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���)*�+�� ���,& �,����
-�"���&�%��	�
�����	
�������
����������".�"/�+% 
Bacillus spp. �����"�����3�4��� ��������,&�������56
&�7	,
�� Alternaria spp. ���8
���������
� !���������"���� ����#$����� ���% ����
�����"9 ��
����������"������ ������� ,�����8���
�: ��	�
�������������� �������7	,
�� Alternaria spp. ���
��
�:�&!������������&
���������
�������"�&"����	7����#$����� ���%� �	, �����&8���
:�&; 6
&"����)#�� ��� �  14 >��%� 
�?����3� tissue transplanting method #�?��,&8�� 15 ����� 3�% �������� 3�% LRC 4-6 �:
�8?����
����� ��&������ R*�&���� �7 ��#�?�"9  Alternaria longipes ��������������������� Bacillus spp. 
��� �  356 ����� 3�% �?����3� soil dilution plate method ���
��
�:�&�� "T������U%6
&"����)
#�� �����
���������,&�������56
&��? ���7	,
�� A. longipes LRC 4-6 �?����3� dual culture 
� 
�8�� PDA ���:������-�����	
� Bacillus spp. �����"�����3�4��#�?�� 18 ����� 3�% �����	�

 �� ,�����,�&�7	,
�:� ��6
&���������".�"/�+%��&��:�������
����������-� ��������,&�������5
6
&��? ���7	,
���?��
�8�� PDA double strength ������
���������,&���&
�6
&�"
�%���
!���:� ������"
�%�7	,
�� ���:� Bacillus subtilis ����� 3�% LPDD 3-1 ��"�����3�4��� ���
�������7	,
�����8
�#�?�������� ����8?!���������,&��? ���7	,
����,&���!:� ���#�:!:� �����?
 #�?��&
-*& 97.6 ��� 95.6 �"
�%�R� 
% ����8?!���������,&���&
�6
&�"
�%�7	,
��#�? 91.6 ��� 86.3 
�"
�%�R� 
% 
�������� ��� germ tube 6
&�"
�%���&
�

��������+U�!��"�
�
�:�&7���� �	
 
��, �������"T&�
&  

�����^ ���
�����������������".�"/�+%��"������ ������� ,�� �����-!��

��
��������#�? 5 ��
� �?����3� wet granulation ��	�
"����� !�����
���&���4�����7��4��6
&
��
����������� �����:� ��
����������� 1 (sodium alginate 12.5 �"
�%�R� 
% PVP(k-30) 12.5 
�"
�%�R� 
% lactose monohydrate 75 �"
�%�R� 
% ����"
�%�6� �
�6
&���������".�"/�+%    
B. subtilis LPDD 3-1 "����U 4.4 x 1015 cfu) ����U����
�����8������8����: ��	�
���������
������ !������ ��������-����� ,��#�?�� �����������#�?���:������"9 ���-�:�& �"9 ���& �8?
�:�����8 	���& (18.90 cps) ��"����U�7	,
���
��:�
�� ��!��������&8��&����: �"9 ���� 10 
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��  �����	�
�������+�#�?���
�U84���8?
& (26-30 
&)��R��R���) �"9 ���� 6 ��	
  ����� � �7	,

�����7���
�
�� ��
��������� "����U��&����:
 6?�&�&
�� (109 cfu 
:
����) �����������6
&
��
����������"�����3�4��� ��������,&��? ���7	,
�� A. longipes LRC 4-6 #�?�����:� 95 
�"
�%�R� 
% � �4��8?
&".���
���� 

������
�"�����3�4��6
&��
�����������������".�"/�+%��"������ �������
 ,����
���� 1 
:
�����������������6
&!���������"���� ��&��	
 #$����� ���% �����&�! ���
���
&�����:�
�:�&�����U% (completely randomized design) �� 9 ������3�������
& 5 R,�� 
!�������
&���:�����: ��
����������� ���:
 "����7	,
�����8
� 1 ��  ����: R,��8��&���
"����7	,
�� �"9 ���� 3 ��� 5 ��  �����-��������������� !������#�?�� ����8?�"
�%�R� 
%��
����"9 ���
:

? � !��������� �
i� ����
��� �����
�

�%�$� ��:���� 20.0 19.4 ��� 22.7 
�"
�%�R� 
% 
�������� ���&���7��������-*& 53.2 57.9 ��� 65.9 �"
�%�R� 
% 
�������� 
�:&!��8?�����-����� ,��8 ����6
&!�����7��������#�?��&-*& 57.1 43.4 ��� 49.7 �"
�%�R� 
% 

�������� 
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ABSTRACT 
 

The objective of this study was to select and test the efficacy of Bacillus spp. 
antagonist in inhibiting the growth of Alternaria spp., the causal agent of lettuce leaf spot 
disease in hydroponic farms and to prepare the fresh cells of Bacillus spp. into a water-
soluble granule for spray application to suppress leaf spot disease. Fifteen isolates of 
Alternaria spp. were isolated from leaf spot disease samples of lettuce obtained from 14 
hydroponic farms in several provinces of Thailand using tissue transplanting method. 
Alternaria longipes (isolate LRC 4-6) was the most virulent strain to the lettuce plants, 
comparing to other isolates when pathogenicity test was undertaken. A total of 356 isolates of 
Bacillus spp. were isolated from forest soil samples in Thailand using soil dilution plate 
method. These Bacillus spp. isolates were screened to detect their effectiveness in inhibiting 
mycelial growth of A. longipes LRC 4-6 using dual culture technique on PDA medium. 
Eighteen isolates of Bacillus spp. showed the potential in antagonizing A. longipes LRC 4-6, 
based upon their effect on inhibiting a mycelial growth and spore germination. Bacillus 
subtilis isolate LPDD 3-1, was the most effective in inhibiting mycelial growth (with 97.6% 
and 95.6% reduction) when sterilized and non-sterilized supernatant was incorporated into 
the PDA double strength medium respectively. This bacterium also was the most effective in 
inhibiting spore germination (with 91.6% and 86.3% reduction) when spores were 
suspended in water mixed with either sterilized or non-sterilized supernatant respectively. 
Moreover, the conidia treated with these supernatants had obvious abnormal morphology with 
shortened germ tubes and cell swelling.  

Subsequently, five water-soluble granule formulations were successfully 
prepared using wet granulation method. The suitable and applicable formulation composed of 
sodium alginate (12.5%), PVP (k-30) (12.5%), lactose monohydrate (75%) and B. 
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subtilis LPDD 3-1 endospore suspension (at 4.4 x 1015 cfu). This formulation exhibited 
good physical characteristics with high solubility, high viscosity (at 18.90 cps) and neutral 
pH. Sprayed upon a lettuce leaf, the bacterial population still remained high when a number 
of the bacterium was assessed 10 days after application. After being stored for 6 months, a 
number of the bacterium in the formulation was at 109 cfu/g (at 26-300C). Under 
laboratory condition, an aqueous solution of the formulation showed high activity in inhibiting 
mycelial growth of A. longipes LRC 4-6 (with more than 95 % reduction).  

The testing to determine the efficacy of the water-soluble granule formulation 
under hydroponic greenhouse condition was arranged in a completely randomized design 
(with 9 treatments and 5 replications). It was found that spraying the formulation 1 day 
before pathogen inoculation, followed by spraying the formulation again at 3 and 5 day after 
pathogen inoculation, had high potential for deterring and suppressing the development of 
lettuce leaf spot disease. After spraying the lettuces with the developed formulation, % leaf 
with disease symptom/plant in green oak, red coral and butter head was at 20.0%, 19.4% 
and 22.7% respectively, with the reduction in % leaf with disease symptom/plant at 53.2%  
(for green oak), 57.9% (for red coral) and 65.9% (for butter head) when comparing with 
the non-treated control. The effect of the spray also increased the percentage of fresh weight 
of the lettuces at 57.1% (for green oak), 43.4% (for red coral) and 49.7% (for butter 
head).  
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1.  
 

  

 

  

    

  

( , 2543;  , 2547) 

 (lettuce)   

(green oak)  (rea oak)  (rea coral)  (butter head)  

(filey iceberg)  (cos)  

  

  

  

 ( , 2538; , 2547) 

  

 

 (Menzies et al., 1996) 

  Pythium spp.  ( , 2548) 

 Alternaria spp. 

