12.0c               18.2bd                     2.8b 

X. campestris 25 ml                                         13.8b                             12.7c                  9.7c                       0.5c 
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          �����!-( 2. +��	�
$�%	�

	��������
�*��5#� TL41 ��		���
�
��	�&���
�
)�(_
�(���+���
�-	� 

 

 

 

��*!-(2. &����
�
)�(_
�(����	����+���
�-	�����
���
�!'���!'&�����
��
�
�X���
�����#�
$�%	��	���
��
�@
��
��	�


*
�$@
)@
�	� (A),	���
�
��	��	���� �
�-	��!' 14 ��� (B) T1=$#�����#�, T2=+��
$�%	
	������� NAAL23 6 plates 

+ X. campestris 4.3x107CFU, T3= +��
$�%	
	������� NAAL23 2 plates + X. campestris 4.3x107CFU, T4= +��
$�%	


	�������NAAL23 6plates,T5=+�� X. campestris 4.3x107CF

 

 

 

��
�&*���!���� 

+�)
��
����	������(5! antagonistic test *���

$�%	�

	������� NAAL23 -��	
$�%	 Ampelomyces sp. �!'�
�
�X+�(�

�
��#�(��9�(���
������%�
$�%	 X. campestris pv campestris ����!�!'�#���	
-
� PDA 
���+�
��9�����
�
��!����7�
��
��� 

3.86 
7��(
���&��
$�%	&���!
�!�
	������� TL41 -��	
$�%	 P. polymyxa 	
�# 8 $�'�����
�
�X�����%�
$�%	�

-�#���
��
�@
 

X. campestris ����!�!'�#� ��	
-
� MHA �!'
���+�
��9�����
�
��!����7�
��
��� 2.14 
7��(
���  

+��
����	���
��	�
*
�$@
)@
�	����+���(���	���
���� 1:1 �	��(�)
�&"��"�9�+��)�(�&���(��!'�
��
���	���
�

"�(�
K 500 ������	���X
�  *���
���X
��!'+��
$�%	 NAAL23 -��	
$�%	 Ampelomyces sp. 	
�# 10 ��� )@
��K 2 plate 

&�����X
��!'+��
$�%	&���!
�!� TL41 -��	
$�%	 P. polymyxa �!'��
�
������ 8.3x107CFU �
�
�X����#�
$�%	 X. 

campestris �!'��
�
������ 4.3x107CFU ����������-�/'��@
�-�	���
�
��	��	�+���
�-	���	����
���X
��	�$#�����#�

�!'����!�
�+��
$�%	�� �  &���
����
���X
��!'+��
$�%	 X. campestris 
*!��
$�%	
�!�� �!'��
�
������������
�  ���K��!'

���X
��!'+��
$�%	 NAAL23 -��	
$�%	 Ampelomyces sp. 
*!��
$�%	
�!�� )@
��K 6 plate �@
�-�	���
�
��	��	�

+���
�-	���	����
���X
��	�$#�����#�&�����X
��!'+��
$�%	��	���
��
�@

*!��
$�%	
�!���!'��
�
������������
� ���
�

����������X
��!'+��
$�%	&���!
�!� TL41 -��	
$�%	 P. polymyxa �!'��
�
������������
�"�(�
�� 50 ml �@
�-�	���
�
��	�

�	�+���
�-	���	����
���X
��	�$#�����#�&���
����
���X
��!'+��
$�%	��	���
��
�@

*!��
$�%	
�!�� �����%�)/���	��!

�
��/�0
-
��
�
�������	�
$�%	
	���������%��	��!'
-�
�����	�" 

 

                           Treatment                                       Germination 7 day        Germination 14 day             37-day old after planting 

                                                                                                                                                   High               Fresh weight 

Non-infested control                                 18.2a� 0.24a                19.2a � 0.22a           18.1a� 0.04a           3.1a� 0.02a 

TL41 25 ml + X. campestris 25 ml            1.2b � 0.05b                 8.7b � 0.12b            16.2a� 0.06a           2.5a� 0.01a 

TL41 50 ml + X. campestris 25 ml             5.3b � 0.08b                13.3b � 0.12b          18.2a � 0.06a          2.9a� 0.02a 

TL41 50 ml                                                   5.5b � 0.22b                13.8b � 0.28b          16.9a � 0.03a          3.0a� 0.02a 

X. campestris 25 ml                                    5.1b� 0.04b                 10.3b �0.09 b          12.5b � 0.02b         1.5b� 0.01b 



�������&��%$'��/����#�3-��X�
,���  Pythium insidiosum ���,%"
��!&���9���!-(
�
�	���%$'��������!� 

Control of the human phythiosis pathogen (Pythium insidiosum) using secondary metabolite crude extract 

from endophytes 

����!��#�9# %�!
�9����
���1, ����G�- .�-�!�!�
#��1, .���#� �
����#3��#�#
}��2,  

3-�#�0� ��+�	+	
�!��3 	-�#
�3� ��#�0�1 

19����%��!������-%-�9�# ��+��!��.�
��� �����!���
������ 
2
6��
���	
��9%�����  �����!���
������ .����� ���*1� 
39����%�#��3���!�� ��+�#!�.�
��� ���#���������3���- 

 

�
�6&*�+
��� 


*�'	-
�
��#�(��9�()
�
$�%	
	��������!'�!]�5(`�����%��
�
)�(_
�(����	� P. insidiosum 

�!�)� 

��� pythiosis 
"~�����(�
$�%		#���(�-�� (emerging infectious disease) 
�(�)
�
$�%	 P. insidiosum 7/'�
"~�
$�%	����#�� 

oomycetes &��)��	�9��� Kingdom Chromista (
$�%	����#���!%�!���0K�
�*
��
� physiology &�� genetics �!' 0
���
��� 

&�� 0
�9����<� 
$�%	����#�� fungi, viruses, bacteria -��	 parasites) ����!%�!��
��#�&��X/���%�
�!�$!�(� *������%�����&��

������� 
$�� �#��� &�� ��
 &����� �!'	
���	�9���"��
��
����	� ��5���$
�( 
$�%	 P. insidiosum 	
���	�9����%@
-��	�!'$�%�

&�� ���9"�	��
��
 (�9"�!' 1) 
��'	�!�('�&����	��!'
-�
��� 
$�%	 P. insidiosum �
�
�X���
� zoospore (�9"�!' 1) 7/'��! 

flagella $������
���
��%@
 Zoospore 
"~������@
��_�	��������
��(�
$�%	 
��'	 zoospore ��
��%@
�
���+�����+(�-���-��	


��'	�#��
�� �	���-��	�����  )��	�
"~��
��
 (hyphae) $	��$�"�9�
��%	
��'	�!'	�9��/����" &����	�-�
�(�*�
5(��
*  

 

 

 

 

 

 

 

 

 

 

��*!-(1. &���X/����0K�&���9"��
��	�
$�%	 P. insidiosum +�
����	�)#������� (7�
�) 
����� (��
) Zoospores �!'	�9���X#�

��(
�K hyphal tip (Krajaejun et al. Am J Ophthalmol 2004) 

 

��� pythiosis ������%� *����%�&����"��
����� 
��'	"} *.�. 2528. -���)
���%� �!�
��
��
�*�+9�"���
*('��/%�
��'	�� 

�����-_�
"~�+9�"���)
�"��
����� )/�X�	�����
"��
�����
"~� endemic area �	���� pythiosis ���� &��
��'	�)
� 

�#��
���
��
�&*��������-_��������9�)���#��
�������� &����	�9��	�������!	�9���	� �.*. 5!�*�0� ���&)�)����� &��

�K�� )/������������	�9�+9�"������ pythiosis �!'�(�()�����-��
�"} *.�. 2528 X/� 2546 )
� 9 ���*�
�
���'�"��
�� �


�(
��
�-��
���(�(�&���
����
��(��
 (Krajaejun et al., Clin Infect Dis 2006; 43:569-76) 
*�'	�-�
��
�)������
���(�(�

�
��/%� &��
*�'	
"~���	�9�*�%�J
��@
-����
��()��&���#�	�'� ���
��/�0
�!% *�+9�"���)@
��� 102 �
� ��� 40% �	�+9�"��� 

�������
��(�()�����$��� 3-4 "}�#���
��	��
��/�0
 &���X/�&�������!')�*���� pythiosis �
��/%���	�
�� ���0K��
�

��(�(��	���� pythiosis �
�
�X&������
"~� 4 ��#�� ��	: 
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(1) �(�
$�%	�!'+(�-��� (cutaneous/subcutaneous form): *� 5% �	�+9�"�����%�-��. +9�"����
����&+�
��%	��� �}--�	� -��	

�
�	��
���	�$�%�+(�-���&�����+(�-�����(
�K��-��
 &�� -��	�
 �����-_��
�
�X���0
������� saturated solution 

potassium iodide  

(2) �(�
$�%	�!'
���
��	�&�� (vascular form): *� 59% �	�+9�"�����%�-��. +9�"����
���� claudication -��	 gangrene �!'�
 


*�
��!�
��(�
$�%	�!'+���-�	�
��	�&��)�
�(��
�	#���� (�9"�!' 1) �����-_� (~80% �	�+9�"���) ���0
����
�����
��
��!'

�(�
$�%	�(%� ���
��!'�!�
��(�
$�%	�#��
��
���	
)
�!�$!�(����)
��
�&���	�-�	�
��	�&���-_� (~40% �	�+9�"���)   

(3) �(�
$�%	�!'�
 (ocular form): *� 33% �	�+9�"�����%�-�� +9�"������)��
����&+��!'���)��
  "���
K 2-3 ��"�
-� (�9"

�!' 2) �
��(�
$�%	����#��
� ��	����0
����
�+�
����@
�9��
��
��!'�(�
$�%			� (~80% �	�+9�"���) 

(4) �(�
$�%	��(
�K	�'�  (disseminated form): *� 3% �	�+9�"�����%�-�� +9�"�������#���!%*��(�
$�%	�!'
��%	��	� �!'�*��)�9�

&���7��� -��	�!'���
*
�&���@
��� +9�"�����%�-������#���!%
�!�$!�(�  

 

 

 

 

 

 

 

 

 

 

 

��*!-( 2 ��	�9��
���!�(�&�����0K��9"��
��	� vascular pythiosis  A, ������!'
"~��
���7!
�!�&���!�
�&+���(
�K��

��
 

(�9���$!%) B, ��(
�K
���
��	� (�9���$!%) �!'�!�
��(�
$�%	 C, �
���	��!�9�
��(�
$�%	�!'
���
��	����� Gomori methenamine 

silver (GMS) (Krajaejun et al. Clin Infect Dis 2006) D, ocular pythiosis (7�
�) ����
�!'�!�
��(�
$�%	 (��
) �����	� 

hyphae �� corneal stroma (GMS;x40) (Krajaejun et al. Am J Ophthalmol 2004) 

 

)
���	�9��
����
��(��
 *��!+9�"������)
�	�9���'�"��
�� )/����$!%��
�!�
����)
��	�
$�%	 P. insidiosum 	�9���'�"��
�� 

)
����0K��9�(�
����  *���
��
)��!�
����)
��	�
$�%	�!'"��
��
*�'	���
����� ���*�������
 �!"�))���
�"���
��!'

���*��5����+9�"������ pythiosis 
$�� �
��@
	
$!*
�0������ (75% �	�+9�"���) 7/'�
"~�	
$!*-����	������, $���	
�# 

20-60 "} (86%) 7/'�
"~�$�������@
�
�, &��
"~�
*�$
� (71%) �	�)
��!% *���
+9�"��� cutaneous, vascular &�� 

miscellaneous pythiosis �#��� �! underlying hematological disorders ������ underlying �!'*�
���$����	 thalassemia 

(85%) 7/'�
"~�����
�*��5#�����!'*���	���"��
����� ����+9�"��� ocular pythiosis ��%� �����-_� (84%) ���*��!���

"��)@
������ ��	�9��!%)/����$!%��
�!"�))���
�"���
��!'���
��(��-�+9�"������
��	� �(�
$�%	 P. insidiosum )�
�(�*�
5(��
* 

	��
������
� +9��!'�!�#��
*&���&�� ����!���"��)@
��� ���
�
�X�(�
$�%	 P. insidiosum ��� 


��'	�)
��!�
�*�+9�"������ pythiosis �
��-��
*('��/%�
��'	�� ���
�*
���"��
����� &��"�_-
�@
��_�	���� pythiosis 

��	 �!	���
�#**��
*&��	���
�
��
��!'�9� 
��'	�)
��
����0
�
��
�!'�!	�9���"�))#����$�������+� &�����7!��!'�$����0
���

�!"���(�5(�
*�'@
 �
����0
-���)/���	��$��
�+�
���
��%	
��'	-��		������!'�(�
$�%			��-�-��7/'��@
�-�
�(���
�*(�
�)/��!

��
�)@

"~��!��������
�*�^�
�(5!�
����0
�-����!'�!�/%� 
*�'	��	���
�#**��
*&��	���
�
��
�)
���� 

��3-����)����������	
� 

1. �
����	���
��
�
�X���
������%�
$�%	 P. ultimum �	�
$�%	
	��������!'	�9��� Culture collection ��	
-
�
�!%��
$�%	 

�@

$�%	
	��������!'	�9��� Culture collection �
�
���'@
�������
�)
�	
-
�
�!%��
$�%	 PDA, GPA &�� Modified PDA 

�@
�"����!'	#K-�9�( 25 0C 
"~�
��
 3 ��� 
��'	���
��
�!'�@
-��&��� ��
$�%	 P. insidiosum 	
�# 8 $�. ���	�� 
$�%	
	���

D 
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���� �-�-�
� 1 cm  )@
��� 5 )#� �@
-���$#�����#���
$�%	 P. insidiosum �������
�)
�	
-
�
�!%��
$�%	�!'����!
$�%	
	���

���� &����@
)
�	
-
����	���%�-���"����!'	#K-�9�(  25 0C ���
��&������/�+��
����	��
�
)�(_
�(����	�
$�%	 P. 

insidiosum ��	
-
�
�!%��
$�%	�#���� &��� ������!' 1,3 &�� 5 ���&������/�����!�
�
)�(_�	�
$�%	 P. insidiosum ��	
-
�


�!%��
$�%	$#�����#�
"�!��
�!�����$#� Dual antagonistic test &����@
�
�@
��K�
��9�� 

% inhibition  =  R1- R2    * 100 

             R1 

��� R1 ��	 ����!�	�
$�%	 P. ultimum �!'
"~� control  R2 ��	 ����!�	�
$�%	 P. ultimum ��
��!'
)�(_�(����
$�%	
	������� 

2. �
����	���
��
�
�X�	�
$�%	
	����������
������%�
$�%	 P. insidiosum ��	
-
�
�!%��
$�%	 

�@
�
����	���
��
�
�X�	�
$�%	
	����������
������%�
$�%	 P. insidiosum )
�
$�%	�!'�! % inhibition �9��� ��	
-
�


�!%��
$�%	 PDA , GPA &�� Modified PDA �!' 	#K-�9�( 25 0C  
"~�
��
 3 ��� 
*�'	-
�
�*��5#��!'�!��
��
�
�X���
�

�����%�
$�%	 P. insidiosum  ����@

$�%	
	�������&��
$�%	 P. insidiosum  �
�
�-�
���� 3 cm ��'@
����)
�	
-
�
�!%��
$�%	 

PDA, GPA &�� Modified PDA �@
 �"����!'	#K-�9�( 25 0C 
"~�
��
 3 ��� �@
-���$#�����#���
$�%	 P. insidiosum ���$(%�

�#��	
-
�
�!%��
$�%	 

�!'�$�
�!%��
	�������-�
���� 3 cm &����@
)
�	
-
����	���%�-���"����!'	#K-�9�( 25 0C  ���
��&������/�+��
�

���	��
�
)�(_
�(����	�
$�%	 P. insidiosum ��	
-
�
�!%��
$�%	�#���� �@
�
����&������/� ����!�
�
)�(_�	�
$�%	 P. 

insidiosum ��	
-
�
�!%��
$�%	$#�����#� &����@
�
�
"�!��
�!��$#�����#����$#� Dual antagonistic test &���@
���
"~� 

% inhibition �
��9����
���� 

3. �(5!�
������
��!'�!]�5(`�
�$!��
*
��%	����)
�
$�%	
	����������� Ethyl Acetate 

 
	��������!'&�����)�X9��@
�"
*
�
�!%����	
-
�
�!%��
$�%	
-���
��(5!�	� Strobel et al. (2002)  "�(�
�� 

500 ��. �� Flask 1,000 ml �
� 14 ��� -���)
���%� �����	� Culture broth )�X9��@
�"����-
�
��!'�!]�5(�̀
�$!��
*


��%	���� (crude extract) ���� Ethyl Acetate "�(�
�� 500 ��. 2 ���%� &�� ��
-�&-������ Rotary Evaporator -���)
�

��%������	� crude extracts �!'
��!������@
�"���	�-
��
��
�
�X���
������%�-��	��

$�%	 P. insidiosum ���

-�	�"�(���(�
����	�]�5(`�
�$!��
* ��	 K �
��($
*�
5(�(��
 �K�&*���
���� ���*�
�
��
�
5(��! 

