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Abstract 

 
                           Five hundred and three strains of Bacillus were isolated from the rhizosphere and 
leaf surfaces of yard long bean grown in southern Thailand. B. megaterium HT-NK-460 and B. 
brevis TZ-CP-342 showed a high inhibitory effect on spore germination of Cercospora cruenta, 
Uromyces vignae and Oidium sp. (97.22-100%). Rifampicin-resistant strains of B. brevis TZ-CP-
342Rif r-and B. megaterium HT-NK-460Rif r- were developed and used for monitoring the survival 
of bacteria on the sprayed plants. The antagonistic bacteria and the chlorothalonyl fungicide were 
tested for their efficacy in controlling leaf diseases of yard long bean both inside and outside the 
green house. In green house conditions, chlorothalonyl spraying decreased leaf spot and powdery 
mildew diseases (but bacterial spraying did not effect the disease incidence on yard long bean). 
The yields obtained from each treatment were not statistically different. Outside the green house 
where environmental conditions were more favorable for disease infections, it was found that 
both chlorothalonyl and bacterial spraying decreased the incidence of leaf diseases on yard long 
bean. The average yields obtained from each treatment were higher than the controls, although 
not statistically significantly so. The highest yield (3,674 kg/rai) was obtained when spraying with 
chlorothalonyl at a rate of 2,000 ppm every 7 days. The second highest (3,196 kg/rai) was 
obtained when spraying with the mixture of B. brevis Rif r- and B. megaterium Rif r-.The 
population of  B. brevis  Rif r- and B. megaterium Rif r-on yard long bean leaves were counted after 
7 days spraying. The results indicated that the bacteria can survive but not multiply on yard long 
bean leaves. 
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�  =  alpha 
β  = beta 
µg  = microgram 
°C    = degree Celsius 
%  = percentage 
aq  = aqueous 
cfu  = colony forming unit 
g  = gram 
kDa  = kilo Daltons 
KOH  = potassium hydroxide 
M  = molar 
ml  = milliliter 
N  =    normality 
NaCl  = sodium chloride 
PCR-based 16S rDNA = polymerase chain reaction based 16S ribosomal DNA 
pH  = - log hydrogen ion concentration 
ppm  = parts per million 
RAPD  = random amplified of polymorphic DNA 
RFLP  = restriction fragment length polymorphism 
Rifr  = rifampicin-resistance 
v  = volume 
w  = weight  
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	��#5711	#;70�	���2�9�7 ����!"���
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!"��	�,89:�-./�
�
�0%(�%�(�2���W"	��'205 X 0�'�(%�)%60*�%���-!�	��'�(
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5�7
��7'��/
/!"���4	�6	 %��4�,-457)����I*%�4(�'2(*��57 �$�#5��
817���!"�����*�%���!�:7�1	-�.7 -.(�Z",�5�,(�
#���%0"%�)%60���:1�� ��5�  -0�*%�=<) 2��1 
%.1*�!�*.��. ����1�R17	��	��-��5�/)�, 	$� �,������'�-�.7 -./)����I�1) X 1
5�7
#0�$��#01  %��2."	�."�
7	��'2(�:$�'��/))�5��1
 -./	��'2(�:$�'�41��
<� 2��1'	.(%�$� 
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                          1.2 �
�
	��12 (Rust) 

                           �	�,4650�;��.<	 X #"#��0)�') 	(��') -./��	 +�
'�4650�;��4<03�,(�
#�1�U817
���:1�� �0��1� ��&�4<0!"� /,��'2(���������11	 �2<�	.650#�1�U#"�:$�4�.-,7 �0��1�	�,4650-�.!"�	(��')
0�	 X  /!$�'2(')�5�7 4(�!�6,*!�0 2�	*�%�/)�,�6�-�7'��/
/!"�������	
��	$�.�711	��	 -./
�	�,4650-�.!"���	���� $����0�	 /!$�'2(��	320(  ��	-./�0.<,'���	 /�#"
2�
���� $����0�	 
(���W� �6_��I��
U, 2549) 
  �+�,�
	�	�-
�   U. vignae 

  ���:1�� U. vignae  �,1
;5'� Phylum  Basidiomycota  �)	��#�(�7#�1�U'��/
/ 
uredinium -./ telium *,
 uredinium  �	�,,(��)�')0�		�5�,(��'4(')  #�1�U�	�,'4(���')  
(epidermis)  817��� -./�0��1-	5 /,�����')'2(-4	11	0� urediniospore  0" 1 �=..U  �	�,)�	(��
���7)�7'#3050"#"  �;��5�7#5��'2&50".�	�I/-))�;�385 (obovoid) -./0")�7#�1�U�;��5�7%51�8(�7
�" (broadly ellipsoid) 8��,  21.25 - 28.75 × 18.75 - 22.50 30*%��04� 8��,�Z."�
  25.45 × 20.88  
30*%��04� ���72��#0�$��#01  1.25 - 1.88 30*%��04� #"�2.�17!17151�  ���7305��"
)0"2��0 
(echinulate) 0" 6,71	  2   6,451#�1�U1
;5,(��4�78(�0	�� �2��189:�3� �	�#(��;�
U#;4�0�	  telium 
�	�,,(��)�')0�		�5�,(��'4(')  0".�	�I/�����7�6V�#"�:$�4�.,$�  	���	�,�20�1� uredinium  
�1	 �	�":
�7�	�,'�  uredinium  �	5�,(�
  teliospore 0" 1 �=..U �;��5�7-))�;�385  (obovoid)  	.0�" 
(ellipsoid)  ��97�	�1)	.0 8��,  26.25 - 35.00 × 23.75 - 27.50 30*%��04� 8��,�Z."�
  31.50 × 
25.31 30*%��04�  )����I#5���.�
  (apex)  
���11	3�����4��7'#3050"#"  2��10"#"�:$�4�.151�  0"
%��02��  5.00 -7.50  30*%��04�  ���7,(��8(�72��  2.50 - 3.75  30*%��04� 0"#"�:$�4�. ������7
��"
) 0" 6,71	 1  6,451#�1�U1
;5)����I4�7	.�7#5���.�
  #�1�U�	�,)�	(��  ���7)�7'#3050"#"
2��1-	0�2.�17�.<	�(1
 
��3,(�97 37.50 30*%��04� (�7�U��+�, 2529) 
 �	
./�������	��  
 	$� �,���=�	����65�!"�-.(� ������'�-�.7 -./)����I�1) X ����1305'2(����-2.57
1���
1
;58(�0^,; 3��.�		.�),��4�	-,,��� X ��(��/
/�.;	'2(�20�/#0 	���.;	������	
��
'��5�7^,;��%��!$�%(�7'2(0"�517�5�7�/2�5�7-��	�(�7	�5��	4�  ����1'2(#�0����/)�
%��0��:�'�
-�.73,(��<� 20���#$��� -�.7 �0��1����0�)4(�����*�%%���")4�,-457 �	<)#5��817���!"�����*�%
�$�3����!$�.�
 '��5�7#+��-�,.(10!"��20�/#0451	���	�,*�% %��'�(#���%0"%�)%60���:1�� ��5�
-0�*%�=<) %.1*�!�*.��. 2��1�)�*�0�. Z",�5�����%��:7%�������1�R17	��*�% *,
�Z��/1
5�7

��7�/
/����04�,��	%��,;-.��������� 
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                           1.3 �
�
	6./� (Powdery mildew) 

  �	�,3,(	�)!6	#5��817���305�5� /����') .$�4(� 2��1��	 �)1�	������0-�	!"�') 
*,
�Z��/').5�7 (	�0����	���	�4� 8, 2545)  �#(�'
-./*%���,"
817���:1��0".�	�I/%.(�
�7
-�R7#"8��2��1�!�151��	%.604�0') -./#5��45�7 X 817�������2
510 X *,
�	4����:1����	�": /
#�(�7�#(�'
� ��&1
;5!"�����1	817���-.(�#�(�7 haustorium ,;,�:$��.":
7 �	�=..U���)����I!"����:1��
�	%.601
;5 !$�'2(�=..U4�
 �	�,1�	��')-2(7	�1) #5��151� X 817���!"��;	���:1���	%.60 /)�,
�)":
� -./305� ��&�4�)*44513� �(�*�%�":�/)�,'��/
/!"�������	
��	$�.�7-4	
1,151� �/
/11	
,1	 2��14�,��	151�  /�#"
2�
1
5�70�	 -!)305'2(�.�.�4�.
 
                           �+�,�
	�	�-
�  Oidium  sp. 
                           ���:1�� Oidium sp. 1
;5'� Phylum Ascomycota   �,������#�4	�)�����:�#;7*,
	��
#�(�7�#(�'
#"8��%.(�
�7-�R71
;5)����I���,(���1	817���1���
 ���:1��#�(�7 haustorium #$�2��)
,;,1�2�� �	�=..U��� (Barnett and Barry, 1972) �#(�'
817���:1��0"8��,�#(��5���;�
U	.�7 4.6-
6.9 30*%��04� conidiophore foot cell 4�:74�70"�;��5�7!�7	�/)1	 (cylindrical) 2��1*%(7 
(flexuous)  foot cell 0"8��, 30.0 - 46.2 x 5.8-6.9 30*%��04� *%���,"
0"�;��5�7!�7	�/)1	 
(cylindrical) 2��1 �;�-!57 (doliiform) 0"8��, 25.4 - 32.3 x 11.6 - 18.5 30*%��04� (Koike and 
Saenz, 1998) 
                           �	
./�����6?@��	��  

  	���R17	��#�0���!$�3,(*,
�.�1	�.;	������	
�����W6U!"�0"%��04(��!��*�%#;7 
����1.,%��0�#"�
7451	���	�,*�%  	$� �,������'�-�.7 -./)����I�1) X =9�71� ����-2.57!"�1���

1
;58(�0^,;817���:1��#��246*�%3,(  '��5�7!"�#+��-�,.(10�20�/451	���	�,*�% %��'�(#���%0" 
��5� 3,*�-%� 34�*f�"� �)�*�0�. 2��1�"�+�IrU%�)%60���:1�����,1��� X Z",�5�%.604(��������1
�R17	��*�%3�(	51� *,
�Z��/1
5�7
��7 '��/
/11	,1	 -./����04�,��	151� ����/�(�����*�%
�6�-�7'��/
/�": 1� 3053,(�.�.�4 2��1�.�.�4%6I+��4�$� ��	0"8��,�.<	)�,�)":
� 
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2.  Bacillus sp. 

                           	�� �, $�-�	20�,20;5!�7��!
���#4�U (Classification) 4�0 Bergeyts manual 
(Krieg and Holt, 1984) 
Kingdom              Prokaryote 
               Division              Bacteria 
                             Order                 Cytophagaceae 
                                      Family                      Bacillaceae 
                                                 Genus                     Bacillus 
 

                            Bacillus spp. ����-)%!"��"
!"�#�0����)3,(!���3�'�W��0��4�305	511��4��
2��1
!$�'2(�	�,�
�W�#+��451%� #�4�U 2��1��� (Boer and Diderichsen, 1991) *,
0"%6I#0)�4�����-	�0
)�	  �;��5�7-!57  0"8��,	�(�7  0.5 - 2.5 x 1.2 - 10 30*%��04�  #�(�7�1�*,#�1�U�0��10"1�
60�	
89:� �1�*,#�1�U!"�#�(�789:�0"�;��5�7-4	45�7	��89:�	�)���,817���:1 #$�2��)��/*
��U817�1�*,-
#�1�U %�1 #57�.'2( Bacillus spp. ,$��7�"��41
;53,(
�����'�2.�
#+��/ (Blakeman and 
Fokkema, 1982) !�!��451%��0-2(7-.(7 %��0�(1� ��7#" UV -./4��!$�./.�
1��!�"
U (Obagwu 
and Korsten, 2003) Bacillus spp. #�0����%.��1�!"�3,(*,
-f.� ..�-))�1)4�� #�0���!$�2�(�!"�

51
#.�
#��1��!�"
U'�,�� (Emmert and Handelsman, 1999)   Bacillus spp. #�0���� ��&3,(,"'�
16I2+;0��	4� -./ pH ����	.�7  ,$��7�"��4-))'�( -./305'�(11	=�� � #$�2��)	��� ��&'�1�2��
�.":
7���:1!"�����1�2��-8<7 *%*.�"0�	0"�;�	.0 ���,(��2�(�!9)-#7 0"#"%�"0�97#"�:$�4�. 	���.":
7'�
1�2���2.� /!$�'2(1�2��#"%.:$�89:� �1	 �	�":	�� �, $�-�	 Bacillus spp.  ��:�#�0���1���

.�	�I/!�7 6.�"���!
�-./	��!,#1)!�7�"��%0" (4���7!"� 1)   ����17,(�
 Bacillus  spp. ,$��7�"��4
1
;53,(
�����'�2.�
#+��/ (Blakeman and Fokkema, 1982)  1"	!�:7
�7#�0����.�4#���Y��"��/
!"�0"%6I#0)�4�'�	��
�)
�:7���:1��	51*�%���3,(2.�
���, ��5� Botrytis cinerea, Monilinia  

fructicola,  Phytophthora  cactorum, Sclerotium  rolfsii , Pythium  irregulare  ����4(� (McKeen  
et  al.,1986 ; Phae  et  al., 1990) !$�'2(3,(��)%��0#�' '�	���$��1�  Bacillus  spp. 0�%�)%60*�%
���2.�
���, (4���7!"� 2)  !�:7'� -./45�7��/�!� 
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	����   1  	�� �, $�-�	#�>�"#U Bacillus spp. 4�0%��0-4	45�7!�7 6.�"���!
�-./!�7�"��%0" 
(Macfaddin, 1980) 
 

 Gram  
stain 

Capsul
e 

Motil
e 

OF-G Indole Gelatin Citrat
e 

VP Urea Glucose Arabino
se 

Manitol Xylos
e 

7.5 % 
NaCl 

Starch 
A 

B. anthracis + + - F - +4 V + - A - - - G +7 
B. cereus + - V+2 F - +  + + V A - - - G +7 
B. megaterium + NR +3,4 O - +5 + - V A V+ V+ V+ G + 
B. subtilis + - + O - +4 + + V A A A A G +7 
B. pumilus + - + O - + + + - A A A A G - 
B. licheniformis + - + F - +4 + + V A A A A G +9 
B. polymyxa V + + F - + - + - A A A A NG + 
B. macerans V NR + F - + - - - A A A A NG + 
B. circulans V + V+ F/O - +w - - - A - - - V + 
B. stearothermophilis V NR + F/O - + - - V A V V V NG +10 
B. coagulans + NR + F - - - V - A V V V NG + 
B. alvei V NR V+ F + + - + - A - - - NG + 
B. firmus V NR V O - + - - - A V A V G + 
B. laterosporus V NR + F V + - - - A - A - NG - 
B. brevis V - + O - + V - - V - V - NG - 
B. sphaericus V NR + O - V - - V - - - - V - 
B. badis + NR + O - + - - - - - - NR NR - 
B. lentus + NR + O - - - - + A - - NR NR + 
B. pentothenticus + NR + F - + V - - A V - NR G + 
B. pulvifaciens + NR + F - - - - - A NR NR NR NR -11 
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          #�&.�	�IU-#,7 : 
          +        90 % or greater  positive  results 
          -       90 % or greater negative results 
    V       variable result 
          V+     variable result major positive 
          A      acid 
          G      growth 
          F      fermentation 
          O      oxidative 
        NR     no results available  
        NG     no growth 
        +1      virulent strains 
       +2      B. cereus var. mycoides usually nonmotile 
         +3      free aeration  required  for  a  positive motility 
         +4     slow 
         +5     rapid 
         +6      VP : incubate an additional 24  hrs. at 37 °C 
         +7      5 % SBA B. anthacis, nonhemolytic ;  B. cereus, β " hemolytic, B. subtilis, variable 
         +8      B. pumilus, positive hippurat  hydrolysis 
         +9      B. licheniformis  usually  positive  for arginine dihydrolase : NH3 
         +10     B. stearothermophilus, catalase variable 
         -11      B. amyloliquefaciens, catalase negative 
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	���� 2  4��1
5�7*�%817���45�7 X !"�#�0���%�)%603,(*,
-)%!"��"
�Y���	�U Bacillus spp. 
 
*�%                               ���:1!"�!$�'2(�	�,*�%                        ���                          �1	#��1(�71�7 
 
��	-./*%���5�              Phytophthora cactorum          -1�����.              Utkhede and Smith, 1991 
��	-./*%���5�             P. cambivora                       -1�����.              Utkhede and Smith,1991 
�2"�
�                               Fusarium moniliforme             8(��*�,              Hebber  et  al., 1992 
�2"�
�                               F. oxysporum                           �R�
                       ��/�,�-./)��� �,,2539                                                          
��5�%1,��                        Rhizoctonia  solani                  �R�
                      ��/�,�-./)��� �,,2539                                
��	-./*%���5�              S. cepivorum                         210                   Utkhede and Rahe,1983                     
*�%	�)')-2(7               R. solani                          8(��                     	�0����	���	�4� 	,  
                                                                                                                    2545  
��	��5�*%���5�               R. oryzae                8(��                     	�0����	���	�4� 	,  
                                                                                                                    2545 
��	-./*%���5�              P. palmivora      !6��"
�                 0I ��!�U �0rW�, 2536 
*�%��#��0                     Puccinia  pelargonii-zonalis    2&(�� 1����"
0  Rytter et  al., 1989 
*�%-1�-!�%*�#         Colletotrichum  dematium   2051�              Yoshida  et al., 2000 
*�%') 6,                        Cercospora beticola      =;	��U)"!             Douglas and Barry, 2002 
*�%-1�-!�%*�#         Coll. gloeosporioides       ���	                     ���##� 0"	.���210, 2547 
*�%') 6,                        C. capsici                 ���	                     ���##� 0"	.���210, 2547       
*�%') 6,,$�                    Phaeoisariopsis  personata  ����.�#7               Kishore et al., 2005 
 
 6.��!�"
U�Y���	�U Bacillus spp. �20�/#$�2��)	���$�0�'�(%�)%60*�%���*,
�"���W"����17 �	 
                           1.  �������:1-)%!"��"
!"�#�0����)3,(!���3�4�0#5��45�7 X 817��� ,�� �:$� 1�	�� 
*,
305	51'2(�	�,�.�#"
2�
451��� 
                           2. #�0����.�4#���Y��"��/!"�#�0���'�(%�)%60���:1�� -./-)%!"��"
#��246*�%
���3,(2.�
���, (Helisto et al., 2001; Gong et al., 2006) -./#�0���-	57-
57W�461�2��3,(,"	�5� 
 6.��!�"
U1��� X �0��11
;5'�#+��-�,.(10!"�8�,-%.� (Sinclair, 1989) 
                           3.  #�0���� ��&'�#+��-�,.(10!"�-����������17 �	#�0���#�(�7�1�*,
#�1�U   
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 4.  #��!"��.�4*,
  Bacillus spp. ����1��4��
451 6.��!�"
U��/ $�����'�)����I��	
��� -./
�7#�0�����	�$�'2(����	�,%��04(��!��451*�%3,(  �		���9	���)�5� Bacillus spp. 
#�0����.�4#���04�)13.!U)�7���, !"�������/*
��U'�	���$�0�'�(	�/46(�'2(����	�,%��0
4(��!��451���:1#��246*�%   (Miyanishi  et  al., 2002) 
                           5.  Bacillus spp. #�0���'�(���7�=..U���:1��!"���/	1),(�
3%4�� -./�)4(�	.;�%�
����-2.571�2��3,( (Collins et  al., 2003) 
 

2.1  Bacillus spp. �����	2	�����2�
�A�+B �6�C 

                           2.1.1 B. subtilis  ����-)%!"��"
-	�0)�	�;�-!57 0"	��#�(�7#�1�U 0"8��,817
�=..U 0.5 x 1.2 � 2.5 x 10  30*%��04� #�0���� ��&3,(!"�16I2+;0�4�$�#6, 5 - 20 oC -./#;7#6,!"� 40-
55 oC (Krieg and Holt, 1984) 0"�1�*,#�1�U=9�70"�;��5�7-4	45�7	��89:�	�)#�
���W6U817���:1 �)3,(
!���3�4�0��:�,�� '�.$�4(� -./)����I��	��� #�0����.�4�1�3=0U2.�
���,!"�#$�%�& 3,(-	5  
1/30�.# -./ *��4��1# ����4(� (Boer and Diderichsen, 1991) #�0���'�(%�)%60*�%���3,(2.�

���, ��5�  *�%') 6,817=;	��U)"! *�%') 6,817���	 ����4(� 
                           2.1.2 B. megaterium ����-)%!"��"
-	�0)�	 .�	�I/�=..U�����;�-!57 0"8��,
817�=..U 0.5 x 2.5 - 0.7 x 5 30*%��04� #�0���� ��&3,(!"�16I2+;0�4�$�#6, 3 - 20 oC -./#;7#6,!"�  
40 - 50 oC (Krieg and Holt, 1984) ����-)%!"��"
!"��)3,(!���3�'�W��0��4�  #�0���� ��&-./����0
���0�I3,(1
5�7��,��<�!�:7'�1�2���.":
7���:1 -./'�#+��!"�305�20�/451	��� ��& #�0���
�)
�:7
	��� ��&817���:1#��246*�%!�7��	817����3,(2.�
���, -./#�0���.,%��0�6�-�78171�	��
817*�%!"��	�, �	���:1�� ��5�*�%��	��5�817�����2.�17 (Zheng and Sinclair, 2000) B. megaterium 
1���
1
;5)����I�1) X ��	#57�#��0	��#�(�7�0817��	���� #�0���1
;5'�,��-./� ��&3,(!6	^,; 1"	
!�:7
�7#57�#��0'2(�.�.�4817�������00�	89:� (Liu and Sinclair, 1995) 
                           2.1.3  B. licheniformis  ����-)%!"��"
-	�0)�	 0"�;��5�7����-!57*,
0"8��,817
�=..U 0.6 x 1.5 - 0.8 x 3 30*%��04� #�0���� ��&3,(!"�16I2+;0�4�$�#6, 15 oC  -./16I2+;0�#;7#6, 
50 - 55 oC   #�(�7#�1�U0"�;�3851
;5)����I4�7	.�7817�=..U  S a i t o  ( 1 9 7 3 )  ��
7���5� B . 

licheniformis  #�0���'�(���� 6.��!�"
U�Y���	�U'�	��%�)%60*�%��� ��5�*�%��#"�!�817#4�1

�)1�U�"�  �1	 �	�": B. licheniformis #�0����.�4 α- amylase =9�7�����1�3=0U!"�#�0���!�451
%��0�(1� -./
�7�����1�3=0U!"�0"%��0#$�%�& '�,(��164#�2	��0 B. licheniformis   #�0���� ��&
3,('�#+��/!"�305�20�/451	��� ��& ��5� #+��!"�8�,11	=�� � -./16I2+;0�#;71"	!�:7 
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B. licheniformis #�0���#�(�7#���Y��"��/2.�
���, ��5� bacillomycin, bacitracin, licheniformin 
-./ proticin  (Katz  and  Demain, 1977) 

 
2.2  �	
���D?1
� �6�����
���?�C2 Bacillus spp. 