 

 ( , 2550; , 2550) 

  

 

  

  

  

1



 
 
 

2

 (Muslim et al., 2003) 

  (2549)  Penicillium sp. 075  

Fusarium sp. 011  Alternaria brassicicola 

  Romeiro  (2005)  

Bacillus cereus UFV-101  

 A. solani, Pseudomonas syringae, Xanthomonas campestris  Corynespora cassiicola 

  Siddiqui (2007)  Pseudomonas sp. Pa22 

 Bacillus sp. B28   

A. triticina  

 Bacillus spp. 

           

 (Shogi, 1978)   

ß-1,3-glucanase (Leelasuphakul et al., 2006) 

  Bacillus spp. 

 (Shoda, 2000) 

      

    

  

 Bacillus spp. 

  

  

  

 

 

 

  Bacillus spp. 
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2.  
 

2.1  
 

 W.F. Gericke  .  2473 

  

        

 

  .  2544  125,000-156,250  

      

    

  

    

 .  2547  130  

 100   12   314  ( , 

2547)  

  

    

  

 

 -    

 

   

  

  (Food 

safety)  

   

 

  

 ( , 2534; , 2547)  

 

  

 3   ( , 2547) 
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2.1.1  (substrate culture) 

  

    

        

    

2.1.2  (aeroponics) 

  

  

      

2.13  (liquid culture) 

  

  

  (Nutrient Film Technique : NFT) 

 

(Nutrient Flow Technique : NFLT) 

 (Deep Flow Technique : DFT) 

 (Dynamic Root Floating Technique : 

DRFT)  

(Flood and Drain : FAD) 

 

   

Evaporative Cooling System  

  

  

   

  

 (outdoor system)  
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2.2  
 

 (lettuce)  Lactuca sativa Linn. 

 Asteraceae (Compositae) 

  

  

  

  

  

  80 

  

 ( , 2542; , 2550; , 2547)  

 

2.2.1   
   

   

    

   

   

 panicle  

 15-25   2  

   1   1   2   

5   

   (achene) 

    

  

 4   1  ( , 2550) 

 

2.2.2   
           3  

 ( , 2550; , 2550)  

  2.2.2.1  (leaf lettuce  loose leaf : L. sativa var crispa L.) 

   



 
 
 

6

   

   (green oak) (  1 

)    (red coral)  (red oak) (  1  

 )  

2.2.2.2  (head lettuce)  

  3   

1)  (crisp head : L. sativa var capitata L.) 

     

    Great lake, 

New york, Imperial  Progress  

2)  (Bibb)  

  

   

(  2 )   

    (butterhead) 

3)  (cos  romaine) 

    (  

2 )   2    Paris White, 

White Heart    Little Gem 

2.2.2.3  (stem lettuce : L. sativa var asparagina) 
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 1  ( )  ( )   ( ) 

 
 
 
 
 
 
 
 
 

            

 

 2  ( )  ( ) 
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2.2.3 
   

        

 (  1)   

 (antioxidant)    (folic 

acid)  (lutein)  (beta-carotein) 

 

 ( , 2538; Hedges and Lister, 2005) 

 

 1   

  100  

butterhead romaine crisp head loose leaf 

 (g) 1.2 1.3 1.9 1.3 

 (g) 2.5 3.5 2.9 3.5 

  (g) 0.2 0.3 0.1 0.3 

 (g) 35 68 20 68 

 (g) 2.0 1.4 0.5 1.4 

 A (I.U.) 970 1900 330 1900 

 (mg) 0.06 0.05 0.06 0.05 

  (mg) 0.06 0.08 0.08 0.08 

   (mg) 0.3 0.4 0.3 0.4 

    (mg) 8 18 6 18 

beta-carotein (µg) 1987 3434 299 4495 

Lotein & zeaxanthin  (µg) 1223 2312 277 1724 

 :  Lorenz and Maynard,1980 ; Hedges and Lister, 2005

2.2.4  
 2.2.4.1    

  150/cal/cm
2
/day 

 650-690  
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  ( , 2538; , 2550) 

2.2.4.2   

 20-28   

 38   

 40   

   

 ( , 2550) 

   ( , 2550) 

2.2.4.3   

 

   Knop 
,
s 1865, Sach

 ,
s 1860, Shive

 ,
s  Hoagland

,
s 

( , 2544)  (electrical 

conductivity  EC)  1.4-2.0 dSm
-1
 

 -  (pH) 

 -  5.8-6.2 

( , 2550)   

 

2.2.5   
  38-45  

    

 

  90 

 

 ( , 2550) 

 

2.3 
 

2.3.1  Alternaria spp.  
  Alternaria spp. 

         

   (Simmons, 1997)  Alternaria spp. 
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 (Classification)  (Agrios, 1997)   

  

Kingdom Mycetae 

   Division Eumycota  

   Sub-Division Deuteromycotina 

   Class  Hyphomycetes 

Order  Hyphales (Moniliales) 

Family  Dematiaceae 

   Genus  Alternaria 

 

 Alternaria spp.  (conidia) 

 (ovoid)  (obclavate)  (cylindrical) 

 rostrate  

 (filifrome)  (verruculose) 

   beak 

  (catenulate)       

 (conidiophore)  

   

conidiogenous cell ( )  

 conidiogenous cell  (enteroblastic) 

   

   conidiogenous cell 

 ( , 2537; Agrios, 1997) 

2.3.2   
   Alternaria spp. 

   

  

 

   2-3  

  2-3    

 ( , 2537; , 2550)
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 3  

 

2.3.3  
  

 

 

 

 

 

  

 

   

( , 2550) 

  

 Alternaria spp.  

    

   germ 

tube    

  8-10  

  4-5  (

 4) 

   

 24-30  ( , 2537) 
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 (  5)   

Alternaria spp.  (parasyte)  (saprophyte) 

 

 

  

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 4  Alternaria spp.

 : Agrios, 2005
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 5  

 

  

   

   

 

  ( , 2550) 

 

2.4  Bacillus spp. 
 

 2.4.1  Bacillus spp.  
  Bacillus spp.  Bacillaceae  

 (rod shape)  0.3 - 2.2 x 1.2 - 7.0   (gram-

positive)   

 (endospore forming)  1  1   

(lateral flagella) ( , 2537)  Bacillus spp. 

          

24-48   -   

  

    

   

    (Obagwu and Korsten, 2003) 
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  168  

 (Shogi, 1978)  amylase  protease 

    (Boer and Diderichsen, 

1991)  

 

 2.4.2  Bacillus spp.   

   Bacillus spp.  

    

  

   

  Bacillus spp. 

 extracellular hydrolytic enzymes     

  

 (Priest, 1977) 

 (Helisto et al., 2001; Gong et al., 2006) 

 Bacillus spp.   bacillomycin iturin mycosubtilin bacilysin fengymycin  

mycobacillin   ( , 

2531; , 2534) 

( )  

 

( )   active transport 

 

 

 

( )  

  

 

 

( )  

 

  

( )   
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  Bacillus spp. 

  B. subtilis RB14-C  

iturin A  surfactin  Rhizoctonia solani 

 (Asaka and Shoda, 1996; Szczech and Shoda, 2004) Bertagnolli  (1996)  

B. megaterium B153-2-2  extracellular endoproteinase  phospholipase 

 R. solani   

Intanoo  (2002)  

 B. cereus  B. megaterium 

 Alternaria brassicicola  

 potato dextrose agar (PDA)  

Yoshida  (2001)  

 Colletotrichum dematium 

 

  B. amyloliquefaciens RC-2 

   B. 

amyloliquefaciens RC-2   Rosellinia necatrix, 

Pyricularia oryzae, Agrobacterium tumefaciens Xanthomonas axonopodis pv. Campestris 

 

 iturin A2 

Collins  Jacobsen (2003)  B. subtilis BacB 

 Cercospora beticola 

  1x10
6
 cfu  

 

 

Okigbo  Osuine (2003)  Bacillus spp. 

 soil dilution spread plate  Pestalotiopsis 

mangiferae, Botryodiplodia theobromae  Macrophoma mangiferae 

  PDA  5  

 B. subtilis NCIB 3610  3   57 61  58 

   

 (2547)  Bacillus 

spp.  