4. �
�&���
��#�(��9�(��(�#�5(�̀!'�!]�5(`�
�$!��
* ����$� Thin Layer Chromatography 

&���
��#�(��9�(��(�#�5(`�!'�!]�5(`�
�$!��
* ����$� Thin Layer Chromatography 
*�'	&���
�����)
� both culture �-����

&���	� �
���
� &������	��
������%��
�
)�(_ �	�&����&�� ��)
�	
-
�
�!%��
$�%	 ����@

$�%	 P. insidiosum �!'	�9��


�
���'@
�������
�)
�	
-
�
�!%��
$�%	 SDA 
"~�
��
 2-3 ��� &���)/��@
 crude �	�&����&��-��	�����-�#� &���-��

�%@
���'� 20 ������(�� &����@
)
�	
-
����	���%�-���"����!'	#K-�9�( 25 0C  ���
��&������/�+��
����	��
�


)�(_
�(����	�
$�%	 P. insidiosum ��	
-
�
�!%��
$�%	 

5.�
�)@
&��$�(��	�
	��������!'�
�
�X���
��
��!'�!]�5(�̀
�$!��
*����9"��
����0K���KJ
��(��
&���������
�

�
�$!�
��! 

�9"��
����0K���KJ
��(��
�	�
$�%	
	������� 	
�(
$�� ���0K��	�
����� ���0K��	������! &�� �"	�� &�� X�

	���

������%�� ������
��"	��-��	�������
��!'
"~�"����$����	�
�)@
&��$�(� �(5!	K9$!��(5! &�� �@
����(���!�	�����	��!��� 

rRNA (Molecular Phylogeny) )�X9��@
�
�$����
�)@
&��$�(��	�
	������� �
��(5!�	� White et al., 1990 �(5!�����#"

��	��
�����
	��������!'
�!%����	
-
�
�!%��
$�%	 Potato dextrose broth 
"~�
��
 1-2 ��� ���� Liquid Nitrogen �@
�-�

&7���&������ �
����
� Lysis Buffer &��������	��"��!�&����������� Isoamyl alcohol: Chloroform 1:24 &���&��

����&����
� DNA ���� Sodium acetate and 70 % alcohol -���)
���%� "�(�
K DNA ��%�-�� )� X9��@
�"��
�+�
*('�

"�(�
K rDNA �	� ITS1&2 ���� Universal primers ITS1 & ITS4 (White et al., 1990) ��� Sequence  &�� 
"�!��
�!��

����@
����(���!�	�����	� ITS1&2 �!'�!	�9��� GenBank 

�����!���� 



 53 

          ����� 1. &�����
��
�
�X�	�
$�%	
	����������
������%�
$�%	 P. ultimum 3 days 

 

"	��
7�����
������%� P. ultimum ��	
-
�
�!%��
$�%	 

�@
����!' 
$�%	 
PDA GPA Modified PDA 

1 K1�22 100 100 100 

2 K1�21 100 100 100 

3 N6L12 100 100 100 

4 NAAS10 100 100 100 

5 NAAL5 100 100 100 

6 NHL8 100 100 100 

7 NHL6 100 100 100 

8 N1L1 100 100 100 

9 NKL14 100 100 100 

10 N4L3 100 100 100 

11 NAAL9 100 100 100 

12 NAAS12 100 100 100 

13 NPPS9 100 100 100 

14 NFL5 100 100 100 

15 N7L11 100 100 100 

16 N5L4 100 100 100 

17 NPPL1 100 100 100 

18 N7L9 100 100 100 

19 NAAf12 100 100 100 

20 NAAf10 100 100 100 

21 K6�10/1 100 100 100 

22 K1�5/1 100 100 100 

23 N7L1 100 100 100 

24 NffL3 100 100 100 

25 NAAf1 100 100 100 

26 NHL20 100 100 100 

27 NAAL7 100 100 100 

28 QS4 100 100 100 

29 TL41 100 100 100 

30 NJL4 100 100 0 

31 K6L15 100 0 100 

32 NPPS4 100 0 0 

33 Qb10 100 0 0 

34 NHL12 100 no no 

35 NPPS3 100 97.64 100 

36 NJS4 93.88 100 100 

37 AL38 88.24 88.20 92.89 

38 JL2 96.24 90.86 90.99 

39 Qb17 90.35 89.62 85.54 

40 N3S9 96.94 95.04 94.07 

41 N2L6 89.65 91.74 97.03 

42 RSb8 97.65 93.63 96.08 

43 Qb25 96.41 97.53 96.23 

44 NHL15 91.62 89.88 89.31 

45 RPR2 97.60 92.59 97.48 

46 RTJ3 87.34 90.12 84.78 

47 RSSL2 93.42 91.11 82 

48 Qb21 97.60 no 88.68 

49 PRS18 86.33 no 85.61 

50 RSb3 no no no 

51 K6�10/2 no no no 

        -�
�
-�# no -�
�X/� 
$�%	 P. ultimum 
)�(_���
$�%	
	�������)�����
�
�X���������� 
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     ����� 2. &�����
��
�
�X�	�
$�%	
	����������
������%�
$�%	 P.  insidiosum 3 days 

 

"	��
7�����
������%� P. insidiosum ��	
-
�
�!%��
$�%	 

�@
����!' 
$�%	 
PDA Modified PDA GPA 

1 TL41 85.48 87.50 95.24 

2 QS4  74.10 50.79 72.73 

3 NAAL7 89.16 76.98 89.77 

4 RSb8  96.39 77.78 91.48 

5 NHL12 80.72 68.25 81.82 

6 NHL15 80.61 75.00 82.98 

7 N2L6 72.45 59.21 69.15 

8 RPR2 74.49 66.45 70.21 

9 RTJ3 57.14 51.32 58.51 

10 RRS18 69.39 no 69.68 

11 Qb25 80.61 72.37 73.40 

12 K1�5/1 no no 83.51 

13 N5L4 no 94.74 96.81 

14 NJS4 no no 84.04 

15 RSSL2 no no 60.11 

16 N7L1 no no no 

17 K6�10/1 no no no 

18 N6L12 no no no 

19 NPPS9 no no no 

20 K1�22 no no no 

21 NAAS10 no no no 

22 N3S9 no no no 

23 NAAf1 no no no 

24 NAAL5 no no no 

  -�
�
-�# no -�
�X/� 
$�%	 P. insidiosum 
)�(_���
$�%	
	�������)�����
�
�X���������� 

 

����� 3. &�����	�9��	�
$�%	
	��������!'�!��
��
�
�X���
������%�
$�%	 P.  insidiosum  

 

Strain Host ITS identification 
% inhibition with 

P. ultimum 

% inhibition with 

P.insidiosum 

TL41 Paederia  linearis  Hook.f. Paenibacillus polymyxa 100 (All) 95.24 (GP) 

QS4 Melientha suavis Pierre Xylaria  sp. 100 (All) 74.10 (PDA) 

NAAL7 Costus speciosus Dothideomycete sp. 100 (All) 89.77 (GP) 

RSb8 Jatropha gossypifolia Myrothecium sp. 97.65 (PDA) 96.39 (PDA) 

N5L4 Unknown Dothideomycete sp.  100  (All) 96.81 (GP) 

K1�5/1 Amorphophallus sp.  Colletotrichum sp. 100 (All) 83.51 (GP) 

NHL12 Osmanthus fragrans Phyllosticta citrullina  100 (PDA) 81.82 (GP) 

NHL15 Osmanthus fragrans Ascomycota sp. 91.62 (PDA) 82.98 (GP) 

RPR2 Kaempferia pulchra Ridl. Chaetomium sp. 97.60 (PDA) 74.49 (PDA) 

N2L6 Unknown Not done   97.03 (Modi) 72.45 (PDA) 

RRS18 Oraxylum indicum (L.) Vent Cladosporium cladosporioides 90.12 (GP) 69.68 (GP) 

RTJ3 Flacourtia indica (Burm.f.) Merr Not done   90.12 (GP) 58.51 (GP) 

-�
�
-�# All -�
�X/� 
$�%	
	��������
�
�X�����%��
�
)�(_
�(����	� Pythium sp. �����%� 3 	
-
� Unknown -�
�X/� �����
�$�'	 Host 

��%�&�� 57-96% 
$�%	�

	�������
-��
��%����&��
$�%	 
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����� 4. &�����
��
�
�X���
������%�
$�%	 P. insidiosum �	��
�����)
� TLC 100 ul (0.1mg/ul DMSO) �	�
$�%	


	���������������	��!' 2 (������&��) &�� ��������	��!' 3 (�������!' 2) 

 

Strain 
)@
���  

Band 

                                                

% inhibition against P. insidiosum 

 

Dothideomycete sp. NAAL7 
6 B1=6%, B2=18%, B3=9%, B4=6%, B5=15%, B6=10% 

B1=14%, B2=17%, B3=11%, B4=9%, B5=17%, B6=9% 

Myrothecium sp. RSb8  
3 B1=31%, B2=29%, B3=23% 

B1=32%, B2=30%, B3=27% 

Dothideomycete sp. N5L4 
3 B1=3%, B2=16%, B3=16% 

B1=6%, B2=16%, B3=15% 

Chaetomium sp. RPR2 
4 B1=18%, B2=24%, B3=6% 

B1=16%, B2=16%, B3=8% 

Xylaria sp. Qb 25 
5 B1=15%, B2=19%, B3=25%, B4=25%, B5=16% 

B1=17%, B2=28%, B3=27%, B4=31%, B5=15% 

Colletotrichum sp. K1�5/1 
7 B1=17%, B2=27%, B3=15%, B4=6%, B5=18%, B6=9%, B7=15% 

B1=21%, B2=28%, B3=14%, B4=9%, B5=17%, B6=14%, B7=19% 

Cladosporium cladosporioides RRS18 
3 B1=21%, B2=21%, B3=0% 

B1=21%, B2=21%, B3=14% 

NJS4 
3 B1=13%, B2=12%, B3=0% 

B1=9%, B2=16%, B3=11% 

 


�&*��+��	���������!���� 

Pythium 
"~�
$�%	�
����#�� oomycete 7/'�
"~��!'�9�)������!��
�
�
�X��	�-�
�(������*�$ ���	��
�
$�� ����
�
��
  7/'�
�(�

)
�
$�%	 Pythium ultimum &��)
��
��/�0
��	�9��()��
��%	�����	� +�.��. )!�*��5� ��*�0� ����!�
����*���

$�%	
	���

�����!'
)�(_���
�
�X���
��
��#�(��9�(		�]�5( ̀ ��
 P. ultimum��� 	!���
�-�/'����
��
�&*��� *���
 Pythium ���

�
�
�X��	�-�
�(������
�&��������� ��'���	���"*(5!�	7(�" 7/'�
�(�)
�
$�%	 P. insidiosum )/�
�(����#�(J
��!'��
X�

$�%	
	�

�������!'�
�
�X�����%��
�
)�(_
�(����	� P. ultimum ���&���
$�%	
	�����������
)��
�
�X�����%��
�
)�(_
�(����	� P. 

insidiosum ������� )
����#�(J
�������
�*���
�!
$�%	
	�������)
� Culture collection )@
��� 49 �
�*��5#��!'�
�
�X

�����%��
�
)�(_
�(����	� P. ultimum ��� +�)
��
����	�*���
)
�
$�%	
	������� 49 �
�*��5#�������
��!
$�%	
	���

����)@
��� 24 �
�*��5#��!'�
�
�X�����%��
�
)�(_
�(����	� P. insidiosum ���  �(�
"~� 48.98 
"	��
7���� 
$�%	
	�������

��%� 24 �
�*��5#��!��
��
�
�X���
������%�
$�%	 P.  insidiosum ��%�&�� 57-96% �����	��
�
$�� 
$�%	�

	������� 

Myrothecium sp. RSb8 &�����)
������9�
��	� (Jatropha gossypifolia), Xylaria  polymyxa  QS4 &�����)
����

+��-�
� (Melientha suavis Pierre),  Dothideomycete sp. NAAL7 &�����)
����
	�'	�-�
��
�	���� (Costus 

speciosus)  &��
$�%	&���!
�!�
	������� Paenibacillus polymyxa TL41 7/'�&�����)
����
X
�9�-�9�9�-�
 (Paederia  

linearis  Hook.f)  �!��
��
�
�X���
������%�
$�%	 P.  insidiosum  96% , 74%, 90% &�� 92% ��	
-
�
�!%��
$�%	 PDA, 

PDA, GP &�� PDB �
��@
��� 


��'	�)
��
�	���
�
�
)�(_
�(����	�
$�%	 P.  ultimum &�� P.  insidiosum ���
��
��� �����%��(5!�
��@
 Antagonistic test 

)/�&����
�������� ���
���	�
��@
 Antagonistic test ���
$�%	 P. ultimum )��$��(5!�
��@

$�%	
	��������
����)
�	
-
�


�!%��
$�%	��	�
"~�
��
 3 ��� 
��'	���
��
�!'�@
-��&��� ��
$�%	 P.  ultimum �	� � 
$�%	
	������� �-�-�
� 1 cm  )@
��� 

5 )#� ���
��&������/�+��
����	��
�
)�(_
�(����	�
$�%	 P.  ultimum &���(5!�
��@
 Antagonistic test ���
$�%	 P. 

insidiosum )���
�)
�
�(�
��'	�)
�	���
�
�
)�(_
�(����	�
$�%	 P. insidiosum $�
���
�	�
$�%	 P.  ultimum �����%��
���


$�%	 P. insidiosum �	�
$�%	
	��������!'�!�
�
)�(_
�(���	�9���	�&���)��@
�-�
$�%	
	��������!�
�
)�(_
�(������
$�%	 P. 

insidiosum �!'�������
�
�X
)�(_
�(�������!*	 �@
�-�����
�
�X��
������

$�%	
	��������
�
�X�����%��
�
)�(_
�(���
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�	�
$�%	 P. insidiosum ���-��	��� &������
�
�X-

"	��
7�����
������%����	!����� �����%��(5!�!'
-�
������
��@
 

Antagonistic test ���
$�%	 P. insidiosum )��$��(5!�
���
$�%	 P. insidiosum *��	� � �����
$�%	
	������� ����
��-�
$�%	


	�������-�
� 3 cm )
��	�$(%��#���	�
$�%	 P. insidiosum  �(5!�!%)��@
�-�&���)�����

$�%	 P. insidiosum �!�
�
)�(_
�(��� 

&���
�
�X
-���
�X9������%�&��-

"	��
7�����
�X9������%���� &���(5!�!%���!��	)@
��� ��	 �(5!�!%�
�
�X�$�����!���
$�%	
	���

�����!'�!�
�
)�(_
�(���
���
��
���
$�%	��	��� P. insidiosum -���J
��!'����������	 +��
����	� Dual Antagonistic test 

)�&�����

$�%	 Phoma herbarum N6L12 ����
�
�X�����%�-�����%����
*!���
����� )
��
����	������
��
�
$�%	 P.  

insidiosum 5 )#� �	� � 
$�%	
	������� &��*���
�!�
��/'���(�#�5(`)@
��� 1 $�(�)
�
$�%	 Phoma herbarum N6L12 �!'�!