                 2.2.1 �	
.E1+���@���D?1
� �6�����
���?�C2 Bacillus spp. 
                            �	��
7��	���9	��	��#�(�7#���Y��"��/817-)%!"��"
 Bacillus spp. �)�5� 
Bacillus  spp. #�0���#�(�7#���Y��"��/3,(!�:720,  167 ���, -./����#�� $���	���3!,U!"��.�4
 �	 B. subtilis 68 ���, (Katz and Demain, 1977) ��5�  bacillomycin, iturin, mycosubtilin, 
bacilysin, fengymycin, mycobacillin ����4(� *,
#��!"�#�(�789:�0�����#���0!�)13.!U!64�
+;0� 
(secondary metabolite) =9�73050"%��0 $�����451	��� ��&�4�)*4  	��#�(�7#���0!�)13.!U��:� /
#�(�7'��5�7  late log phase  ��97�5�7 stationary phase (Nakano et  al., 1988)   �		���9	���)�5�
16I2+;0�!"��20�/#0'�	���.�4#���Y��"��/817 B. subtilis  '�1�2���2.�%�1!"�16I2+;0� 30 °C  
-./'�1�2��-8<7%�1!"�16I2+;0� 25 °C    (Shoda, 2000) #$�2��)��/*
��U817#���Y��"��/!"�#�(�7
89:�*,
  B. subtilis  ��:� 3,(-	5 
�)
�:7	��#�(�7#��*0�.	6.'2&5)�7���,'��=..U �5�
��	���.�77��
)�7#5��817�=..U�1�3�(  �5�
'�	��-	57-
571�2��'�#+��-�,.(10!"�8�,-%.� 2�	4(171
;5
�5�0	�) 6.��!�"
U���,1��� -./
�7�5�

�)
�:72��1!$�.�
 6.��!�"
U!"�1
;5�1)8(�7)�7���, !$�'2(  
Bacillus spp. #�0���,$��7�"��43,(���89:� 4��1
5�7#���Y��"��/!"�#�(�7*,
  Bacillus spp. 3,(-	5 
                           Surfactin ��/	1),(�
1/0�*� 7  4�� %�1 L-Glu, L-Leu, D-Leu, L-Val, L-Asp, D-
Leu -./ L-Leu (Wei et al. , 2003) 1/0�*�4��!"� 7 1� 0"	��
9, �),(�
20;5%��U)1	=�. -./ 
3�,�1	=�.817	�,380��!"�0"��/#�!W�+��#;7'�	��.,-�7497��� 
�)
�:7-)%!"��"
-	�0.) 3���# 
-./3f*4�.�#0� 
                           Iturins 0".�	�I/*%�7#�(�7���� amphiphilic peptide ring =9�7��/	1),(�
 
1/0�*� 7 4�� (Gong et al., 2006) #���Y��"��/'�	.650�":3,(-	5 iturin, bacillomycin, mixirin -./ 
mycosubtilin 11	^!W��4(�����:1�� -./
"#4U����#5��'2&5 *,
#57�.451	��71	817#�1�U 2��1	��
� ��&817�#(�'
817���:1��	51*�% 
                               Fergycin (plipastatin) ��/	1),(�
 β - hydroxy  fatty acid 451	�) N- terminal 
817 10 amino =9�7 /0" 4 D-amino acid -./ amino acid L-ornithine �.<	�(1
 �.�
 C 817 peptide 
moiety ����10	�)3!*�="�!"�4$�-2�57!"� 3 0"�.� �/ 7'�	��11	^!W��4(�����:1�� 
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     Bacillibactin ��/	1),(�
 dihydroxybutyrate (DHB), glycine -./ threonine 3 
	.650��/	1)	�������7-2��8��,'2&5 !$�2�(�!"����� siderophore *,
'�( OH- 817 DHB  �) 
ferric iron 
                               Difficidin  -./1�6���WU 3,(-	5 difficidin -./1�6���WU -./ oxydifficidin #5��
'2&5#���Y��"��/'�	.650�":11	^!W��4(��-)%!"��"
 *,
�Z��/-)%!"��"
!"�	51*�%'�%� ��5�  
Morganella  morgnii, Streptococcus faecalis, Escherichia coli, Enterobacter cloacae, Klebsiella  

pneumoniae, Staphylococcus aureus, Serratia  marcescens, Pseudomonas  aeruginosa, Proteus 

vulgaris, Ps.  mirabilis )*+ E. aerugenes (Wilson  et  al., 1987 ; Zimmerman  et  al., 1987  1(�7
*,
 #6�.  -	(���20, 2539) 
                                Zwittermicin A ����#���Y��"��/!"��.�4*,
 B. cereus -./ B. thuringiensis  
(He et  al., 1994 ; Stabb et  al., 1994 ; Raffel et  al., 1996) *%�7#�(�7!���3���/	1),(�
 peptide 
-./ polyketide antibiotics 0"20;5 hydroxyl 1
;5)�#�
 carbon =9�7%.(�
	�)*%�7#�(�7)�7#5��817  
polyketide *,
 nitrogen 4�7#5���.�
817 zwittermicin A ����#5��!"�3,(0� �		�,1/0�*� 
citrulline =9�7����#5��!"�%.(�
	�) peptide antibiotic #���Y��"��/ zwittermicin A !"�#�(�789:�
#�0���
�)
�:73,(!�:7
;%���*14 -./*��%���*14!"�	51*�%���2.�
���, (Silo-Suh  et  al., 1998) 
                     
                  	.3		��
�)
�:7817#���Y��"��/!"��.�4 �	 Bacillus spp. 451���:1#��246*�% 
                          #���Y��"��/!"��.�4*,
 Bacillus  spp.  /0"�.3�!$�.�
2��1
�)
�:7	��� ��&817 
 6.��!�"
U1���  =9�7#�0���-)57%��0#�0���'�	���8(�!$�.�
 6.��!�"
U3,(  5 ��/�+! (#0'  �1"�
0��
��4�U, 2531)  
                          1.  
�)
�:7	��#�(�7���7�=..U!$�'2( 6.��!�"
U305#�0���-)574��4513�3,( 
                          2.  0"�.451�
��126(0�=..U *,
#���Y��"��/ /3�!$�'2(	���$�#���8(�#;5�=..U-./11	
 �	�=..U��,�	4� 2�	�=..U������5��":��� /!$�'2(�=..U4�
3,( 
                          3.  8�,8��7	�/)��	��#�7�%��/2U*��4"� 	��#�7�%��/2U*��4"�����	�/)��	��
!"�#$�%�&451	��=510-=0 -./#�(�7�#��0�=..U !$�'2(�	�,	��� ��& ,�7��:�	��
�)
�:72��1	��8�,8��7
	�/)��	��#�7�%��/2U*��4"� 97#57�.'2(�=..U4�
3,( 
                          4. 8�,8��72�(�!"�817	�,���%."1�	 	�,���%."1�	����#��1��!�"
U!"�0"%��0#$�%�&
'�	��%�)%60�04�)1.�=90817�=..U ,�7��:�	��8�,8��7	��!$�7��817	�,���%."1�	 /!$�'2( 
�04�)1.�=90817�=..U��,�	4�3�,(�
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          5.  8�,8��7	��#�(�7�.�77��817�=..U #���Y��"��/!"��.�489:� /3�0"�.8�,8��7
	��#�(�7�.�77�� 2�		��#�(�7�.�77���;	8�,8��7	� 	��0817�=..U /.,4�$�.7 !$�'2(�=..U4�
 
                  2.2.2  ���BF2G (Enzymes) ���D?1
� �6�����
���?�C2 Bacillus spp. 

                           Bacillus spp. #�0����.�4 extracellular hydrolytic enzymes !"�'�('�	��
51
#.�

3,(2.�
���, ��5� 3%4���#  3%*4=����#  3.��#  .�0���.���#  -./*��4��1#  =9�7#5��'2&5����
	.650�1�3=0U!"�!$�7��3,(,"'�#+��/����,5�7 (alkaline protease) -./�#�"
�!"�16I2+;0�#;7  (Priest, 
1977) �1�3=0U!"�#�(�789:�0��":0")!)�!'�	��
51
#.�
���7�=..U817���:1�� (Helisto et  al., 2001) 
Aktuganov -./%I/ (2007) ��
7���5� Bacillus sp.  #�
���W6U 739 #�0����.�4�1�3=0U β-1,3-
glucanase -./ protease �0��1�.":
7'�1�2��!"�0"3%4������#5����/	1)8171�2�� *,
�1�3=0U!"�
#�(�789:�0��":0")!)�!'�	��
51
���7�=..U817���:1�� Bipolaris sorokiniana  #5�� Aono -./%I/ 
(1994) 3,(!$�	���9	��	��#�(�7�1�3=0U817 B. circulans #�
���W6U IAM1165 �)�5� B. circulans 
#�
���W6U IAM1165 #�(�7�1�3=0U  β-1,3-glucanase  =9�70"0�.*0�.	6.45�7	��%�1 28, 42, -./ 91 
kDa *,
�1�3=0U,�7	.5���":�;	#�(�7'��/
/ stationary phase  �1�3=0U!"�#�(�789:� /!$�7��3,(,"
'��5�7 pH 4.0 - 7.0 -./#�0���!$�7��3,(-0(16I2+;0�#;7�97 60 °C -./
�7�)�5��1�3=0U β-1,3-
glucanase !"�0"0�.*0�.	6. 42 kDa  #�0���
51
���7�=..U817���:1��  Aspergillus  oryzae 3,(1
5�70"
��/#�!W�+��#;7!"�#6, Miyanishi -./%I/ (2002) ��
7���97 β-1,3-glucanase �5�#�0���-
	3,(
 �	 ��� -)%!"��"
 
"#4U *,
�1�3=0U!"�#�(�789:�0��":������/*
��U451	��
51
�=..U817 6.��!�"
U4��
1��� 
��73�	�5���:�
�7�)�5��1�3=0U!"�#�(�789:�
�7�5�
'2(���1���
0"	.3	4(��!��451���:1��  
F.  oxysporum f. sp. melonis =9�7����#��246*�%�2"�
�817-47*0  �1	 �	�": Leelasuphakul  -./
%I/ (2006) 3,(�9	��	��#�(�7�1�3=0U  β-1,3-glucanase !"��.�4*,
 B. subtilis #�
���W6U NSRS 89-
24 �)�5��1�3=0U!$�7��3,(,"'��5�7 pH !"��20�/#0%�1 6.5 - 9.5 -./
�7#�0���!$�7��3,(,"-0(
16I2+;0� /����0#;789:����� 50 °C �1�3=0U!"��.�489:�0��":#�0���
�)
�:7	��� ��&817���:1 R. solani  
-./ Pyricularia  grisea 3,(,"  
                            

                 2.2.3 �	

@�-� (Volatile organic compounds) ���D?1
� �6�����
���?�C2 Bacillus spp. 

  -)%!" ��" 
  -./ ���: 1��!"� 1���
1
;5 '�,��#�0����.�4#���/ �2
��/�+!
3�*,�%��U)1�2.�
���, ��5� ethylene, ethane, propane, propene, isoamyl alcohol  -./ isoprene  
 �		���9	���)�5� Bacillus  spp. #�0���#�(�7#���/�2
  isoprene (2-methyl-1,3-butadiene)3,(
0�	!"�#6,*,
#��  isoprene  �":0"^!W��4(�� Cyanobacteria  -./���:1��	51*�%��� Kuzma -./%I/
(2004) ��
7���97#���/�2
  isoprene  !"�#�(�7*,
 Bacillus  spp. �5� /�;	#�(�789:�'��/
/ log 
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phase *,
16I2+;0�!"��20�/#0451	��#�(�7%�1!"� 45 °C  �1	 �	 isoprene -.(� Bacillus spp. 
�7
#�(�7#���/�2
 ethylene =9�70")!)�!
�)
�:7 	����_��1�	��817*�%��� -./
�7�5�
#57�#��0'2(
�.30(#6	��<�89:� (Ladygina et al., 2005)  �1	 �	�":#6�. -	(���20 (2539)3,(!$�	���9	���.817
#���/�2
 !"�#�(�7*,
 B. subtilis  #�
���W6U NSRS 89-24  451	��� ��&817�#(�'
���:1�� Py. grisea, 
Rhynchosporium oryzae -./ R. solani �)�5�#���/�2
!"�#�(�789:�#�0���
�)
�:7	��� ��&817���:1
�� *,
�8(�3�8�,8��78�:�41�',8�:�41�2�9�7817	�/)��	���0!�)1.�=90+�
'��=..U817���:1��
*,
!$�'2(�=..U2
6,	��� ��&�4�)*4  
�)
�:7	��71	817#�1�U����%����0��1���"
)�!"
)	�)	��0��W"
%�)%60 -./�	�,	��)�0817#�1�U=9�71� �	�, �		��#/#0817#���/�2
+�
'�#�1�U!$�'2(
#�1�U305#�0���71	3,(4�0�	4�  
 

2.3  �	
�����2�
�A�+� �+���1N�  (Biological  control  -
��  biocontrol) 

                               ��  6)������!"�
10��)�5�	��%�)%60*,
�"���W"������W"!"�0"��/#�!W�+��#;7'�	��
�$�3�����	.
6!WU�R17	��	$� �,*�% 3,(0"	���9	��!�:7'���/�!� -./45�7��/�!�0�������.����
2.�
�> (����WU !�"��
, 2539)  -./0"	���$�3�'�(1
5�73,(�.,"'�8�:�!$�����	��%(� (4���7!"� 3) -./
 /0")!)�!!"�#$�%�&0�	'��4����!"�  21 (Cook, 1993)  �.,"817	��%�)%60-))�"���W"  %�1  .,
1��4��
 �		��'�(#���%0" -./'2(�.	��%�)%60�/
/
��  -)%!"��"
���� 6.��!�"
U!"��;	�$�0�'�('�
	��%�)%60*�%���*,
�"���W"	��1
5�7-��52.�
  ����17 �	0"1
;5!���3�'�W��0��4�  -)%!"��"
!"�0"
%6I#0)�4�'�	���$�0�'�(%�)%60*�%���*,
�"���W"0�	��
0��"
	-)%!"��"
���,�":�5�-)%!"��"

�Y���	�U  2��1���:1�Y���	�U (biological control agent, BCA) 
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	����  3   6.��!�"
U�Y���	�U817)����!45�7 X !"��.�4-./ $�2�5�
����1'�(%�)%60*�%��� 
 
 ��/�+! 6.��!�"
U                             *�%!"�%�)%60                        ��/�!�!"��.�4 ()����!!"��.�4) 
(���1�.�4+�IrU) 
 
	.650���:1-)%!"��"
 
Agrobacteria radiobacter  *�%�6V0�0817      #2���1�0��	� (Ag Biochem) 
(Strain 84) (Galltrol-A)                    *%�4(�30(-./�. 
B. subtilis  *�%!"��	�,	�)�/))��	     11#�4��."
 (Gustafson) 
 (Kodiak)                                                  
B. subtilis  *�%!"��	�,	�)�/))��	     11#�4��."
 (Gustafson) 
(Quantum 4000 HB)                               
B. subtilis *�%!"��	�,	�)�/))��	 11#�4��."
 (Gustafson) 
(Quantum 4000 P)                                  
Ps. fluorescens                                  *�%'�	.(� �	���:1                  #2���1�0��	� (Ecogen) 
(Dagger G)                                        Pythium -./ Rhizoctonia 
Streptomyces  griseoviridis               *�%!"��	�, �	���:1��                f��-.�,U (Kemira OY.) 
                                                           2.�
���, 
	.650���:1�� 
Chaetomium  globosum  *�%��5��/,�),��'�   #��#�=1�U-.�,U 
                                                          ��		�,2��� 
Ch. minitans                                      ���:1 Botrytis -./                    ���W1�U-.�,U 
                                                           Sclerotinia 
Gliocladium  virens                          *�%��5��/,�),��'�                 #2���1�0��	�  $�2�5�
   
                                                           30(��/,�)                              -./�5��	�� ,!/�)"
� 
    *,
17%U	��	"�
�	�) 
                                                                                                          #��7-�,.(10 (EPA)  
     -.(�   
G. roseum                                         *�%�2"�
�'�0������7                 #2���1�0��	� 
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	����  2 (451)  6.��!�"
U�Y���	�U817)����!45�7 X !"��.�4 -./ $�2�5�
����1'�(%�)%60*�%���  
 
��/�+! 6.��!�"
U                             *�%!"�%�)%60                        ��/�!�!"��.�4 ()����!!"��.�4) 
 (���1�.�4+�IrU) 
 

Trichoderma tri-4                            *�%��5��/,�),��'�                 #2���1�0��	� 
                                                          30(��/,�) 
T. harzianum                                    *�%��5�'���		�,2���           1�4�." 
T. harzianum                                    *�%��5�'�210                        1"
��4U 
T. harzianum                                    *�%���2.�7�	<)�	"�
�                #2���1�0��	�  
-./ T. polysporum                           '���	-./�.30( 
 
!"�0�: ,�,-�.7 �	 ���0��"
U I #78.� (2537) 
 

             �	
�+��+�,�6�����
�������2�
�A�+�����1 �	��+�,�
	� �+���1N� 

                           Baker -./%I/ (1985) 3,(!$�	���9	����/
6	4U'�( B. subtilis ����1%�)%60*�% 
��#��0817�����2.�17*,
	���5� B. subtilis  2  #�
���W6U%�1 PPL-3  -./ APPL-1  $���� 3 %��:7/
#��,�2U �)�5�#�0���.,%��0�6�-�7817*�%��#��0'������2.�17!"��	�, �	���:1 U. appendiculatus  
3,(�97  75 % *,
 B. subtilis  #�
���W6U  PPL-3  �5�
	�/46(�	��� ��&�4�)*4817��� -45!$�'2(�.�.�4
817���.,.7  #$�2��)#�
���W6U  APPL-1  3050"�.451	��� ��&�4�)*4817��� -./ �		���9	��
�7
�)�5�'�)�7	��0��W"!"�'�(  B. subtilis ��:�0"��/#�!W�+��0�		�5�	��'�(-0�*%�=<) 1 %��:7/#��,�2U 
                           Rytter -./%I/ (1989)  !$�	��-
	  Bacillus   spp.  �	')� 1����"
0!"��;	 
��#��0�8(�!$�.�
3,(���:1 $����  12  #�
���W6U  -./3,(�$�0�!,#1)	��
�)
�:7	��71	817#�1�U  
Puccinia  pelargonii-zonalis   #��246*�%��#��0817� 1����"
0+�
'�2(17�Y�)�4�	�� -./3,(
��/
6	4U'�(�:$��.":
7���:1 Bacil lus  spp.  Z",�5�!"�')	51�!$�	���.;	���:1��#��0 	��!,.17�)�5�   
B. subtilis  3  #�
���W6U#�0���
�)
�:7	��71	817#�1�U  -./.,1�4��	���	�,4650817��#��0)�') 
� 1����"
0!"�!$�	���.;	���:1'�*�7���1� *,
-#,7	��
�)
�:7+�
2.�7 4 ���  2.�7��/
6	4U'�(���:1 
�Y���	�U 
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  #6�. -	(���20 (2539) 3,(!$�	���9	��	��%�)%60*�%8(��-))�"���W"*,
 