 R. solani  
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 Bacillus spp.  pour plate  PDA double 

strength  121          

  20   B. firmus TRV 9-5-2 

 

 97.3  93.7    

Lisboa  (2006) 

  B. amyloliquefaciens  bacteriocin  

Listeria monocytogenes  

Leelasuphakul  (2006)  B. subtilis NSRS 89-24 

  ß-1,3-glucanase 

 R. solani   Pyricularia grisea 

  dual culture technique  PDA 

  121   15 

  

   

Thonglem  (2007) 

 Penicillium digitatum 

   

spot test technique  dise 

diffusion method  B. pumilus W1L1 

  21   97.6 

  8   

 (2551)  Bacillus spp. 

  C. 

cruenta, Uromyces vignae  Oidium sp.  

 dilution spread plate 

  1x10
6
 

cfu   1:1   

 B. megaterium HT-NK-460  B. brevis TZ-CP-342 

 97.22-100  

Alvindia  Natsuaki (2009)  B. amyloliquefaciens 

DGA 14   Thielaviopsis paradoxa, 

Colletotrichum musae  F. verticillioides  crown rot  
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 nutrient broth (NB)  48  

  B. amyloliquefaciens  

 3  

 Bacillus spp. 

 Alternaria spp.  Bacillus spp.  Alternaria spp. 

  2 

 

 2  Bacillus spp.  Alternaria spp.  

 

 Bacillus spp.    

B. subtilis  A. helianthi Kong et al., 1997 

B. amyloliquefaciens  A. radicina Chen and Wu, 1999 

B. subtilis                 

B. licheniformis 

 A. alternata Sid et al., 2003 

B. cereus  A. solani Romeiro et al., 2005

B. amyloliquefaciens A. cosmosa Wu et al., 2007 

  
2.4.3  Bacillus spp.   

  Bacillus spp. 

  

  

   Bacillus spp. 

  Marten  

(1999)  B. subtilis B2g    

 (spore suspension)  (seed treatment) 

 R. solani  F. oxysporum  

    Arunyanart  (2001) 

 B. subtilis   TRF A  B 

 validacin  Chiou 

 Wu (2003)  B. amyloliquefaciens B190 

 emulsion  Botrytis elliptica 

  Wiwattanapatapee  (2004)  
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B. megaterium   

 R. solani 

  

 iprodione (Kanjanamaneesathian et al., 2007)  Pengnoo  

(2006)  B. firmus TRV 9-5-2 

  polyvinylpyrrolidone, 

sodium carboxymethylcellulose (SCMC)  

 R. solani   97.4  

  Kim  (2007)  B. licheniformis 

N1    

 Botrytis cinerea  81   

 

2.4.5  Bacillus spp.   
 Bacillus spp. 

  (Boer and Diderichsen, 1991; Shoda, 2000)  

 B. anthrasis   B. cereus  

 Bacillus spp.  

 

 

  Bacillus spp.  

   Gramicidin  B. brevis, Baccitracin 

 B. licheniformis  B. subtilis, Polymyxin  B. polymyxa, Subtilin  

Mersacidin  B. subtilis ( , 2538)  Bacillus spp.

   

  

  (probiotic) 
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    ( , 

2549; , 2551;  Walker and Duffy, 1998)  Bacillus spp. 

 B. subtillis (Vaseeharan and Ramasamy, 2003) B. cereus, B. 

clausii, B. pumilus (Duc et al., 2004) B. licheniformis  B. coagulans  

 B. subtillis 

   (Vaseeharan and Ramasamy, 2003) 

 B. subtilis  B. licheniformis  Lactobacillus 

acidophilus  

 ( , 2551) 

 Bacillus spp. 

  Bacillus spp. 

  

  

   

  

 

 

2.5  
 

 

    2-4  

  

  ( , 2536)   

 

 

  (2547)  B. firmus 

 R. solani  

iprodione   Wiwattanapatapee  

(2007)  B. megaterium  

 citric acid, tartaric acid  sodium bicarbonate 

 R. solani 
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 10
9
 cfu   12   

 

2.6  
 

  

 (excipient)     (filler  

diluent)  (binder)  (disintegrant)  
 
2.6.1   

 

 

     

  lactose, sucrose, starch, calcium carbonate, mannitol, calcium 

sulfate, dibasic calcium phosphate, microcrystalline cellulose  sorbitol   

lactose    

  lactose 

  

 lactose   

  4-5  ( , 2534; , 2539) 

 

2.6.2  
  

   

   starch, 

sucrose, acacia, gelatin  tragacanth   polyvinylpyrrolidone 

(PVP), methyl cellulose   PVP 

  ( , 2534)   

 

 3-15   1-5  

 ( , 2539) 

 PVP  

 PVP   PVP 
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 ( , 2534)

 

2.6.3  
  

 

    

starch       

 starch    

 

alginate   hydrophilic colloid substance 

  alginic acid  alginic acid 

 sodium alginate  

 alginic acid  1-5   sodium alginate 2.5-10  

( , 2538)

 

3.  
 

3.1  

Alternaria spp.  

3.2  

 

3.3  

 



 2 
 

  
 
 
1.  
 

1.1    

1.1.1   

1.1.2   

1.1.3   

1.1.4  (  ) 

1.2  (  )  

1.2.1 potato dextrose agar (PDA)  

1.2.2 potato dextrose broth (PDB) 

1.2.3 PDA double strength   

1.2.4 potato carrot agar (PCA)   

1.2.5 nutrient agar (NA)   

1.3    

1.3.1  (mancozeb)  

1.3.2  (lactose monohydrate) 

1.3.3 sodium alginate 

1.3.4 polyvinylpyrrolidone (PVP (k-30)) 

 1.3.5  (  ) 

 

2.  
 

2.1    (peri dish)  9   

2.2    (erlenmayer flask)  250  

2.3    15  

2.4    (Larminar air flow cabinet)

2.5    (Incubator)

22
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2.6    (Hot air oven) 

2.7    (Autoclave) 

2.8    (Water bath) 

2.9    (Centrifuge) 

2.10 -  (pH meter) 

2.11  

2.12  (Table rotary shaker) 

2.13  (Planetary mixer) 

2.14  (Brookfield DV-III Ultra Programmable Rheometer) 

2.15  2  4  

2.16  (Vortex mixer) 

2.17  (Haemacytometer) 

2.18   

 
3.  
 

3.1  
 

   

      

     14   Alternaria spp. 

 tissue transplanting method  

 water agar (WA)  (26-30 

)  7   (hyphal tip) 

  potato dextrose agar (PDA)  

 

  Alternaria spp.  Alternaria spp. 

 (single spore isolation)  PDA 

 PDA slant  
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3.2  

3.2.1   
  Alternaria spp.   potato carrot agar 

(PCA)   

 10   (spore suspension)  

 10    

  

  

(Haemacytometer)  1x10
4
  

 

3.2.2  
    

 (DFT) 

 25   

 

3.2.3  
  Alternaria spp.  1x10

4
 

   

  24   

  7-14  

  

 

   0   

   1   1- 25  

   2   26- 50  

   3   51- 75  

   4   76- 100  
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3.3  Alternaria sp. 
 

 Alternaria sp. 

 3.2   PCA 

  7   (conidia)      

 (conidiophore) 

 Ellis (1971, 1976)  

 

3.4  Bacillus spp.  
 

  125    

      

 soil dilution plate method  2   1 

  (NaCl) 0.85   9  

   1-2  

  80   20  

 

  10
-3

- 10
-4

  drop plate 

 nutrient agar (NA)  35   48  

 Bacillus spp.     1-2  

 streak plate  NA   NA slant 

 

 

3.5   
Alternaria sp.  

 
3.5.1   
          Alternaria sp.  

  Bacillus spp.  3.4 

 Alternaria sp.  dual culture 

technique  Alternaria sp.  PDA  7   

PDA  Alternaria sp.   (cork borer)  

5   PDA   4 
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  4   (26-30 )  7 

   (inhibition zone) 

  Alternaria sp. 

  

 

 

 

3.5.2  
          Alternaria sp.   

   

Alternaria sp.  3.5.1  

 Bacillus spp. 