]�5(`�����%�
$�%	 P.  insidiosum   

�(5!�
����	� Well diffusion assay �	��
��/'���(�#�5(`)
� Thin Layer Chromatography )
��
��#�(��9�(����!�
�

�@
�/�X/�����-�
���-��
�����
����
$�%	 P. insidiosum )
��
����	�)��@
����
���
$�%	 P. insidiosum ��	�
"~�
��
 2 

���&���)/����
�����+������%@
���'� *���
�!'����-�
���-��
�����
����
$�%	 P. insidiosum 
��
��� 0.5 cm )�
-��+��
�

�����%��!'�!���
����-�
���-��
�����
����
$�%	 P. insidiosum 1 cm 
��'	�)
������
��!'-�
��
�
�(��")��@
�-�]�5(`�	��
�

��������
�
�X�"X/����
$�%	��� &��+��	� �
����	� Well diffusion assay �!'+�(�)
�
$�%	
	������� X.  polymyxa  

QS4 	
�# 14 ����� PDB *���
�!�
��/'���(�#�5(`)@
��� 5-6 $�(��!'�!]�5(`�����%�
$�%	 P.  insidiosum (�9" 4A) 

+��
�
"�!��
�!��$�(��	�	
-
�
�!%��
$�%	�!'�$����
����	��!%*���
	
-
�
�!%��
$�%	�!'�-�
"	��
7�����
������%������-_��


)
�
$�%	�!'
)�(_�� Glucose Peptone Agar (GPA) 
��'	�)
�	
-
� GPA �!��9��� &�����	��(���!'
$�%	�
�@
�"�$����
��

�@
�-�
$�%	
	��������!�
�
)�(_
�(���&��+�
��"	�9���$��� Stationary phase ���
���)/����
��
��
�����%��
�
)�(_
�(���

�	� P. insidiosum ����!���
��	
-
�$�(�	�'� �	����
��	 Potato Dextrose Agar (PDA) �����%�X�
�!�
����	�
*('�
�(�


�!'������
����	��!%)/�����$�	
-
�
�!%��
$�%	&�� 2 $�(��!%
��
��%� -��		
-
�$�(�	�'��  

+�)
��
�
� 4. &�� �9"�!' 3 &����
�����)
� TLC 100 ul (0.1mg/ul DMSO) �	�
$�%	
	��������!'�!��
��
�
�X��

�
������%�
$�%	 P. insidiosum 
$�%	�

	������� Myrothecium sp. RSb8 
"~�
$�%	�!'�
�
�X���
��
��#�(��9�(�!'�!]�5(�̀����%�


$�%	 P. insidiosum �9����

$�%	
	����������	�'�� &��
"	��
7����
������%�
$�%	 P. insidiosum ��	����
�
����	�&�� 

Dual co-culture �
�	
)
"~�
*�
��
�����)
� TLC �!��
�
��������	��
� 
��'	
"�!��
�!������
�����
�����)
� TLC 

�!'�!�%@
-����
����
 0.1 mg ���������"��-�#� ���&������9" 4A &�� 4B �	�)
��!%+��
����	�������$!%�����



"	��
7����
������%��!'�9�	
)
"~�+��
)
��
�-�
��������
�����-�
�)
��
��#�(��9�(�	�
$�%	
	������� 

�
����	���	�
����	�
��@
�
��/'���(�#�5(`)
� TLC �!'+�(�)
�
$�%	
	����������
�
��!' 4 �"���	� Cytotoxicity test 

��� Human Celline &���
�)@
&��$�(��	��
��!'���
"~�*(
��	 Human Celline &���
�
�X�����%�
$�%	 P. insidiosum 

 

��*!-( 3. &����
�����)
� TLC 100 ul (0.1mg/ul DMSO) �	�
$�%	�

	������� Myrothecium sp. RSb8 (7�
�) &�� 
$�%	

�

	������� Chaetomium sp. RPR2 (��
) �!'�!��
��
�
�X���
������%�
$�%	 P. insidiosum ������!' 2 �	��
����	�

-�#���
����	��
*��	-�#�����#��!'�!�
����
� DMSO 
*!��	��
�
�!�� 
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��*!-( 4. &�����
��
�
�X���
������%�
$�%	 P. insidiosum ������!' 2 �	��
����	��
������	�
$�%	�

	������� 

Xylaria sp. QS4 &�� Xylaria sp. Qb 25 7/'�
"~�
$�%	�
�*��5#�
�!����� 4A) �
������	�
$�%	�

	������� Xylaria sp. QS4 

)
�TLC ��"�(�
K�!'�
����
 1 mg 4B) �
������	�
$�%	�

	������� Xylaria sp. Qb 25 )
�TLC ��"�(�
K 100 ul 

(0.1mg/ul DMSO)  

 

 

 

 

���������*�+��. 

�����
��()���!%�������#��
�������#�)
��@
����
��	��#������
��()�� &���@
����
��K������
�	#���/�0
 �@
-����#�


*('��!���
��
�
�X��
��
��()��	
)
����#����
� (RMU4980030) "} *.�. 2549-2552 �����%�����($
�
�
�0�����
�

	�#
��
�-�
$�%	��	���*�$
��
�@
 X. campestris  

 

���
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Abstract — A novel endophyte species of Bipolaris named JF2, isolated from the inner fleshy fruit of 
Myristica fragrans, is described and illustrated based on a polyphasic approach. The JF2 strain is distinguishably 
characterized by the production of straight big brown 1-6 phragmosporous conidia 17-67(38.7) × 11-20(15.4) �m 
germinating a germ tube at each end. Another unique characteristic is spongy brown sheath nodes interval wrapping 
around the old hyphae. Molecular phylogeny of ITS1-5.8S-ITS2 sequences supports that taxonomy of the isolate JF2 
should be placed in the genus of Bipolaris and a sister lineage to the Curvularia sp. NR2006D12 (DQ480350). A 
glyceraldehyde-3-phosphate dehydrogenase DNA sequence was 88% with Cochliobolus intermedius (AF081383) and 
Co. kusanoi (AF081404). On the basis of its distinctive morphological characteristics and phylogenetic position, this 
strain defines a novel species named Bipolaris thaiendophytica, sp. nov.. The type strain of Bipolaris thaiendophytica 
is JF2.   

Key words — antagonistic dual test, Bipolaris, Curvularia, endophyte, ITS and 5.8S rDNA, nutmeg tree, phylogeny, 
taxonomy  

 

Introduction 

Shoemaker proposed to segregate the subdivision Helminthosporium (Link: Fr.) into Drechslera (Ito) and 
Bipolaris (Shoemaker) (Shoemaker, 1959). With that recognition, he established the genus Bipolaris for 
species that Nisikado (1929) had been classified as the subgenus Eu-Helminthosporium (Nisikado) 
(Shoemaker, 1959). The species was B. maydis (Nisikado) Shoem. The evidence for the recognition of 
those two genera was studied and confirmed by Alcorn (1983, 1988). Based on morphology and 
germination of conidia, and conidiophore with conidiogenous structure, 52 species of Bipolaris were 
justified in the monograph written by Sivanesan (1987). Bipolaris’s conidia were described as fusiform to 
ellipsoidal, straight to curved, brown, smooth wall, distoseptate (pseudoseptate) conidia with and without a 
protuberant conidial hilum (Sivanesan, 1987; Alcorn, 1988). The germ tubes of this genus are germinated 
only from each end cell of conidia (bipolar). The sexual state of the Bipolaris is associated with 
Cochliobolus (Shoemaker, 1959; Luttrell, 1977; Sivanesan, 1987). In 1991, Alcorn (1990, 1991) combined 
and transformed the two genera of Bipolaris and Curvularia as the synonymous genus.  

Due to inadequate conidial morphology and lack of teleomorph in many species of these 3 genera, recent 
taxonomic revisions have relied on molecular phylogenetic analysis of DNA sequences, in particular, rDNA 
internal transcribed spacers (ITS1 and ITS2) and glyceraldehyde-3-phosphate dehydrogenase (gpd) gene 
sequences, have been used extensively to solve taxonomic relationships at the species level (Berbee et al., 
1999; Zhang and Berbee, 2001). Based on the phylogenetic analysis of ITS and gpd sequence data, Zhang 
and Berbee (2001) reported that the species previously described as Drechslera portulacae (orig. CBS 
239.48), Pyrenophora bromi (orig. CBS 403.72) and P. portulacae (orig. DAOM 208494), were re-
classified as Bipolaris portulacae. In addition, Drechslera biseptata (orig. CBS 371.72) and D. heveae 
(orig. CBS 241.92) that had been misidentified were transferred to Bipolaris spicifera and B. heveae, 
respectively.  

During the last decade, there were a few reports about new species of Bipolaris. Chen et al. (2000) 
mentioned that B. prieskaensis was the sixtieth species of Bipolaris that was isolated from debris of 
Pistacia vera (L.) (Pistachio) in Prieska, Northern Cape Province of South Africa. Five years later, 
Tsukiboshi et al. (2005) reported that B. heveae (Co. heveicola) was another new species causing brown 
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stripe of Bermuda grass and Zoysia grass. In 2008, Jiang and Zhang identified B. fusca as a new species of 
dematiaceous hyphomycetes from soil in China. We now describe a novel species isolated from a fruit of 
the woody plant, Myristica fragrans (Houtt.) growing in the Siri Rukhachati Medicinal Plant Garden, 
Salaya campus, Mahidol University, Nakornprathom, Thailand. Its affinity to closely related species is 
discussed to show its distinguishing morphological features along with the comparative ITS1&2 rDNA and 
gdp sequence data to other related species. 

Materials and methods 

Fungal isolation, growth, identification and storage 
A fruit of M. fragrans, from the same tree that Muscodor albus strain MFC2 was originally obtained (Sopalun et al., 
2003), was sampled from the Siri Rukhachati Medicinal Plant Garden, Salaya campus, Mahidol University, 
Nakornprathom, Thailand. Isolation procedures were based on Sopalun et al., 2003. Hyphal tips of developing isolates 
designated –JF2 were aseptically removed and placed on potato dextrose agar (PDA) with small sterile pieces of the 
carnation leaves (0.5x0.5 cm) to encourage spore production for 10-14 days. One hundred conidia and 50 conidiophores 
in lactophenol cotton blue solution were examined and measured with a light microscope (Seek Microscope LW 100 
BT, China). Photomicrographs of the JF2’s morphology were taken by a PowerShot S45 Cannon camera (Japan). The 
isolated endophytic JF2 fungus was identified down to species level using the monographs described by Sivanesan 
(1987).  The pure culture of JF2 endophyte was preserved using 15% glycerol and stored at –80�C at the culture 
collection of Mahidol University. It was also deposited as Bipolaris sp. at the Montana State University living 
mycological culture collection as culture -2346. 

Scanning electron microscopy 
Scanning electron microscopy was performed by procedures previously described by Castillo et al. (2005).  Isolate JF2 
was processed by placing agar pieces and host plant pieces supporting fungal growth into 2% glutaraldehyde in 0.1 M 
sodium cacodylate buffer (pH 7.2-7.4) with Triton X, a wetting agent, and aspirated for 5 min. and left overnight.  Then 
the fixed agar pieces and plant pieces were placed in #1 Whatman filter paper packets (Whatman Inc. Florham Park, 
N.J. USA).  The packets were made by folding the filter paper over a piece of cork (1.5 x 1.5 cm).  The packets were 
tied with cotton string, and two removable split shot sinkers (ca. 3.25 gm each) were attached next to the packets to hold 
them under the surface of the dehydrating solutions and liquid carbon dioxide during critical point drying.  After that 
the samples were washed in six 15 min changes of water buffer, followed by 15-min washes in 10%, 30%, 50% ethanol, 
five-15 min changes in 70% ethanol, and then were left for 18-24 hr in 70% ethanol.  They were rinsed for 15 min in 
95% ethanol and then three 15-min changes in 100% ethanol, followed by three 15-min changes in acetone.  For SEM, 
the specimens were critically point dried, gold sputter coated, and images were recorded with an XL30 ESEM FEG in 
the high vacuum mode using the Everhart-Thornley detector. 

Fungal DNA isolation and amplification of 18S, ITS1-5.8S-ITS2 and gpd genes 
For total genomic DNA isolation, the fungus strain JF2 was grown on PDA for 10 days at 23�C. The mycelium was 
scraped directly from the surface of the agar culture, weighed and extracted by the methods of Lee and Taylor (1990). 
The universal primers of N1-N8, ITS5 and ITS4 were used for amplifying PCR product of 18S and ITS1-5.8S-ITS2 
rDNA genes, respectively (White et al., 1990). The PCR mixture concentrations and thermocycler conditions of 18S 
DNA were performed based on White et al. (1990) while the ITS/5.8S rDNA was amplified using conditions described 
by Kong et al. (2003).  The PCR of gpd DNA sequence was performed using gpd1 and gpd2 primers following the 
protocols of Berbee et al., 1999. The PCR products of 18S rDNA, ITS1-5.8S-ITS2 and gpd genes were sent to the 
Ramathibodee Research Unit, Ramathibodee Hospital for purification and sequencing.  

BLAST and phylogenetic analysis of 18S, ITS/5.8S rDNA and gpd sequences  
Nucleotide sequences of 18S, ITS/5.8S rDNA and gpd regions of the JF2 endophytic fungus were determined manually 
on both strands and submitted to GenBank with a serial number FJ666899, EU447681 and FJ666900, respectively. The 
18S, ITS/5.8S rDNA and gpd sequences of JF2 endophytic fungus was also searched and compared with other fungal 
sequences under a BLAST 2.2.19 (Zhang et al., 2000) search of NCBI at <http://www.ncbi.nlm.nih.gov/BLAST>.  
Comparison and alignment of ITS sequences from 40 closely related graminicolous taxa and 4 taxa of out group 
obtained from GenBank (Table 1) were analyzed using CLUSTAL W version 1.7 (Thomson and Gibson, 1997) and 
manually aligned afterwards. Those four outgroup taxa were Alternaria raphani (U05200), Setosphaeria monoceras 
strain 208988 (AF071340), S. monocerus, S. rostrata strain 32197 (AF071342) (Zhang and Berbee, 2001). A full 
alignment of ITS datasets was submitted to the TreeBASE with a matrix number SN3879-18212. An inferred 
phylogenetic tree was reconstructed from the excluded terminal sites (602 characters) in the ITS and 5.8S regions using 
a general time-reversible model of distance method in PAUP program (test version 4.0b3, Macintosh). The reliability of 
the tree topology was determined by bootstrap analysis using 1,000 replicates for the neighbor joining analysis. The 
TREEVIEW program was used to demonstrate the inferred phylogenetic trees (Institute of Biomedical and Life 
Sciences, University of Glasglow, Scotland, UK).  