 6.��!�"
U�Y���	�U  B.  subtilis  �)�5�  B.  subtilis  #�
���W6U NSRS 89 � 24  #�0���
�)
�:7	��
� ��&�4�)*4817���:1��  Py.  grisea  -./  Rhy.  oryzae  3,(  *,
�	�,)����I
�)
�:789:��/2�5�7���:1  B.  
subtilis #�
���W6U NSRS 89-24  -./���:1��!�:7#17  �.817^!W��4(����-#,7'2(!��)�5� B. subtilis   
#�
���W6U  NSRS  89-24 #�(�7#���Y��"��/  =9�7#���Y��"��/!"�#�(�789:�0"%6I#0)�4�'�	��./.�
�:$� 
*,
���:1 /�.51
#���Y��"��/!"����:1#�(�789:��8(�#;51�2���.":
7���:1  *,
#+��/!"�,"!"�#6,'�	��#�(�7
#���Y��"��/  %�1	�����/�.":
7'�1�2��  PDB  ������.�  5  ���  -./
�7�)�5�  B.  subtilis #�

���W6U NSRS  89 � 24  -./  B.  subtilis   !���3�
�7#�0����.�4#�����,�/�2
11	0�
�)
�:7	��� ��&
817���:1��   -./
�)
�:7	��71	817#�1�U  Rhy.  oryzae   -./�0<,  sclerotium  817  R.  solani 
*,
#���/�2
�": /�.�43,(0�	!"�#6,'�1�2��  PDA 
    Montesinos -./%I/ (1996) %�,�.�1	#�
���W6U817 Erwinia  herbicola  -./  Ps.  
fluorescens     $����  410  #�
���W6U   �	#5��817���!"�1
;5�2��1,�� -./ �	��	817���2.�
 X 
���,  -.(��$�0�!,#1)	��
�)
�:7	��71	*%���,"
817  Stemphylium  vesicarium  =9�7����#��246
817*�%') 6,#"�:$�4�. *,
��W" d e t a c h e d  l e a f   	��!,.17�)�5� 7 % 817#�
���W6U   
E.  herbicola  -./  Ps.  fluorescens  �2.5��":#�0���
�)
�:7	��71	817*%���,"
 -./	��� ��&817
�#(�'
  St. vesicarium 3,(1
5�70"��/#�!W�+�� -./�)�5� 4 #�
���W6U!"�%�,�.�1	3,(��:�0"
��/#�!W�+��'�	��
�)
�:7#;7 #�7�	43,( �	�/,�)%��0�6�-�7817*�%!"�.,.7 -./	��
�)
�:7	��
	��71	817*%-���,"
)����')  -./
�7�)�5��	�1)!�:720,817#�
���W6U  Ps. fluorescens !"�0"
��/#�!W�+��'�	��
�)
�:7��:� #�0���#�(�7#���%0"!"�
�)
�:7	��71	817*%���,"
  -./#��4514(��
���:1��'�1�2��-8<7-./1�2���2.�  �1	 �	�":	��!,.17�5�,(�
  Ps.  fluorescens  #�
���W6U 
EPS  288  	51�!$�	���.;	���:1,(�
*%���,"
817  St.  vesicarium .7)�4(�-��U��:� �)�5�0"�/,�)
%��0�6�-�7817*�%4�$�	�5�  88 %  �0��1���"
)�!"
)	�)	��0��W"%�)%60!"�!$�	���.;	���:1#��246��"
7
1
5�7�,"
� 
  Yoshida -./%I/ (2000) %�,�.�1	 6.��!�"
U�Y���	�U �	')2051� -./!,#1)
��/#�!W�+��'�	��
�)
�:7 Coll. Dematium #��246*�%-1�-!�%*�#8172051��)�5� B.  
amyloliquefaciens   #�
���W6U  RC - 2  
�)
�:7 Coll. dematium  3,(,"!"�#6, �0��1!$�	��!,#1)*,
�5�
�:$��.":
7���:1 B. amyloliquefaciens )�4(�2051� �)�5�#�0���.,	���	�,*�%3,(," -./
�70"
��/#�!W�+��'�	��%�)%60 6.��!�"
U	51*�%'����1��� X3,(2.�
���, ��5�  Rosellinia  necartrix, 
Py. oryzae, A. tumefaciens  -./ X.  campestris  pv.  campestris 
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                               Douglas -./ Barry (2002) !,.17�$�#�1�U817  B. subtilis  0�'�(%�)%60*�%
') 6,817=;	��U)"!!"��	�, �	���:1  C. beticola  '�#+��-�.7  	��!,.17�5�#�1�U B. subtilis '�
1�4��  1 x 106  cfu/ml 2��1'�1�4��!"�#;7	�5�.7)�4(�=;	��U)"! �)�5�#�0���.,%��0�6�-�7817
*�%.73,(1
5�70"��
#$�%�& �0��1���"
)�!"
)	�)	��0��W"%�)%60 #$�2��)	���9	��'����1�!,.173,(
��/
6	4U'�(�=..U817 B. subtilis  -!�	��'�(#�1�U  *,
��/
6	4U'�(�=..U817 B. subtilis  1- 5 ��� 
	51��.;	���:1#��246*�%  �.	��!,.17�)�5�	����/
6	4U'�(�=..U817 B. subtilis  #�0���%�)%60
*�%3,(����089:� �		��0��W"%�)%60  1
5�73�	<4�0	��%�)%60*�%'�#+��-�.7��:� �)�5�	��'�(
#�1�U B. subtilis   0"��/#�!W�+��'�	��%�)%60*�%,"	�5�	���5�,(�
�=..U817  B. subtilis  !�:7�":
����17 �	#�1�U�5�
#57�#��0'2( B. subtilis !�451#+��-�,.(103,(,"	�5��=..U 
  Okigbo -./ Osuinde (2003) -
	 6.��!�"
U�Y���	�U B. subtilis #�
���W6U NCIB 
3610  �	,��)����I'4(4(�0/05�7����1�$�0�!,#1)	��
�)
�:7*�%') 6,8170/05�7!"��	�, �	���:1�� 
Pestalotiopsis mangiferae, Lasiodiplodia theobromae (syn. Botryodiplodia theobromae), 
Macrophoma  mangiferae =9�7����*�%!"�#$�%�&'�!�741�'4(817��/�!�3� "��"
 *,
!$�	��
!,#1)'� ��1�2���.":
7���:1 -./�)�5����:1 6.��!�"
U�Y���	�U B. subtilis #�
���W6U NCIB 3610 
#�0���
�)
�:7	��� ��&817���:1��!�:7 3 ���,3,(  57,  61 -./ 58  %  4�0.$�,�) 
   ���##� 0"	.���210 (2547) -
	���:1 6.��!�"
U �	#5��') -./�.817���	���W6U 
45�7 X *,
'�(1�2�� 4 ���, �)�5�#�0���-
	���:1-)%!"��"
3,( 210 31*=�.!  4510��$����:1
-)%!"��"
!"�3,(0�!,#1)	��
�)
�:7	��� ��&817�#(�'
���:1�� Coll.  gloeosporioides  -./  Coll.  
capsici  #��246*�%-1�-!�%*�#!�:7 2 #�>�"#U )�1�2��  PDA  �)�5�-)%!"��"
  24  31*=�.!  
#�0���#�(�7#���Y��"��/
�)
�:7	��� ��&817���:1��!�:7 2  ���,3,(   97�$�!6	31*=�.!3�!,#1)
	��
�)
�:7	���	�,-�. �	 Coll. gloeosporioides  �)�5�-)%!"��"
 9 31*=�.!  #�0���.,8��,
817-�.3,(  38.34 - 76.67 %  4 31*=�.!#�0���
�)
�:7	���	�,-�. �	  Coll.  capsici  -./
#�0���.,8��,-�..73,(  53.05 - 81.31% -./�0��1�$�-)%!"��"
  4  31*=�.! 3�!,#1)'�
#+��-�.7�)�5����:1-)%!"��"
 4  31*=�.! %�1 HGw 13, Lg1, DGg 13 -./ HGw  25  #�0���
%�)%60	���	�,*�% �	 Coll.  gloeosporioides  3,(  33.50, 31.85, 28.34 -./ 24.05 % 4�0.$�,�) 
-./-)%!"��"
31*=�.! DGg 13, HGw 25, HGw 13 -./ Lgl %�)%60	���	�,*�% �	 Coll.  
capsici 3,( 32.40, 22.27, 21.29 -./ 16.33 % 4�0.$�,�) 
 Kishore -./%I/ (2005) !,#1)��/#�!W�+��817#���5����:1�� -)%!"��"
 B. 
circulans #�
���W6U GRS 243 -./-)%!"��"
 Serratia  marcescens #�
���W6U GPS5  !"�-
	3,( �	���
4�/	;.���� ����1�$�0�'�(�R17	��*�% Late Leaf  Spot (LLS) =9�70"#��246 �	���:1  Phaeoisariopsis  



 

18 

 

personata  	��!,.17'�( B. circulans #�
���W6U GRS 243 -)%!"��"
 Ser.  marcescens #�
���W6U 
GPS5  �5�0	�)#��%1..1
,U3%4�� 1 % (w/v) '����1�!,.17 #�0���.,%��0�#"
2�
 �	*�%.7
3,( 60 % �0��1���"
)�!"
)	�)	��'�(�=..U-)%!"��"
��"
71
5�7�,"
� -./	��!,#1)'�#+��-�.7
�)�5�	��'�(3%4���5�0	�) B. circulans #�
���W6U GRS 243 -./	��'�(3%4���5�0	�)-)%!"��"
 Ser. 
marcescens  #�
���W6U GPS5 ����0��/#�!W�+��'�	��%�)%60*�% -./
�7!$�'2( $������	817 
����#�#7����089:����� 62 -./ 75 % 4�0.$�,�) 
              �	

1 
	2��	���.
@+	�
��?1��
��G.E1.��QG� �+����	�-���1 �	
�?	�A��N�G 
                           Liu -./ Sinclair (1995) 3,(�$� B. megaterium #�
���W6U ATCC 55000 !"�0"
��/#�!W�+��'�	��
�)
�:7  R. solani  !"�����#��246817*�%��	 -./*%���5�817�����2.�17 +�
'�
2(17�Y�)�4�	�� 0���_��'2(0"%��04(��!��451  rifampicin  ����1'�(����4��)57�":  B. megaterium  
#�
���W6U ATCC 55000  	51��$����:1 0�!,#1)%��0#�0���'�	��
�)
�:7���:1 R. solani +�
'�
#+��-�.7!,.17 	��!,.17-#,7'2(�2<��5�  B. megaterium #�
���W6U ATCC 55000  0"
��/#�!W�+��'�	��
�)
�:7���:1�� R. solani  -./#�0�������0 $����)����I�1)��	   1"	!�:7
�7
#57�#��0'2(�.�.�4�����2.�17����089:� 
                           ���I��3. 1��!�; -./%I/ (2548) 3,(�$����:1   B. amyloliquefaciens  $���� 4  
 31*=�.! %�1 Lg1, HGw13, HGw25 -./ DGg 13 =9�7-
	3,( �	�.���	 -./�5��	��!,#1)
��/#�!W�+��'�	��
�)
�:7	��� ��&817���:1�� Coll. gloeosporioides -./ Coll. capsici )� 
 ��1�2���.":
7���:1 -./	��%�)%60*�%-1�-!�%*�#)��.���	-.(� 0���_��'2(4(��!��451 
rifampicin 100 ppm  *,
	���.":
7���:1-)%!"��"
�Y���	�U)�1�2�� Nutrient Glucose Agar (NGA) 
)503�(!"�16I2+;0�2(17������.� 48 ����*07  	51��4�"
0�����=..U-8��.1
�8(08(� 105 �=..U/0�..�.�4�  
'#5.7'� ���.":
7���:1!"��5��	��1)�5����:1-.(��$�3���7'4(2.1,	$����,-#7 UV  '2(0"�/
/25�7 15 
�=�4��04� Z�
-#7 UV ��� 1 ��!"  �	��:� 97,;,�=..U-8��.1
 0.1 0�..�.�4� �$�3��	."�
)�
1�2�� NGA =9�7�4�0 rifampicin  100  ppm )503�(!"�16I2+;0�2(17 24 - 48 ����*07  �	��:� 97�$�
*%*.�"���:1!"�� ��&3,(3��	."�
���:1'2(3,(���:1)��#6!W�� �	<)3�('� NGA !"��4�0 rifampicin 1 ppm ����1'2(
���:10"%��0%7!�451	��	.�
���W6U 

          Bazzi -./%I/ (2006) %�,�.�1	-)%!"��"
!"�1���
1
;5)����I���8174(�-��U �	#��
�.30('���/�!�1�4�." ����1�$�0�!,#1)%��0#�0���'�	��
�)
�:7���:1 E. amylovora #��246*�% 
fire blight )�1�2���.":
7���:1  �		��%�,�.�1	�)�5����:1 Pseudomonas spp. #�
���W6U IPV-BO 
4027C -./ IPV-BO 4027D !"�#�(�7 siderophore  #�0���
�)
�:7 E. amylovora -./ �		��!,.17
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'�2(17�Y�)�4�	���)�5� Pseudomonas spp. !�:7 2 #�
���W6U #�0���.,%��0�6�-�7817*�% fire 
blight 3,( 45 % '�8I/!"�	��'�(#������"��/ streptomycin #�0���.,%��0�6�-�7817*�%3,(  
92 % -./�0��14�,4�0��/��	�817���:1'�2(17�Y�)�4�	���)�5� Pseudomonas spp. !�:7 2 #�
���W6U 
#�0�������0 $������/��	��3,()�,1	-1�����. -./,1	-��U  1"	!�:7
�7#�0���., $����
��/��	�817 E. amylovora )�,1	-1�����.3,( 4510� 973,(�$����:1 Pseudomonas spp. 2 #�
���W6U
0���_��'2(4(��!�� rifampicin ����1'�('�	��4�,4�0	��0"�"��4�1,817���:1)�,1	-1�����. '�
#+��-�.7!,.17  �		��4�� ��)��/��	� Pseudomonas spp. !�:7 2 #�
���W6U*,
�$�')817
-1�����. -./')-��U0�-�/!�).7)�1�2�� $����/)503�(������.� 7 ��� -.(���)*%*.�"!"����	Y
)� ��1�2�� (LB-agar !"�0"#5���#0817 rifampicin 20 µg/ml) �)�5� Pseudomonas spp. !�:7 2 
#�
���W6U#�0���0"�"��4�1, -450" $������/��	�.,.7 *,
��/��	�817 4027D Rifr 0" $����4�$�
	�5� 4027C Rifr (��/0�I 103 -./ 104 cfu/flower)  
 

3.  �?B��	
�����2�
�����+�,�.E1.��QG
C��+�,��	�-
��
�A�+2�  4  ?��QS@ ����, 

          3.1  	��-8578�� (competition)  ���:1-)%!"��"
�Y���	�U0"%��0#�0���-8578��	�)
���:1*�%���'�,(��45�7 X  ��5�  	��'�(W�461�2��  1�	��  -./	��%�1)%�17��:�!"�3,(,"	�5�  !$�'2(
���:1*�%���305#�0���� ��&�4�)*4  2��11���
1
;5'�)����I!"�0"���:1�Y���	�U  ��� /� ��&�4�)*4
-8<7-�7  0"�.�.�4#;789:�  	��-8578��!"��)0�	%�1���:1-)%!"��"
�Y���	�U�$��1�W�461�2��2��1#��
45�7 X  !"�0"1
;5'�,��2��1'�#+��-�,.(10��:�0�'�(��/*
��U'�	��� ��&�4�)*4  !$�'2(���:1#��246
*�%���8�,#��1�2��305#�0���� ��&�4�)*4-./�8(�!$�.�
��� ��5� ���:1-)%!"��"
�Y���	�U 
 Ps.  fluorescens   /�.�4#��  siderophore  !"��5�
'�	�� �)
9,W�46�2.<	 (Iron, Fe+3) '�W��0��4�
0�'�(3,(,"	�5����:1��  Gaeumannomyces  graminis  var.  tritici  #��246*�%  take � all  8178(��#�."   
�5�
'2(8(��#�."� ��&�����	4�  '2(�.�.�4,"89:�   97��
0��"
	-)%!"��"
�Y���	�U!"�0".�	�I/-))�":�5�  
-)%!"��"
#57�#��0	��� ��&817���   (plant growth  promoting  rhizobacteria, PGPR) *,
-)%!"��"

��	�":�1)1���
1
;5'�,��)����I�����	 (rhizoplane)  2��1)����I�1)��	 

          3.2 	��!$�.�
�"��4 (antibiosis) ���:1-)%!"��"
�Y���	�U!"�3,(��)%��0#�' %�,�.�1	
0�'�('�	��%�)%60*�%���*,
�"���W"��:� /��(�%6I#0)�4�	��!$�.�
�"��4817���:1*�%����#5��'2&5  
-./��)�5�����	.3	���,-�	!"�0"	���9	���$�0�'�('�	��%�)%60���:1#��246*�%��� *,
���:1
�Y���	�U�":0"%��0#�0����.�4#��!"�0"%6I#0)�4�
�)
�:72��1!$�.�
���:1*�%  2��1 6.��!�"
U���,1���3,(  
��5�  #�����  (toxin)  2��1#���Y��"��/  (antibiotics)  !"��$�0��.�4'�(����
���	��*�%	�)0�6�
U  
#�4�U  -./���0�	0�
'���  6)��  	��%�)%60*�%��� �	-)%!"��"
*,
�"���W"!"�#$���< ����%��:7-�	  
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����	.3	!"����:1-)%!"��"
�Y���	�U  A.  radiobacter  #�
���W6U  K84  �.�4#���Y��"��/  bacteriocin  
=9�7+�
2.�74�:7���1�5�  Agrocin  84  3�
�)
�:72��1!$�.�
���:1  A.  tumefaciens   biotype 1 -./  2  
#��246*�%�6V0�0  (c r own   g a l l)  817���  (T h omson ,  1 9 8 7)  2��1'�	�I"817	��'�(   
Ps.  fluorescens  #�
���W6U  2-79  !"��.�4#���Y��"��/  phasing -1- carboxylate  #�0���
�)
�:7	��
�	�,*�%  take-all  8178(��#�."3,(�97  50-90 % (Cook  et  al., 1995) 

            3.3   	��������#�4  (parasitism)  ���:1-)%!"��"
!"�0"%6I#0)�4�������#�4  �8(�3�
� ��&1���
!$�.�
#��70"�"��41�����:��)3,(0�	  3,(-	5  Erwinia  urediniolytica  �8(�!$�.�
  pedicel  
817��#��0  Bdellovibrio  bacteriovorus  ������#�4817���:1-)%!"��"
  Ps. syringae  pv. glycinea  
#��246*�%')320(817�����2.�17  2��1���:1-)%!"��"
  Pasteuria penetrans (Syn. Bacillus  
penetrans)  !"�������#�48173#(�,�1��1
  Meloidogyne  incognita  #��246*�%��	�0 (Cook  and  
Baker, 1983)  -)%!"��"
�2.5��":  
�73053,(��)%��0#�' �9	�����)��67'2(�	�,��/*
��U1
5�7 ��7 �7  
 97��)�5�����#��72�9�7!"��5��9	����_���$�0�'�('�	��%�)%60*�%4513� 
                               3.4  	����	�$�'2(�	�,%��04(��!��*�%  (induced  disease  resistance)  ����
	.3	!"���  6)��	$�.�73,(��)%��0#�' �9	��	��1
5�7-��52.�
  !�:7�": ����17 �	���:1��  2��1
-)%!"��"
  *,
�Z��/1
5�7
��7��	!"��%
�������:1#��246*�%��� �0��1�$�0�!$�'2(�#"
%��0#�0���'�
	��!$�'2(�	�,*�%3�-.(�  #�0�����	�$�2��1	�/46(�'2(���#�(�7%��04(��!��  451	��!$�.�
817
���:1*�%3,(  ��5�  	��	.�
���W6U'�
"��,"�
�817���:1��  Coll.  magna  #��246*�%-1�-!�%*�#817
��	-47 (cucurbit)   /305!$�'2(�	�,*�%  -45���:1 /� ��&1
;5'����  �5�
'2(���!�451	���8(�!$�.�

817���:1*�%�,�0 3,(2��1'�	�I"817���:1-)%!"��"
 Ralstonia  solanacearum  #�
���W6U305�6�-�7  
(avirulent)  !"�0"�"��41
;5#�0�����	�$�'2(���#�(�7#��  tomatine  �.,�.51
11	0�!"�)����I��	!$�
'2(0/�8�1�!�4(��!��451	���8(�!$�.�
817���:1  Ral. solanacearum   #�
���W6U�,�03,( (Arwiyanto  
et  al., 1994) 
                                	��'�( 6.��!�"
U�Y���	�U Bacillus spp. %�)%60*�%*,
�"���W"����1"	!�7�.�1	
2�9�7!"��5�
.,	��'�(#���%0" -./1��4��
 �	#���%0"4510�6�
U -./#��7-�,.(10  �	8(10;.
	���9	��,�7	.5�� 97�2<�3,(�5� Bacillus spp. 0"%��0�20�/#0!"� /�$�0�'�(���� 6.��!�"
U�Y���	�U'�
	��%�)%60*�%���*,
�"���W"  ����17 �	#�0����)3,(!���3�'�W��0��4�  ,$��7�"��43,('�
#+��-�,.(10!"�305�20�/451	��� ��&�4�)*4����17 �	#�0���#�(�7�1�*,#�1�U 305	511��4��
451
0�6�
U -./#��7-�,.(10  1"	!�:775�
451	��-���;������.�4+�IrU'�	��%�)%60*�%���         
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��
��.
@���G����	
�1��� 