1)  (Ryu, 1938)   

 (KOH)  3   1   

 NA  24   1  

 KOH   

  

2)  

   NA  24  

   

  (malachite green)  5.0 % (w/v)  

 10     (safranin) 

 0.5 % (w/v)  15    

   

 

3.5.3  
          Alternaria sp.  

   Bacillus spp.  3.5.2 

 NA  24   Bacillus spp.  2 loop  

 250   potato dextrose broth (PDB) 

 100   150   

(26-30 )  24   (supernatant) 
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 3,000   30  

  0.45  

 2   121  

 15   20   

 pour 

plate  PDA double strength  1:1   

   Alternaria sp. 

 PDA  7   

  3    

7   

 (Gamaliel et al., 1989)  

 

    = 100  (r
2
 x 100) 

                              R
2
 

   r  =  

   R =  

 

 Bacillus spp. 

 Alternaria sp.   

 

3.5.4  
          Alternaria sp.  

 Bacillus spp. 

 Alternaria sp.  250  

 PDB  100  

 150   24   3,000 

  30    0.45 

  2  

 121   15   20  

   2  

  spore suspension  Alternaria sp.  1 x 10
5
 

  2  

  PDB   3  
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 7   (conidia)  Alternaria 
sp.  germ tube  100   

 100   

(Mukherjee et al., 1996)  

   

       = 100  ( ) × 100 

                ( ) 

 

   germ tube 

  

 Bacillus sp. 

 Alternaria sp.  1  

 

3.6  Bacillus sp. 
 

  Bacillus sp.  3.5.4 

   

   

 (motility test)  (oxidation-fermentation 

test)  (gelatin liquefaction)  (citrate test) 

 acetoin (VP test)  (urease production) 

 (acid and gas production carbohydrates)  

7.5   (starch hydrolysis) 

 Bacillus sp.  (2537) Mac Faddin (1976,1980)  

Schaad  (2001) (  ) 

 
3.7  

 
3.7.1  Bacillus sp. 

  Bacillus sp.   

PDA  24   

 0.85    1  

 PDA   50  
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  37   3-4  

 

 3,000   10  

 2-3   80  

 20   vegetative cell  drop plate  

plate count agar (PCA)   

 

3.7.2  
  wet granulation 

  polyvinylpyrrolidone (PVP(k-30)), lactose monohydrate sodium 

alginate   (2547)(  3) 

 Bacillus sp.  1  

  16 

   60  

 2   14  

 

 3  

   

 1 2 3 4 5 

sodium alginate (% w/w) 12.5 10 8.5 7 5.5 

PVP (k-30) (% w/w) 12.5 10 8.5 7 5.5 

lactose monohydrate (% w/w) 75 80 83 86 89 

 (x 10
15

cfu) 4.4
 

4.4 4.4 4.4 4.4 

 

 :  (2547)  0701001394 

 
3.7.3 

 3.7.3.1  
 1)  

 1  3    



 
 
 

30

200   

  3   

 2) -   

 1  3  -   (pH 

meter)  3   

 3)  

 1  3   Brookfield 

DV-III Ultra Programmable Rheometer  SC 4-31  250 

  3  

 3.7.3.2  
 1) 

  3   drop plate  

plate count agar (PCA)  37   24  

  (cfu ) 

 2) 

 Alternaria sp.  

  Alternaria sp.  1  

 pour plate  PDA  PDA  Alternaria sp. 
 5   pour plate   3  

  7  

 ( )  Alternaria sp. 
 3.5.3 

 3)  

   3 

 (  10
9
 cfu )  

   25   

  drop plate  PCA 

  1 4 7  10   3   

  1 

 

  (SEM)  
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3.7.4  
           6  

  (26-30 

)  6  

   

drop plate  PCA  37   24 

  

  

Alternaria sp.  pour plate  PDA  PDA  Alternaria 
sp.   pour plate   

 7  

 ( )  

 3   

 

1  

3.8   
    

 
 

 1  

 3      

 (DFT)  

 (KMITL s)(  ) 

 Completely Randomized Design (CRD)  9  

 5  

1.  (mancozeb)  Alternaria sp. 1   
2.  Bacillus sp.  

Alternaria sp. 1   3  5  

3.  Bacillus sp.  

Alternaria sp. 1 3  5  

4.  Alternaria 
sp. 1   3  5  
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5.   Alternaria 
sp. 1 3  5   

6.   

Alternaria sp. 1   3  5   

7.   

Alternaria sp. 1 3  5  

8.  

9.  Alternaria sp.  

 

 Alternaria sp.  potato carrot agar (PCA) 

  

 7-10   (spore suspension) 

 10    

 

  

 1 x 10
5
   

 Bacillus sp. 

 3.7.1 

 10
9
   mancozeb  50  20 

   3   

  (hand sprayer) 

 25   30  

  

 

 14   

 

  
 

  5  

  

3.2.3  (2540) 
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     =     ×             100 

                           

 
3.9  
 

 

  SAS  

Duncan
,
s Multiple Rang Test (DMRT)  

 

 



 3  
 

 
 
 
1.  
 

  14   

 

(Evaporative cooling)   

 Alternaria spp.  tissue 

transplanting method  Alternaria spp.  15  (  

4)    

 7  (  5)  

 

2.  
 

 Alternaria spp. 

 7   3      

 4       

 

   1-2  (  6) 

 LRC 4-6   

 (  6) 

 PDA 

   

Alternaria sp.  LRC 4-6  

 

 

 

 

 
34
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 4  Alternaria spp. 

 

   

1   1 

2   - 

3   2 

4  Evaporative Cooling 1 

5   - 

6   1 

7   1 

8   1 

9   - 

10   1 

11   1 

12   2 

13   2 

14   2 

 15 

 

 5  Alternaria spp.  

 

 Alternaria spp.   

LRC  4-6   

LGC  5-1   

LB  7-2   

LB  8-2   

LGC 12-2   

LF 13-4    

LB 14-3   
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 6  Alternaria spp.  

 

 
 

   

LRC 4-6 3 3 2 

LGC 5-1 2 1 1 

LB 7-2 1 1 0 

LB 8-2 1 1 0 

LGC 12-2 3 2 2 

LF 13-4 1 0 0 

LB 14-3 3 2 1 

 

  

 0  =   

 1  =    1- 25  

 2  =    26-50  

 3  =    51-75  

 4  =    76-100  

 
 
 
 
 
 
 
 
 
 
 
 

 6  Alternaria sp.  
   LRC 4-6 
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3.  Alternaria sp. 
 

 Alternaria sp.  LRC 4-6 

  Alternaria longipes (Ellis & Everh) Mason 

 (conidiophore)   

      3-5  

 80   (conidia)  

    

 11-21   35-110   bea� 

 1/3  1/2   2-5   bea� 

  PDA  7  

   8-9 

 (  7) 

 

 

 
 
 
 
 
 
 
 
                                
 

 7  Alternaria longipes (Ellis & Everh) Mason  

  .   PDA  7  

  .   400  

 

 

 

 

50 µm
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4.  Bacillus spp.  
 

  Bacillus spp. 

 soil dilution plate method  80  

 20    drop plate  

NA  Bacillus spp.  356  

      

 (  8)  

 5  1  

  (  7) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 8  Bacillus spp.  soil dilution plate method 

   10
-4 
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 7  Bacillus spp.  

                

 

   

 40 146 

 35 59 

 10 5 

 20 43 

 20 103 

  356 

 
5.  

 Alternaria sp. 
 

5.1  
  Alternaria sp. 
 

  356  

 A. longipes LRC 4-6  dual culture 

technique  PDA   20  

 A. longipes LRC 4-6  

 LPDD 3-1  

 (inhibition zone)  10.0   TRTR 

2-2, PYMD 1-6  RNTR 3-5   9.3, 9.0  8.8  

  PYMD 3-2  KRDE 5-1 

  2.3  4.8   (  8) (  9) 
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 9  Alternaria longipes LRC 4-6 

 Bacillus sp.  LPDD 3-1

 

 A. longipes LRC 4-6 

 

 ( )  

    

(  10) 

 

 

 

 

 

 

 

 

 

                               
 

 10   Alternaria longipes LRC 4-6 

 Bacillus sp.  LPDD 3-1 

 400  ( )   ( ) 
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 8  A. longipes LRC 4-6  

Bacillus spp.  