Collections 
Material examined: healthy living fruit of M. fragrans at Sireerookacharti Garden, Salaya campus of Mahidol 
University, Nakornprathom province, Thailand, June 8, 2007, J. Worapong and M. Srisaisup. The JF2 was deposited in 
the culture collection of Department of Biotechnology, Faculty of Science, Mahidol University and Department of Plant 
Science and Plant Pathology, Montana State University, Bozeman, USA, designed 2346.  
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Taxonomic description 

Bipolaris thaiendophytica J. Worapong, M. Srisaisup, W. M. Hess, and G. A. Strobel, sp. nov. PLATE 1-5
MYCOBANK 885 

Consocies alba labrum ambitus irregularis cum novae generatoniae usque antiquus hyphae archa est et evoco 
velvet, floccose, pallide olivo atrum olivo (Instar. 1.A). Reverse atrum olivo usque niger centri (Instar. 1B). 
Mycelium in substratus. Delicatis auctus in PDA in locus temperatur, verbi gratia , enumero septem diei  nam 23 
mm et novem .diei  huic 25 mm. Hyphae septae, olivo usque brunneus, smooth cum usque novae generatoniae, 
esponja brunneus folias cum senectus (Instar 1C et 5B, arrow). Conidiomata formo in rami senectus In vitro 
senectus uni mensis exertus in PDA (Instar. 1D). Sectionis, haec rami stromata pario non asexual, sexual 
reproductive organs. Conidiophore simplis solitary, rectus in inferne infecunditas sectionis cum esponja brunnea 
folia, geniculatae usque caput capitis, brunneus, secundus-3 septae, 30-100(58.2) × 2-5 �m (4.1). Conidiogenous
archa cylindrical, integratis, consociatis terminalis, directus blastic, 7-15(10.2) × 2-6(5.2) �m (Instar. 2, 5A et 5B). 
Conidium muticum, rectus, levidensis  inflectum, 1-6 distoseptae (multo 4), elliptica, lisa, centris arca archa atrum 
brunneus et sensu lato distalis pertinens, cum hilum non  protuberante 2-5 (3) µm diam, 17-67(38.7) × 11-20(15.4) 
�m (Instar. 3, 5A et 5B), bipolaris germinatio (Instar. 4). 
ETYMOLOGY: Name thaiendophytica referring to its nationality and ecological interaction.  
HOLOTYPE:  JF2, a living culture from a healthy living fruit of M. fragrans at Sireerookacharti Garden, Salaya 
campus of Mahidol University, Nakornprathom province, Thailand on 8 June 2007. The JF2 was deposited in the 
culture collection of Department of Biotechnology, Faculty of Science, Mahidol University and Department of Plant 
Science and Plant Pathology, Montana State University, Bozeman, USA, designed 2346.  
TELEOMORPH: not seen.  

KEY CHARACTERS — Conidiophore simple solitary, straight in the lower sterile section with spongy 
brown sheath, geniculate at apex, Dark Yellowish Brown [10 YR 4/2], 2-3 septate, 30-100(58.2) × 2-5(4.1) 
μm. Conidium muticous, straight to slightly curved, 1-6 distoseptate (mostly 4), ellipsoid, smooth, central 
cells Dusky Brown  [5 YR 2/2] and broader than the distal ones, with a slightly protuberant hilum 2-5 (3) 
μm diam, 17-67(38.7) × 11-20(15.4) μm (Fig. 3, 5A and 5B), bipolar germination (Fig. 4).  

EXPANDED DESCRIPTION — Conidiogenous cell cylindrical, integrated, terminal, single blastic, 7-
15(10.2) × 2-6(5.2) μm (Fig. 2, 5A and 5B).  

MACROCHARACTERS — COLONY, white [N 9.5-9]- in the irregular margin when young, reverse dark 
olivaceous Olive Gray [5 Y 3/2] to black  [N1] the center (Fig. 1B); OLDER HYPHAL CELLS, velvety, 
floccose, floccose pale olivaceous to dark olivaceous Dusky Yellowish Green [5 GY 5/2]-Grayish Olive [10 
Y 4/2]-Dark Greenish Gray [5 GY 4/1] (Fig. 1A); CONIDIOMATA, formed in branch on old culture aged 
one month on PDA (Fig. 1D), this branch stromata generated none of asexual or sexual reproductive organs 
after section.   

MICROCHARACTERS — CONIDIA, Straight big brown 1-6 phragmosporous cells 17-67(38.7) × 11-20(15.4) 
�m; HYPHAL SEPTATE, olivaceous to brown, smooth when young, spongy brown sheaths when old (Fig. 
1C and 5B, arrow).  

ECOLOGY, RANGE, DISTRIBUTION — A healthy living fruit of nut meg tree (Myristica fragrans). Uncommon. 

CULTURE — Mycelium immersed in the substrata. Slowly growing on PDA at room temperature, for 
example, 7 day for 23 mm and 9 days for 25 mm. 

MOLECULAR PHYLOGENY —  Based on the BLAST search of 18S (1753 bp), ITS/5.8S rDNA (540 bp) 
and gpd (587 bp) sequences of Bipolaris thaiendophytica JF2,  this fungus belongs to the phylum of 
Ascomycota, the sub-phylum of Pezizomycotina, the class of Dothideomycetes, the order of Pleosporales, 
the family of Pleosporaceae, and the genus of Biolaris (mitosporic Cochliobolus). Table 2 shows the 
identity of ITS/5.8S rDNA and gpd sequences of closely related taxa with their conidium size recorded by 
Sivanesan (1987). Five hundred and forty nucleotides of B. thaiendophytica JF2 were 100 % identical to the 
sterile mycelium strain of Curvularia sp. NR-2006-D12 (DQ480350), an endophyte fungus isolated from 
Garcinia species in Songkla province located in the Southern part of Thailand (Table 2). Three strains of 
endophytic Bipolaris sp. (Bp-zj strain 01-03) isolated from Sesuvium portulacastrum (Guangdong province, 
China) had 94 % identity from the comparison of 519 bp of the ITS1&2 regions. B. portulacae strain 
DAOM 208494 had 92% identity from a total of 513 bp ITS1&2 nucleotides. Additionally, the ITS 
sequence of B. kusanoi, with conidium morphology that looks like B. thaiendophytica JF2 conidia, had the 
least identity (87%) to that of B. thaiendophytica JF2. 

The phylogenic trees obtained from alignments with and without excluded sites were very similar in 
topology. When all sites were included for phylogenic analysis, the B. thaiendophytica JF2 and a sister 
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species of Curvularia sp. NR-2006-D12 (DQ480350) clearly separated from other topologies of Bipolaris 
spp. (data not show). When the terminal length variation were excluded, the B. thaiendophytica and 
Curvularia sp. NR-2006-D12 (DQ480350) shared recent ancestors with the major clade of B. sorokiniana 
(DSM6260), B. sorokiniana (BS11), uncultured endophyte clone 16-10-19, Co. heterostrophus (BM3) and 
B. sacchari, B. sorokiniana (FG42) B. sorokiniana with bootstrap support lower than 50 (Fig. 6). 
Distinctively, B. kusanoi with conidium size comparable to that of B. thaiendophytica JF2, did not group 
with B. thaiendophytica JF2, but did with the major clade of Bipolaris spp. Bp-zj-01-Bp-zj-03, B. indica, B. 
portulacae DAOM 2084, B. portulacae CBS 40372, and B. portulacae CBS 23948. 

DISCUSSION  
Based on the description by Zhang and Berbee (2001), the basal cell germination and progression of septum 
shown in figure 4 and 5A supports the fact that the B. thaiendophytica JF2 should be placed to the genus of 
Bipolaris. The morphology of Bipolaris strain JF2 does not have a close relationship with Co. australiensis, 
Co. lunatus, Co. spicifera, Curvularia inaequalis, Co. heterostrophus, Curvularia geniculata, B.
sorokiniana, B. sacchari, and B. kusanoi. From the description and the illustration (Fig. 1-5), the conidia of 
B. thaiendophytica JF2 vary a lot in length. Although its conidia size was somewhat similar to B. kusanoi, 
the B. thaiendophytica JF2 clearly differs from B. kusanoi both in phenotypic and genetic features. Based 
on the description by Sivanesan (1987), B. kusanoi has conidiophores in the features of single or in small 
groups, brown, paler towards the apex, smooth with swollen tips, 16-250x4-6.5 �m. In contrast, the B. 
thaiendophytica JF2 has old mycelium and rough conidiophore that are simple solitary, straight in the lower 
sterile section with spongy brown sheath (Fig. 1D), geniculate at apex, brown, 2-3 septate with 30-100x2-5 
�m in length and width. The old mycelium with spongy brown sheath nodes seemed to be the unique 
characteristic of B. thaiendophytica JF2 that has not previously been described in any species. In addition to 
differences in morphological characteristics, the ITS1-5.8S-ITS2 and gpd sequences of the B. 
thaiendophytica JF2 are different among other fungal species.  
A comparative analysis and phylogenetic study of ITS rDNA sequences indicated that B. thaiendophytica 
JF2 formed a distinct clade within the evolutionary radiation of the family Pleosporaceae and clustered with 
members of genera Cochliobolus/Bipolaris. Nonetheless, there was no unifying phylogenetic characters 
between the topology of B. thaiendophytica JF2 and Curvularia sp. NR-2006-D12 and the sister clade of B.
sorokiniana (DSM6260), B. sorokiniana (BS11), Uncultured endophyte clone 16-10-19, Co. heterostrophus 
(BM3) and B. sacchari, B. sorokiniana (FG 42) B. sorokiniana. In this polyphyletic tree, the B. 
thaiendophytica JF2 was placed in the Cochliobolus Group 2 that included species with Curvularia type 
conidia as well as species with straight Bipolaris conidia as described by Berbee et al. (1999). In addition, 
the Cochliobolus Group 2 appeared to be diverse not only in genetic and morphology as discussed by 
Berbee et al. (1999) but also ecological interaction (Fig. 6).  
Molecular data also supports that Curvularia sp. NR-2006-D12 (DQ480350) was, a sister taxa of the 
Bipolaris JF2. Coincidentally, both of them are endophytes that were found in different hosts and locations. 
The B. thaiendophytica JF2 was isolated from inside the fruit of nutmeg tree growing in Nakornpathom 
province located in the central part of Thailand.  In contrast, the Curvularia sp. NR-2006-D12 was found in 
the Garcinia tree in a forest in Songkla city located in the southern part of Thailand (Phongpaichit et al., 
2006). Therefore, this information suggests that the B. thaiendophytica JF2 endophytic fungus tentatively 
has a broad host range. Consistently, both B. thaiendophytica JF2 and the Curvularia sp. NR-2006-D12 can 
produce bioactive compounds that have potential use for agricultural and medicinal applications. 
With a noted distinctions of morphological data, ITS sequence and its phylogenetic position, this fungal 
endophyte isolated from M. fragrans is a new species of the anamorphic genus Bipolaris, in which the name 
Bipolaris thaiendophytica sp. nov. is proposed. The type strain is JF2. 
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Fig. 1. Bipolaris thaiendophytica JF2 (from holotype). A. Colony growing on PDA 9 

days; B. Reverse colony; C. mycelium with spongy brown sheath nodes (1 channel of 

scale bar = 1 μm); D. Branch stromata (1 channel of scale bar = 10 μm). 

A 
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Figs. 2, 3. Conidia and conidiophore of Bipolaris thaiendophytica JF2 (1 channel of scale 

bar = 1 μm) 2. Conidia. 3. Conidiophore  

 
 
 

 

Fig. 4. Conidia of B. thaiendophytica JF2 with bipolar germination (1 channel of scale 

bar = 1 μm). Arrows indicate a germ tube at each end. 

 3  2
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Fig. 5. A) Scanning electron micrograph of hyphae, mycelium and a conidium with a 
basal germ tube of B. thaiendophytica JF2 growing on PDA. B) Scanning electron 
micrograph of hyphae with swollen nodes (arrows) and a conidium.  
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B. spici fera
Co. australiensis clone RHR3.3
Co. spici fer YW1
B spicifera
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B. tetramera BMP 51-31-01

Uncultured endophytic fungus clone 22-10-42
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Bipolaris Bpz j01
Bipolaris indica

B. portulacae DAOM  208494
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Curvularia NR2006D12

B. sorokiniana DSM 62608
B. sorokiniana BS11
Uncultured endophytic clone 16-10-19
Co. heterostrophus BM32
B. sacchari ATCC13447

Fig. 6. An inferred distance bootstrap phylogram from ITS sequences of Bipolaris
thaiendophytica strain JF2 and 43 taxa retrieved from GenBank. Number at each
internode is the bootstrap value of neighbor-joining analysis from 1,000 bootstrap
replicates with general time-reversible distance correction. Sale bar represents 10
base pair substitutions. The ecological interaction of some taxa is diagrammed to
the right.
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Abstract 
Application of the fungus Muscodor albus MFC2 to control Colletotrichum gloeosporioides isolated from 
mango cultivar Nam-Dok-Mai was evaluated. After 5-day exposure with ten-day old 
PDA Muscodor albus MFC2 cultures, a number of C. gloeosporioides plugs were killed 
while some remained alive in vitro tests. Fourteen-day old M. albus MFC2 cultures in 
autoclaved non polished rice grain mixture could either inhibit or and kill the growth of 
C. gloeosporioides mycelial plugs on PDA plates after 10 day exposure. The same 
amount of M. albus MFC2 colonized grains provided 90% inhibition of C. 
gloeosporioides spore germination after 24-h exposure. Five-day fumigation with 50 g of 
14-day old M. albus MFC2 colonized grains partially retard growth C. gloeosporioides in 
wound-inoculated mangoes. The GC-MS analysis showed that putative bioactive volatile 
compounds of 14-day old M. albus MFC2 colonized grains were methyl isobutylrate, 
ethyl isobutyrate, butyl isovalerate and 1-ethenyl-4-methoxy-benzene. The serendipitous 
result of high production of ethanol and hydrocarbons including �-guaiene, trans(�)-
caryophyllene, and aromadendrene from M. albus MFC2 colonized non polished rice 
grains became a valuable observation with regard to alternative energy.    
 
Keywords: anthracnose, Colletotrichum gloeosporioides, endophyte, mango, volatile 
organic compound (VOC) 
 
 
Introduction 
Mango (Mangifera indica Linn) is one of the world’s most famous fruits. The most 
popular cultivar for ripen fruit trading that has been cultivated in Thailand is Nam Dok 
Mai for its unique flavor, texture, size and attractive appearances (Figure 1). These 
distinctive properties make the Nam Dok Mai variety become the first exported fruit from 
Thailand to Asia, Europe and America. However, mango fruit of this cultivar is sensitive 
to physical and chilling injury and is susceptible to anthracnose disease that is caused by 
Colletrotrichum gloeosporioides. Symptoms on the surface of mango fruits include the 
tear-stain patterns with characteristic brown to black lesions that develop after harvesting, 
resulting in the loss of export value for mango. Unfortunately, disinfestations of fresh 
mango fruit using chemical control of anthracnose is difficult since C. gloeosporioides 
remains quiescent in the cuticle of unripe fruit after harvest and prolonged storage leading 
to physiological changes in the fruit, favoring pathogen development (Eckert et al., 1996).  
The anthracnose infections can be prevented either with protective treatments or by 
treatment with pre- and post-harvest fungicides that penetrate the infection site to restrain 
further development. Using hot water dips incorporating fungicides and spraying with 
benzimidazole and ergosterol biosynthesis inhibitors (EBIs) is relatively effective in 
protecting the crop against pathogen infection and in extending the storage life of mango 
fruit during overseas shipment (Johnson et al., 1997; Chung Kuo, K., 2001; Swart et al., 
2002).  However, those chemicals are expensive and hazard to human while a biological 
approach would be more environmentally appealing. Therefore, biocontrol agents were 
evaluated as an alternative to fungicides to control anthracnose on the mango to avoid the 
hazardous of chemicals to human, animals and environments.  
Biocontrol agents that recently have been used for postharvest disease control are, for 
example, Bacillus licheniformis and Muscodor albus. B. licheniformis was elucidated as a 
pre and post-harvest spray treatment either on its own or alternated with copper 
oxychloride to control mango fruit diseases (Govander, et al., 2001 and 2005; Silimela 
and Korsten, 2007). Another interesting biofumigant source is the endophytic fungus M.
albus strains CZ-620 that was firstly discovered by Strobel et al. (2001). Several strains of 
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M. albus have been reported as diverse and effective volatile organic compounds (VOC) 
against many plant pathogens (Worapong et al., 2002; Daisy et al., 2002a, b; Sopalun et 
al., 2003; Erza et al., 2004). In addition, Strobel et al. (2001) showed that artificial 
mixtures of these VOCs can inhibit and kill fungal pathogens. 
Mercier and Jime´ nez (2004) showed that the M. albus strain CZ-620 cultivated in 
autoclaved rye grain can be applied as a mycofumigant for controlling Penicillium expansum 
and Botrytis cinerea of apple, as well as brown rot of peaches in the near distance without 
physical contact with the fruits. They also reported that the VOCs of M. albus CZ-620 
can partially inhibit the growth of Colletrotrichum acutatum, C. coccodes and Rhizopus 
sp. on potato dextrose agar. Three abundant volatile compounds produced by one-day rye 

grain culture of the CZ-620 strain were 2-methyl-1-butanol, isobutylic acid, ethyl 
propionate, and followed by trace amounts of phenethyl alcohol, 2-methylbutyl acetate, 
isobutyl alcohol, ethyl isobutyrate, methyl 2-methylbutyrate and ethyl butyrate. They 
mentioned that single pure compounds of 2-methyl-1-butanol, ethyl butyrate and 
isobutyric acid were highly inhibitory activity, while ethyl propionate, ethyl isobutyrate 
and methyl isobutyrate had some inhibitory activity against agar plugs of R. solani.  
The M. albus strain MFC2 isolated from Myristica fragrans grown in Thailand is closely 
related to the original M. albus CZ-620 but, its volatile antibiotics produced from PDA culture are 

different which include globulol and ledol (Sopalun et al., 2003). Promising applications 
of this strain and its VOCs have been analyzed. One of the potential uses was as a 
biocontrol agent of Pythium ultimum for vegetable crops (Worapong and Strobel, 2008).  
In this study, the effect of volatile gases from M. albus MFC2 cultured in 2 different grain 
mixtures on the mycelial growth and conidia of C. gloeosporioides isolated from Nam-
Dok-Mai mango was investigated both in vitro test and wound inoculated mango fruits. 
We also identified the bioactive VOCs produced by culture of M. albus MFC2 in a 
mixture of non-polished rice grains by gas chromatography mass spectrometry (GC-MS). 
Materials and Methods 
Isolation and identification of anthracnose fungus from Nam-Dok-mai mango 
Five ripen mango fruits with anthracnose symptoms were bought from a Salaya district orchard, then washed and air-dried. 