1.   ����1%�,�.�1	-)%!"��"
�Y���	�U Bacillus spp.  !"�#�0���%�)%60*�%!�7')!"��	�, �	���:1��817
������	
��*,
�"���W" 

2.   ����1!,#1)��/#�!W�+��817	��%�)%60���:1��#��246*�%!�7')817 Bacillus spp.  !"�%�,�.�1	
3,('�#+��-�.7�.;	 
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����� 2 

��� �  ��.�
SG  6?@�1N��	
� ?�� 
 

��� � 
1.   ')������	
�� -./,�� �	-�.7������	
�� 
2.   1�2�� NA, NB, NGA #$�2��)'�(�.":
7-)%!"��"
 -./1�2�� motility medium, 

Hugh  and  Leifsonts OF medium, nutrient gelatin, Simmonstcitrate agar, VP medium 
Christensents urea agar slant, starch agar, 0.1% peptone broth #$�2��)'�( $�-�	���,817
-)%!"��"
 

3.   KOH 
4.    ��*	�=��  (nigrosin) 
5.   ����f>� 11
 (parafin oil) 
6.   -1.f� -��!1. (alpha napthol) 
7.   
;��"
 (urea) 
8.   f>�1. ��, (phenol red) 
9.   .;	1. 31*1,"� (lugolts iodine) 
10. *%-�% (kovac) 
11.  3�-f0��=�� (rifampicin) 
12.  0�.�3%!U 	�"� (malachite green) 
13.  =�f.���� (safranin) 
14   %��#4�. 3�*1�.! (crystal violet) 
15.   -.%*4f>�1. %1!!1. ).; (lactophenol cotton blue) 
16.  ')������	
��!"�����*�%') 6, ��#��0 -./��-�R7 
17.  �0.<,���W6U������	
�����W6U�8"
�,	 
18.  #��%.1*�!�*.��. (chlorothalonyl) 
19.  �6�
%1	 
20.  �6�
�%0"#;4�     15-15-15 
21.  11#*0*%! (osmocote) #;4� 13-26-7+1.5 -0	�"�="
0 
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��.�
SG 
1. 16�	�IU�%���17-	(�-./��#,61��� X 3,(-	5  ���.":
7���:1 (petri dish) 2.1,�.":
7���:1 (tube) 2.1,

#$�2��)����8��, 1.5 0�..�.�4� (eppendorf) #3.,U2.60 (depression slide) 8�,�;��0�;5 
(Erlenmeyer flask) )"	�	1�U (beaker) 	�/)1	4�7��,���0�4� (volumetric cylinder) .;� (loop) 
	�/,��	�17 (membrane filter) -./1��� X 

2.   20(1�9�7%��0,��31 (autoclave) 
3.   4;()50���:1 (incubator) 
4.   4;(�8"�
���:1 (laminar flow) 
5.   4;(1)�5����:1 (hot air oven) 
6.   	.(17 6.!����U (compound microscope) 
7.   	.(17�5�
�;� (camera) 
8.   �"0�3=*40��41�U (haemacytometer) 
9.   	.517��:� (moisture chamber) 
10.  �%���17�8
5��#0 (vortex) 
11.  �%���17206��2�"�
7 (centrifuge) 
12.  �%���17�8
5��.":
7���:1 (orbital shaker) 
13.  30*%�����4 (micropipette) 8��, 20 30*%�.�4� -./8��, 1 0�..�.�4� 
14.  15�7%�)%6016I2+;0� (water bath) 
15.  16�	�IUZ",�5� (foggy sprayer) 
16. 30*%���f (microwave) 
17.  �%���17���7!���
0 3 4$�-2�57 (analytical balance) 
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�1N��	
 
1.  �	
��T�
����C	���  6?@ 1��	�6.?�.?U���������	��A�����	2	�+�6��6�����
��.E1.��QG 

  Bacillus spp. 

                               �	<)4��1
5�7') -./,�� �	-�.7�.;	������	
��'���:�!"� �72��,!�7+�%'4( 
3,(-	5 #78.� 4��7 	�/)"� ��!.67 #6���Y�UW��"  �%���"W��0���  -./�60�� '��,�1��^� �	�
� 
2549 *,
�.�1	�	<)')������	
���	4�305-#,71�	������*�%  2��1!"�-#,71�	��*�%�.<	�(1
  )�� 6
4��1
5�7.7'��67�.�#4�	'�(
�7��,��,��	�67)��!9	���!"� #���!"��	<)  '#5	.517�.�#4�	����1�$�3�
-
	���:14513�  #5��	���	<)4��1
5�7,�� �	-�.7�.;	������	
�� 	�/!$�*,
'�(�(1��.;	4�	,��=9�7
1
;525�7 �	*%�4(�������	
����/0�I 3 ��:� -./.9	 �	���2�(�,����/0�I  1.5  ��:� '�(�(1��.;	
4�	,����/0�I  5  	��0 )�� 6.7'��67�.�#4�	'�(
�7��,��,��	�67 )��!9	���!"� #���!"��	<)  '#5
	.517�.�#4�	����1�$�3�-
	���:14513�  	��#650�	<)4��1
5�7')������	
�� -./,�� �	-�.7�.;	
������	
��*,
#650�	<)-�.7./ 3  6,  
2.  �	
6��6�����
��.E1.��QG Bacillus spp.  �	���  6?@ 1���6.?�.?U���������	� 

                     �$�4��1
5�7') -./,��!"��	<) �	-�.7�.;	������	
��0�-
	���:1*,
��W" dilution 
spread plate #$�2��)	��-
	-)%!"��"
�Y���	�U Bacillus spp.  �	')������	
��	�/!$�*,
�$�4��1
5�7
')������	
���:$�2��	 1 	��0 2���������:��.<	 X 8��, 3-5 0�..��04� �$�4��1
5�7')!"�2���-.(�'#5.7'�
2.1,!,.17!"�)�� 6�:$�	.����9�7�5����:1���0�4� 9 0�..�.�4� �$�4��1
5�7,�7	.5��0��8
5�,(�
 �%���17
�8
5��#0 (vortex) ��� 3 ��!" ����1-
	-)%!"��"
�Y���	�U Bacillus spp. 11	 �	���')817
������	
�� ��5��,"
�	��  �	4��1
5�7,��*,
'�(,���:$�2��	 1 	��0 '#5.7'�2.1,!,.17!"�)�� 6�:$�
	.����9�7�5����:1���0�4� 9 0�..�.�4� �$�4��1
5�7,�7	.5��0��8
5�,(�
�%���17�8
5��#0��� 3 ��!" 
2.�7 �	�8
5�-.(� /3,(�:$�-)%!"��"
-8��.1
 � �1 �7�:$�-)%!"��"
-8��.1
-)).$�,�)8�:�'2(3,(
�/,�)%��0�8(08(� 10-1-10-3  �$��:$�-)%!"��"
-8��.1
!"�3,(3�-�5'�15�7%�)%6016I2+;0�!"� 80 °C    
��� 30 ��!" ����1%�,�.�1	 6.��!�"
U!"�!�%��0�(1� -./.,���0�I 6.��!�"
U!"�3054(17	�� '�(30
*%�����4 (micropipette) ,;,�:$�-)%!"��"
-8��.1
���0�4� 0.1 0�..�.�4� 2
,.7'� ��1�2�� 
nutrient agar (NA) �	."�
���2�(�1�2��,(�
-!57-	(��;�4��-1. (L) %��0�8(08(�./ 3 =:$� )503�(!"�
16I2+;0�2(17 (25-27 °C)  ������.� 3 ���  

                       �0��1%�) 3 ��� '2(�$� ��1�2��,�7	.5��0��.�1	�	<)*%*.�"�,"�
�!"�0".�	�I/����
#"8�� #"%�"0 0"8��,�#(��5���;�
U	.�7 1- 2  0�..��04� 
(�
.7'�1�2��  NA slant )503�(!"�
16I2+;0�2(17 (25-27 °C) ������.� 24 ����*07 -.(��$�-)%!"��"
,�7	.5��0�4�� #1)�Y�	���
�-	�0 
-./	��#�(�7�1�*,#�1�U4513� 
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                       4�� #1)�Y�	���
�-	�0 (Ryu, 1938) ����1%�,-)%!"��"
-	�0.)!�:7 *,
0"
8�:�41� %�12
, KOH %��0�8(08(� 3 % .7)�#3.,U 1 2
, -4/���:1-)%!"��"
1�
6 24 ����*07 !"�1
;5
'� NA slant ���0�I 1 .;� -4/.7)� KOH %��0�8(08(� 3 % '�(.;� (loop) %�'2(�8(�	�� -.(�
	
.;�89:� 2�	���:1305�2�"
�4�,.;�-#,7�5�����-)%!"��"
-	�0)�	'2(�$�0�!,#1)%6I#0)�4�	��
#�(�7�1�*,#�1�U451  
                        4�� #1)	��#�(�7�1�*,#�1�U*,
�$����:1!"��5��	��!,#1)-	�0-.(��5����� 
-	�0)�	 0�4�� #1)	��#�(�7�1�*,#�1�U*,
2
,�:$�	.����9�7�5����:1.7)�#3.,U '�(.;�-4/
���:1-.(�%�'2(�8(�	��!�:73�('2(-2(7  �	��:�2
, 5.0 % (w/v) aq. 0�.�3%!U 	�"� (malachite green) 
'2(!5�0 �$�3�1�7)�31�:$�������.� 10 ��!" .(�7,(�
�:$�32.�.51
'2(-2(7  �	��:�
(10!�),(�
  
0.5 % (w/v) aq. =�f.���� (safranin) ������.� 15 ����!" .(�7*,
�5���:$� =�)'2(-2(74�� ,;,(�

	.(17 6.!����U (compound microscope) !"�	$�.�78
�
 40 �!5� 2�	-)%!"��"
0"	��#�(�7�1�*,-
#�1�U /4�,#"�8"
� -./2�	����-)%!"��"
!"�3050"	��#�(�7�1�*,#�1�U-.(�'2(%�,!�:7 
3.  �	
� ���.
@�1�N1V	A���6�����
��.E1.��QG Bacillus spp. 
C��	
�������.�
G�+�,�
	 

 �	�-
��
��	��������������	� 

                           3.1  �

��2�,�	�.�
G6���?������+�,��	�-
��
� 
                                �	<)')������	
��!"�����*�%') 6, -./*�%��#��0 .(�7!$�%��0#/1�,,(�
�:$�
	.��� ����1	$� �,#�1�U!"����:1#�(�7'�W��0��4�   �	��:��$�3�)50'�	.517��:� (moisture chamber) 
������.�  24  ����*07 #�1�U!"�#�(�789:�0�'205 /0"1�
6�!5�	��#$�2��)	��!,#1)  -.(� 97�$�')
������	
��0�.(�7,(�
�:$�	.����9�7�5����:1 �	<)�:$�#�1�U-8��.1
0�'�(!,#1)4513�  #5����-�R7�$�
')!"�0"*�%0�.(�7,(�
�:$�	.����9�7�5����:1*,
3054(17)50 ����17 �	#+��1�	��!"���:� /305�20�/451
	��� ��&817��-�R7 �	<)�:$�#�1�U-8��.1
817!6	*�%0���) $����,(�
�"0�3=*40��41�U 
(haemacytometer)  -./���)%��0�8(08(�'2(0"%��0�8(08(� 1 x 106  #�1�U/0�..�.�4� 
                          3.2  �

��2�,�	�?�,���+�,�6�����
�� 

 �8"�
-)%!"��"
�Y���	�U  Bacillus spp. !"�-
	3,(0��.":
7'�1�2�� NA slant ������.� 
24 ����*07 �0��1���:11�
6%�) 24 ����*07 '2('�(.;�-4/���:1 �	2.1,1�2�� NA slant ���0�I 1 .;� 

(�
.73��.":
7'�1�2�� nutrient broth (NB) ���0�4�  30  0�..�.�4� !"�)�� 61
;5'�8�,�;��0�;5 
(Erlenmeyer flask) 8��, 100  0�..�.�4� �$�3�)503�()��%���17�8
5��.":
7���:1 (orbital shaker) ,(�

%��0��<�  180  �1)/��!"  !"�16I2+;0�2(17  (25-27 °C)  ������.�  48 ����*07   �0��1%�) 48 ����*07 '2(
'�(30*%�����4  8��, 1 0�..�.�4� ,;,�:$��.":
7���:1 Bacillus spp. ���0�4� 1 0�..�.�4� 
(�
.7'�
2.1,#$�2��)���� 1.5 0�..�.�4� (eppendorf) -.(��$�3������2�"�
7,(�
�%���17�����2�"�
7 (centrifuge) 
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!"�%��0��<� 10,000 g  ��� 20 ��!" ����1-
	�=..U-)%!"��"
�Y���	�U  Bacillus spp.  11	 �	�:$��.":
7
���:1#5��'#  �	��:�	�17,(�
	�/,��	�17 (membrane filter) =9�70"�;8��, 0.45 30*%��04� 1"	
%��:7����1-
	-)%!"��"
�Y���	�U!"�4	%(�7'��:$��.":
7���:1#5��'#11	'2(20, 
                           3.3 � ����	
�����,��	
�������.�
G 

                           2
,�:$�#�1�U-8��.1
���:1��#��246*�%!"�0"%��0�8(08(� 1 x 106 #�1�U/0�..�.�4� 
���0�4� 40 30*%�.�4� -./�:$��.":
7 Bacillus spp. ���0�4� 40 30*%�.�4� .7)�#3.,U2.60 
(depression slide) �#0'2(�8(�	�� �$�3�)50'�	.517��:�!"�16I2+;0�2(17 (25-27 °C  ) !,#1)!6	31
*=�.! 31*=�.!./ 5 =:$� 4�� ��)	��71	817#�1�U!6	 3 ����*07  �%�) 24 ����*07 4�� #1)
	��
�)
�:7	��71	817#�1�U*,
#650��) $����#�1�U���:1�� 5 =:$� =:$�./ 100 #�1�U +�
'4(	.(17
 6.!����U	$�.�78
�
 100 �!5� 4�� #1)��1�U�=<�4U	��
�)
�:7	��71	817#�1�U*,
!$�	����,%��0

��817 germ tube �$�0�%$���I2���1�U�=<�4U817	��71	 �	#;4� (Surrender et al., 1987 1(�7*,
 
�#��.�	�IU �7�U3� �4�  -./ ������!�U �6	83�
����	6.,  2543)   
                          ��1�U�=<�4U	��
�)
�:7	��71	817#�1�U  =  100 - [A/B] x  100 
                          A   =  ��1�U�=<�4U	��71	817#�1�U	��0��W"!,#1) 
                          B   =  ��1�U�=<�4U	��71	817#�1�U	��0��W"%�)%60 
�	IrU	��71	 %�1 #�1�U!"�71	  germ  tube  0"%��0
���	��%�9�72�9�7817%��0	�(�7#�1�U 
                           4�� #1)%��0��,�	4�817 germ tube +�
'4(	.(17 6.!����U-))	$�.�78
�
 100 
�!5� )��!9	+��-./.�	�I/817 germ tube 
                          3.4 �� �?���6�����
��.E1.��QG Bacillus spp. ���2�.
@�1�N1V	A���	
�����,��	
���

����.�
G�+�,�
	�	�-
��
� 

  %�,�.�1	-)%!"��"
�Y���	�U  Bacillus spp. !"�0"��/#�!W�+��#;7'�	��
�)
�:7	��71	
#�1�U���:1��!�:7 3 ���, %�1 C. cruenta U. vignae -./ Oidium sp. �2.�1 2  31*=�.! *,
�.�1	
-)%!"��"
�Y���	�U Bacillus spp. !"�#�0���
�)
�:7	��71	817#�1�U 2��1!$�'2(#�1�U���:1��#��246
� ��&3,(�(1
.7 
4. �	
� ���?��QS@�	���?+���1��	6?@��S�2��
1�	�+����2����6�����
��.E1.��QG Bacillus    
     spp.                     
                      !,#1).�	�I/!�7 6.�"���!
�-./%6I#0)�4�!�7�"��%0"817-)%!"��"
�Y���	�U 
Bacillus spp.*,
1���
%;50�1817 Macfaddin (1980) -./ Schaad -./%I/ (2001) ,�7-#,7'�
+�%���	 (2�(� 68-70) #$�2��)	��!,#1)0",�7�": %�1 	��
(10-	�0 (gram stain) 	��
(10-%�=;. 
(capsule stain) %��0#�0���'�	���%.��1�!"� (motility test) 	��� ��&-))4(17	��-./3054(17	��
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11	=�� � (oxidation-fermentation test) 	��#�(�7#��1��*,. (indole) 	��
51
� .�4�� (gelatin 
liquefaction)  	��'�( citrate ����-2.57%��U)1� (citrate test)  	��#�(�7 acetoin (VP test) 	��#�(�7
�1�3=0U urease (urease production) 	��#�(�7	�,-./-	�# �	%��U*)3��,�4 (acid and gas 
production  carbohydrates) 	��� ��&'� 7.5 % NaCl (growth in 7.5 % NaCl) %��0#�0���'�	��

51
-�R7 (starch hydrolysis)  
5.  �	
+����	�-���1 �	
�?	�A��N�G���6�����
��.E1.��QG Bacillus spp. �-�
�	��	�
C��	.E1+���@ 

rifampicin 

                               �$�-)%!"��"
�Y���	�U  Bacillus spp.  !"�%�,�.�1	3,(0���	�$�'2(�	�,	��	.�
���W6U
����14(��!��451
��Y��"��/ rifampicin *,
�$� Bacillus spp. 0��.":
7'�1�2�� nutrient glucose 
agar (NGA) !"��#0 
��Y��"��/ rifampicin !"��/,�)%��0�8(08(�4�:7-45 5, 10, 15, 20, 25, 30, 35, 40, 
45, 50, 70, 80, 90 -./ 100 ppm  4�0.$�,�) �$�  Bacillus spp. !"�	.�
���W6U'2(4(��!��451
�
�Y��"��/  rifampicin 100 ppm  0�!,#1)%��0%7!�451	��4(��!��
��Y��"��/ rifampicin  
 $���� 10 �65� (generation) *,
	��'�(.;�-4/���:1 Bacillus spp. !"�4(��!��451
��Y��"��/ 
rifampicin -.(� 8",.7)� ��1�2�� NGA !"��#0
��Y��"��/ rifampicin 100 ppm   $���� 10 �65� 
2.�7!,#1)%�) 10 �65�  �$� Bacillus spp. ,�7	.5��
(�
�	<)'�1�2�� NGA slant �#0
��Y��"��/ 
rifampicin 100 ppm  ����1�$�0�!,#1)'�#+��-�.74513� 
6.  �	
� ����	
�.Y�.E1.��QG
C�������6�����
�� 2 B��F�?� 

 �$�-)%!"��"
�Y���	�U  Bacillus spp.  !"�%�,�.�1	3,(0��.":
7����0���0�I'� ��
1�2�� NGA *,
'�(.;�-4/���:1-.(��$�0�8",.7)� ��1�2��'2(!��� ��1�2���.":
7���:1 -.(��$�3�
)503�('�4;()50���:116I2+;0� 30 °C  ������.� 48 ����*07 '�(.;�8;, Bacillus spp. )����I���2�(�1�2�� 
�$�-)%!"��"
 Bacillus spp.  3�./.�
'��:$�	.����9�7�5����:1-.(����)%��0�8(08(�,(�
 Mc Farland 
Standard �)1�U 0.5 '2(3,(%��0�8(08(� 1.5 x 108  cfu/ml '�(	(��#$�." 650'��:$�-)%!"��"
-8��.1
31
*=�.!!"� 1 !�451����17)����1�2�� NGA !"��4�"
03�(  �	��:��$�	�/,��	�17!"�� �/�����7	.0=9�7
0"8��,�#(��5���;�
U	.�7 0.5 �=�4��04� !"��5��	���5����:1-.(� $���� 4  1�� ��7�����;�#"��2."�
0
)�1�2���6(�!"�!��:$�-)%!"��"
-8��.1
31*=�.!!"� 1 3�(-.(� '�(30*%�����4,;,�:$�-)%!"��"

-8��.1
31*=�.!!"� 2  ���0�4� 0.1 0�..�.�4� 2
,.7)�	�/,��	�17!"���73�(  !$�	��!,#1)
��5��,"
�	�)��W"8(�74(�*,
'�(�:$�-)%!"��"
-8��.1
31*=�.!!"� 2 !�.7)����2�(�1�2�� -./'�(
�:$�-)%!"��"
-8��.1
31*=�.!!"� 1 2
,.7)�	�/,��	�17  �$� ��1�2��,�7	.5��)503�(!"�
16I2+;0�2(17 (25-27  °C  )  ������.� 24 ����*07 4�� #1)�.	��!,.17*,
��,%��0	�(�7817#5��
'# (clear zone)  !"��	�,89:� 
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7.  �	
� ���.
@�1�N1V	A���6�����
��.E1.��QG Bacillus spp.  
C��	
�����2�
��	������ 

 ��������	������1 �	��+�,�
	���
���� ?�� 
                    ,$�����	��!,.17'��5�7�,�1�0��6��
� 2550 � #�72�%0 2550 