 

   Bacillus spp   ( .)

  UDMD 1-1    .  6.8  def 

  PYMD 1-6   .  9.0  ab 

  PYMD 3-2   .  2.3   h 

  PYMD 8-3   .  8.3   bc 

  PRMD 6-6   .   7.0   cde 

  PRMD 9-1   .  7.0   cde   

  NMD 6-2   .  7.3   cde 

  LPHMD 3-3   .  7.0   cde 

  CPTR 1-3   .  7.0   cde 

  CPTR 3-2   .  6.8   def 

  CPTR 4-9   .  7.0   cde 

  TRTR 1-2   .  8.0   bcd 

  TRTR 2-2   .  9.3   ab 

  RNTR 3-5   .  8.8   ab 

  PBDE 1-1   .  5.5   fg 

  PBDE 2-2   .  6.5   ef 

  KRDE 5-1   .  4.8   g 

  LPDD 3-1   .  10.0  a 

  LPDD 3-2   .  6.0   efg 

  LPDD 4-2    .  6.5   ef 

    0.0   i 

  F-test  ** 

  C.V. ( )  9.8 

 
 :   DMRT 

** =  99 %  
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    5.2    
      Alternaria sp.  

 
 A. longipes   

LRC 4-6   18  

 Bacillus spp.  KOH  3 

  18  

   

 

 
5.3   
       Alternaria sp. 

 
 Bacillus spp.   

 A. longipes LRC 4-6 

 Bacillus spp.  18  

 A. longipes LRC 4-6  

( )  121   15 

  20    pour plate 

 PDA double strength  1:1 

 Bacillus spp. 

  

TRTR 2-2  RNTR 3-5   95.7  

 LPDD 3-1, NMD 6-2, PYMD 8-3  PYMD 1-6 (95.3, 

95.1, 94.7  94.4  )  

 LPDD 3-1 

  97.6    

 LPDD 3-1  LPDD 3-2 

  

(  9) (  11)
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5.4         
  Alternaria sp. 

 

 Bacillus spp.  18  

 A. longipes LRC 4-6 

 

 Bacillus sp.  PYMD 8-3 

  94.7   TRTR 2-2, PYMD 

1-6, CPTR 1-3  LPDD 3-1  89.9, 88.6, 87.9 

 86.3    

121   LPDD 3-1 

 91.6   TRTR 

2-2 (87.9 )   LPDD 3-1 

 LPDD 3-2 

  (  10)  

 A. longipes LRC 4-6 

 

 A. longipes LRC 4-6   germ tube  

   germ tube 

 (  12) 

Bacillus sp. 
 A. longipes LRC 4-6   LPDD 3-1 

  LPDD 3-1 
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 9   Bacillus spp. 

  A. longipes LRC 4-6 

 

 A. longipes LRC 4-6
 Bacillus spp.

  

UDMD 1-1 94.3  a 80.8  cde 

PYMD 1-6 94.4  a 84.5  b-e 

PYMD 8-3 94.7  a 88.3  abc 

PBDE 1-1 80.2  d 76.1  ef 

PBDE 2-2 91.0  abc 82.0  cde 

PRMD 6-6 92.0  ab 79.3  cde 

PRMD 9-1 89.3  abc 76.1  ef 

CPTR 1-3 85.5  bcd 76.8  def 

CPTR 3-2 84.0  cd 67.6  f 

CPTR 4-9 69.8  e 51.5  g 

TRTR 1-2 66.6  e 43.9  g 

TRTR 2-2 95.7  a 93.6  ab 

RNTR 3-5 95.7  a 87.3  a-d 

NMD 6-2 95.1  a 87.3  a-d 

LPDD 3-1 95.3  a 97.6  a 

LPDD 3-2 82.1  d 85.7  b-e 

LPDD 4-2 79.3  d 45.0  g 

LPHMD 3-3 81.9  d 50.3  g 

   0.0  f   0.0  h 

F-test   **    ** 

C.V. ( )  3.7   6.0 

 

 :   DMRT 

** =  99 %  
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 10   Bacillus spp.         

 A. longipes LRC 4-6 

 

 A. longipes LRC 4-6 

Bacillus spp.   

UDMD 1-1 78.9  cd 51.9  gh 

PYMD 1-6 88.6  ab 67.9  cde 

PYMD 8-3 93.0  a 79.6  b 

PBDE 1-1 81.6  bcd 72.3  bc 

PBDE 2-2 86.3  abc 57..5  fg 

PRMD 6-6 83.3  bcd 49.5  h 

PRMD 9-1 76.2  d 61.9  ef 

CPTR 1-3 87.9  ab 63.5  def 

CPTR 3-2 81.3  bcd 59.9  efg 

CPTR 4-9 47.1  f   8.7  � 

TRTR 1-2 47.1  f 11.7  j 

TRTR 2-2 89.9  ab 87.9  a 

RNTR 3-5 84.3  bcd 78.6  b 

NMD 6-2 84.3  bcd 68.2  cde 

LPDD 3-1 86.3  abc 91.6  a 

LPDD 3-2 61.2  e 71.6  bcd 

LPDD 4-2 65.5  e 37.8  i 

LPHMD 3-3 17.1  g   1.7  �l 

   0.0  h   0.0 l 

F-test       **               ** 

C.V. ( )      4.9   6.4 

 

 :   DMRT 

** =  99 %  
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 11   Alternaria longipes LRC 4-6  PDA 

double  strength  Bacillus sp.  LPDD 

3-1 ( )  ( )   ( )   

 26-30   7  

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 

 

 12   Alternaria longipes LRC 4-6  

PDB  Bacillus sp.  LPDD 3-1 

 1:1  24  ( )  ( )  

 ( )   400 

50 µm

50 µm 50 µm
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6.  Bacillus sp. 
 

 Bacillus sp.  LPDD 3-1 

  

 (2537) Mac Faddin (1976, 1980)  Schaad  

(2001)  Bacillus subtilis 
    

  

   (  11) 

 

 11   

 Bacillus sp.  LPDD 3-1

 

 B. subtilis Bacillus sp.  LPDD 3-1

Gram stain reaction + + 

Motility test + V 

Nitrate reduction + + 

Gelatin liguefaction + + 

Oxidation-fermentation test O O/F 

Citrate test + V 

Voges-Pros�auer + + 

Urease production  V + 

Glucose A A 

Mannitol A A 

Arabinose A A 

Xylose A A 

Growth in 7.5 % NaCl + + 

Starch hydrolysis + + 

 

 : Macfaddin (1976, 1980)  Schaad  (2001) 

 

  V = variable result    F = fermentation

  A = acid    O = oxidative 
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7.  

 

7.1  Bacillus sp. 
 

 B. subtilis LPDD 3-1 

 PDA  drop plate  PCA 

 2.2 x 10
14

 cfu 

 

7.2  

 

  wet granulation 

 sodium alginate, lactose monohydrate  PVP(�-30)  

(  3)  B. subtilis LPDD 3-1 

 5     

 13  

 

 

 

 

 

 

 

 

 

 

                             

 

 13  .  1 

               .  B. subtilis LPDD 3-1   

      ( )  1  SEM 

 (2 µm)  7,000  
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7.3  

 

 7.3.1  

  7.3.1.1  
 1  3  

  200  

 5-18  10-35    1 

  5   1  3  (  

12) 

 

 12   1   

               3  

 

  ( ) 
 

  1    3  

1 17.7  a 35.4  a 

2 10.9  b 22.3  b 

3  6.3  c 14.7  c 

4  5.5  c   13.4  cd 

5  5.1  c 10.7  d 

F-test ** ** 

C.V. ( ) 5.8 7.4 

 

 :   DMRT 

** =  99 %  

 

 7.3.1.2 -   -

 1  3  -

 5    1  

 3   (  13) 

 7.3.1.3  

 1  3    

  1  1  
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3   (8.52  18.90 cps )  

 2  3  (  14) 

 
 13 -  1  3  

 

-  
 

  1    3  

1 6.27  ±  0.02 6.03  ±  0.01 

2 6.23  ±  0.01 6.01  ±  0.01 

3 6.18  ±  0.04 6.02  ±  0.01 

4 6.16  ±  0.02 6.02  ±  0.01 

5 6.16  ±  0.01 5.99  ±  0.01 

 ( ) 6.84  ±  0.10 6.81  ±  0.08 

 