The suspected black spots on 2 Nam-Dok-Mai mango was cut and put on the Potato Dextrose Agar (PDA), then incubated 

at 30ºC for 3-5 days. Two colonies from each mango were chosen for tested pathogens. Koch postulates were 
used to confirm that those isolates were anthracnose pathogen. Identification of each isolate was 

performed based on combination of morphological classification (Sutton, 1980), and ITS1/2-5.8S DNA sequence (Lee 
and Taylor, 1990, White et al., 1990). Measurements of microscopic features were made 
using an Olympus CH-2 light microscope while the ITS1/2-5.8S DNA sequencing were done by the 

center of research of Ramathibordee Hospital. All of C. gloeosporioides strains used in this study 
were stored in a 15% glycerol solution at –80°C at the Department of Biotechnology, 
Faculty of Science, Mahidol University, Bangkok, Thailand. 
Effect of VOCs from PDA M. albus MFC2 culture on C. gloeosporioides 
The effect of volatiles on C. gloeosporioides was investigated on PDA as described by 
Strobel et al. (2001). A 1 cm strip of PDA was removed across each plate to make a 
medium-free moat physically separating two areas with medium and preventing any 
metabolites from diffusing across the plate through the medium. After growing M. albus 
MFC2 on one side of the plate for 10 days, a 6mm diameter plug of 5-days-old C.
gloeosporioides on PDA was added to the other side before sealing with parafilm. This 
experiment was repeated two times with three replicates. 
Preparation culture of M. albus MFC2 in 2 different grain mixtures 
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Two different formulas of grain mixtures were used in this experiment. The first formula was comprised of 

sorghum based animal feed, rice bran and water in the ratio of 100:10:10 by weight whereas 
the second one contained sorghum based animal feed, non-polished rice, rice bran, and water 
in the ratio of 70:30:10:10 by weight. To prepare M. albus MFC2 in each nutrient formula, 50 PDA 
plugs with 0.5 mm in diameter of 10 day M. albus MFC2 were added into 100 ml potato 
dextrose broth (PDB) and incubate without shaking at room temperature for 10 days. After 
that mix 50 ml 10 day of M. albus MFC2 with 50 g of each nutrient formula.  
Effect of VOCs from M. albus MFC2 cultured on 2 different grain mixtures on C. gloeosporioides 
Ten day olds of M. albus MFC2 cultured in each nutrient formula (~7.6 g) was replaced 
on one side of the PDA plate, and then a 6 mm diameter plug of C. gloeosporioides was 
put to the other side before sealing with parafilm. The growth of C. gloeosporioides was 
recorded for the effect of volatiles from each formula. Three replicate plates were used 
for each experiment. Growth was rated after 10 days of exposure. Plugs with no growth 
of the pathogen were transferred to fresh PDA to assess their viability. After that an 
effective grain mixture was selected for further test of 2 different incubation times that 
were 10 and 15 days by the same procedures. This experiment was repeated three times 
with four replicates. 
Effect of M. albus MFC2 colonizing grain volatiles on conidial germination of C. 
gloeosporioides  
To observe the effect of M. albus MFC2 volatiles on germination rate of C.
gloeosporioides conidia, the conidial solution was applied instead of the 6 mm-diameter 
plug of C. gloeosporioides. Conidia of 10-day C. gloeosporioides were re-suspended in 
0.01% Tween 20, and the 104 spores/ml concentration was adjusted with a 
hemacytometer. Germ tube production was observed at 5, 24 and 48 hours after 
application under the light microscope. Three replicate plates were used, and this 
experiment was repeated two times.  
Control of anthracnose on Nam-Dok-mai mango by M. albus MFC2 colonizing grain volatiles of 
formula 2 
Nam-Dok-mai mangoes with no injury were selected, washed, air dried and placed in the 
15.5x22.5x12.5 cm plastic box. The fruits were wounded on one side by piercing the skin 
with a 4 mm long sterilized sharp point knife. Each wound was then inoculated with 10 �l 
of C. gloeosporioides suspension at 6-8x107conidia/ml. The concentration of the conidia 
was measured as described previously. The M. albus MFC2 colonized 5 days in nutrient 
formula (50 g) in a 8 oz bottle was added to each box immediately after inoculation and 
the boxes were closed. The size of anthracnose pustule was measured by leaving the 
colonized grain in the boxes for 5 days at room temperature. There were 2 fruits per box 
and three boxes per treatment. 
Analysis of VOCs produced by M. albus MFC2 colonized grains 
The effective nutrient formula controlling C. gloeosporioides was selected for 
identification of volatile compounds produced by M. albus MFC2. Five 8 oz-bottles 
containing M. albus MFC2 colonized in nutrient formula 1 (50 g) for 5, 10 and 14 days at 
RT were connected to Solid Phase Micro Extraction (SPME) combined with gas 
chromatography–mass spectrometry. The SPME with polydimethylsioxane (PDMS) fiber (100 m, Supelco, Bellefonte, PA, 

USA) was used for volatile sampling.  The adsorption time for volatiles produced by M.albus was 20 min at room 

temperature.  After that, the fiber was thermally desorbed in GC injection port (220 °C for 5 min) to release those volatile 

compounds.   
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GC-MS (an Agilent 6890 plus GC/HP 5973 MSD, Agilent, USA) was used to identify the volatile organic compounds.  

Helium was used as a carrier at a flow rate of 1.5 ml min 1 with split ratio of 1:1 at 220°C.  The separation of volatile 

compounds was achieved on a fused silica capillary column (25 m x 0.32 mm i.d., HP-FFAP; J&W Scientific, Folsom, CA) 

coated with cross linked polyethylene glycol modified with nitroterephthalic acid as stationary phase (film thickness of 0.50 

�m).  Temperature program was as follows: 40°C for 2 min, ramped to 230°C at 10°C min 1.  Mass selective detector 

capillary direct-interface temperature was 280°C.  Acquisition was performed in positive electron impact ionization mode 

(70 eV).  The compounds were tentatively identified based on the comparison of the mass spectra of unknown compounds 

with those in the Wiley 275.L mass spectral database (Hewlett-Packard Co.).  The volatile compounds from 
sterilized grain bottles with the same nutrient without culture of M. albus MFC2 were 
used as a control to subtract the background gas. 
Results and Discussion 
Isolation and identification C. gloeosporioides from Nam-Dok-Mai mango  
Ten strains of C. gloeosporioides isolated from 5 mango fruits variety Nam-Dok-Mai in 
Nakornprathom orchards were selected for species identification based on the 
combination of morphological characteristics and ITS sequence. These ten strains of C.
gloeosporioides were MN7, MN9, MN16, MN19, MN24, MN25, MN35, MN57, MN85 
and MN86. All 10 isolated strains produced cylindrical conidia about 13.4-14.5 x 3.7-4.5 
micron, and white fluffy to pale gray colonies with salmon orange oozing spores. These 
characteristics indicated that all of 10 should be classified as C. gloeosporioides as 
described by (Sutton, 1980). The BLAST search analysis of ITS1&2-5.8S DNA sequences strongly confirmed that 

10 isolated strains were C. gloeosporioides with the 99% identity to C. gloeosporioides 

AJ301909.1.  
Effect of volatiles from PDA M. albus MFC2 culture on isolated strains of C. gloeosporioides  
There was no growth of C. gloeosporioides during 5-day exposured to M. albus MFC2. 
Viability of C. gloeosporioides after 5-day exposure to M. albus MFC2 growing on PDA 
was investigated. Upon transferring to fresh PDA after 5-day exposed to M. albus MFC2, 
six plugs of C. gloeosporioides test strains including MN7, MN9, MN24, MN25, MN35 
and MN57 were killed while C. gloeosporioides isolates of MN16, MN19, MN85 and 
MN86 remained viable. Seven strains of C. gloeosporioides including MN7, MN9, 
MN24, MN25, MN35, MN57 and MN86 were used for the following experiments. 
Effect of VOCs from M. albus MFC2 cultured in 2 different grain mixtures on C. gloeosporioides 
VOCs from 10-day M. albus MFC2 cultured in formula 1 grain mixtures of sorghum based animal feed, rice 
bran and water in the ratio of 100:10:10 by weight provided 65-100% inhibitory activity 
against 6 C. gloeosporioides strains of MN7, MN9, MN25, MN35, MN57 and MN85, but 
kill a C. gloeosporioides strains of MN24 (Table 1). VOCs from 10-day M. albus MFC2 cultured in 

formula 2 grain mixtures of sorghum based animal feed, non-polished rice, rice bran, and water 
in the ratio of 70:30:10:10 by weight provided 100% inhibitory activity against 5 C.
gloeosporioides strains of MN7, MN9, MN24, MN25, and MN85, but kill 2 C. 
gloeosporioides strains of MN35 and MN57 (Table 1). Additionally, VOCs from 14-day M. albus 
MFC2 cultured in formula 2 grain mixtures gave 100% inhibitory activity against 6 C. 
gloeosporioides strains of MN7, MN9, MN24, MN25, MN57 and MN85, but kill a C. 
gloeosporioides strains of MN35 (Table 2). 
Effect of VOCs M. albus MFC2 volatiles on conidial germination rate of C.
gloeosporioides  
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Antifungal volatile compounds from 5-day-old cultures of M. albus in 7.6 g of the 
ingredients containing sorghum based animal feed, non-polished rice, rice bran, and water in 
the ratio of 70:30:10:10 by weight provided 90% inhibition of germ tube germination of 
C. gloeosporioides spores that were close to M. albus MFC2 at 2 cm (Figure 2. A and B) 
compared to the control treatment (Figure 2. C) at the same distance. However, the C. 
gloeosporioides spores that far away from M. albus MFC2 colonizing grain culture could 
produce germ tubes at the same rate of the control treatment. 
Control of anthracnose on Nam-Dok-mai mango by M. albus MFC2 colonizing grain volatiles of 
formula 2 
Necrosis lesions on wound-inoculated fruits of the control were bigger than necrosis 
lesions on wound-inoculated fruits exposed to 10-day-old M. albus MFC2-colonized 
grains.  
Analysis of VOCs produced by M. albus MFC2 colonized grains 
After subtracting volatile compounds from sterilized non polished rice mixture bottles 
without culture of M. albus MFC2, the SPME connected with GC-MS revealed that there 
were 17 volatile compounds at 5- and 10- day incubation periods, and 21 volatiles 
molecules at 14-day incubation (Table 3). Among 21 volatile compounds, they were an 
acid, 2 carbonyls, 3 alcohols, 7 esters and 8 hydrocarbons. Four volatile compounds 
distinctively found only at 14-day culture were methyl isobutylrate, ethyl isobutyrate, 
butyl isovalerate and 1-ethenyl-4-methoxy-benzene. High concentration volatile 
compounds appearing through out the incubation time were ethanol, followed by isoamyl 
alcohol, aromadendrene, trans (beta)-caryophyllene, isoamyl acetate, �-guaiene, 
phenethyl acetate, ethyl acetate  and isobutyl alcohol. Five other volatiles consistently 
found in small amounts were hexyl acetate, mesifuranne, 3-octanone, trans-
caryophyllene, and 2-nonanone. Volatile compounds including isoamyl acetate, isoamyl 
alcohol, �-guaiene, �-guaiene, trans (beta)-caryophyllene, phenethyl acetate and 
aromadendrene increased with prolonged incubation of the M. albus MFC2 colonizing 
grain culture.  
Acknowledgement 
Financial assistance was provided by the Thailand Research Fund (TRF) and Commission 
on Higher Education (CHE) number RMU4980030. 
References  
Ann, P.J., Chen, M.F. and Hwang, R.C. (1997) Effects of environmental factors on  

disease incidence of mango anthracnose and bacterial black spot. In: Proceedings 
of the Symposium on Climatic Effects on the Occurrence of Plant Diseases and 
Insects, pp. 29-40 (Tu, C.C. and Yang, C.M., Eds.), Society of Agrometeorology, 
Wufeng, Taichung, Taiwan, R.O.C. 

Arauz, L.F., 2000. Mango anthracnose: economic impact and current options for  
integrated management. Plant Dis. 84, 600–611. 

Chung Kuo, K. (2001) Sensitivity of Mango Anthracnose Pathogen, Colletotrichum
gloeosporioides, to the Fungicide Prochloraz in Taiwan. Proc. Natl. Sci. Counc. 
ROC(B) Vol. 25, No. 3, pp. 174-179. 

Mercier, J. and Jime´ nez, J. I. (2004) Control of fungal decay of apples and peaches  
by the biofumigant fungus Muscodor albus. Postharvest Biol. Technol. 31:1–8. 

Kotchakorn Kongkaew, Wissanu Niyomlao and Puwanart Fuggate, Suwalee  
Chandrkrachang, (2005) Preharvest chitosan sprays for the control of postharvest 
diseases and quality of Nam-Dok-Mai mango during storage.  31st Congress on 
Science and Technology of Thailand at Suranaree University of Technology, 18 – 
20 October 2005. 



 78 

Prior, C., Elango, F. and Whitwell, A. (1992) Chemical control of Colletotrichum 
infection in mangoes. In: Collectotrichum: Biology, Pathology and Control, pp.  
326-336 (Bailey, J.A. and Jeger, M.J., Eds.), CAB International, Oxon, U.K. 

Teerapawa, W., N. Tongtummachard, V. Premanoj and S. Vijittranond. 1994 (b). The 
prevention and treatment of mango post-harvest disease for freight shipment. 
Research Report 1994, Ministry of Agriculture, Thailand, pp. 115-139. 

Johnson, G.I., Sharp, J.L., Milne, D.L., Oosthuyse, S.A., 1997. Postharvest technology  
and quarantine treatments. In: Litz, R.E. (Ed.), The Mango: Botany, Production 
and Uses. CAB International, Cambridge, pp. 447–507. 

Swart, S.H., Serfontein, J.J., Kalinnowski, J., 2002. Chemical control of post-harvest  
diseases of mango-the effect of prochloraz, thiobendazole and fludioxonil on  
soft brown rot, stem-end rot and anthracnose. S.A. Mango Growers’ Assoc.  
Yearbook 22, 55–62. 