 7.1  �

��2
����������	�              

 �$��0.<,������	
�����W6U�8"
�,	�.;	.7'��67,$�!"�0"8��,  8 × 16  ��:� =9�7)�� 6,��
�#0�6�
%1	'�1�4��#5�� 3 : 1  �67./ 4  �0.<, �0��1������	
��1�
6%�) 7 ��� 2.�7	���.;	!$�	��
�1�-
	'2(�2.�1  2  4(�/�67 ��	%(�7 -./'#5�6�
�%0"#;4� 15-15-15  ��/0�I�67./  1  �(1���  �0��1
4(�����1�
6 15 ���  -./ 30  ��� 4(�������	
�� /����011	,1	'#5�6�
11#*0*%! (osmocote) #;4� 13-
26-7+1.5  -0	�"�="
0 1 �(1�*4�/ ����1)$��67,1	 
 7.2  �

��2�,�	6�����
��6���?�� 
 �$�-)%!"��"
�Y���	�U  Bacillus spp. !"�%�,�.�1	3,(0��.":
7����0���0�I'� ��1�2�� 
NGA *,
'�(.;�-4/���:1-.(��$�0�8",.7)� ��1�2��'2(!��� ��1�2���.":
7���:1   -.(��$�3�)503�(
'�4;()50���:116I2+;0� 30 °C  ������.� 48 ����*07 '�(.;�8;, Bacillus spp. )����I���2�(�1�2���$�
-)%!"��"
�Y���	�U Bacillus  spp.  3�./.�
'��:$�	.����9�7�5����:1-.(����)%��0�8(08(�,(�
 Mc 
Farland Standard �)1�U 0.5 '2(3,(%��0�8(08(� 1.5 x 108 cfu/ml ����0��/#�!W�+��	�� �)')*,
	��
�4�0#�� �)') (tween 80) 0.04 %  
                               7.3   �

��2�,�	�.�
G6���?������+�,��	�-
��
� 

                           �4�"
0�:$�#�1�U-8��.1
���:1#��246*�%!�:7 3 ���, ����1	���.;	���:1 ����17 �	  
C. cruenta 305#�(�7#�1�U 2��1#�(�7#�1�U3,(�(1
'�1�2���.":
7���:1 #5����#��0 -./��-�R7305
#�0���� ��&'�1�2���.":
7���:13,(  97	�/!$�*,
�	<)')������	
��!"�-#,71�	������*�%') 6, ��
#��0 ��-�R7 �$�0�.(�7,(�
�:$�	.����9�7�5����:1 ��)#�1�U,(�
�"0�3=*40��41�U -./���)'2(0"�/,�)
%��0�8(08(� 1 x 106 #�1�U/0�..�.�4� ����0��/#�!W�+��	�� �)')*,
	���4�0#�� �)') 0.04 %   
                               7.4  �	
AC��,�	6�����
��6���?�� 
 ����0�5��:$�-)%!"��"
-8��.1
.7)�4(�������	
���0��14(�����0"1�
6%�)  3  #��,�2U 
=9�7�����/
/	51�	���8(�!$�.�
817���:1��#��246*�%!�7') *,
'�(�:$�-)%!"��"
-8��.1
���0�4� 
30 0�..�.�4�/4(� �5�.7)�4(�������	
��'2(!���!6	') �5�=:$�!6	 X 7 ���  �4(�����1�
6%�)  70  ��� 
 972
6,�5� ��7-��	��!,.17*,
'�(-��	��!,.17-))#650#0);�IU (Completely Randomized 
Design, CRD)  $���� 5 	��0��W" 	��0��W"./ 3 =:$� -45./=:$���/	1),(�
 8 �67 '�-45./	��0��W"
�5�,(�
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                           1.   Bacillus sp. 31*=�.!!"� 1 !"�%��0�8(08(�  1.5 x 108  cfu/ml 
                           2.   Bacillus sp. 31*=�.!!"� 2  !"�%��0�8(08(� 1.5 x 108  cfu/ml 
                           3.   �#0 Bacillus sp. 31*=�.!!"� 1 -./31*=�.!!"� 2  31*=�.!./ 1.5 x 108  

cfu/ml 
                           4.   #��%.1*�!�*.��.!"��/,�)%��0�8(08(�  2,000  ppm 
                           5.   	��0��W"%�)%60 (�:$�	.���) 
                               7.5  �	
.?U��+�,�
	�	�-
��
��	��������������	� 
                                �$��:$�#�1�U-8��.1
���:1��#��246*�%!�7')!"� �4�"
03�(�5�.7)�4(�
������	
��'2(!���!6	')8174(�������	
��  *,
�5�2.�7 �	�5��:$�-)%!"��"
-8��.1
2��1#��%.1*�
!�*.��.-.(� 24  ����*07  
                               7.6  �	
.
@�21���	2
��6
�����
� 
 ��/�0��%��0�6�-�7817*�%2.�7�5��:$�-)%!"��"
-8��.1
!6	 7 ��� -./
��/�0��*�%=:$�!6	 X 7 ���  �4(�����1�
6%�) 80 ��� !$�	����/�0��*�%,(�
��W" descriptive area 
(������ �7%U.(10, 2548) ��0!�:7 3 *�%  	�)#5��')!�:74(� *,
0"�/,�)%/-��  0 - 5  ,�7�": 
                           0   =   305�	�,*�% 
                           1   =   �	�,*�%  0-20 % 817��:�!"�') 
                           2   =   �	�,*�%  20-40 % 817��:�!"�') 
                           3   =   �	�,*�%  40-60 % 817��:�!"�') 
                           4   =   �	�,*�%  60-80 % 817��:�!"�') 0"#"�2.�17-./�5�7  ��/0�I  25 % 817

%��0
��4(�!�:720, 
                           5   =  �	�,*�%  80- 100 % 817��:�!"�') ')	.�
����#"�2.�17  -./2.6,�5�7

��/0�I  50 % 817%��0
��4(�!�:720, 
�$�%/-��%��0�6�-�7817*�%0�%$���I%5�!�7#��4�,(�
*��-	�0 Statistical Package for the 
Social Sciences (SPSS) ��1�U��� 14 
8.  �	
� ���.
@�1�N1V	A���6�����
��.E1.��QG Bacillus spp. 
C��	
�����2�
��	������ 

 ��������	������1 �	��+�,�
	����
���� ?��                           
  	�/!$�	��!,.17��5��,"
�	�)	��!,.17'�8(1 7 -453053,(!$�	���.;	���:1��
#��246*�%!�7').7)�4(�������	
�� ,$�����	��'��5�7�,�1�#�72�%0 2550 -  46.�%0 2550 
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9.   �	


��������?��6�����
��.E1.��QG Bacillus spp. ���2�+��1

� ������������	� 

 4�� ��)*%*.�"-)%!"��"
�Y���	�U!"�0"�"��4�1,)�')������	
��4�,451	������
�/
/��.� 1 �,�1� *,
�	<)')������	
��'�  4  	��0��W"!,.17%�1 	��0��W"�5�,(�
 Bacillus  sp. 31
*=�.!!"� 1  	��0��W"�5�,(�
 Bacillus  sp. 31*=�.!!"� 2  	��0��W"�5�,(�
 Bacillus  sp. 31*=�.!!"� 
1  �#0	�)31*=�.!!"� 2  -./	��0��W"%�)%60 #650�	<)')������	
��	��0��W"./ 3 4(� 4(�./ 1 ') 
�.�1	�	<)')!"� 4  ��) �	*%�4(� *,
�	<)2.�7	���5��:$�-)%!"��"
-8��.1
  7   ��� 	51�!"� /�5�
�:$�-)%!"��"
-8��.1
'�%��:74513� �$�')������	
��!"�#650�	<)0�-
	-)%!"��"
�Y���	�U Bacillus 
spp.  *,
�$�')������	
��2��	 1 	��0 0�2���������:��.<	 X 8��,��/0�I  3-5  0�..��04� '#5'�
2.1,!"�)�� 6�:$�	.����9�7�5����:1 9 0�..�.�4� �8
5�,(�
�%���17�8
5��#0����1-
	-)%!"��"
 Bacillus spp. 
!"�4�,1
;5)����I���817')������	
�� �0��13,(�:$�-)%!"��"
-8��.1
 Bacillus spp. -.(��$�3�� �1 �7
 ��97�/,�) 10-1- 10-2    '�(30*%�����4,;,�:$�-)%!"��"
-8��.1
���0�4� 0.1 0�..�.�4�  2
,.7)�
 ��1�2�� NGA !"��#0  rifampicin  100  ppm  �	."�
�:$�-)%!"��"
-8��.1
'2(!��� ��1�2�� !$�
	��!,.17%��0�8(08(�./ 3 =:$� -.(��$�3�)503�(!"�16I2+;0�2(17 (25-27 °C) ������.� 2 ��� ��)
 $����*%*.�"817-)%!"��"
�Y���	�U Bacillus spp. !"�0"�"��4�1, 0�%$���I%5�!�7#��4�,(�

*��-	�0 SPSS 
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����� 3 

D?�	
� ?�� 

 
1. �	
��T�
����C	��� 6?@ 1��	�6.?�.?U���������	��A�����	2	�+�6��6�����
��.E1.��QG Bacillus   

spp. 
                            �		���	<)4��1
5�7') -./,�� �	-�.7�.;	������	
��'� 7  �72��, !�7+�%'4(
817��/�!�3!
 '��,�1��^� �	�
� 2549 �	<)��)��04��1
5�73,(!�:720, 53 4��1
5�7 (4���7!"� 4)   
 

	
	���� 4    $����4��1
5�7') -./,�� �	-�.7�.;	������	
��'� �72��,!�7+�%'4( 
 
                #���!"��	<)                                                                        $����4��1
5�7 
 
               . 	�/)"�     
                     1. �8���0 2                       
                . �60��    
             1. �/!�� 4 
      1. !6574/*	    4 
                1. !5�-=/  2 
                1. #�"  2 
                 1. �0�17 2 
    . 4��7    
                      1. 
5��4�8��  6 
         . �%���"W��0��� 
                 1. ��/��20 4 
                1. �51���);.
U                     2 
                1. 2��3!�   3                
                1. ��20%"�"   2                                    
         . ��!.67    
                      1. �0�17 2 
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	���� 4  (451)  $����4��1
5�7') -./,�� �	-�.7�.;	������	
��'� �72��,!�7+�%'4( 
 
#���!"��	<)                                                                                      $����4��1
5�7 
 
             1. .$����   2 

       . #78.�  
                      1. %����"
7 4    
                1. �/*�,  2 
                1. 2�,'2&5   4 
                . #6���Y�UW��" 
                      1. �0�17    2        
                      1. !5���/   2    
                      1. ��"
7#�/                               2  
                                                                            
                                                                                                
�2             53 
 

2.  �	
6��6�����
��.E1.��QG Bacillus  spp.  �	���  6?@ 1���6.?�.?U���������	� 

                                #�0���-
	-)%!"��"
 �	4��1
5�7')  -./,�� �	-�.7�.;	������	
��3,(
!�:720,  559  31*=�.!   .�	�I/*%*.�"817-)%!"��"
!"�%�,�.�1	3,(#5��'2&50"#"8��865�   #"%�"0  #"
�2.�17  ���2�(�*%*.�"	.0�;�   305��"
)  ���,(�� �;��5�781781)*%*.�"0"!�:781)��"
) 305��"
) 
-./�;��5�7305-�5�1�   �0��1�$�0�4�� #1)�Y�	���
�-	�0,(�
 KOH %��0�8(08(� 3 % �)�5�0"
-)%!"��"
��"
7 503  31*=�.!  (4���7!"� 5) !"�-#,7�Y�	���
�-	�0)�	%�1305�2�"
�4�,.;�    97�$�0�
4�� #1)	��#�(�7�1�*,#�1�U �)�5�-)%!"��"
#�(�7�1�*,#�1�U *,
�0��1
(10,(�
0�.�3%!U 
	�"�-.(�4�,#"�8"
� 
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	���� 5     $����-)%!"��"
�Y���	�U Bacillus spp. !"�-
	3,( �	') -./,�� �	-�.7�.;	
������	
��'� �72��,!�7+�%'4( 

 
#5��!"�-
	 #���!"��	<) 

') ,�� 
 $���� 
31*=�.! 

�2�#31*=�.! 

 . 	�/)"�   
              1. �8���0                               
 
 . �60��   
              1. �/!��        
 
              1. !6574/*	                              
                  
              1. !5�-=/  
 
              1. #�"      
 
 
              1. �0�17                                     
 
 
 . 4��7   
             1. 
5��4�8��  
                            
  . �%���"W��0���  
             1. ��/��20                                             
 
                                                               

       / 
 
  /       /    /     /       /    /  

 
  /     /   / 
 
  / 

 
 /      /      /    /     

 
 
15 
 
45 
 
 
6 
 
9 
 
 
6 
 
9 
 
23 
 
9 
 
12 
 
9 
 
 
11 
 
 
 
11 
 
34 

 
23 
 
4 

 
 
KP-KB-281-295                        
 
KP-KB-356-379,417-437          
 
 
PC-CP-124-129                                                           
 
PC-CP-251-259                          
 
 
TTK-CP-176-180,306               
 
TZ-CP-90-98                          
 
TZ-CP-333-355                       
 
SW-CP-1-9                             
 
SW-CP-58-62,166-170,                                                
323,329                                    
 
M-CP-63,67,171-175        
248,250                                   
 
M-CP-136-145,153                 
 
 
 
YTK-T-406-416                        
 
YTK-T-464-497                        
 
PP-NK-380-395,399-405           
 
PP-NK-65,69,397,398                
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	���� 5  (451)  $����-)%!"��"
�Y���	�U Bacillus spp. !"�-
	3,( �	')������	
�� -./,�� �	
-�.7�.;	������	
��'� �72��,!�7+�%'4( 

 
#5��!"�-
	 #���!"��	<) 

') ,�� 
 $���� 
31*=�.! 

�2�#31*=�.! 

          
           
            1. �51���);.
U                     
 
  
            1. 2��3!�                     
 
 
 
            1. ��20%"�"                   
 
  . ��!.67   
            1. �0�17                                   
 
 
            1. .$����                                   
 
 . #78.�  
            1. %����"
7                                 
 
 
 
 
            1. �/*�,                                     
 
 
            1. 2�,'2&5    
  

  / 
 
 /          /     /       /     /      /    / 

    /     /         /           /    / 

 
 
12 
 
7 
 
30 
 
 
26 
 
10 
 
 
 
5 
8 
 
2 
 
 
 
 
11 
 
 
18 
 
 
2 
 
6 
 
44 

 
 
RPB-NK-39-50                          
 
RPB-NK-146-152                      
 
HT-NK-181-210                        
 
 
HT-NK-438-463    
 
PKR-NK-99-108    
 
 
 
 
M-PL-33-34,155-160                 
M-PL-35,38,330-332                 
 
LP-PL-239,161                          
 
 
 
 
KN-SK-72,86-89,165,301-
305                     
KN-SK-51-57,64,66,68,73-
75,296-300         
 
 
RN-SK-237,249                         
 
RN-SK-130-135                         
 
HY-SK-31,32,36,37, 
76-85,154,211-236,307,308, 
396                                             
                                                        

 

 


	
	���� 5  (451)  $����-)%!"��"
�Y���	�U Bacillus spp. !"�-
	3,( �	')������	
�� -./,�� �	
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-�.7�.;	������	
��'� �72��,!�7+�%'4( 
 

#5��!"�-
	 #���!"��	<) 
') ,�� 

 $���� 
31*=�.! 

�2�#31*=�.! 

 . #6���Y�UW��"   
          1. �0�17                           
 
          1. !5���/                        
 
 
 
          1. ��"
7#�/  
      
 
            
�2                                                                                                             
                                                                     

  /    /       / 

         /      / 

 
 
10 
 
 
 
39 
 
 
27 
 
 
 
8 
 
12 
 
 

503 

 
 
M-SU-238,272-280   
 
 
 
TC-SU-109-118,120-
124,309-332          
 
TC-SU-10-30,70,71,119,                                              
162-164   
  
 
WS-SU-240-247                        
 
WS-SU-260-271                        
                                   
               

 
3.    �	
� ���.
@�1�N1V	A���6�����
��.E1.��QG Bacillus spp. 
C��	
�������.�
G�+�,�
	 
�	�-
��
��	��������������	� 
                            	��!,#1)��/#�!W�+��-)%!"��"
�Y���	�U Bacillus spp.  $���� 503  31*=�.! 
!"�-
	3,( �	4��1
5�7') -./,��'�-�.7�.;	������	
��451	��
�)
�:7	��71	817#�1�U���:1��#��246
*�%!�7')������	
�� 3 ���, %�1 C. cruenta U. vignae  -./ Oidium sp. �.	��!,.17�)�5� 
Bacillus spp.  $���� 167  31*=�.!  �	 503  31*=�.! 0"��/#�!W�+��'�	��
�)
�:7	��71	817
#�1�U���:1�� U. vignae #;7	�5� 70 %   97�$�0�!,#1)��/#�!W�+��'�	��
�)
�:7	��71	817#�1�U
���:1�� C. cruenta �)�5� Bacillus spp.  $���� 54 31*=�.! !"�0"��/#�!W�+��
�)
�:7	��71	817
#�1�U���:1�� C. cruenta #;7	�5� 70 % -./�0��1�$� Bacillus spp. ,�7	.5�� 0�!,#1)��/#�!W�+��
	��
�)
�:7	��71	817#�1�U���:1�� Oidium sp. �.	��!,#1)��/#�!W�+���)�5� Bacillus spp. 
 $���� 18 31*=�.! #�0���
�)
�:7	��71	817#�1�U���:1��#��246*�%!�7')!�:7 3 ���, #;7	�5� 
 70 % (4���7!"� 6) *,
!$�'2(#�1�U817���:1�� C. cruenta )�0*�V7 30571	 (+��!"� 1a) -./!$�'2(
#�1�U817���:1�� U. vignae -./ Oidium sp. 305#�0���71	3,(4�0�	4� (+��!"� 1c -./ 1e)  #5��!"�
�2.�11"	 485 31*=�.! 0"��1�U�=<�4U
�)
�:7	��71	817#�1�U4�$�	�5� 70 % (3053,(-#,78(10;.)  
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#$�2��)'�	��0��W"%�)%60��:�#�1�U817���:1��71	4�0�	4� (+��!"� 1b, 1d -./ 1f) -./����071	!"� 
3 ����*07 2.�7	��)50'�	.517��:� 
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	���� 6  ��/#�!W�+��817-)%!"��"
�Y���	�U Bacillus spp. 31*=�.!45�7 X 451	��71	817  
#�1�U���:1�� Cercospora  cruenta Uromyces vignae -./ Oidium sp. )�#3.,U2.60
��� 24 ����*07 !"�16I2+;0�2(17 (25-27 °C) 

 
* % 	��
�)
�:7	��71	 

817#�1�U��*,
�:$��.":
7-)%!"��"
 Bacillus spp. 
 

Bacillus spp. 
31*=�.! 

C.  cruenta U.  vignae Oidium sp. 
HY-SK-81 
TZ-SP-93 
TC-SU-120 
HT-NK-191 
HY-SK-211 
KP-KB-281 
TC-SU-313 
TZ-CP-342 
PP-NK-402 
HT-NK-440 
HT-NK-452 
HT-NK-460 
YTK-T-475 
YTK-T-484 
YTK-T-492 
YTK-T-494 
YTK-T-496 
YTK-T-497 
#��%.1*�!�*.��.  
	��0��W"%�)%60 (�:$�	.���) 

98.5 
97.4 
100.0 
97.6 
100.0 
90.4 
88.9 
100.0 

98.7 
98.4 
91.1 
97.2 

97.0 
74.3 
100.0 
85.0 
95.2 
97.1 
100.0 
0.0 

98.0 
91.0 
100.0 
97.0 
90.0 
97.0 
93.0 
100.0 

97.0 
100.0 
92.0 
100.0 

100.0 
89.0 
94.0 
95.0 
100.0 
100.0 
100.0 
0.0 

90.5 
95.0 
94.1 
91.2 
99.0 
96.3 
94.6 
100.0 

94.9 
98.1 
96.7 
100.0 

97.0 
90.0 
96.2 
91.8 
93.3 
96.7 
100.0 
27.2 

    * % 	��
�)
�:7	��71	817#�1�U�� = 100 - %  	��71	817#�1�U	��0��W"!,#1) x 100 
                                                                         %  	��71	817#�1�U	��0��W"%�)%60 
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            V	A��� 1   	��71	817#�1�U���:1�� ��� 24 ����*07 !"�16I2+;0�2(17 (25-27 °C)  
                         '��:$��.":
7 Bacillus spp.                           '��:$�	.��� 
                         (a) Cercospora  cruenta (400 �!5�)  (b) Cercospora  cruenta (100 �!5�) 
                          (c) Uromyces  vignae (100 �!5�)             (d) Uromyces  vignae (100 �!5�)  
                          (e) Oidium sp. (100 �!5�)                           (f) Oidium sp. (100 �!5�)  
 

e 

a 

d c 

f 

b 

50 µm 50 µm 

50 µm 50 µm 

50 µm 20 µm 
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4.  �	
� ���?��QS@�	���?+���1��	6?@��S�2��
1�	�+����2����6�����
��.E1.��QG Bacillus    

spp. 
 Bacillus spp. 31*=�.! HT-NK-460 -./ TZ-CP-342 #�0���
�)
�:7	��71	
#�1�U���:1�� C. cruenta U. vignae  -./ Oidiun sp. 3,(#;7�97 97.2 � 100 %   97�$�0�!,#1)
.�	�I/!�7��W" 6.�"���!
� 3,(-	5 	��
(10-	�0 	��
(10-%�=;. 	��� ��&'� 7.5% NaCl -./
!,#1)%6I#0)�4��"��%0" 3,(-	5 	��!,#1)%��0#�0���'�	���%.��1�!"�  	��� ��&-))4(17	��
-./3054(17	��11	=�� �  	��#�(�7#��1��*,. 	��
51
� .�4��  	��'�( citrate ����-2.57%��U)1�  
	��#�(�7 acetoin  	��#�(�7�1�3=0U urease  	��#�(�7	�,-./-	�# �	%��U*)3��,�4  	��!,#1)
%��0#�0���'�	��
51
-�R7 �.	��!,.17 #�0���)57���,  Bacillus sp. 31*=�.! TZ-CP-342 
�5����� B. brevis #$�2��) Bacillus sp. 31*=�.! HT-NK-460 �.	��!,.17  #�0���)57���,�5����� 
B. megaterium  (4���7!"� 7) 
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	����  7   	��!,#1).�	�I/!�7 6.�"���!
�-./%6I#0)�4�!�7�"��%0"817 Bacillus sp.  
                        31*=�.! TZ-CP-342 -./ Bacillus sp. 31*=�.! HT-NK-460 
 

 Gram  
stain 

Capsule Motile OF-G Indole Gelatin Citrate VP Urea Glucos
e 

Arabino
se 

Manitol Xylose 7.5 % 
NaCl 

Starch 
A. 