 14  1  3  

 

 (cps) 
 

  1    3  

1 8.52  a 18.90  a 

2 8.15  b 15.72  b 

3 7.83  c 12.62  c 

4 7.37  d 10.55  d 

5 6.92  e   8.96  e 

 ( ) 2.29  f  2.29  f 

F-test ** ** 

C.V. ( ) 0.78 5.68 

 

 :   DMRT 

** =  99 %  
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7.3.2  

 7.3.2.1 
  drop plate  

PCA   1  7.7 ± 0.5 x 

10
9
 cfu  (  15) 

 

 15  B. subtilis LPDD 3-1  

 

  B. subtilis (cfu/ ) 

1 7.7 ± 0.5 x 10
9 

2 5.3 ± 0.8 x 10
9
 

3 5.1 ± 0.6 x 10
9
 

4 4.7 ± 0.5 x 10
9
 

5 4.9 ± 0.4 x 10
9
 

 

 :   2.2 x 10
14

 cfu 

 

 7.3.2.2 
 A. longipes  B. subtilis LPDD 3-1 

 A. longipes LRC 4-6  pour plate 

 PDA  5  

 98  

 ( ) (  16) (  14) 

 7.3.2.2 
 

   1 

4 7  10   1  3  

 (  17)  

 

 (  15-17)
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 16  B. subtilis LPDD 3-1  

                   A. longipes LRC 4-6 

 

          ( ) 

1 98.6  a 

2 98.6  a 

3 98.5  a 

4 98.3  a 

5 98.2  a 

 ( )  0.0  b 

F-test ** 

C.V. ( ) 0.45 

 

 :   DMRT 

** =  99 %  

 

 

 

 

 

 

 

 

 

 

 14    Alternaria longipes LRC 4-6  

Bacillus subtilis LPDD 3-1  1  

pour plate  PDA   7  
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 15  .  1  

   7  

.  Bacillus subtilis LPDD 3-1

 ( )   SEM (5 µm) 

  5,000  

 

 

 
 
 
 
 
 
 
                      

 
 16 .  1        

  7  

    .  Bacillus subtilis LPDD 3-1 

  SEM (1 µm)  12,000  
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 17 .  1  

                   7 

    .  Bacillus subtilis LPDD 3-1   

( )   SEM (5 µm) 

 3,500  

 

7.4  
        6  

   

  (26-30 

)  1   

 

 6   5  

      

  10
9

 cfu   1 

   6  (  18)

 6   
A. longipes LRC 4-6  pour plate  5  

  95 

  (  18)
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 18   Bacillus subtilis LPDD 3-1  

 6  

 

 18  B.  subtilis LPDD 3-1  

   A. longipes LRC 4-6 

 

 ( ) 
 

1 2 3 4 5 6 

1 98.6 a 98.6 a 98.2 a 98.6 a 98.4 a 98.1 a 98.2 a

2 98.6 a  98.4 ab 98.2 a 97.9 b  97.9 ab 97.7 a 97.9 a

3 98.5 a  98.0 ab 98.1 a 97.9 b  97.9 ab 97.5 a 97.7 a

4 98.3 a 97.7 b 98.2 a 97.0 c 97.4 b 97.4 a 96.2 b

5 98.2 a 97.7 b 97.7 a  97.4 bc  97.7 ab 95.3 b 96.2 b

    0.0 b   0.0 c   0.0 b  0.0 d  0.0 c  0.0 c  0.0 c

F-test ** ** ** ** ** ** ** 

C.V. ( ) 0.45 0.41 0.54 0.40 0.47 0.47 0.66

 

 :   DMRT 

** =  99 %  

9.3

9.4

9.5

9.6

9.7

9.8

9.9

10

0 1 2 3 4 5 6

 ( )

Lo
g.n

um
be

r/
g

ѝѬшіѝѼѥѯілъѨѷ 1

ѝѬшіѝѼѥѯіѶлъѨѷ 2

ѝѬшіѝѼѥѯіѶлъѨѷ 3

ѝѬшіѝѼѥѯіѶлъѨѷ 4

ѝѬшіѝѼѥѯіѶлъѨѷ 5
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 1  sodium alginate 12.5  PVP(�-30) 12.5  

lactose monohydrate 75   B. subtilis 
LPDD 3-1  4.4 x 10

15
cfu  

 30  -   

  

 A. longipes LRC 4-6   

 1 

 

 

8. 
  

 
 B. subtilis LPDD 3-

1  1  A. longipes LRC 4-

6  mancozeb  B. 
subtilis LPDD 3-1   

  

 

 

 

  mancozeb  

(12.0  15.7 )  (12.0  

22.7 )  1  +  3  5 

 (20.0  22.7 )  1  + 

 3  5  (19.8  35.5 )  

  mancozeb  

10.3   

 1  +  3  5  

 1  +  3  5   

19.4  

 

 1  +  3  5    
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  53.2 57.9  65.9   

 mancozeb  71.0 77.9  76.3   

(  19) 

 5  

  3.2.3  

  

 mancozeb 

 (  14.0  10.0  23.0 ) 

  (  15.0  15.0  34.0 ) 

 1  +  3  5  (

 26.0  20.0  39.0 ) 

  

 mancozeb 

 (  70 )  

 1  +  3  5   (  20) 

 

  

  mancozeb 

  53.7   43.6   

123.1   (47.3 47.3  107.8 

)  1  +  3  5 

 (44.1 43.6  117.6 ) 

 (  21) 
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 4
 

 
 

 

 

 

  

 

  

  

Alternaria spp.  

 

 

  

 Bacillus spp. 

 

  

 

1.  

 

  14   

 (�vaporative cooling) 

  

 

 (Menzies et al., 1996) 

 Alternaria spp.   

   

    

  

62



  
63

 (Thomma, 2003) 

   

 

  

 

 

   ( , 2547) 

  

( , 2550) 

 

   Alternaria spp.  15  (  

4)   3  

 PDA  Alternaria 

spp.   Alternaria spp.  

   7  (  4) 

 

 

2.  
 

 Alternaria spp.   7  

   

 7   

  

 

   

 24-30  ( , 2537)  7 

  

 

 

 ( , 2550)  
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( , 2533)   Alternaria 

sp.  3   LRC 4-6 

(  6)   

 

 (   ) 

    

  

 Alternaria sp.  

 

  

 

 Alternaria sp.  LRC 4-6  

  4  

  

 10  

   

  

 ( , 2537) 

 PDA  

 (  7) 

 

3.  Alternaria sp. 
 

 Alternaria sp.  LRC 4-6  

  Alternaria longipes 

   

      

  11-21   35-110   beak 

  PDA  7  

 8-9    

 

 Alternaria sp.    A. zinnia, A. 
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helianthi  A. alternata  ( , 2534) A. brassicicola  

A. brassicae  ( , 2540; , 2548) A. 

porri  A. solani   A. 

cucumerina  ( , 2543) 

 

4.  Bacillus spp.  
 

  

 Bacillus spp.  356  

   5  1 

   Bacillus  spp.  

     

 (Bull et al., 1992)      

  1  

  

 ( , 2552) 

 

 ( , 2546) 

 ( , 2549) 

  Bacillus spp. 

  Lisboa  (2006) 

 Bacillus amyloliquefaciens  

 bacteriocin  Listeria monocytogenes 

 

 

5.   
 Alternaria sp.  

 

 A. longipes LRC 4-6  Bacillus spp.  356  

 dual culture technique  PDA 

 18   A. longipes LRC 4-6 

 (  9) 
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  ( , 2539) 

  

  

 

     (  9) 

 

  (hyphal tip) 

   

  

 

   

 ( , 2531) 

  

 (2542)  B. subtilis N�1  N�2 

 Fusarium oxysporum  

  

  A. longipes 

LRC 4-6   18   

 A. longipes LRC 4-6 

 Bacillus spp.  18   PDB  24  

  A. longipes LRC 

4-6  pour plate  PDA double strength  

 7       

 

  

 PDB  

  PDA 
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  (  

10)  LPDD 3-1  

(  121   15   20 ) 

  95.3  

97.6   (  10) 

 A. longipes 

 

 

(  11)  LPDD 3-1 

   

 Bacillus spp. 