 
 
 
 
 
 
 



 79 

Table 1. Effect of VOCs from 10-day M. albus MFC2 colonizing on 2 different grain 
formulas on growth and viability of 7 isolates of C. gloeosporioides after 10-day exposure  
 

Test strains  % inhibition (and viability) 
by VOCs of Formula 1 

% inhibition (and viability)  by 
VOCs of Formula 2 

MN7 100, 100, 65 (3G) 100, 100, 100 (3G) 
MN9 100, 100, 100 (3G) 100, 100, 100 (3G) 

MN24 100, 100, 100 (3D) 100, 100, 100 (2D/G) 
MN25 100, 84, 73 (D/2G) 100, 100, 100 (2D/G) 
MN35 100, 100, 100 (2D/G) 100, 100, 100 (3D) 
MN57 100, 75, 100 (3G) 100, 100, 100 (3D) 
MN86 100, 100, 100 (3G) 100, 100, 100 (2D/G) 

Total dead colony 6/21 12/21 
 
 

Table 2. Effect of VOCs from 10- and 14-day M. albus MFC2 colonizing grain formula 2 
on growth and viability of 7 isolates of C. gloeosporioides after  10-day exposure  
 

Test strains  
% inhibition (and Viability) 
of 10-day M. albus MFC2 

colonizing grain 

% inhibition (and Viability) of 
14-day M. albus MFC2 

colonizing grain 

MN7 100, 100, 100, 100, 93, 100, 93, 
100, 100, 100, 100, 96, (12G) 

100, 100, 100, 100, 100, 100, 
100, 100, 100, 100, 100, 100, 

(10D, 2G) 

MN9 100,100, 92, 100, 100, 100, 96, 
100, 92, 100, 100, 100, (1D, 11G) 

100, 100, 100, 100, 100, 100, 
100, 100, 100, 100, 100, 100, 

(10D, 2G) 

MN24 100, 90, 100, 100, 100, 100, 96, 
100,100, 100, 96, 100, (5D, 7G) 

100, 100, 100, 100, 100, 100, 
100, 100, 100, 100, 100, 100, 

(10D, 2G) 

MN25 97, 100, 100, 100, 100, 100, 100, 
100, 100, 94, 100,100 , (5D, 7G) 

100, 100, 100, 100, 100, 100, 
100, 100, 100, 100, 100, 100,  

(8D, 4G) 

MN35 97, 100, 100, 97, 100, 100, 97, 
100, 100, 100 , 97, 100 , (5D, 7G) 

100, 100, 100, 100, 100, 100, 
100, 100, 100, 100, 100, 100, 

(7D, 5G) 

MN57 44, 100, 100, 100, 100, 100, 100, 
100, 100, 100, 100, 100, (4D, 8G) 

97, 100, 100, 100, 100, 100, 
100, 100, 100, 100, 100, 100, 

(5D, 7G) 

MN86 81, 100, 100, 75, 100, 100, 100, 
100, 100, 100, 100, 100, (4D, 8G) 

100, 100, 100, 100, 100, 100, 
100, 100, 100, 100, 100, 100, 

(10D, 2G) 

Total dead colony 24/84 60/84 
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Table 3. Identified volatile compounds produced by M. albus non-polished rice culture at 
5-, 10- and 14-day old. 
 

Abundance (Peak area  x 10,000)Rtª Compounds 
5 days 10 days 14 days 

1.44 ethyl acetate 25.46 25.79 23.99 
1.70 methyl isobutyrate ND  ND 16.27  
1.83 Ethanol 103.54 133.41 130.91 
2.13 ethyl isobutyrate ND  ND 21.47 
3.87 isobutyl alcohol 16.01 16.62 16.86 
4.35 isoamyl acetate 13.96 15.10 30.43 
5.40 butyl isovalerate ND ND 10.00  
5.63 isoamyl alcohol 27.98  53.01 79.81 
6.35 3-octanone 3.89 3.72 3.30 
6.78 hexyl acetate 7.02 7.06 7.00 
8.26 2-nonanone 1.59 1.07 1.24 
10.64 isobutyric acid 2.04 2.24 2.11  
10.69 �-bergamotene 12.51 5.60 13.52 
10.75 �-guaiene 17.73 10.38 25.24 
10.83 Trans-caryophyllene 1.96 1.04 3.10 
10.94 Mesifuranne 7.69 3.83 4.15 
11.98 1-ethenyl-4-methoxy-benzene ND ND 5.17  
12.23 �-guaiene 2.58 1.98 7.03 
12.40 Trans (beta)-caryophyllene 3.34 1.13 42.96 
13.48 Phenethyl acetate 12.04 10.41 24.24 
17.30 Aromadendrene 31.61  30.40 52.92 

Notes: *Cut-off peak area at 10000. ND: Not detected or peak area is lower than cut-off 
at 10000 (or at 1.00 as shown in this table). ªRetention time (Rt) were based on FFAP 
column.  
 
 
 
Figure legends 
Figure 1. Big oval with a sharp-pointed tip with golden-yellow color Tearstain patterns 
with characteristic brown to black lesions of Nam-Dok-Mai mango fruit infected by C.
gloeosporioides 
Figure 2. The comparison of GC/MS analysis for the volatile compounds produced by M.
albus MFC2 colonized grains at 5, 12 and 14-day-old cultures and the volatile compounds 
of sterilized grain bottles that holding the same nutrient without culture of M. albus 
MFC2 used as a control to subtract the background gas. The GC/MS chromatogram 
profiles of TIC: SCSLS606.D, TIC: SCSLS609.D TIC: SCSLS610.D and TIC: 
SCSLS604.D show volatile compounds produced by M. albus MFC2 colonized grains at 
5, 12 and 14-day-old cultures and the control, respectively. 
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Figure 1. Big oval with a sharp-pointed tip with golden-yellow color Tearstain patterns 
with characteristic brown to black lesions of Nam Dok Mai mango fruit infected by C.
gloeosporioides 
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Figure 2. The comparison of GC/MS analysis for the volatile compounds produced by M.
albus MFC2 colonized grains at 5, 12 and 14-day-old cultures and the volatile compounds 
of sterilized grain bottles that holding the same nutrient without culture of M. albus 
MFC2 used as a control to subtract the background gas. The GC/MS chromatogram 
profiles of TIC: SCSLS606.D, TIC: SCSLS609.D TIC: SCSLS610.D and TIC: 
SCSLS604.D show volatile compounds produced by M. albus MFC2 colonized grains at 
5, 12 and 14-day-old cultures and the control, respectively. 
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Abstract 

The endophytic fungi with antibacterial activities were screened from Thai medicinal 
plants. One hundred and forty six fungal endophytes were isolated from six medicinal 
plants collected from Koa-Yai forest, Nakornrachasrima provinces whereas 380 
endophytic fungi were isolated from five herb plants in Kanchanaburi campus of Mahidol 
University. All 526 fungal endophytes of two host origins were determined for 
antibacterial activities against Escherichia coli ATCC 25922 and Staphylococcus aureus 
ATCC 25923 using dual co-culture method on Potato Dextrose Agar and Glucose 
Peptone Agar. There were 18 endophytic isolates with an antibacterial activity against S.
aureus and 17 isolates have ability to inhibit E. coli. Seven endophytic isolates could 
inhibit growth of both E. coli and S. aureus. Starting from these results, the antimicrobial 
activity of endophyte extracts from different culturing methods and media was also tested 
by disc diffusion method against five drug-resistant strains including Acinetobacter sp.,
Pseudomonas aeruginosa, Candida albicans, MRSA-1320 and MRSA-2. Twenty three 
extracts of 10 day PDB shaking cultures had ability to inhibit growth of all pathogens. In 
addition, the 15 extracts of which cultured for10 days in stand and shaking GP both have 
the inhibition activity against all pathogens. These data indicate that rainforest endophytes 
from medicinal trees are reservoirs to search for antibiotic compounds against drug-
resistant bacteria. 
 
*Corresponding authors: stjwr@mahidol.ac.th and scpip@mahidol.ac.th 
 
Introduction 
The pathogenic microorganisms have speedy spread for a century. Especial for the food-
borne pathogen which eases to infected in human body such as Staphylococcus aureus, 
Salmonella typhi, and Escherichia coli [1]. These pathogenic bacteria that have overcome 
to multiple drugs are a global problem causing increased concern in healthcare 
institutions. In the past decades, Methicillin-resistant Staphylococcus aureus (MRSA) 
infections have been estimated to kill a lot of people both in develop and developing 
countries [2]. One possible solution is the discovery and introduction of new antibacterial 
compounds from many sources such as plants, microorganisms and others. Endophytes 
from rain forests are one of the great source of new antimicrobial compounds because 
there is a number of undiscovered endophytes residing in the estimated 500,000 species 
on the world [3-6].  Pestalotiopsis is one of the most common and amazing endophytic 
genus that produces many active compounds inhibiting plant and human pathogens [7]. 
Therefore this project was aimed to isolate endophytes from Thai medicinal plants 
growing in forests of Thailand, and to determine antibacterial activity against drug 
resistant bacterial strains of Acinetobacter sp., Pseudomonas aeruginosa, MRSA-1320 and
MRSA-2. 
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Materials and Method 
Origin of plant materials and laboratory isolation procedure  
 
Table 1 Host plants and their geographical regions used in this experiment   
 

Host plant Geographical regions 
Begonice sp. Kanchanaburi 
Albizzia myriophylla Benth Kanchanaburi 
Paederia sp. Kanchanaburi 
Quereus lauritolia Indica Kanchanaburi 
Caesalpiniaceae sp. Kanchanaburi 
Zingiberaceae sp. Nakornrachasrima 
Arisaema pattaniensis Gagnep Nakornrachasrima 
4 unknowns botanical name Nakornrachasrima 

 
The eleven healthy medicinal plant materials were collected from two forests in 
Kanchanaburi campus of Mahidol University and Nakornrachasrima provinces of 
Thailand (Table1). Collection and isolation methods were performed as described by 
Strobel [4]. 
Determination of antibacterial activity  
Fungal entophytes were grown on Potato Dextrose Agar (PDA) and Glucose Peptone 
Agar (GPA) for 7, 10 and 14 days at 28ºC. To do dual antagonistic test, S. aureus ATCC 
25923 and E. coli ATCC 29522 were streaked on each Mueller Hinton agar (MHA) and 
incubate 24 h at 37°C. Afterward, 5 single colonies of tested bacteria were put in each 
Mueller Hinton broth (MHB) and incubated for 5 hours in rotary shaker. Each tested 
bacterial culture in a log phase was spread 0.1 ml on MHA plates. Then a fresh colony of 
7, 10 and 14 day old of each endophyte was cut and placed on each tested bacterial MHA 
plate. Clear zone of growth inhibition was measured for antagonistic activities of 
endophytic fungi against tested pathogens. 
Crude extraction for antimicrobial test  
The endophytic strains that potentially produce bioactive compounds were grown on 
PDA and GPA medium for 10 days. Then 10 days of each endophyte strain on each 
medium was cut into small piece (0.5 cm2) as inoculums. One hundred pieces of each 
endophytic inoculum on each medium were inoculated in 2L flasks containing 1000 ml 
PDB and GP medium and leaved for 10. After 10 days, culture broths were filtered 
through cheesecloth for secondary crude extraction. Method of crude isolation was 
performed using Ethyl Acetate (Merck, USA) as an extraction solvent [7]. The organic 
part or ethyl acetate fraction was collected and evaporated out using rotary evaporator 
BUCHI EL-131 at 50�C. 
Disc diffusion assay for antimicrobial against drugs resistant strains 
To determine antimicrobial activity of crude extract, drug resistant strains of 
Acinetobacter, P. Aeruginosa, C. Albicans, Methicillin-resistant S. aureus-1302 (MRSA-
1320) and Methicillin-resistant S. aureus-2 (MRSA-2) were used. These drug resistant 
pathogens were kindly provided by Associate Professor Srisurang Tantimavanich, 
Department of Clinical Microbiology, Siriraj Hospital campus, Mahidol University.  Put 
on MHA coating bacterial plate in 4 sections. Twenty micro liter of equal concentration 
of crude extract were applied on sterile paper disc in a MHA plate coated with log phase 
pathogen.  The same amount of ethyl acetate was used as a control. 
 



 84 

Results and Discussion 
Isolation of endophytic fungi 
Five hundred and twenty six endophytic fungi were isolated from eleven plant species of 
two forest regions, Kanchanaburi (380 strains) and Nakornrachasrima province (146 
strains) (Table2).  
 
Table 2 Numbers and strains endophytic fungi from each host plant 
 

 
Among the plants species, Caesalpiniaceae provided the highest number of 108 
endophytic fungi. In regard to the plant parts, it was found that the leaf gave various 
isolates of endophytes more than other parts of the same host plant.  
 
 
Antibacterial activity  
The production of antimicrobial agents by endophytic fungi might be influenced by the 
culturing media [8]. Therefore, the 7, 10 and 14 day of endophyte which were grown on 
PDA and GPA and their inhibiting ability against E. coli ATCC 25922 and S. aureus 
ATCC 25923 were compared (Table 3). Table 3 also showed the strain of endophytic 
fungi which have the inhibition activity against E. coli and S. aureus in different culture 
medium. The total 13 isolates could inhibit growth of E. coli on PDA and GPA. The 
growth of S. aureus was inhibited by 15 isolates endophyte on PDA and GPA. In 
addition, 4 isolates of Tl11, k1L21, K6L5 and Qb19 on GPA or PDA cultures had high 
antibacterial activity against E. coli and S. aureus. Figure 1 illustrated inhibition clear 
zone of S. aureus growth caused by the strain Qb8 and Qb19. Thirteen of 15 isolates 
cultured on GPA could partially inhibit either E. coli or S. aureus. The antibacterial 
activity on GPA show that 2 isolates of K1L22 and K6L5 from Zingiberaceae sp. 
growing on GPA exhibited antibacterial activities against of E. coli and S. aureus with 
inhibition zone 0.8-2.0 cm. The activity on PDA reveal that 3 isolates of K6L5, Tl11 and 
Qb19 show their inhibiting activities against E. coli and S. aureus with inhibition zone 
0.75-1.75 cm.  
 

 

Host plant Geographical 
regions Strain code No. of 

isolates 
Begonice sp. Kanchanaburi BL1-31, Bb1-8,Bs1-18 57 

Albizzia myriophylla Benth Kanchanaburi AL1-53,Ab1-23,As1-3 79 

Paederia sp. Kanchanaburi TL1-52, Ts1-23 75 

Quereus lauritolia Indica Kanchanaburi QL1-40, Qb1-8, Qs1-13 61 

Caesalpiniaceae sp. Kanchanaburi CL1-42, Cb1-27, Cs1-29, CC1-
10 108 

Zingiberaceae sp. Kao-Yai, 
Nakornrachasrima K6s1-11, K6L1-10, K6F1-6 27 

Arisaema pattaniensis 
Gagnep

Kao-Yai, 
Nakornrachasrima K1s1-9, K1L1-22 31 

4 unknowns botanical name Kao-Yai, 
Nakornrachasrima

K2s1-7, K2L1-15, K3s1-5, K3F3, 
K3L1-15, K4F1, K4L1-6,     

K4s1-12, K5s1-10, K5L1-16 
88 

Total   526 
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Table 3 The number of all isolated endophyte cultured for 7, 10 and 14 days on PDA and 
GPA which have antibacterial activity against E. coli and S. aureus  
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Fig1. Anti S. aureus tested on Mueller Hinton Agar. Endophyte strains Qb8 and Qb19 
growing on PDA for 7 days could inhibit S. aureus ATCC 25923. 
 
 
Table 4 presented the total number of endophytic fungi related with their host plants, 
which have antibacterial activity against E. coli and S. aureus. Notably, Quereus 
lauritolia and Zingiberaceae sp. are plants hosting high numbers of endophytes with 
antimicrobial activity (Table 4). It is not surprised that Zingiberaceae is the common plant 
family hosting endophytes with antimicrobial activity as reported by Bussaban et al. [9, 
10]. 
 
Determination of inhibiting ability of endophyte crude extracts  
The discovery of antibiotic against pathogens and drug resistant bacteria constitutes a 
priority research in medical field [2]. Therefore, all endophytes that were active against E.
coli or S. aureus on GPA and PDA were tested against pathogenic strains in this part 
(Table 5). 
 