B. brevis V - + O - + V - - V - V - NG - 

Bacillus sp. TZ-CP-342 + - + O/F - + + - - A - A - NG - 

B. megaterium + NR +3,4 O - +5 + - V A V+ V+ V+ G + 

Bacillus sp. HT-NK-460 + - + O/F - + + - - A - A - G + 
!"�0� : Macfaddin, 1980 
 
 V = variable result           NR = no results  available           F  =  fermentation          A =  Acid             O =   Oxidative 
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5.  �	
+����	�-���1 �	
�?	�A��N�G���6�����
��.E1.��QG Bacillus spp. �-�
�	��	�
C��	.E1+���@

rifampicin 
                           B. megaterium 31*=�.! HT-NK-460 -./ B. brevis 31*=�.! TZ-CP-342 
�)
�:7
	��71	#�1�U���:1�� C. cruenta U. vignae  -./ Oidiun sp. 3,(#;7�97 97.2 � 100 % (4���7!"� 6)  97
�$�0���	�$�'2(�	�,	��	.�
���W6U'2(0"%��04(��!��451
��Y��"��/ rifampicin ����1����4��)57�":'�
	��4�,4�0��/��	�817 B. megaterium -./ B.  brevis '�#+��-�.7!,.17 	��	.�
���W6U
-)%!"��"
�Y���	�U*,
'�(1�2�� NGA �#0
��Y��"��/ rifampicin %��0�8(08(�4�$�4�:7-45 5, 10, 15, 
20, 25, 30, 35, 40, 45, 50, 70, 80, 90  ��97%��0�8(08(� 100 ppm  *,
'�(.;�8",���:1.7)�1�2�� 
NGA !"��#0
��Y��"��/ rifampicin  �		��!,.17�)�5�'�	��	.�
���W6U-)%!"��"
�Y���	�U!�:7 2 
31*=�.! '2(4(��!��
��Y��"��/'�-45./�/,�)%��0�8(08(���:�4(17'�(�/
/��.� 5-7 ��� 
-)%!"��"
�Y���	�U 97 /#�0������)4��'2(4(��!��451
��Y��"��/3,( -./'�)�7%��0�8(08(�4(17
!$�=:$�2.�
%��:7 97 /#�0���	.�
���W6U-)%!"��"
�Y���	�U'2(4(��!��451
��Y��"��/ rifampicin 3,( 
*,
.�	�I/817*%*.�"817 B. brevis  -./ B. megaterium  2.�7	.�
���W6U0".�	�I/305
��."�
�-�.7 �	�,�0 -./3,(	$�2�,-)%!"��"
�Y���	�U B. brevis -./ B. megaterium !"�	.�
���W6U
���� B. brevis Rif r-  -./ B. megaterium Rif r- 4�0.$�,�) 
                           	��!,#1)%��0%7!�451	��4(��!��
��Y��"��/ rifampicin !"�%��0�8(08(� 100 
ppm 817-)%!"��"
�Y���	�U!�:7 2 31*=�.! *,
	��8",���:1,�7	.5��.7)�1�2�� NGA !"��#0 
rifampicin 100 ppm  $���� 10 �65�  �.	��!,.17�)�5�-)%!"��"
�Y���	�U!�:7#1731*=�.!0"%��0
%7!�451	��4(��!��
��Y��"��/ rifampicin 3,(!�:7 10  �65� %�1#�0�������0���0�I)�1�2�� NGA 
!"��#0
��Y��"��/ rifampicin 100 ppm 3,(!�:7 10 �65� -./�0��1�$�0�!,#1)��/#�!W�+��	��
�)
�:7
	��71	817#�1�U���:1��#��246*�% 	51��$�3�!,#1)'�#+��*�7���1��)�5�%��0#�0���'�
	��
�)
�:7305-4	45�73� �	�,�0 
6.  �	
� ����	
�.Y�.E1.��QG
C�������6�����
�� 2 B��F�?� 

                           �.	��!,#1)	�������Y���	�U451	��817-)%!"��"
!�:7 2 31*=�.! �)�5�
-)%!"��"
�Y���	�U  B. brevis Rifr- #�0���� ��&�4<0���2�(�1�2���6(� -./#�0���� ��&�8(�'	.(
*%*.�"817-)%!"��"
�Y���	�U  B. megaterium Rif r- (+��!"� 2) '�!$��17�,"
�	���0��1'�(	(��#$�." 650
�:$�-)%!"��"
-8��.1
 B. megaterium Rifr-  !�451����17.7)����1�2���6(�	<#�0���� ��&�4<0
���2�(�1�2���6(� -./#�0���� ��&�8(�'	.(*%*.�"817-)%!"��"
�Y���	�U B. brevis Rif r-   -#,7'2(
�2<��5�-)%!"��"
�Y���	�U!�:7 2 31*=�.! #�0���� ��&�5�0	��*,
305�����Y���	�U451	�� 
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                                       V	A��� 2  	��� ��&�5�0	��*,
305�����Y���	�U451	��                                                

817 B. brevis Rif r- -./ B. megaterium Rif r-  
  
7.  �	
� ���.
@�1�N1V	A���6�����
��.E1.��QG Bacillus spp. 
C��	
�����2�
��	������

��������	������1 �	��+�,�
	���
���� ?�� 
         �.	��!,#1)��/#�!W�+��817-)%!"��"
�Y���	�U B. brevis Rif r- B. megaterium 
Rifr-  B. brevis Rif r- �#0	�) B. megaterium Rif r-  -./#��%.1*�!�*.��. 2,000 ppm  451	��
%�)%60���:1��#��246*�%!�7') 3 ���,%�1 C. cruenta U. vignae -./ Oidium sp. �)�5�'�	��0��W"
!"��5�,(�
#��%.1*�!�*.��. 2,000 ppm  0"�/,�)%��0�6�-�7817*�%') 6,-./��-�R74�$�#6,%�1 
0.04  -./ 0.33 4�0.$�,�) (4���7!"� 8) �17.70�%�1	���5�,(�
-)%!"��"
�Y���	�U B. brevis Rif r- 
�#0	�) B. megaterium Rifr- 0"�/,�)%��0�6�-�7817*�%') 6,-./��-�R7 0.66 -./ 2.33 
4�0.$�,�)  #$�2��)'�	��0��W"%�)%600"�/,�)%��0�6�-�7817*�%') 6,-./��-�R7 0.87 -./ 3.37  
4�0.$�,�) 	��!,.17'����1�!,.17�":�)�5�4(�������	
��!6		��0��W"!,.17305-#,71�	��817
*�%��#��0 97305!$�	����/�0��%��0�6�-�7817*�%��#��0 �0��1���%��/2U8(10;.!�7#��4�,(�

*��-	�0 SPSS �)�5�	��0��W"	���5�,(�
#��%.1*�!�*.��. 2,000 ppm  0"�/,�)%��0�6�-�7
817*�%') 6, -./��-�R74�$�	�5�	��0��W"%�)%601
5�70"��
#$�%�&
��7 #5��	���5�,(�
-)%!"��"

�Y���	�U-45./31*=�.!305-4	45�7 �		��0��W"%�)%60  ���0�I�.�.�4817������	
��!"�3,('�-45./
	��0��W"	��!,.17'����1�!,.17��:� �)�5�	��0��W"�5�,(�
-)%!"��"
�Y���	�U B. brevis Rif r-   
'2(���0�I�.�.�4#;7#6,%�1 773.4  		./3�5 �17.70�%�1	���5�,(�
-)%!"��"
�Y���	�U  
B. megaterium Rif r- '2(�.�.�4 763.4  		./3�5 	���5�,(�
-)%!"��"
�Y���	�U  B. brevis Rif r- �#0
	�) B. megaterium Rif r-  '2(�.�.�4 673  		./3�5 -./	���5�,(�
#��%.1*�!�*.��. 2,000 ppm  
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'2(�.�.�4 592 		./3�5 (4���7!"� 8)  �		��!,.17 /�2<�3,(�5�'�-45./	��0��W"��:�'2(�.�.�4'�
���0�I!"�#;7	�5�	��0��W"%�)%60=9�7'2(�.�.�4��"
7 571  		./3�5 	��!,.17'����1�!,.17��:� 
�)�5�')������	
��0"8��,'2&5 ���)�7 #"�2.�17  �	��:�') /�5�71
5�7��,��<�2.�7	���.;	���:1
#��246*�%.7)�4(�������	
�� 1"	!�:74(�������	
��0".�	�I/
�,
�� (+��!"� 3) 
 


	
	���� 8 �/,�)%��0�6�-�7817*�%') 6, ��#��0 ��-�R7 -./�.�.�4817������	
��'�-45./
	��0��W"	��!,.17'����1�!,.17 

 
  	��0��W"                                                      %��0�6�-�7817*�%                   �.�.�4 (		./3�5) 

                                                              ') 6,1/              ��#��02/        ��-�R73/ 
   B. brevis Rif r-                                     0.96 a -                 2.58 a 773.4 a        
   B. megaterium Rif r-                           1.04 a -                 2.41 a 763.4 a          
   B. brevis Rif r-+ B. megateriumRif r-   0.66 a -                 2.33 a 673.0 a             
    #��%.1*�!�*.��. 2,000 ppm         0.04 b     -                 0.33 b 592.0 a       
    	��0��W"%�)%60 (�:$�	.���)                 0.87 a     -                 3.37 a  571.6 a 
    F-test                                                   **                        -                    **                    ns 
    C.V.                                                  29.78 -                  24.72             44.81 
      1/  ��/�0��*�%�0��14(�������	
��0"1�
6  63 ��� 
     2/   4(�������	
��305-#,71�	������*�%'�!6		��0��W"!,.17 
     3/   ��/�0��*�%�0��14(�������	
��0"1�
6  56 ��� 

**  -4	45�7!�7#��4�!"� p< 0.01 
ns  305-4	45�7!�7#��4�!"� p< 0.01 

    4��1�	��!"��20�1�	��'�-�� -./%1.�0�U�,"
�	��3050"%��0-4	45�7	��!�7#��4�!"��/,�)%��0  
����10��� 99 % ,(�
��W" DMRT (Duncants Multiple Range Test) 
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                   V	A��� 3  4(�������	
��1�
6 40 ��� !"��.;	'����1�!,.17 
 

8.  �	
� ���.
@�1�N1V	A���6�����
��.E1.��QG Bacillus   spp. 
C��	
�����2�
��	������

��������	������1 �	��+�,�
	����
���� ?�� 

                           �.	��!,#1)��/#�!W�+��817-)%!"��"
�Y���	�U B. brevis Rif r-  B. megaterium 
Rif r- B. brevis Rif r- �#0	�) B. megaterium Rif r- -./#��%.1*�!�*.��. 2,000 ppm  451	��
%�)%60���:1��#��246*�%!�7') 3 ���, %�1 C. cruenta U. vignae -./ Oidium sp. �)�5�'�	��0��W"
�5�,(�
#��%.1*�!�*.��. 2,000 ppm  0"�/,�)%��0�6�-�7817*�%') 6, -./��-�R74�$�#6,%�1  
0.93 -./ 0.33 4�0.$�,�) (4���7!"� 9) �17.70�%�1	���5�,(�
-)%!"��"
�Y���	�U B. brevis Rif r- 
�#0	�) B. megaterium Rif r- =9�70"�/,�)%��0�6�-�7817*�%') 6, -./��-�R7 1.20 -./ 1.93 
4�0.$�,�) #$�2��)�/,�)%��0�6�-�7817*�%��#��0��:� �)�5�	���5�,(�
-)%!"��"
�Y���	�U  
B. brevis Rif r- �#0	�) B. megaterium Rif r-  0"�/,�)%��0�6�-�7817*�%��#��04�$�#6,%�1  0.67 
�17.70�%�1	���5�,(�
#��%.1*�!�*.��. 2,000 ppm  =9�70"�/,�)%��0�6�-�7817*�%  0.93  
#$�2��)'�	��0��W"%�)%600"�/,�)%��0�6�-�7817*�%') 6, ��#��0 -./��-�R7 %�1 2.07 2.07 
-./ 3.53  4�0.$�,�)  (+��!"� 4) �0��1���%��/2U8(10;.!�7#��4�,(�
*��-	�0  SPSS  �)�5�-45./
	��0��W"'2(%5�!"�0"%��0-4	45�7!�7#��4�1
5�70"��
#$�%�&
��7 ���0�I�.�.�4817������	
��!"�3,('�-45
./	��0��W"	��!,.17��:� �)�5�	��0��W"�5�,(�
#��%.1*�!�*.��. 2, 0 0 0  p pm   '2(���0�I
�.�.�4#;7#6,%�1 3,674 		./3�5 �17.70�%�1	���5�,(�
-)%!"��"
�Y���	�U B. brevis Rif r- �#0	�) 
B. megaterium Rif r- '2(�.�.�4 3,196  		./3�5 -./	���5�,(�
 B. megaterium Rif r-  '2(�.�.�4 
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3,038 		./3�5 (4���7!"� 9)  �		��!,.17-#,7'2(�2<��5�	���5��:$�-)%!"��"
-8��.1
.7)�4(�
������	
��	51����-#,71�	������*�%#57�.'2(�.�.�4817������	
��0"���0�I����089:� -./	���5� 
-)%!"��"
�Y���	�U B. brevis Rif r- �#0	�) B. megaterium Rif r-  ��:� '2(�.�.�4������	
��'����0�I
!"�0�		�5�	���5���"
731*=�.!�,"
� ���0�I�.�.�4������	
��!"�3,( �		��!,.170"%��0#1, 
%.(17	�)��1�U�=<�4U	���	�,*�% 1
5�73�	<4�0�.�.�4!"�����089:�'�!6		��0��W"	��!,.17 
�7305
-4	45�7!�7#��4� �		��0��W"%�)%60 
 


	
	���� 9 �/,�)%��0�6�-�7817*�%') 6, ��#��0 ��-�R7 -./�.�.�4817������	
��'�-45./
	��0��W"	��!,.17�1	���1�!,.17 

 
 	��0��W"                                                        %��0�6�-�7817*�%                          �.�.�4 (		./3�5) 
                                                           ') 6,1/                 ��#��01/          ��-�R72/ 
 B. brevis Rif r-                                    1.87 a                  1.61 ab             2.67 ab              2,580 a        
B. megaterium Rif r-                           1.33 ab                1.06 bc             2.47 ab              3,038 a          
B. brevis Rif r-+ B. megaterium Rif r-  1.20 ab                0.67 c              1.93 b                3,196 a             
 #��%.1*�!�*.��.  2,000  ppm       0.93 b                 0.93 bc             0.33 c                3,674 a       
 	��0��W"%�)%60 (�:$�	.���)                  2.07 a                 2.07 a               3.53 a                2,890 a 
   F-test                                                   **                      **                    **                         ns 
C.V.                                                  21.22                   20.38                21.51                  24.19 

1/  ��/�0��*�%�0��14(�������	
��0"1�
6  70 ��� 
2/   ��/�0��*�%�0��14(�������	
��0"1�
6  56 ��� 

**  -4	45�7!�7#��4�!"� p< 0.01 
ns  305-4	45�7!�7#��4�!"� p< 0.01 

   4��1�	��!"��20�1�	��'�-��-./%1.�0�U�,"
�	��3050"%��0-4	45�7	��!�7#��4�!"��/,�)%��0
����10��� 99 % ,(�
��W" DMRT 
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 V	A��� 4   4(�������	
��1�
6 70 ��� !"��.;	�1	���1�!,.17 2.�7 �	�5�,(�
 
                 (a) -)%!"��"
�Y���	�U B. brevis Rif r-                                     
                 (b) -)%!"��"
�Y���	�U B. megaterium Rif r-                            
 
 
 

a b 
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              V	A��� 4  (451)  4(�������	
��1�
6 70 ��� !"��.;	�1	���1�!,.17 2.�7 �	�5�,(�
   
                           (c)  -)%!"��"
�Y���	�U B. brevis Rif r-�#0	�) B. megaterium Rif r-   

                                      (d)  #��%.1*�!�*.��. 2,000 ppm  
                                      (e)  	��0��W"%�)%60 (�:$�	.���) 

c d 

e 
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9.   �	


��������?��6�����
��.E1.��QG Bacillus spp. ���2�+��1

� ������������	� 

                             �		��4�,4�0*%*.�"817-)%!"��"
�Y���	�U!"�0"�"��4�1,)�')������	
�� *,
�$�
')������	
��2.�7�5�,(�
�:$�-)%!"��"
-8��.1
!6	 X 7 ��� 	51� /!$�	���5�'�%��:74513� 0�
4�,4�0 $����-)%!"��"
!"�0"�"��4�1, 	�/!$�*,
� �1 �7�:$�-)%!"��"
-8��.1
-.(��$�0��	."�
.7
)����2�(�1�2�� NGA �#0
��Y��"��/ rifampicin 100 ppm -.(�)503�(!"�16I2+;0�2(17 (25-27°C) 
4�� ��)*%*.�"-)%!"��"
�Y���	�U!"�0"�"��4�1,2.�7�5�!6	 X 7 ��� 4�,451	�������/
/��.� 1 �,�1� 
�.	��!,.17�)�5�-)%!"��"
�Y���	�U B. brevis Rif r-  B. megaterium Rif r- -./ B. brevis Rif r-

�#0	�) B. megaterium Rif r- #�0���0"�"��4�1,)�')������	
�� -45305#�0�������0���0�I3,( 
(4���7!"� 10)  �0��1���%��/2U8(10;.!�7#��4�,(�
*��-	�0 SPSS �)�5� $����*%*.�"817-45./31
*=�.!0"%��0-4	45�7!�7#��4�1
5�70"��
#$�%�&
��7  
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	���� 10   $����*%*.�"-)%!"��"
�Y���	�U!"�4�� �))�')������	
��2.�7�5�.7)� 
                    4(�������	
��!6	 X  7 ���  
 
    31*=�.!                                                    $����*%*.�"-)%!"��"
�Y���	�U (x104cfu/g) 1/  
                                                             #��,�2U!"� 1     #��,�2U!"� 2      #��,�2U!"� 3    #��,�2U!"� 4 
     B. brevis Rif r-                                    51.66 a             38.33 a               41.66 a            11.00 a  
     B. megaterium Rif r-                           3.66 c               3.66 b                 1.26 c              1.66 b 
 B. brevis Rif r-+ B. megateriumRif r- 31.66 b              25.33 a               14.00 b            7.00 ab 
   	��0��W"%�)%60 (�:$�	.���)                  -                       -                        -                     -                                                                    

       F-test                                                 **                     **                      **                    ** 
     C.V.                                                 18.99              28.29                  16.31               28.31 
 

1/   ��) �	4��1
5�7')���#, !"��	<)	51�	���5�-)%!"��"
�Y���	�U%��:74513� 
**  -4	45�7!�7#��4�!"� p< 0.01 

4��1�	��!"��20�1�	��'�-��-./%1.�0�U�,"
�	��3050"%��0-4	45�7	��!�7#��4�!"��/,�)%��0 
����10��� 99% ,(�
��W" DMRT 
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����� 4 

�1�	
SGD?�	
� ?�� 

 
                        	��-
	-)%!"��"
�Y���	�U �	4��1
5�7') -./,��'�-�.7�.;	������	
�� *,
�$�
�:$�-)%!"��"
-8��.1
-�5'�15�7%�)%6016I2+;0� 80 °C ��� 30 ��!"  #�0���-
	-)%!"��"

�Y���	�U Bacillus spp. 3,(!�:720, 503 31*=�.! *,
-
	3,( �	!6	 X 4��1
5�7  �	8�:�41�	��-
	