 18    A. longipes LRC 4-6 

 

 

  ( , 2531) 

  germ tube   

 (  11)  

  germ tube  appressorium 

 ( , 2533) 

 

  

 (Shogi, 1978) 

 

  (Gottieb, 1976) 

 Kong  (1997)  B. subtilis  B. 

cereus  B. mycoides  

 A. helianthi   germ tube 

   

Perello  (2002)  Bacillus spp.  Penicillium 

lilacinus  A. triticimaculan 
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  ( )  

 LPDD 3-1  121 

  20  

  

  

 (Priest, 1977)  

(Chaurasia et al., 2005)  

 Von der Weid  (2003) 

 Paenibacillus peoriae NRRLBD-62  

 121   10   

-    Micrococcus spp.  Agrobacterium 

tumefaciens    

Leelasuphakul  (2006)  B. subtilis NSRS 

89-24   Rhizoctonia solani  Pyricularia 

grisea   

 Bacillus sp.  

LPDD 3-1  A. longipes LRC 4-6  

  

  

   

  

  

 

6.  Bacillus sp. 
 

 Bacillus sp.  LPDD 3-1 

   

Bacillus subtilis    

  

    

 B. subtilis  5-20   

45-55  -   
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 (Boer and Diderichsen, 1991) 

 (Westers et al., 2004) 

 B. subtilis  

 

 

   B. subtilis 

 toxic metabolite 

 ( , 2534)  B. subtilis 

 A. helianthi  (Kong                

et al., 1997) Cercospora beticola  (Collins and Jacobsen, 2003) 

Pestalotiopsis mangiferae, Botryodiplodia theobromae  Macrophoma mangiferae 

 (Okigbo and Osuine, 2003) Rhizoctonia solani  

(Szczech and Shoda, 2004)  (Leelasuphakul et al., 2006)    

 

7.  
 

  

  

 

  

 

  ( , 2536)   

 

  B. subtilis LPDD 3-1 

  

 B. subtilis LPDD 3-1   sodium alginate, PVP(k-30) 

 lactose monohydrate  (  3)  

  

  

  1  sodium 

alginate 12.5  PVP(k-30) 12.5  lactose monohydrate 75  

 B. subtilis LPDD 3-1  4.4 x 10
15

 cfu 
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 (7.7 ± 0.5 × 10
9
 cfu ) 

 (26-30 )  6  

 (10
9
 cfu )  

6   

 

  

 

 

  Wiwattanapatapee  (2007) 

 B. megaterium 

 Rhizoctonia solani 

 15  

 10
9
 cfu   1 

 A. longipes LRC 4-6  (98.6 ) 

 (  18) 

 

 1 4 7  10   1  

  10  

    7.0 x 10
6
 

7.5 x 10
6
  1.2 x 10

6
 cfu   (  18)  

1  sodium alginate  

  3  

 (18.90 cps)   

 (2547)  

  7   B. firmus  2.2 x 

10
6
  3.3 x 10

6
 cfu    

 

          

     

 ( , 2550) 



  
71

      

  

  1 

  

Burges (1998)  

 

   

  

 1 

 

 

8. 
  

 

 B. subtilis LPDD 3-1 

 1  A. longipes LRC 4-6 

 3  (   ) 

 (DFT)  

 mancozeb  

  

 mancozeb  

 3  ( ) 

 mancozeb  

  

 

 1   3  5  

 1  

 3  5  (  19-21) 

 

mancozeb  1  

 3  5   

mancozeb  

 mancozeb 
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 1 3  5   mancozeb 

   

   

   

 

  1  

 3  5  

 

 

 

  10  

 (  18)  

 ( )  

 1   

 

 

   

  3  5 

  

 (Lurie, 1998) 

 

  

  

 ( , 2539 ; Spadaro and Gullino, 2004) 

 (2546) 

 Trichoderma harzianum ThB-I-54  Rhizoctonia solani  2 

  74.4   Yoshida 

 (2001)  B. amyloliquefaciens RC-2 
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 Colletotrichum dematium 

  

  

  B. 

subtilis LPDD 3-1   

A. longipes LRC 4-6  

 1  

  3  5  

 

 mancozeb  B. subtilis LPDD 3-1  

 

  

 

 

 



 5 
 

 
 
 

1.  
 

1.1  
 

 
  

 Alternaria spp.  Alternaria 
spp.  15   

 �  
 
1.2  
 

 Alternaria spp.  
   LRC 4-6  

   
 

1.3  Alternaria sp. 
 

 Alternaria sp.  LRC 4-6 
  Alternaria longipes (�llis & �verh) Mason  
 

1.4  Bacillus spp.  
 

   125 
   Bacillus spp.  356  

 

�4



  
�5

1.5   
Alternaria sp. 

 

 A. longipes LRC 4-6   18  
  LPDD 3-1 

  
 10.0  

 
 18   Bacillus spp. 

 
 LPDD 3-1 

 A. longipes LRC 4-6  
 95.3  9�.6   

 86.3  91.6   
 A. longipes LRC 4-6 

 germ tube   
 

 
1.6  Bacillus sp. 

 
 

 Bacillus sp.  LPDD 3-1  Bacillus subtilis  
 

1.7  
 

 
 5    

 1  sodium alginate 12.5  PVP(K-30) 12.5  
lactose monohydrate �5   B. subtilis LPDD 
3-1  4.4 x 1015 cfu   30  

-    (18.90 cps) 



  
�6

 6   (109
 cfu )  A. 

longipes LRC 4-6   
 

1.8  
  

 
 

 A. longipes. LRC 4-6   1   3  5  

 mancozeb    
20.0 19.4  22.�   

  53.2 5�.9  65.9 
   5�.1 43.4  49.�  
 

 
2.  
 

 B. subtilis LPDD 3-1 
 A. longipes  
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. 2550.  

8.  :  

. 

 

. 2550. 

  0701001394  23  2550.

  . 2538.  :   .   

   . 

 

 . 2547. .  

  1 

 

  13  2547  1-32. 

 

 . 2549.  Alternaria 

brassicicala (Schweinitz) . .  22 : 223-233. 

 

 . 2550. .  : . 

 

 . 2547.  

.  : .  

 

 . 2550.  

.  : .  

 

 . 2537. .  : 

.  

 

 . 2534. .  : 

. 

 

 . 2534. .  .  : 

. . . 
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 . 2548.  Alternaria brassicicola 

. 

  . 

 

 ,  ,  ,    . 2534. 

 Bacillus subtilis. . . 1 : 42-53. 

 

 . 2537. .  :  

. 

 

 . 2550. / . [Online]. Available: http://www. agric-

pro�.mju.ac.th/web-veg/plantlist/p4.htm. [2008 November 3]. 

 

 . 2539. . 

. 24 : 53-62. 

 

 . 2546. .  : 

. 

 

 . 2534. .  : . . .  

 

 . 2539. .  . 

 

 . 2533. .   

. 

 

 . 2548.  

 Pythium sp. . : 

 . 

 

 . 2546.  Trichoderma harzianum 

Rifai  (Vigna subterranean (L.) Ver�c.) 

 Rhizoctonia solani Kuhn.  

 .

 

 . 2544. . 

  . 
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 . 2537. .  :   

. 

 

 . 2551.  Bacillus spp. 

 (Vigna sesquipedalis Fruw.) . 

  . 

 

 . 2540. .  

 . 

 

 . 2540. .    

. .

 

 . 2543. - 

.   

. 

 

 . 2539.  Bacillus 

subtilis .   

. 

 

 . 2549.  : . [Online]. Available  

: www.pharm.chula.ac.th/clinic101_5/article/ra�io89p�f. [2008 November 3]. 

 

   . 2551.  Bacillus sp. 

. . . 39( ) : 453-456. 

 

 . 2549. .  : . 

 

 . 2551. . . 23 : 56-59. 

 

 ,  ,    . 2542. 

 Fusarium 

oxysporum. . . ( ). 15 : 59-80. 

 . 2538.  :      

.  
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1.   