 

Inhibition strains against  E.coli Inhibition strains against  S. aureus 

GPA PDA GPA PDA 
K1L22, K6L5,      
K1L21, K5s11,   

K6s8, K6F2/2-1, 
K6L7/2, Qs4 

 

K6L5, Tl11, Qb19, 
Qs4, Ts1, K5s11,    

K6F1/1, K6F4 

K1L22,  K6L5 , Qb9, 
Qb18, Ab17/1, Ab18,  

Al38, K6F5/1, K6s10/1 

K6L5 , Tl11, Qb19, 
Qb8 , Qb9, Qb10, 

Qb13 , Qb17, Qb18 , 
Qb21, Qb22, Ab12, 

Ab17/1, Ab18, Al38, 
K1L21,   K6s10/2,    

K6L7/2 
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Table 4 Numbers of endophytes with antibacterial activity against S. aureus and E. coli 
using dual co-culture method 
      

Activity against 
E. coli 

Activity against 
S. aureus Host plant 

PDA GPA PDA GPA 
Begonice sp. - - - - 
Albizzia myriophylla Benth - - 4 3 

Paederia sp. 2 - 1 - 
Quereus lauritolia Indica 2 1 8 2 
Caesalpiniaceae sp. - - - - 
Zingiberaceae sp. 4 4 2 3 
Arisaema pattaniensis Gagnep - 2 1 1 

4 unknowns botanical name 1 1 - - 
 
 
Table 5 Number of endophytic crude extracts with antimicrobial activities from different 
culture media under shaking and still conditions 
 

Number of extracts with antibacterial activities 
Glucose peptone broth (GPB) Potato dextrose broth (PDB) Pathogenic strains 

Still shaking Still shaking 
Acinetobacter sp. 14 15 23 23 
P. aerugoginosa 14 15 22 23 
MRSA-1302 14 15 23 23 
MRSA-2 13 15 23 23 
C. albocans 14 15 23 23 

 
 
Table 5 displayed the antimicrobial activity of crude extract from 10 day culture in GP 
broth and PDB by different condition. The results indicate that 23 extracts of 10 day PDB 
shaking cultures had ability to inhibit growth of all pathogens. In addition, the 15 extracts 
which were cultured for10 days in shaking GP broth, have the inhibition activity against 
all pathogens. Moreover, the two different culture conditions of same culture media gave 
no different activity of crude extract against 5 pathogenic bacteria, Acinetobacter sp., P.
aeruginosa, MRSA-1302, MRSA-2 and C. albicans. These results implied that there is no 
specific optimal condition enhancing endophytes to produce active secondary 
metabolites. It seems that ability to produce active metabolite depending on the species of 
endophytes.  
 
Conclusion 
In this study, several endophytic fungi screened from Thai ethnobotanical plants promise 
for antibiotic compounds against drug resistant bacteria. The highest numbers, 108 
isolates of endophytic fungi, were screened from Caesalpiniaceae plant species. The leaf 
is the part of plant providing the most number of endophytes. A result of culture 
conditions suggested that antibacterial activity against tested pathogens seem to be varied 
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according to species of endophyte themselves and types of media. The purification and 
structure elucidation of such compounds is actually in progress in our laboratory. 
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ABSTRACT  

The present study firstly reported a novel strain of bacterial endophyte Paenibacillus polymyxa TL41 

isolated from a leaf of stink vine (Paederia foetida) growing at Mahidol University, Kanchanaburi Campus, 

Thailand. We also addressed its potential application as a good biocontrol agent of X. campestris on lettuce 

under �eld experiment conditions. A dual antagonistic test showed that a 8-10-hr old Mueller Hinton broth 

culture of P. polymyxa TL41 could strongly inhibit the growth of X. campestris on Mueller Hinton agar. 

Thoroughly mixing 500 g mixture of soil and field soil at ratio 1:1 by weight with 4.2x109 CFU of P. 

polymyxa TL41 could restore seed germination in pots infested with 1.1x109 CFU of X. campestris under 

�eld experiments after 14 days of planting.  P. polymyxa TL41 at this concentration could promote growth 

of lettuce for up to 5 and 8 weeks after planting in inoculated soil with X. campestris to level close to that of 

the non-infested control, but higher than infected X. campestris lettuce populations. P. polymyxa TL41 was 

able to inhibit Alternaria alternata (54%), Colletotrichum capsici (28%), C. gloeosporioides (90%), 

Fusarium sp. (53%),  F. equiseti (63%), Phytophthora palmivora (68%) and Pythium ultimum (100%) on 

potato dextrose agar. The obtained results provide promising information for this endophytic bacterium in 

the control of a broad spectrum of plant pathogens. 
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Key words: antimicrobial activity, biocontrol agent, endophyte, Paederia foetida, Paenibacillus polymyxa, 

stink vine, Xanthomonas campestris 

 

INTRODUCTION 

 

MATERIALS AND METHODS 

Endophytic isolation, growth and storage 

The stink vine twigs (Paederia foetida Linn, Rubiacea) was collected from the forest at Mahidol University, 

Kanchanaburi Campus, Saiyok, Kanchanaburi, Thailand. A plant sample was dissected into 4 parts that 

were leaf (L), outer bark (OB), inner bark (IB), and cortex (C). The isolation procedures were followed 

Worapong et al., 2006. Endophytic isolates and a pure bacterial culture designated – TL41 were transferred 

on potato dextrose agar (PDA, HiMedia, Mumbai, India). Morphological characteristics were examined 

with a light microscope (Seek Microscope LW 100 BT, China). The ability to use carbon source was done 

using api 20 C AUX (bioM	rieux, NC, USA (http://apiweb.biomerieux.com)).  The pure culture of TL41 

endophytic bacterium was preserved using 15% glycerol and stored at –80 C at the culture collection, 

department of Biotechnology, Faculty of Science, Mahidol University.  

Identification based on 16S rDNA analysis  
The pure culture of TL41 endophytic bacterium TL41 was grown in Mueller Hinton broth (Difco, MD, 

USA) at room temperature for 18 hours. This overnight culture was used as a template DNA to amplify 16S 

rDNA with universal primers; 27F, 357F, 920F, 520R, 1080R, 1522R. The PCR and sequencing conditions 

were followed protocols of Dahllöf et al. (2000). The DNA was amplified in a Mastercycle Eppendorf 

thermocycler  (Eppendorf, Germany). The 16S rDNA PCR product of strain TL41 was sent to the 

Ramathibodee Research Unit, Ramathibodee Hospital for sequencing.  The 16S rDNA sequence was 

determined manually on both strands and submitted to GenBank with a serial number xxxx. The 16S rDNA 

sequence of TL41 endophytic bacterium was also searched and compared with other sequences under Blast 

2.1, a search of NCBI at http://www.ncbi.nlm.nih.gov/BLAST. Comparison and alignment of 16S rDNA 

sequences from 10 closely related bacterial strains and 4 taxa of out group obtained from GenBank (Table 

1) were analyzed using CLUSTAL W version 1.7 (Thomson and Gibson, 1997) and manually aligned 

afterwards. An inferred phylogenetic tree was reconstructed using a general time-reversible model of 

distance method in PAUP program (test version 4.0b3, Macintosh). The reliability of the tree topology was 



 90 

determined by bootstrap analysis using 1,000 replicates for the neighbor joining analysis. The TREEVIEW 

program was used to demonstrate the inferred phylogenetic trees (Institute of Biomedical and Life Sciences, 

University of Glasglow, Scotland, UK).  

Antagonistic tests against Xanthomonas campestris 

The X. campestris was bought from of the department of Agriculture of Thailand. Both endophytic 

bacterium TL41 and X. campestris were grown over night in Mueller Hinton broth at room temperature. 

The concentrations of both endophytic bacterium TL41 and X. campestris were measured every 2 hour 

using viable plate count method, and calculated as Colony Forming Unit (CFU). The inhibition activity of 

endophytic bacterium TL41 against X. campestris was detected 2-hr interval time using inhibition disk 

assay. X. campestris overnight culture broth at 0.1 ml was added on Mueller Hinton agar, then 20 ul of 

endophytic bacterium TL41 overnight culture broth was applied on 6 mm paper disk. 

Antagonistic tests against fungal and oomycetous pathogens in vitro 

The endophytic isolate TL41 was grown in PDA at room temperature for 2 days. Then, 5 small plugs of 

each plant pathogen were placed 1.0 cm from the edge of TL41 colony with two replicate plates. These 

pathogens included the following: Alternaria alternata, Colletotrichum gloeosporioides, C. capsici, 

Fusarium sp., F. equiseti, Ganoderma sp., Geotrichum sp., Phytophthora palmivora, Pythium ultimum, 

Rhizoctonia sp., and Sclerotinia sp.. The strains of A. alternata, C. gloeosporioides and F. equiseti were 

isolated from chili, mango and banana, respectively. The C. capsici and Ganoderma sp. were bought from 

of the department of Agriculture of Thailand. The species of Fusarium, Geotrichum, P. ultimum, 

Rhizoctonia, and Sclerotinia were provided by Professor Gary A. Strobel at Montana State University. 

Growth of tested pathogens was rated after 3 days of inoculation with TL41. The inhibition levels were 

calculated by using the formula (R1-R2/ R1) � 100. R1 indicated colony radius of control plant pathogens, 

and R2 indicated colony radius of tested plant pathogens (Intana et al., 2003). 

Control of X. campestris on lettuce under field experiment conditions 

Five treatments were modified from Worapong and Strobel, 2009 to observe the abilty of TL41 to control 

X. campestris on lettuce starting from germination, growth and harvesting under �eld experiment 

conditions. A control treatment had only viable lettuce seeds. The second treatment contained 25 ml of 

8.3�107 CFU TL41 and 25 ml of 4.3�107 CFU X. campestris. The third treatment was 50 ml of 8.3�107 

CFU TL41 and 25 ml of 4.3�107 CFU X. campestris. The forth treatment was 50 ml of 8.3�107 CFU TL41. 
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The fifth treatment was a negative control consisting of 25 ml of 4.3�107 CFU X. campestris. Each pot 

contained 25 viable lettuce seeds and 500 g mixture of soil and field soil at ratio 1:1 by weight placed into 

each 8.5x 10-inch pot. Duplicate experiments were done with three replicates for each treatment. . All pots 

were put out doors under the blue screen to protect them from insect infestation. The percentage of 

germination of kale seeds in each pot was recorded after 2-3 weeks. After germination for 5 weeks, seedling 

plants were randomly selected for measurements of their height and weight. Again, after 34 days, the 

representative kale plants were measured for the height and weight.  

Statistical analyses 

The analysis of variance of seedling growth and adult growth data was performed using the SPSS software 

version 11.5 for Windows. Differences among treatments were analyzed with the Fisher’s LSD multiple-

comparison test. 

 

RESULTS and DISCUSSION 

A pure bacterial culture designated – TL41 was transferred on potato dextrose agar (PDA). 
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Table 1. Carbon utilization activity of P. polymyxa TL41 after 72 hours

Carbon ingredients Turbidity 

D-glucose + 

Glycerol + 

Calcium–keto-gluconate + 

L-Arabinose + 

D-xylose  + 

Adonitol - 

Xylitol - 

D-galactose + 

Inocitol - 

D-sorbitol + 

Methyl-
D-glucopyranoside + 

N-Acetyl-Glucosamine + 

D-cellobiose + 

D-lactose + 

D-maltose + 

D-saccharose + 

D-trehalose + 

D-melezitose - 

D-raffinose + 

Protease activity + 

 

 

Table 2. Antagonistic ability and growth rate of P. polymyxa TL41against X. campestris at different interval time



 93 

Time (hr) 5  6  8  10  12  14  

Growth rate (CFU) 4.2x107 5.2x107 9.8x107 1.0x109 6.7x108 6.5x108 

Clear zone (cm) 1.1 1.6 2.4 2.5 1.9 1.5 

 

 

Table 3. Effect of 25 and 50 ml of 8.3�107 CFU P. polymyxa TL41 treatments on lettuce seed germination 
in the presence or absence of 25 ml of 4.3�107 CFU X. campestris after planting 7 and 14 days in pots 
containing 500 g of commercially sold soil mixed with field soil. 

Treatment  Number of germinated seedling 
after planting 7 days 

Number of germinated seedling 
after planting 14 days 

Non-infested control     18.2 � 0.24a 19.2 � 0.22a 
TL41 25 ml+X. campestris 25 ml       1.2 � 0.05b 8.7 � 0.12b 
TL41 50 ml+X. campestris 25 ml       5.3 � 0.08b 13.3 � 0.12b 
TL41 50 ml       5.5 � 0.22b 13.8 � 0.28b 
X. campestris 25 ml       5.1 � 0.04b 10.3 �0.09 b 

Means with different letters are significantly different according to Fisher’s LSD multiple-comparison test  
(P <0.05). There was no treatment-experiment interaction.  Each value is mean � standard error. In each 
treatment, twenty-five viable lettuce seeds were added per pot.  

Table 4. Effect of 25 and 50 ml of 8.3.x107 CFU P. polymyxa TL41 treatments on lettuce growth in the 
presence or absence of 25 ml of 4.3�107 CFU X. campestris after planting 8 weeks in pots containing 500 g 
of commercially sold soil mixed with field soil. 

Treatment 
Height from 
tip to stem 
base (cm) 

Length of 
pulled roots 

(cm) 

Number of 
leaves 

Fresh weight 
(g/plant) 

Non-infested control 18.1 � 0.04a 4.9 � 0.02a 4.5 � 0.01a 3.1 � 0.02a  
TL41 25 ml+X. campestris 25 ml 16.2 � 0.06a 4.5 � 0.03a 4.1 � 0.01a 2.5 � 0.01a 
TL41 50 ml+X. campestris 25 ml 18.2 � 0.06a 5.0 � 0.01a 4.2 � 0.01a 2.9 � 0.02a 
TL41 50 ml 16.9 � 0.03a 5.4 � 0.02b 4.1 � 0.02a 3.0 � 0.02a 
X. campestris 25 ml 12.5 � 0.02b 5.0 � 0.04a 3.2 � 0.02b 1.5 � 0.01b 

Means with different letters are significantly different according to Fisher’s LSD multiple-comparison test  
(P <0.05). There was no treatment-experiment interaction. Each value is mean � standard error of 30 plants 
from each treatment.  
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Table 5. Antagonistic ability of 8 hr-old P. polymyxa TL41 against fungal plant pathogens after co-cultured with fungal 
pathogens on PDA for 3 days 
 

Tested pathogen % Inhibition  

Alternaria alternata 53.5 

Colletotrichum capsici  27.5 

C. gloeosporioides 90.0 

Fusarium sp. 52.5 

F. equiseti 63.0 

Ganoderma sp. 0.0 

Geotrichum sp 0.0 

Phytophthora palmivora 68.4 

Pythium ultimum 100.0 

Rhizoctonia sp. 0.0 

Sclerotinia sp. 0.0 

The inhibition levels were calculated by using the formula: (R1-R2 / R1) x 100. R1 indicated colony radius of 
control plant pathogens. R2

* was the mean of 10-colony radius of tested plant pathogens. 
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Figure 1. Antagonistic ability of 10 hr-old Mueller Hinton broth culture of P. polymyxa TL41 against X. campestri 
with the control on the upper plate  
 

 
 

Figure 2. Effect of 25 and 50 ml of 8.3�107 CFU P. polymyxa TL41 treatments on lettuce growth in the 
non-infested and infested 25 ml of 4.3�107 CFU X. campestris; A) after planting 5 weeks, B) after planting 
8 weeks. From left to right: non-infested control, TL41 25 ml+X. campestris 25 ml, TL41 50 ml+X.
campestris 25 ml, TL41 50 ml X. campestris 25 ml 
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Abstract 
 