���:1�2<�3,(�5�-)%!"��"
 Bacillus spp. #�0����)3,(!���3�'�W��0��4� (Boer and Diderichsen, 
1991) ��5� ')� 1����"
0 (Rytter et  al.,1989) ')2051� (Yoshida et al., 2000) -./,��'4(4(�
0/05�7 (Okigbo and Osuinde, 2003) �1	 �	�":-)%!"��"
�Y���	�U Bacillus spp. 
�7!�%��0�(1�3,(
#;7�97 80 °C  ����17 �	�1�*,#�1�U!"�#�(�789:� 
                           	��!,#1)��/#�!W�+��817-)%!"��"
�Y���	�U Bacillus  spp. 451	��
�)
�:7	��
71	817#�1�U���:1�� C. cruenta, U. vignae -./ Oidium sp. *,
'�(�:$��.":
7 Bacillus spp. !"�0"1�
6 
48 ����*07 #�0���
�)
�:7	��71	817#�1�U���:1��!�:7 3 ���, �":3,( *,
�Z��/1
5�7
��7 C. cruenta 0"
.�	�I/)�0�2<�3,(��, =9�71�  /�	�,89:� �	#���Y��"��/!"�-)%!"��"
#�(�789:� 0"�.451���7�=..U
817���:1�� !$�'2(	���$�#���8(�#;5�=..U-./11	 �	�=..U��,�	4� #57�.'2(�=..U4�
3,(  
(#0'  �1"�
0����4�U, 2531) !�:7�":-)%!"��"
 Bacillus spp. �.�4#���Y��"��/89:�'��5�7 late log 
phase  ��97�5�7 stationary phase (Nakano et  al., 1988) #���Y��"��/!"�#�(�789:�0"��/*
��U '�
	��-	57-
571�2��'�#+��-�,.(10!"�8�,-%.� 2�	4(171
;5�5�0	�) 6.��!�"
U���,1��� -./
�7�5�


�)
�:72��1!$�.�
 6.��!�"
U!"�1
;5�1)8(�7)�7���, �.	��!,#1)��/#�!W�+��817-)%!"��"
�Y���	�U 
Bacillus spp. 451	��
�)
�:7	��71	817#�1�U���:1��#��246*�%!"�3,(#1,%.(17	�)	����
7��817 
Brana -./%I/ (1985) !"��)�5�	���.�4#���Y��"��/2.�
���,��:�	���.�4 /����089:�2.�7 �	!"�
���:1� ��&3,(#;7#6,-.(� 	��!,.17817��#�� 0;5#� (2542) �)�5� B. subtilis #�
���W6U NSRS 89-24 
-./ Bacillus sp. #�
���W6U LN 007 '�#;4�1�2�� Mckeen 0"�/
/��.�!"��20�/#0451	���.�4#��
�Y���	�U4514(�����:1��!"�����#��246*�%8(�� Py.  oryzae -./ R.  solani %�1 48 ����*07 ��
7��817 
Vasudeva -./ Chakravarthi (1954) �)�5��:$��.":
7���:1#5��'#817 B. subtilis  0"%6I#0)�4�'�	��
%�)%60	��� ��&817���:1��#��246*�%3,(2.�
���, ��5� R. solani R. bataticola Alternaria solani 
Bo. cinerea F. udum -./ Coll. falcatum *,
�:$��.":
7���:1#57�.'2( germ tube 0".�	�I/��,�	4� 
-./!$�'2(#�1�U���:1��)�0 Yoshihiro -./%I/ (2003) !$�	��!,#1)	��
�)
�:7	��71	817#�1�U
���:1��=9�7����#��246*�%')320(8178(��*,
'�(#�1�U���:1��%��0�8(08(� 103 #�1�U/0�..�.�4� �#0
	�)-)%!"��"
-8��.1
 B. subtilis #�
���W6U IK-1080 !"��/,�)%��0�8(08(� 1x106 5x107 1x108 -./ 
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5x108 cfu/ml 	��!,.17�)�5�-)%!"��"
-8��.1
!"��/,�)%��0�8(08(� 1x108 -./ 5x107cfu/ml 
-#,7	��
�)
�:7	��71	817#�1�U-./	��#�(�7 appressoria -./ 	��!,.17817 Thonglem -./
%I/ (2007) '�(#�1�U���:1�� Penicillium digitatum %��0�8(08(� 3x106 #�1�U/0�..�.�4� �#0	�)�:$�
�.":
7���:1#5��'#817 B. pumilus -.(�#�7�	4	��71	817 germ tube !"� 0, 4 -./ 8 ����*07 	��
!,.17�)�5� B. pumilus   #�
���W6U W1L1 -#,7	��
�)
�:7	��71	817 germ tube 3,(#;7#6, 97.6 
%  2.�7)503�( 8 ����*07 !"�16I2+;0�2(17                                    
                            	�� $�-�	 Bacillus sp. 31*=�.! TZ-CP-342 -./ Bacillus sp. 31*=�.! HT-
NK-460 ,(�
��W"!�7 6.�"���!
�-./%6I#0)�4�!�7�"��%0" �)�5� Bacillus sp. 31*=�.! TZ-CP-342 
0".�	�I/'	.(�%"
7 B. brevis -./ Bacillus sp.31*=�.! HT-NK-460 0".�	�I/'	.(�%"
7 B. 
megaterium (Macfaddin, 1980)  �		���9	���)�5� B. brevis -./ B. megaterium ����-)%!"��"

�Y���	�U!"�0"	���$�0�'�(%�)%60*�%���	��1
5�7-��52.�
 (Shoda, 2000) *,
305	511��4��
451%� 
#�4�U -./��� 	�� $�-�	-)%!"��"
,(�
��W"!�7 6.�"���!
�-./%6I#0)�4�!�7�"��%0"������W"!"�#�0���
	�/!$�3,(75�
 ��%�%51�8(�74�$�-454(17'�(�/
/��.�'�	��4�,4�0�.	��!,.17%51�8(�7��� -./
%��0-05�
$��(1
	�5�	�� $�-�	*,
��W"!�7�"�*0�.	6. ��5� PCR-based 16S rDNA, RAPD, RFLP 
-45	�� $�-�	*,
��W"!�7�"�*0�.	6.��:�0"8(1 $�	�,%�1 4(170"%��0�$���& ��#,616�	�IU!"�'�(0"��%�
#;7  
                  	����	�$�'2(�	�,	��	.�
���W6U817-)%!"��"
�Y���	�U B. brevis Rifr-  
B. megaterium Rifr- '2(4(��
��Y��"��/ rifampicin 100 ppm ����1'�(4�,4�0-)%!"��"
������W"!"�
�$�0�'�(	��1
5�7-��52.�
 ����17 �	#�0���!$�3,(75�
 3054(171���
%��0�$���&0�	 ��%�%51�8(�7
4�$�2�	���"
)�!"
)	�)��W"1��� X ��5� 	��'�(
"�*��4"����17-#7#"�8"
� (green fluorescent protein, 
gfp) (14��. ��_�
/, 2542) -45	��	.�
���W6U-)%!"��"
*,
��W"�":4(17'�(��.����'�	��	.�
���W6U   
	��	.�
���W6U451
��Y��"��/ rifampicin ��:� ����170� �	
"� rpoB !"�1
;5)�*%�*0*=0�2�"�
��$�'2(
�	�,	����."�
�-�.7817�1�3=0U RNA polymerase !$�'2( rifampicin 305#�0����8(� �)	�) β-
subunit 817 RNA polymerase ����1	��11	^!W��
�)
�:7-)%!"��"
3,( (0�.��  6.����, 2536) 	��
!,#1)%��0%7!�817-)%!"��"
!"�	.�
���W6U4(��!�� rifampicin  $���� 10 �65� +�
'�
2(17�Y�)�4�	�� �)�5�-)%!"��"
#�0���4(��
�3,( 100 % !�:7 10 �65� -#,7'2(�2<��5�	��4(��
�
�Y��"��/817-)%!"��"
#�0���%71
;5'��/
/!"�
������1!"� /�$�3�!,.17'����1�!,.17-./
�1	���1�!,.17 *,
��/#�!W�+��817-)%!"��"
	.�
���W6U451	��
�)
�:7	��71	817#�1�U��305
-4	45�73� �	�,�0 !�:7�":1� ����17 �		��	.�
���W6U817-)%!"��"
3053,(�	�,89:�4�7)����I!"�#�(�7
#���Y��"��/!"��	"�
�8(17	�)	��
�)
�:7	��� ��&817���:1��#��246*�% 1
5�73�	<4�0�0��14�,4�0
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 $����*%*.�"817-)%!"��"
�Y���	�U Bacillus spp. 2.�7�5�.7)�')������	
��!6	 X 7 ��� ����
�/
/��.� 1 �,�1� �)�5�-)%!"��"
!6	31*=�.!!"��5�.7)�4(�������	
��0"���0�I.,.7 %�1 B. 
brevis Rifr- 0" $����*%*.�"!"�4�� �)0�	!"�#6, %�1 51.66 x 104 cfu/ml '�8I/!"� B. megaterium 
Rifr- 4�� �)*%*.�"�(1
!"�#6, %�1 1.26 x 104 cfu/ml =9�7%�,�������0�I*%*.�"!"�.,.73,( 96.58-
99.99% !�:7�":���0�I!"�.,.71� ����170� �	��  �
!"�305�20�/451	��� ��&817-)%!"��"
 ��5� 
16I2+;0� ���0�I1�2��)�')������	
�� 	���;	�/.(�7 �	�:$��� 1"	!�:7-)%!"��"
!"��$�0�'�(%�)%60
*�%,�7	.5������-)%!"��"
!"�#�0���-
	3,( �	,�� 1� ����3�3,(!"�#+��-�,.(10)�')305�20�/
451	��� ��&817-)%!"��"
 1
5�73�	<4�0	������0���0�I#�� �)').7'��:$�-)%!"��"
-8��.1
 1� 
!$�'2(-)%!"��"
!"��5�.73�#�0����	�/4�,	�)')������	
��3,(0�	89:� 
                           -)%!"��"
�Y���	�U B. brevis Rifr- -./ B. megaterium Rifr- �0��1�$�0�!,#1)%��0
�����Y���	�U451	��-.(��)�5� #�0���� ��&�5�0	��*,
305�����Y���	�U451	��  970"%��0����3�3,(!"�
 /�$��1�-)%!"��"
!�:7 2 31*=�.! 0���/
6	4U'�(�5�0	������1%�)%60*�%*,
�"���W"  
                           	��!,#1)��/#�!W�+��817-)%!"��"
�Y���	�U Bacillus spp. '����1�!,.17
-./�1	���1�!,.17,$�����	��-4	45�7	�� *,
	��!,#1)'����1�!,.17��:�3,(!$�	���.;	���:1
��#��246*�%!�7')!�:7 3 ���, 2.�7�5��:$�-)%!"��"
-8��.1
2��1#��%.1*�!�*.��. #5��	��
!,.17�1	���1�!,.17��:��.51
'2(4(�������	
���	�,*�%4�0W��0��4� '2(�.	��!,.17!"�
-4	45�7	�� *,
	��!,.17'����1�!,.17��:� Bacillus spp. !�:7 2 31*=�.! 305#�0���%�)%60
*�%') 6, -./��-�R7 *,
0"�/,�)%��0�6�-�7817	���	�,*�%305-4	45�7 �		��0��W"%�)%60 -./
305�)1�	��*�%��#��0'�!6		��0��W"!,.17  -0(�5�3,(0"	���.;	���:1	<4�0 !�:7�":1� ����170� �	
#+��1�	��'����1�!,.17!"��(1�305�20�/451	��� ��&817���:1��#��246*�% #5��	��!,.17�1	
���1�!,.17=9�7�.51
'2(0"	���8(�!$�.�
817���:1#��246*�%4�0W��0��4� �)�5� B. megaterium 
Rifr- -./ B. brevis Rifr- �#0	�) B. megaterium Rifr- #�0���%�)%60*�%') 6,3,(-4	45�7!�7#��4�
1
5�70"��
#$�%�&
��7�0��1���"
)�!"
)	�)	��0��W"%�)%60 '�8I/�,"
�	�� B. brevis Rifr- �#0	�) B. 
megaterium Rifr- 0"��/#�!W�+��'�	��%�)%60*�%��#��03,(,"	�5� -./-4	45�7!�7#��4�1
5�70"
��
#$�%�&
��7�0��1���"
)�!"
)	�)	��0��W"�5�,(�
#��%.1*�!�*.��. =9�7����#���%0"!"�-�/�$�'2('�(
*,
	�0����	���	�4� #5��*�%��-�R7��:��)�5� B. brevis Rifr B. megaterium Rifr -./ B. brevis 
Rifr- �#0	�) B. megaterium Rifr- #�0���%�)%60*�%3,(-4	45�7!�7#��4�1
5�70"��
#$�%�&
��7�0��1
���"
)�!"
)	�)	��0��W"%�)%60  	��!,.17-#,7'2(�2<���/#�!W�+��817  Bacillus  spp. !"�-
	
3,( �	')������	
�� -./,��#�0���.,1�4��	���	�,*�%!�7')3,( #1,%.(17	�)	��!,.17817 
Yoshida -./%I/ (2000) !"�'�(�:$��.":
7817  B.  amyloliquefaciens #�
���W6U RC-2 �5�.7)�4(�
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2051�	51�	���8(�!$�.�
817���:1 Coll. dematium 	��!,.17�)�5��:$��.":
7���:1#5��'##�0���

�)
�:7	��71	817*%���,"
-./.,	���	�,*�%3,( Rytter -./%I/ (1989) �$� Bacillus spp. !"�-
	
 �	')� 1����"
00�!,#1)	��
�)
�:7	��71	817#�1�U Puccinia  pelargonii-zonalis  *,
'�(�:$�
�.":
7���:1 Bacillus spp. Z",�5�!"�')	51�!$�	���.;	���:1	51*�%��#��0 	��!,.17�)�5� B. subtilis 3 
#�
���W6U #�0���
�)
�:7	��71	817#�1�U  -./.,1�4��	���	�,4650817��#��0)�')� 1����"
0
*,
-#,7	��
�)
�:7+�
2.�7 4 ��� 2.�7��/
6	4U'�(-)%!"��"
�Y���	�U �1	 �	�":	���5�-)%!"��"

�Y���	�U Bacillus spp. .7)�4(�������	
��	51����-#,71�	������*�% #�0���.,%��0�6�-�7817
	���	�,*�% -./
�7#57�.'2(���0�I�.�.�4817������	
������089:�  �0��1���"
)�!"
)	�)	��0��W"
%�)%60 (
	��(�	���5�,(�
 B. brevis Rifr- �1	���1�!,.17)  ��5��,"
�	�)	����
7�� Anonymous 
(2008) !"�3,(��/
6	4U'�(-)%!"��"
 Bacillus spp. 2.�
 X ���,	�)�������1����0���0�I�.�.�4 -./
	��!,.17
�7�)�5�	���5�-)%!"��"
 Bacillus spp. !"��#0��0	�� 2 31*=�.! .7)�4(�������	
��
!$�'2(���0�I�.�.�4������	
������089:�0�		�5�	���5�-)%!"��"
 Bacillus spp. ��"
731*=�.!�,"
�  
��5��,"
�	�)	��!,.17817 Jiang -./%I/ (2006)  !"�'�( Bacillus sp. 31*=�.!  BB11 -./ FH17 
�#0	�� (BF) '�1�4�� 1:1 -.(��$�0�%.6		�)	�	1765�!$������6�
20�		51��$�3�'�(	�)���	2
�	 �.
	��!,.17�)�5�#�0���%�)%60	���	�,*�%320( �	 P. capsici 3,( 60.3 % -./!$�'2(���0�I
�.�.�4817���	2
�	����089:��97 200 % �.�.�4!"�3,(0"���0�I0�		�5�	��'�(  Bacillus sp. 31
*=�.!  BB11 2��1  FH17 ��"
731*=�.!�,"
�   #$�2��)	��!,.17'����1�!,.17��:� �)�5�')
������	
��0"8��,'2&5 ���)�7 #"�2.�17  �	��:�') /�5�71
5�7��,��<�2.�7	���.;	���:1#��246*�%.7
)�4(�������	
�� 1"	!�:74(�������	
��0".�	�I/
�,
�� 1�	��,�7	.5��1� 0"�.'2(	����/�0��*�%
1� 0"%��0��,�.�,  97!$�'2(�.�.�4!"�3,(4�$�-./305#�0���WU	�)%��0�6�-�7817*�%  
           	���5�-)%!"��"
�Y���	�U B. brevis Rifr- �5�0	�) B. megaterium Rifr- .7)�4(����
	51�	���8(�!$�.�
817���:1��#��246*�%!$�'2(�/,�)%��0�6�-�7817*�%.,.7 -./#57�.'2(
���0�I�.�.�4����089:� =9�7 �	�.	��!,.17!"�3,('�%��:7�":0"-��*�(03�'�!�7!"�," 1�  /�$�3�'�(
3,( ��7'�#+��-�.7�.;	������	
��!���3� -45!�:7�":	��!,.173,(	�/!$���"
7 1 ^,;	�.���/�.;	
�!5���:�  97%��0"	��!,#1)��/#�!W�+��817-)%!"��"
�Y���	�U!�:7 2 31*=�.! '�^,;	�.
���/�.;	!"�-4	45�71"	%��:7 ����1
��
����/#�!W�+��817-)%!"��"
�Y���	�U 	51��$�3�'�(2��1��_��
�����;��.�4+�IrU4513� 
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����� 5 

�
�.D?�	
� ?�� 

 
1.  �	
��T�
����C	��� 6?@ 1��	�6.?�.?U���������	��A�����	2	�+�6��.E1.��QG Bacillus spp. 

                           �	<)��)��04��1
5�7') -./,�� �	-�.7�.;	������	
��'� 7  �72��, !�7+�%'4(
3,(!�:720, 53 4��1
5�7 
2. �	
6��.E1.��QG Bacillus spp.  �	��� 6?@ 1���6.?�.?U���������	� 

                           #�0���-
	-)%!"��"
�Y���	�U Bacillus spp.  �	4��1
5�7') -./,�� �	-�.7
�.;	������	
��3,(!�:720, 503 31*=�.!  
3. �	
� ���.
@�1�N1V	A���6�����
��.E1.��QG Bacillus spp. 
C��	
�������.�
G�+�,�
	
�	�-
��
��	��������������	� 
                                 Bacillus sp. 31*=�.! HT-NK- 460 -./ Bacillus sp. 31*=�.! TZ-CP-342   
  0"��/#�!W�+��
�)
�:7	��71	817#�1�U���:1��#��246*�%!�:7 3 ���, 3,(#;7 97. 2 -100 % *,
!$�'2(
#�1�U���:1�� C. cruenta  0".�	�I/)�0 *�V7 30571	 -./#�1�U���:1�� U. vignae -./ Oidium sp. 
30571	  
4.  �	
� ���?��QS@�	���?+���1��	6?@��S�2��
1�	�+����2���� Bacillus spp. 
                           	��!,#1).�	�I/!�7 6.�"���!
�-./%6I#0)�4�!�7�"��%0"817 Bacillus spp. 
 #�0���)57���, Bacillus sp. 31*=�.!  TZ-CP-342  3,(�5����� B. brevis -./#�0���)57���, 
Bacillus sp. 31*=�.!  HT-NK- 460  3,(�5����� B. megaterium 
5.  �	
+����	�-���1 �?	�A��N�G���6�����
��.E1.��QG Bacillus spp. �-�
�	��	�
C��	.E1+���@ 

rifampicin 

                    -)%!"��"
�Y���	�U B. brevis -./ B. megaterium !"���	�$�'2(�	�,	��	.�
���W6U'2(
4(��
��Y��"��/ rifampicin 100 ppm #�0���%7!�451	��4(��
��Y��"��/ rifampicin 3,(!�:7 10 
�65� -./
�70"��/#�!W�+��'�	��
�)
�:7	��71	817#�1�U���:1�� C. cruenta U. vignae -./ Oidium 
sp. '�2(17�Y�)�4�	���20�1��,�0 
6. �	
� ����	
�.Y�.E1.��QG
C�������6�����
�� 2 B��F�?� 
                           -)%!"��"
�Y���	�U B. brevis Rifr- -./ B. megaterium Rifr- #�0���� ��&1
;5
�5�0	��3,(*,
305�����Y���	�U451	�� 
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7.  �	
� ���.
@�1�N1V	A���6�����
��.E1.��QG Bacillus spp. 
C��	
�����2�
��	������

��������	������1 �	��+�,�
	���
���� ?�� 
                           	��0��W"�5�,(�
#��%.1*�!�*.��. 2,000 ppm 0"�/,�)%��0�6�-�7817*�%')
 6, -./��-�R74�$�#6,%�1 0.04 -./ 0.33 4�0.$�,�) 8I/!"��0��1'�(-)%!"��"
�Y���	�U�)%��0�6�-�7
817*�%') 6,-./��-�R7305-4	45�7 �		��0��W"%�)%60 �.�.�4������	
��!"�3,( �	!�:7	��0��W"!"�
�5�,(�
#��%.1*�!�*.��.-./-)%!"��"
�Y���	�U����089:��0��1���"
)�!"
)	�)	��0��W"%�)%60=9�7
'2(�.�.�4 571.6 		./3�5 -453050"%��0-4	45�7!�7#��4�1
5�70"��
#$�%�& 
8. �	
� ���.
@�1�N1V	A���6�����
��.E1.��QG Bacillus sp. 
C��	
�����2�
��	������

��������	������1 �	��+�,�
	����
���� ?�� 

                     	��0��W"�5�,(�
#��%.1*�!�*.��. 2,000 ppm 0"�/,�)%��0�6�-�7817*�%')
 6, -./*�%��-�R74�$�#6, �17.70��0��1'�(-)%!"��"
�Y���	�U B. brevis Rif r- �#0	�)  B.  
megaterium Rif r-  (*�%') 6, 1.20 *�%��-�R7 1.93 -./*�%��#��04�$�#6,%�1 0.67) �.�.�4!"�3,( �	
	��0��W"�5�,(�
#��%.1*�!�*.��. 2,000 ppm 0"���0�I�.�.�4#;7#6,%�1 3,674 		./3�5 	��0��W"
�5�,(�
-)%!"��"
�Y���	�U'2(���0�I�.�.�4������	
������089:� (
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V	�D���   � 
 
�U

�	-	
�?�,���+�,� 

Nutrient agar (NA) 
               Beef  extract                                                  3                     	��0 
               Peptone  5                      	��0 
               Agar                                                            15            	��0 
               Distilled water                                        1,000         0�..�.�4� 
Nutrient broth (NB) 
               Beef   extract 3                      	��0 
               Peptone 5                      	��0 
               Distilled water                                        1,000                     0�..�.�4� 
Nutrient Glucose Agar (NGA) 
               Beef   extract                                             3                      	��0 
               Peptone  5                      	��0 
               Glucose                                                       10                      	��0 
               Agar                                                            15                      	��0 
               Distilled water                                        1,000                     0�..�.�4� 
 
�U

�	-	
��	-
��� ���?��QS@�	���?+���1��	6?@��S�2��
1�	�+����2����  Bacillus  spp.  
Motility medium 
               Tryptone                                                      10 	��0 
               NaCl                                                        5              	��0 
               Agar                                                              5             	��0 
               Distilled water                                        1,000                     0�..�.�4� 
Hugh and Leifsonts OF medium 
               Peptone 2             	��0 
               K2HPO4                                                        0.3         	��0 
               NaCl                                                              5             	��0 
               Agar                                                               3            	��0  
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               Bromthymol blue 0.2 %          15                    0�..�.�4� 
               Distilled  water                           1,000                    0�..�.�4� 
               ./.�
#5����/	1) basal medium -.(����) pH '2(3,(��/0�I 7.1 �4�0 Bromthymol 
blue  .73�����1���� indicator �4�0 glucose 10 	��0 �#0.7'�1�2�� )�� 6'#52.1,!,.17
��/0�I 5  0�..�.�4� �$�3��9�7�5����:1!"�%��0,��31 121 °C  %��0,�� 15 �1�,U/4���7��:� ������.�  
20  ��!" 
 