 

1.1 Potato dextrose agar (PDA) 

  Potato     200   

  Dextrose          20   

  Agar         15   

  Distilled water                   1,000   

 

1.2 Potato dextrose broth (PDB) 

  Potato     200   

  Dextrose          20   

  Distilled water                   1,000   

 

1.3 Potato dextrose double strength  (PDA double strength) 

  Potato     200   

  Dextrose          20   

  Agar         30   

  Distilled water                   1,000   

 

1.4 Potato carrot agar (PCA) 

  Potato       20   

  Carrot         20   

  Agar       15   

  Distilled water                 1,000   

 

1.5 Nutrient agar (NA) 

  Peptone           5   

  Beef extract            3   
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  Agar      15   

  Distilled water                 1,000   

 

1.6 Nutrient broth (NB) 

  Peptone           5   

  Beef extract            3   

  Distilled water                 1,000   

 

2. 

 Bacillus spp.  

 

2.1 Motility medium 

  Beef extract            3   

  Sodium chloride (NaCl)        5   

  Agar           4   

  Peptone       10   

  Gelatin       80   

  Distilled water                 1,000   

 

2.2 Hugh and Leifson  s OF medium 

  Dipotassium phosphate (K
2
HPO

4
) 0.30   

  Sodium chloride (NaCl)      5.00   

  Peptone       2.00   

  Agar         3.00   

  Bromthymol blue   0.08   

  Distilled water                   1,000   

     7.1 

 bromthymol blue    

  5   121   

15   20   (

 10  

  0.45 )  0.5  
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2.3 Nutrient gelatin  

  Gelatin       20   

  Beef extract            3   

  Peptone         5   

  Distilled water                 1,000   

 

2.4 Simmons citrate medium 

  Magnesium sulfate (MgSO
4
)  0.20   

   Dipotassium phosphate (K
2
HPO

4
) 1.00   

  Ammonium dihydrogen phosphate (NH
4
H

2
PO

4
) 1.00  

Sodium chloride (NaCl)      5.00   

  Sodium citrate    2.00   

  Agar            15.00   

  Bromthymol blue            0.08   

  Distilled water                   1,000   

   6.8-6.9 

 

2.5 Voges-Proskauer medium 

  Polypeptone  buffered peptone    7   

  Dextrose  glucose          5   

   Dipotassium phosphate (K
2
HPO

4
)    5   

  Distilled water                  1,000   

   6.8 

 

2.6 Christensen s urea agar  

  Peptone         1   

Sodium chloride (NaCl)        5   

   Monopotassium phosphate (KH
2
PO

4
)   2   

  Glucose           1   

  Agar         20   

  Distilled water                 1,000   
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     6.8-6.9         

 (phenol red)  0.04   20  

 121   15   20  

 52    20  (

  0.45 ) 

 10    5  

 slant 

 

2.7 Starch agar 

  Peptone         5   

  Beef extract            3   

  Potato starch    10   

  Agar               15   

  Distilled water                 1,000   

 

2.8 0.1% peptone broth 

  Peptone         1   

  Distilled water                 1,000   

 

2.9 Potassium nitrate medium 

  Beef extract            3   

  Peptone         5    

  Potassium nitrate (KNO
3
)    1   

  Agar              12   

  Distilled water                 1,000   

 

2.10 7% NaCl medium 

  Beef extract            3   

  Peptone         5     

Sodium chloride (NaCl)      70   

  Agar              15   

  Distilled water                1,000   
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3. 

 Bacillus spp.  

 

3.1 Lugol s iodine 

  Iodine               5   

  Potassium iodine (KI)     10   

  Distilled water                    100   

 

3.2 10% α-napthol 

  Alpha napthol          10   

  Ethanol 95%                    100   

 

3.3 Malachite green solution 

  Malachite green            5   

  Distilled water                     95   

 

3.4 Crystal violet 

Solution A  

  Crystal violet              2   

  Ethyl alcohol 95%   20   

Solution B 

  Ammonium oxalate         0.8   

  Distilled water                      80   

  solution A  B   

 

 

3.5 Counterstain 

Stock solution 

  Safranin              2.5   

  Ethyl alcohol 95%    100   

 Working solution 

Stock solution      10   

  Distilled water                       90   
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3.6 Kovac 

ρ- Dimethylaminabenzaldehyde   10   

Hydrogen chloride (HCl)    50   

Alcohol     150   

 

4. 

 (KMITL s) (  20 ) 

 

Solution A 

  Ca(NO
3
)

2
.4H

2
O         3.767   

  Fe-EDTA            0.123   

 

Solution B 

  KNO
3
              1.796   

  KH
2
PO

4
            0.653   

  MgSO
4
.7H

2
O              1.037   

  ZnSO
4
.7H

2
O            4.756   

  CuSO
4
.5H

2
O          1.016   

  MnSO
4
.H

2
O            14.194   

  H
3
BO

3
           8.894   

  (NH
4
)

6
Mo

7
O

24
.4H

2
O   0.343   

   5.8-6.0 

   1.9-2.0  
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Bacillus spp.  

 

 

, 2537; Mac Faddin (1976,1980)  Schaad  (2001)  

 

1.  (gram stain)

 Bacillus sp.  1   

  2-3   

(crystal violet)  1    

 (iodine)   1   

  95%  (  15-25 

)   

 (safranin)  10    Bacillus sp. 

 

 

2.  (capsule stain) 

 (0.85% NaCl)   Bacillus 
sp.  1    (nigrosin)  

     (  capsule) 

  (  capsule) 

 

3.  (motility test) 

 Bacillus sp.  24  stab   

 motility medium (  2/3 )  37     

  48    stab 

 stab  

   

 



 

95

4.  (oxidation-fermentation test) 

 Bacillus sp.  24  stab  Hugh 

and Leifson  s OF medium  2  

  2       

  25-27   48   

 ( ) 

  fermentation 

  oxidation 

 

5.  (idole test) 

 Bacillus sp.  24   0.1% 

peptone broth  3   18-24   (kovac)  

2-3     

  

 

6.  (gelatin liquefaction) 

 Bacillus sp.  24   1  

 nutrient gelatin  25-27   7  

 20   2   

 20  

  

 

7.  (citrate test) 

 Bacillus sp.  24    

Simmons citrate medium  25-27   48  

  

 

 

8.  acetoin (Voges-Proskauer test)

 Bacillus sp.  24   1  

 Voges-Proskauer medium  25-27   24 

  10% α-napthol  1  
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 (KHO)  20   1  

  10-15     

 

 

9.  (urease test) 

 Bacillus sp.  24   1  

 Christensen s urea agar slant  37   24 

       

  

 

10.  (acid and gas production carbohydrates test) 

 Bacillus sp.  24  stab  Hugh 

and Leifson OF medium   (glucose)  

(manitol)  (arabinose)  (xylose)  2  

 2    

28-30   14   

  

 

11.  7% NaCl (growth in 7% NaCl) 

 Bacillus sp.  24   7% 

NaCl medium slant  37   24   

  7   

 

12.  (starch hydrolysis test) 

 Bacillus sp.  24   starch 

agar  28-30   2-3    (lugol s 

iodine)     
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 1  B. subtilis LPDD 3-1   

 6  

 

 B. subtilis LPDD 3-1 (X10
9
 cfu/ ) 

   1  2  3  4  5  6

1 7.7 ± 0.5 5.8 ± 0.3 5.3 ± 0.8 6.2 ± 0.7 4.7 ± 0.6 4.8 ± 0.5 4.5 ± 0.5

2 5.3 ± 0.8 4.9 ± 0.7 5.4 ± 0.8 4.8 ± 1.1 3.5 ± 0.6 4.5 ± 0.3 4.2 ± 0.5

3 5.1 ± 0.6 4.7 ± 0.8 5.3 ± 0.4 5.5 ± 0.6 3.6 ± 0.7 3.7 ± 0.4 3.7 ± 0.3

4 4.7 ± 0.5 4.5 ± 0.5 4.3 ± 0.9 4.6 ± 0.7 4.7 ± 0.9 4.3 ± 0.9 3.9 ± 0.6

5 4.9 ± 0.4 4.8 ± 0.7 4.6 ± 0.6 4.6 ± 0.7 3.5 ± 0.6 3.7 ± 0.7 3.6 ± 0.4

 

 

 