Pythiosis is a life-threatening infectious disease of humans and animals, and is 
caused by the pathogenic oomycete Pythium insidiosum. The disease has been 
increasingly reported from tropical and subtropical areas of the world. Treatment option 
for pythiosis is limited. Conventional antifungal drugs are ineffective. Radical surgery of 
an effected organ is the main treatment for pythiosis, resulting in handicaps in most 
patients. Many patients die from the infection. In this study, we screened crude extracts of 
50 endophytes exhibiting anti-Pythium ultimum activity for their inhibitory effect on 
growth of P. insidiosum by using a dual antagonistic test on 3 different media: potato 
dextose agar (PDA), glucose peptone agar (GPA) and modified potato dextose agar 
(mPDA). Twenty three endophytes (46% of all endophytes tested) inhibited P. insidiosum 
growth by 50-97%. Based on ITS1-5.8S-ITS2 sequence analysis, seven fungal and one 
bacterial endophytes with highest anti-P. insidiosum activity were identified as 
Dothideomycete sp. N5L4 (97% inhibition of P. insidiosum growth on GPA), 
Myrothecium sp. RSb8 (96% inhibition on PDA), Dothideomycete sp. NAAL7 (90% 
inhibition on GPA), Phyllosticta citrullina NHL12 (82% inhibition on GPA), Xylaria sp. 
QS4 (78% inhibition on PDA), Chaetomium sp. RPR2 (75% inhibition on PDA),  
Cladosporium cladosporioides RRS18 (70% inhibition on GPA), and the bacterium P. 
polymyxa TL41 (95% inhibition on GPA). GPA and PDA served as suitable media for 
production of endophytic anti-P. insidiosum compounds. Thin layer chromatography 
(TLC) was used to separate crude extract of Xylaria sp. QS4. Well diffusion assay 
demonstrated that compounds derived from 6 individual TLC bands of Xylaria sp. QS4 
markedly inhibited P. insidiosum growth. In addition, Xylaria sp. QS4 cound produced a 
red compound at 100 ul of 0.1 mg/ul in DMSO stopping growth of P. insidiosum on SDA 
for 14 days implying a long stability of this compound. To our knowledge, this is the first 
report showing that endophytes isolated from Thai medicinal plants are promising 
reservoirs to search for anti-P. insidiosum compounds for a treatment of patients with 
pythiosis. 
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Introduction 
 

Pythiosis is a life-threatening infectious disease of humans and animals, and is 
caused by the pathogenic oomycete Pythium insidiosum, which is a member in Family 
Pythiaceae, Order Pythiales, Class Oomycetes and the Phylum Pseudofungi in the 
Kingdom Chromista (Stramenopila). P. insidiosum inhabits in swampy areas, and is 
present in 2 forms: mycelium and biflagellate zoospores. Although pythiosis in animals 
has been increasingly reported worldwide, most human pythiosis cases have been 
reported from Thailand. Thalassemia is a major predisposing factors for human pythiosis. 
Clinical manefestations of human pythiosis can be divided into 4 forms: (i) Vascular 
pythiosis (59% of reported cases) is an infection of arteries leading to arterial occlusion 
and aneurysm. Most patients become handicaps because the main treatment to control the 
infection is limb amputation. Many patients die from the infection. (ii) Ocular pythiosis 
(33 %), is an infection of eyes in which patients present corneal ulcers or keratitis. Most 
of these patients undergo enucleation to remove an infected tissue. (iii) 
Cutaneous/subcutaneous pythiosis (5%) is an infection of cutaneous and subcutaneous 
tissues leading to granulomatous and ulcerative lesions. (iv) Disseminated pythiosis (3%) 
is an infection of other internal organs such as brain tissue, sinus or gastrointestinal tract. 
Treatment option for pythiosis is limited. The use of conventional antifungal drugs is 
ineffective in treatment of pythiosis because Pythium lack the drug target ergosterol 
biosynthesis pathway, and radical surgery is the main treatment option for cure. 
Therefore, finding a more effective treatment is an important goal.  

Endophytes are microbes including fungi and bacteria that inhabit internal tissues 
of plants with mutualistic relationships (Strobel 2002). They are currently considered as 
one source of novel secondary metabolites offering the potential for medical exploitation 
because there are so many undiscovered endophytes occupying in tropical rainforest 
plants (Strobel and Daisy, 2003).  Several novel ompounds produced by endophytes that 
are able to inhibit P. ultimum are oocydin A, coronamycins, munumbicins E-4 and E5 
(Strobel et al., 1999; Ezra et al., 2004, Castillo et al., 2006). Thus, it would appear that 
they might govern the novelty and biological activity of the secondary metabolites against 
P. insidiosum that is the same genus as P. ultimum.  

The objectives of this study are 1) to screen endophytes having anti- P. ultimum 
whether they can inhibit a growth of P. insidiosum based on a dual antagonistic test on 
PDA, GPA media and mPDA; 2) to extract and identify secondary metabolite crude 
extracts from endophyte strains with anti-P. insidiosum activity using Thin Layer 
Chromatography technique; 3) to analyze crude extracts with anti-P. insidiosum activity 
for the cytotoxicity test against human cell lines. Novel compounds with anti-P.
insidiosum activity may be discovered and developed to produce promising medicinal 
cream providing treatments of pythiosis patients from amputation or death. 
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Material and Methods 
Microorganisms 

Fifty strains of endophytes with anti-P. ultimum were recultured from culture 
collection at the department of Biotechnology, Faculty of Science, Mahidol University, 
Rama 6 Rd., Payathai, Bangkok, Thailand. Table 1 showed names and hosts of studied 
endophytic strains. P. ultimum was provided by Professor Gary A. Strobel at the 
department of Plant Sciences and Plant Pathology, Montana State University, Bozeman, 
Montana 59717, USA. P. insidiosum was a CBS strain. 
Determination of anti-P. insidiosum activity

Fungal entophytes were grown on one side of PDA, GPA and mPDA for 3-7 days 
at 28ºC. To do dual antagonistic test,  a 6 mm plug of 5-day old SDA P. insidiosum 
culture was placed at 0.5 cm far from endophytic colony. Clear zone of growth inhibition 
was measured for antagonistic activities of endophytic fungi against tested P. insidiosum. 
The inhibition levels were calculated by using the formula (R1-R2/ R1)�100. R1 
indicated colony radius of control plant pathogens, and R2 indicated colony radius of 
tested plant pathogens (Intana et al., 2003). 
TLC Crude extraction for anti-P. insidiosum test using well diffusion assay 

The endophytic strains that potentially produce bioactive compounds against P.
insidiosum were grown on PDA and GPA medium for 10 days. Then 10 days of each 
endophyte strain on each medium was cut into small piece (0.5 cm2) as inoculums. One 
hundred pieces of each endophytic inoculum on each medium were inoculated in 1L 
flasks containing 500 ml PDB and GP medium and leaved for 10. After 10 days, culture 
broths were filtered through cheesecloth for secondary crude extraction. Method of crude 
isolation was performed using Ethyl Acetate (Merck, USA) as an extraction solvent 
(Strobel and Daisy 2003). The organic part or ethyl acetate fraction was collected and 
evaporated out using rotary evaporator BUCHI EL-131 at 50�C. Each dry crude extract 
was spotted on 20�20 cm TLC aluminum sheets with silica gel 60 F254 (MERCK KgaA, 
Darmstadt, Germany). Then the TLC sheet was put into the glass tank filled with ethyl 
acetate:methanol at 10:1 by volume. To see bands of separated compounds, the UV lamp 
was used. Each band was scrapped and weigted for 100 mg. Add 1 ml of Dimethyl 
Sulfoxide (DMSO) into each crude extract. After that 100 �l of TLC crude extract in  
DMSO solution was added into 6 mm wells that are 0.5 cm far from the colony of 5-day 
old SDA P. insidiosum culture. Each petridish had a control well containing only 100 �l 
DMSO solution. The inhibition levels were calculated the same as mentioned previously. 
Fungal endophyte identification based on ITS1-5.8S-ITS2 regions

For DNA isolation, the fungus strain JF2 was grown on PDA for 7-10 days at 
23�C. The mycelium was scraped directly from the surface of the agar culture and 
weighed. Total genomic DNA was extracted by the methods of Lee and Taylor (1990). 
The universal primers, ITS5 and ITS4 were used for amplifying PCR product of ITS1-
5.8S-ITS2 rDNA genes and (White et al., 1990). The PCR of ITS/5.8S rDNA was done 
based on Sopalun et al., 2003.  The DNA was amplified in a Mastercycle Eppendorf 
thermocycler (Eppendorf, Germany) with thermocycler conditions described by Kong et 
al. (2003). 
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Table 1. Selected endophytic strains and their hosts 
 

Strain Host 

TL41 Paederia  linearis  Hook.f.
QS4 Melientha suavis Pierre 

NAAL7 Costus speciosus 
RSb8 Jatropha gossypifolia 
N5L4 Unknown 

K1�5/1 Amorphophallus sp.  
NHL12 Osmanthus fragrans 
NHL15 Osmanthus fragrans 
RPR2 Kaempferia pulchra Ridl. 
N2L6 Unknown 

RRS18 Oraxylum indicum (L.) Vent 
RTJ3 Flacourtia indica (Burm.f.) Merr 
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Table 2. Antagonistic activity of selected endophytes against P. ultimum after co-cultured 
for 3 days on PDA, GPA and Modified PDA 
 

% inhibition on P. ultimum No. Strain PDA GPA Modified PDA 
1 K1�22 100 100 100 
2 K1�21 100 100 100 
3 N6L12 100 100 100 
4 NAAS10 100 100 100 
5 NAAL5 100 100 100 
6 NHL8 100 100 100 
7 NHL6 100 100 100 
8 N1L1 100 100 100 
9 NKL14 100 100 100 
10 N4L3 100 100 100 
11 NAAL9 100 100 100 
12 NAAS12 100 100 100 
13 NPPS9 100 100 100 
14 NFL5 100 100 100 
15 N7L11 100 100 100 
16 N5L4 100 100 100 
17 NPPL1 100 100 100 
18 N7L9 100 100 100 
19 NAAf12 100 100 100 
20 NAAf10 100 100 100 
21 K6�10/1 100 100 100 
22 K1�5/1 100 100 100 
23 N7L1 100 100 100 
24 NffL3 100 100 100 
25 NAAf1 100 100 100 
26 NHL20 100 100 100 
27 NAAL7 100 100 100 
28 QS4 100 100 100 
29 TL41 100 100 100 
30 NJL4 100 100 0 
31 K6L15 100 0 100 
32 NPPS4 100 0 0 
33 Qb10 100 0 0 
34 NHL12 100 no no 
35 NPPS3 100 97.64 100 
36 NJS4 93.88 100 100 
37 AL38 88.24 88.20 92.89 
38 JL2 96.24 90.86 90.99 
39 Qb17 90.35 89.62 85.54 
40 N3S9 96.94 95.04 94.07 
41 N2L6 89.65 91.74 97.03 
42 RSb8 97.65 93.63 96.08 
43 Qb25 96.41 97.53 96.23 
44 NHL15 91.62 89.88 89.31 
45 RPR2 97.60 92.59 97.48 
46 RTJ3 87.34 90.12 84.78 
47 RSSL2 93.42 91.11 82 
48 Qb21 97.60 noa 88.68 
49 PRS18 86.33 no 85.61 
50 RSb3 no no no 
51 K6�10/2 no no no 
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noa represents P. ultimum colony grew over colony of endophytes 
 
Table 3. Antagonistic activity of selected endophytes against P.  insidiosum after co-
cultured for 3 days on PDA, GPA and Modified PDA 
 
 

% inhibition on P. insidiosum N0. Strain PDA Modified PDA GPA 
1 TL41 85.48 87.50 95.24 
2 QS4  74.10 50.79 72.73 
3 NAAL7 89.16 76.98 89.77 
4 RSb8  96.39 77.78 91.48 
5 NHL12 80.72 68.25 81.82 
6 NHL15 80.61 75.00 82.98 
7 N2L6 72.45 59.21 69.15 
8 RPR2 74.49 66.45 70.21 
9 RTJ3 57.14 51.32 58.51 
10 RRS18 69.39 no 69.68 
11 Qb25 80.61 72.37 73.40 
12 K1�5/1 no no 83.51 
13 N5L4 no 94.74 96.81 
14 NJS4 no no 84.04 
15 RSSL2 no no 60.11 
16 N7L1 no no no 
17 K6�10/1 no no no 
18 N6L12 no no no 
19 NPPS9 no no no 
20 K1�22 no no no 
21 NAAS10 no no no 
22 N3S9 no no no 
23 NAAf1 no no no 
24 NAAL5 no no no 

noa represents P. ultimum colony grew over colony of endophytes 
 
 
 

Table 4. Identified endophytes with anti P. ultimum  and anti P.  insidiosum activity 
 

Strain ITS identification % inhibition on P. 
ultimum 

% inhibition on 
P.insidiosum 

TL41 Paenibacillus polymyxa 100 (All) 95.24 (GP) 
QS4 Xylaria sp. 100 (All) 74.10 (PDA) 

NAAL7 Dothideomycete sp. 100 (All) 89.77 (GP) 
RSb8 Myrothecium sp. 97.65 (PDA) 96.39 (PDA) 
N5L4 Dothideomycete sp.  100  (All) 96.81 (GP) 

K1�5/1 Colletotrichum sp. 100 (All) 83.51 (GP) 
NHL12 Phyllosticta citrullina  100 (PDA) 81.82 (GP) 
NHL15 Ascomycota sp. 91.62 (PDA) 82.98 (GP) 
RPR2 Chaetomium sp. 97.60 (PDA) 74.49 (PDA) 
N2L6 Not done   97.03 (Modi) 72.45 (PDA) 

RRS18 Cladosporium 
cladosporioides 

90.12 (GP) 69.68 (GP) 

All means endophytes that could inhibit Pythium sp. on 3 different media. 
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Table 5. Welled antagonistic activity of 100 ul (0.1mg/ul DMSO) TLC crude extracts 
produced by  7 selected endophytes on 7 day-old P. insidiosum after 2, 3 and 7 days of 
inoculation on SDA 
 

Strain No. of 
Band 

% inhibition of each 
band on P. insidiosum 

after 2 days of 
inoculation 

                     
% inhibition of each 

band on P. insidiosum 
after 3 days of 

inoculation 
 

                     
% inhibition of each 

band on P. insidiosum 
after 7 days of 

inoculation 
 

Dothideomycete sp. 
NAAL7 

6 B1=6, B2=18, B3=9, 
B4=6, B5=15, B6=10 

B1=14, B2=17, B3=11, 
B4=9, B5=17, B6=9 

-* 

Myrothecium sp. 
RSb8  

3 B1=31, B2=29, B3=23 
 

B1=32, B2=30, B3=27 -* 

Dothideomycete sp. 
N5L4 

3 B1=3, B2=16, B3=16 B1=6, B2=16, B3=15 B1=23, B2=30 

Chaetomium sp. 
RPR2 

4 B1=18, B2=24, B3=6, 
B4=27 

B1=16, B2=16, B3=8, 
B4=28 

B4=17 

Xylaria sp. Qb 25 5 B1=15, B2=19, B3=25, 
B4=25, B5=16 

B1=17, B2=28, B3=27, 
B4=31, B5=15 

B2=11, B3=18,  
B4=39, B5=24 

Colletotrichum sp. 
K1t5/1 

7 B1=17, B2=27, B3=15, 
B4=6, B5=18, B6=9, 
B7=15 

B1=21, B2=28, B3=14, 
B4=9, B5=17, B6=14, 
B7=19 

B1=39, B2=37, B7=25 

Cladosporium 
cladosporioides 
RRS18 

3 B1=21, B2=21, B3=0 B1=21, B2=21, B3=14 B1=11, B2=11 

-* represent no antagonistic activity on P. insidiosum after 7 days of inoculation on SDA. Bold letters 
means increasing of antagonistic activity on P. insidiosum after 3 and 7 days of inoculation on SDA. 
 
 
 
Figure legend 
Figure 1. Welled antagonistic activity of 100 ul (0.1mg/ul DMSO) TLC crude extracts 
from  2 endophytes on P. insidiosum after 2 and 3 days of inoculation TLC 100 ul 
(0.1mg/ul DMSO) on SDA; Left from endophytic Myrothecium sp. RSb8 and Right from 
endophytic Chaetomium sp. RPR2. The upper control well of each plate contained only 
DMSO solution.  
 
Figure 2. Welled antagonistic activity of Xylaria sp. QS4 on P. insidiosum on SDA: A) 1 
g crude TLC extracts,B) 100 ul (0.1mg/ul DMSO) TLC after 3 days of inoculation, and 
C) TLC 100 ul (0.1mg/ul DMSO) after 7 days of inoculation.  
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