Nutrient gelatin 
          Gelatin                                                         20                     	��0 
           Peptone                                                         5                     	��0 
         Beef extract                                                   3                     	��0 
                  Distilled water  1,000    0�..�.�4� 
Simmonstcitrate  agar 
         MnSO4                                                       0.2                    	��0 
         NH4H2PO 4                                                    1                     	��0 
        K2HPO4                                                         1                     	��0 
      Sodium citrate                                              2                    	��0 
       NaCl                                                              5                     	��0 
       Bromthymol blue                                     0.08                     	��0 
       Agar                                                             15                    	��0 
       Distilled water                                        1,000                   0�..�.�4� 
       ���) pH '2(3,( 6.8  
 VP medium 
        Buffered  peptone  7    	��0 
               K2HPO4                                                         5                    	��0 
               Bacto-dextrose  5         	��0 
            Distilled water                                        1,000                     0�..�.�4� 
              ���) pH '2(3,( 6.8 
Christensents urea agar slant 
              Peptone                                                          5                    	��0 



 

66 

 

               Glucose                                                          1                    	��0 
               KH2PO4                                                          5                    	��0 
               NaCl                                                               5                    	��0 
               Agar                                                             20                     	��0 
               Distilled water                                         1,000                   0�..�.�4� 
               4(0#5���#0!�:720, �./.�
���) pH '2(3,( 6.8-6.9 �4�0f>�1. ��, (phenol red) %��0
�8(08(� 0.04 % ���0�4�20 0�..�.�4� �$�3��9�7�5����:1!"�%��0,��31 121 °C %��0,�� 15 �1�,U/
4���7��:� ������.�  15  ��!" �0��11�2���
<�.7��/0�I 52 °C �4�0#��./.�

;��"
 (urea) 20 % 
���0�4� 10 0�..�.�4� !"�!$�'2(���� �	���:1*,
	��	�17-.(�.73��8
5�'2(�8(�	�� �$�����4!"��5��
	���5����:1-.(�,;,1�2�����0�4� 5 0�..�.�4� -.(��$�3���7!$� slant 
  
 Starch agar 
              Peptone                                                          5                  	��0 
         Beef  extract                                                  3                     	��0 
 Potato  starch                                               10                  	��0 
         Agar                                                             15                 	��0 
            Distilled  water 1,000           0�..�.�4� 
0.1% Peptone broth 
                Peptone 1    	��0 
                  Distilled water  1,000                   0�..�.�4� 
 

�	
�

��2�	
��	-
��� ���?��QS@�	���?+���1��	6?@��S�2��
1�	�+����2����  Bacillus spp.    

Lugol ts  iodine 
              Iodine                                                             5                 	��0 
               Potassium iodide (KI)                                  10                 	��0 
              Distilled water                                            100                    0�..�.�4� 
10 % α-napthol 
               Alpha napthol                                               10                	��0 
               Ethanol 95 %                                               100                0�..�.�4� 
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20 % Urea 
               Urea                                                             20                	��0 
               Distilled water                                           100               0�..�.�4� 
0.04 % phenol red 
               phenol red                                                 0.04                	��0 
               Distilled  water                                           100                0�..�.�4� 
3 % KOH 
               KOH                                                               3                     	��0 
               Distilled water                                            100                     0�..�.�4� 
Malachite   green solution 
               Malachite   green                                            5               	��0 
               Distilled   water                                            95                     0�..�.�4� 
Crystal violet 
                Solution A 
                Crystal violet                                                  2                    	��0 
                Ethyl alcohol 95 %                                        20                    0�..�.�4� 
                Solution B 
                Ammonium oxalate                                     0.8                    	��0 
                Distilled   water                                            80                    0�..�.�4� 
                �#0 Solution A -./ Solution B �8(�,(�
	�� -.(�'�(	�/,��	�17 	�17#��./.�
	51�
)�� 6.7'�8�,�	<) 
Counter stain 
                Stock solution 
                Safranin                                                       2.5               	��0 
                Ethyl alcohol 95 %                                      100               0�..�.�4� 
Working  solution 
                Stock solution                                               10       0�..�.�4� 
               Distilled   water                                            90                  0�..�.�4� 
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Kovac 
                p-Dimethylaminabenzaldehyde                    10    	��0 
                HCl                                                                50               0�..�.�4� 
                Alcohol                                                        150                    0�..�.�4� 
 
�	
� ���?��QS@�	���?+���1��	6?@��S�2��
1�	�+����2�6�����
��.E1.��QG Bacillus spp  
1.  �	
���26�
2 (gram stain) 

                   �$����:1 1 .;� 0�./.�
'��:$�!"�2
,3�()�#3.,U�	."�
'2(����-�5�)�7 �$�3��5��
%��0�(1� 2
,%��#4�.3�*1�.! (crystal violet) -.(�!�:73�(��� 1 ��!" .(�7,(�
�:$�32.-.(�=�),(�

	�/,��!���;  2
,#��./.�
31*1,"� (iodine) !�:73�(��� 1 ��!" .(�7,(�
�:$�32.=�)'2(-2(7 2
,
-1.	1�1.U (alcohol) '2(32.�5��#3.,U�����/0�I 30 ����!" !�:7'2(-2(7-.(�.(�7,(�
�:$�32. 2 
����!" 
(10!�),(�
#��./.�
=�f.���� !�:73�(��/0�I 10 ����!" .(�7,(�
�:$�-.(�!�:73�('2(-2(7 2�	
-)%!"��"

(104�,#"�:$��7��-#,7�5�����-	�0)�	 
2.  �	
���26�.FU? (capsule stain) 
                           2
, Normal saline (0.85 % NaCl) .7)�#3.,U �$����:1 1 .;� 0�./.�
'� Normal 
saline �	."�
 (305'2(-2(7) 2
,#"��*	�=�� (nigrosin) �	."�
'2(-2(7 #517,;,(�
	.(17 6.!����U 
                          3050" Capsule  /�2<���:�2.�7����#",$� 4��-)%!"��"
#"'#15���.����.) 
                           0" Capsule  /�2<������7'#�1)�=..U (.�	�I/%.(�
�0<,-07.�	) 15���.����)�	
3.  �	
� �����	2�	2	
����	
��?������� (motility test)     
                           �$� Bacillus spp. 1�
6 18-24 ����*07 stab .7'�1�2�� motility medium *,
305'2(
�97	(�2.1, )50!"�16I2+;0� 37 °C ��� 48 ����*07 #�7�	4	��	�/ �
817���:1 �(����:1	�/ �
3� �	
-��!"� stab 3�( -#,7�5����:1 Bacillus spp. 0"%��0#�0���'�	���%.��1�!"� 15���.����)�	 
4.  �	
��
1h6��
����	
6?@B2C
����	
���F1��� (oxidation-fermentation test) 

                           �$����:1 Bacillus spp. 1�
6 18-24 ����*07 stab .7'�1�2�� Hugh and Leifsonts OF 
medium  $���� 2 2.1, 2.1,2�9�7��,!�),(�
����f>��2.� (parafin oil) !"��5����:1-.(�'2(2��
��/0�I 2 �=�4��04� ����1!$�'2(1
;5'�#+��!"�8�,1�	�� 1"	2.1,3054(17�4�0����f>��2.� )50!"�
16I2+;0�2(17 (25-27  °C) ������.� 48 ����*07 4�� �.*,
,;�5��	�,	�,'�2.1,1�2�� '�#+��!"�0"
1�	��2��13050"1�	�� 2��1!�:7 2 #+�� �(��	�,'�2.1,!"��!!�),(�
����f>�-./305�!!�),(�
����
f>� -#,7�5��	�,	�� fermentation -45�(��	�,�Z��/'�2.1,!"�3053,(�!����f>�-#,7�5����� 
oxidation =9�7	���	�,	�,'2(#�7�	4 �		����."�
�#"1�2�� �	#"�8"
�����#"�2.�17 
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5.  �	
�
�	��	
�1�� ? (indole) 
                           �$����:1 Bacillus spp. 1�
6 24 ����*07 
(�
.7'�2.1,1�2�� 0.1 % peptone broth 
���0�4� 3 0�..�.�4� �.":
7305�	�� 24 ����*07 2
,*%-�% (kovac) .73� 2-3 2
, �8
5�'2(�8(�	��4�:7
!�:73�( �(��	�,��:�#"-,7.1
1
;5-#,7�5����:1 Bacillus spp. #�0���#�(�7#��1��*,. (indole)3,( 15��
�.����)�	 
 6. �	
�C����?	
1� (gelatin liquefaction) 
                           �8"�
���:1 Bacillus spp. !"�0"1�
6 24 ����*07 ���0�I 1 .;� .7'�1�2�� nutrient 
gelatin �$�3�)503�(!"�16I2+;0�2(17 (25-27 °C) ��� 7 ��� 2.�7 �	��:��$�2.1,1�2��,�7	.5��3�
�	<)3�(!"�16I2+;0� 20 °C ������.���/0�I 2 ����*07 2�	���:1#�0���
51
� .�4��3,( /!$�'2(1�2��
305-8<7!"�16I2+;0� 20 °C  15���.����)�	 
 7. �	
�+� citrate �.Y�6-?C��	
G��� (citrate test) 

                           8",���:1 Bacillus spp. !"�0"1�
6 24 ����*07 .7)�1�2�� Simmonstcitrate agar )50
���:13�(!"�16I2+;0�2(17 (25-27 °C) ������.� 24-48 ����*07 #�7�	4	����."�
�#"8171�2�� �(���."�
�
 �	#"�8"
�����#"�:$��7��-#,7�5����:1��:�#�0���'�( citrate ����-2.57%��U)1� 15���.����)�	 
8. �	
�
�	� acetoin (VP test) 

 �8"�
���:1 Bacillus spp. ���0�I 1 .;� .7'�1�2�� VP medium )503�(!"�
16I2+;0�2(17������.� 24 ����*07 !,#1) acetoin *,
2
, 10 % -1.f� -��!1. (α�napthol)  
���0�4� 1 0�..�.�4� .73� �8
5�-.(��4�0 KOH %��0�8(08(� 20 % ���0�4� 1 0�..�.�4� �8
5�'2(�8(�
	�� 4�:7!�:73�( 10-15 ��!" �(�0"#"-,7�	�,89:� 15���.����)�	 
9. �	
�
�	����BF2G urease (urease  production) 
                           8",���:1 Bacillus spp. 1�
6 24 ����*07 .7)�1�2�� Christensents urea agar slant 
�$�3�)50!"�16I2+;0� 37 °C ��� 24 ����*07 2�	���:1 Bacillus spp. #�0����.�4�1�3=0U urease 3,(
)����I���1�2����."�
�����#"-,705�7 15���.����)�	                    
10. �	
�
�	��
 6?@6�k��	��	
G��Bl� 

 (acid and gas production  carbohydrates)   
   �$����:1 Bacillus spp. !"�0"1�
6 24-48 ����*07 stab .7'�1�2�� Hugh and Leifsonts 
OF medium !"���/	1),(�
�:$�4�.-45./���,%�1 	.;*%# (glucose) -0���!1. (manitol) 1/��)�
*�# (arabinose) -./3=*.# (xylose) 1
5�7./ 2 2.1, ��,!�),(�
����f>��2.�'2(2����/0�I 
2 �=�4��04� 1 2.1, 1"	2.1,3054(17��,!�)����f>��2.� )503�(!"�16I2+;0� 28-30 °C  ������.� 14 
��� 4�� #1)	���	�,-	�#'2(#�7�	4 �	*��7-	�#'�2.1,1�2�� -./	���	�,	�,#�7�	4 �		��
��."�
�#"8171�2�� �	#"�8"
�����#"�2.�17  
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11. �	
��
1h�� 7.5 % NaCl (growth  in 7.5 % NaCl ) 
                            8",���:1 Bacillus spp. 1�
6 24 ����*07 .7)�1�2�� NA slant !"��#0 7.5 % NaCl 
)503�(!"�16I2+;0� 37 °C ��� 24 ����*07 2�	 Bacillus spp. � ��&3,(-#,7�5����:1#�0���!�451�	.�1
!"� 7.5 % 3,( 
12. �	
� �����	2�	2	
����	
�C��6./� (starch hydrolysis)     

 8",���:1 Bacillus spp. 1�
6 24 ����*07 .7)� starch agar )50���:13�(!"�16I2+;0�2(17 
������.� 2-3 ��� 2
,.;	1. 31*1,"� (lugolts iodine) .7)�1�2�� 2�	�	�,)����I'#2.�72
,
-#,7�5����:1 Bacillus spp. #�0���
51
-�R73,( 15���.����)�	 
 
�1N��	
�

��2  McFarland Standard 

                  barium chloride          0.05 M        BaCl2 (1.175 % w/v BaCl2.2H2O) 
                sulfuric acid                0.36 N         H2SO4 (1 % v/v) 
�1N��	
�

��2  McFarland   ���
G
C	� s  
 

No. barium chloride (ml) sulfuric acid  (ml) x 108 cfu/ml 
0.5 0.05 9.95 1.5 
1 0.1 9.9 3 
2 0.2 9.8 6 
3 0.3 9.7 9 
4 0.4 9.6 12 
5 0.5 9.5 15 
6 0.6 9.4 18 
7 0.7 9.3 21 
8 0.8 9.2 24 
9 0.9 9.1 27 
10 1 9 30 

!"�0� : ���I��<& �200I" (2549) 
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V	�D��� � 
 

	
	�V	�D������ 1 ���%��/2U%��0-�������/,�)%��0�6�-�7817*�%') 6,������	
�� 
                                 '����1�!,.17    
 
       Source df SS   MS  F value 
 
     Treatment                4                       1.9421                 0.4855                  10.72** 
     Error                      10                       0.4530                 0.0453 
     Total                      14                       2.3951 
     C.V.  29.78 % 
    **  0"%��0-4	45�7!�7#��4�!"� p≤  0.01 
 

	
	�V	�D������  2  ���%��/2U%��0-�������/,�)%��0�6�-�7817*�%��-�R7������	
�� 
 '����1�!,.17 
 
       Source df                                SS  MS     F value 
 
     Treatment                4                     15.2133                   3.8033                  12.77** 
     Error                       10                      2.9775                   0.2977 
     Total                       14                    18.1908 
     C.V. 24.72 % 
    **  0"%��0-4	45�7!�7#��4�!"� p≤  0.01 
 


	
	�V	�D������  3  ���%��/2U%��0-���������0�I�.�.�4������	
��'����1�!,.17 
 
       Source df  SS MS  F value 
 
     Treatment                 4                  105191.34            26297.84                0.29ns 
     Error                        10                 913996.63            91399.66 
     Total                        14               1019188.02 
     C.V.  44.81 % 
    ns  3050"%��0-4	45�7!�7#��4�!"� p≤  0.01 
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	�V	�D������  4    ���%��/2U%��0-�������/,�)%��0�6�-�7817*�%') 6,������	
�� 
�1	���1�!,.17 
 

       Source  df  SS  MS   F value 
 
     Treatment                  4                        2.6773                 0.6693                6.78** 
     Error                         10                       0.9866                 0.0986 
     Total                         14                       3.6640 
     C.V. 21.22 % 
    **  0"%��0-4	45�7!�7#��4�!"� p≤  0.01 
 


	
	�V	�D������  5    ���%��/2U%��0-�������/,�)%��0�6�-�7817*�%��#��0������	
�� 
     �1	���1�!,.17 
 
       Source  df SS  MS  F value 
 
     Treatment                   4                       3.7866                0.9466                 14.20** 
     Error                          10                      0.6660                0.0666 
     Total                          14                      4.4533 
     C.V.  20.38 % 
    **  0"%��0-4	45�7!�7#��4�!"� p≤  0.01 
 

	
	�V	�D������  6    ���%��/2U%��0-�������/,�)%��0�6�-�7817*�%��-�R7������	
�� 
 �1	���1�!,.17 
 
       Source df  SS  MS    F value 
 
     Treatment                   4                     16.8640                 4.2160                  19.05**     
     Error                          10                      2.2133                 0.2213 
     Total                          14                    19.0773 
     C.V.  21.51 % 
    **  0"%��0-4	45�7!�7#��4�!"� p≤  0.01 
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	�V	�D������    7  ���%��/2U%��0-���������0�I�.�.�4������	
���1	���1�!,.17 
 
       Source df  SS  MS                 F value 
 
     Treatment                   4                     238756.66            59689.16            0.89ns 
     Error                          10                    674083.33            67408.33 
     Total                          14                    912840.00 
     C.V. 24.19 % 
    ns  0"%��0-4	45�7!�7#��4�!"� p≤  0.01 
 


	
	�V	�D������  8    ���%��/2U%��0-������ $����*%*.�"-)%!"��"
  Bacillus  sp.  
   (x104 cfu/g)  '�#��,�2U!"� 1 (�5�!6	 7 ���) 
 
       Source df    SS  MS     F value 
 
     Treatment                    2                     3488.00              1744.00                  57.49** 
     Error                            6                       182.00                  30.33 
     Total                            8                     3670.00 
     C.V.  18.99 % 
    **  0"%��0-4	45�7!�7#��4�!"� p≤  0.01 
 


	
	�V	�D������  9  ���%��/2U%��0-������ $����*%*.�"-)%!"��"
  Bacillus  sp.  
 (x104 cfu/g)  '�#��,�2U!"� 2 (�5�!6	 7 ���) 
 
       Source  df   SS  MS F value 
 
     Treatment                    2                      1840.22                 920.11                22.81** 
     Error                            6                        242.00                   40.33 
     Total                            8                      2082.22 
     C.V.  28.29 % 
    **  0"%��0-4	45�7!�7#��4�!"� p≤  0.01 
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	�V	�D������  10   ���%��/2U%��0-������ $����*%*.�"-)%!"��"
  Bacillus sp.  
  (x104 cfu/g)  '�#��,�2U!"� 3 (�5�!6	 7 ���) 
 
       Source df    SS  MS    F value 
 
     Treatment                    2                       2559.74             1279.87                 133.57** 
     Error                            6                          57.49                    9.58 
     Total                            8                      2617.23 
     C.V.  16.31 % 
    **  0"%��0-4	45�7!�7#��4�!"� p≤  0.01 
 


	
	�V	�D������  11    ���%��/2U%��0-������ $����*%*.�"-)%!"��"
  Bacillus sp.  
 (x104 cfu/g) '�#��,�2U!"� 4  (�5�!6	 7 ���) 
 

       Source df  SS   MS   F value 
 
     Treatment                    2                       131.55                  65.77                  19.10** 
     Error                            6                         20.66                   3.44 
     Total                            8                       152.22 
     C.V.  28.31 % 
    **  0"%��0-4	45�7!�7#��4�!"� p≤  0.01 
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�.�
�!%*�*.
"#6����"              2547 
(�!%*�*.
"	���.�4���)  
 
 


