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ABSTRACT 

 

B. megaterium is antagonist bacteria that have ability to inhibit               

F. oxysporum. However, the forms in which the bacterium can be applied for control of 

wilt diseases of chili caused by F. oxysporum, are not suitable. Therefore, the objective 

of this study was to develop a suitable gel bead formulation, containing B. megaterium, 
to control wilt diseases of chili. Forty isolates of soil-borne fungal pathogens were 

isolated from both soil taken from fields where vegetables had been grown and plant 

parts with diseased symptom in Songkhla province. These fungi were tested against     
B. megaterium, using dual culture method on PDA. B. megaterium inhibited the mycelial 

growth of 21 isolates of pathogenic fungi. This bacterium, however, was effective in 

inhibiting the mycelial growth of 5 isolates of the tested fungi (PPT1(3), SKT1(1), 

PPT2(3), BFT1(2) and PPT2(2)), with the clear zone greater than 3.2 mm. Both non-

heated and heated (at 60, 80, 100 and 121 C) culture filtrates of B. megaterium were 

also effective in inhibiting the mycelial growth of these fungi at the concentration at 1:1, 

1:5 and 1:10 (ratio of culture filtrate: PDA medium, v/v), with the inhibition greatest in 

isolates PPT2 3  and PPT1 3 . These fungi had caused wilt disease on chili and the fungi 

isolate PPT2(3) was subsequently identified as F. oxysporum.  

Calcium alginate gel beads, containing endospores of B. megaterium, 

were prepared using different concentration of sodium alginate, calcium chloride and 

different needle diameters. The gel beads were evaluated for their physical and 

biological properties such as swelling, bacterial release and biodegradation. Gel bead 
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formulation number 7 produced with the needle diameter at 2 mm 0.03 M calcium 

chloride and 3% sodium alginate was selected as a suitable formulation as this 

composition produced the suitable physical characteristic of the product with spherical 

and uniform gel beads. The formulation number 7 also possessed high swelling ability 

and fast biodegradation in both water and soil. The bacteria in this gel bead were better 

than the fresh cells in resistant to the physical treatments, such as 20-watt ultraviolet 

light, at the temperature of 50 C and pH of 4-8. They also had high potential to inhibit 

fungi F. oxysporum PPT2 3 in soil up to 28 days the inhibition reached 88.21 percent . 

The gel beads were stored for 7 months, with the population of the bacteria at 9.07 ± 3.6 

× 1012 cfu/g. 

In the greenhouse experiment (in randomized complete design (CRD), 

with 7 treatments and 6 replications), the formulation number 7 was effective to control 

the wilt disease of chili caused by F. oxysporum PPT2(3).  
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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   
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1  

  

pH (soil : water = 1 : 5)     5.18 

Organic matter (g Kg-1)     5.62 

C %      3 26 

Total N (%)     0.28 

Available P (mg Kg-1) 187.51 

Available K (mg Kg-1) 769.80 

Particle size  

    % clay   25.20 

    % silt   27.28 

    % sand   47.52 

Texture  
 

2  
  

pH (soil : water = 1 : 5)   6.50 

Organic matter (g Kg-1) 12.04 

Total N (g Kg-1)   0.06 

Available P (mg Kg-1) 29.57 

Exchangeable K (cmolC Kg-1)   0.027 

Particle size  

    % sand 19.00 

    % silt 18.01 

    % clay 62.99 

Texture  
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6 B. megaterium  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

2 6 7 
0 0.00 0.00 0.00 

0.25 0.67 3.97 4.37 

0.5 1.20 8.40 14.70 

1 2.07 11.13 13.83 

2 4.50 13.83 22.70 

4 11.33 13.87 21.50 

7 11.30 14.07 25.97 

14 10.23 11.93 26.83 

 
B. megaterium  (cfu ) 

2 6 7 
0  8.86 4 2.48 5 

0.25 1.50  5.50 5 4.73 5 

0.5 1.02  1.30 6 1.31 6 

1 3.51  4.33 6 4.43 6 

2 1.15  1.17 7 1.50 7 

4 1.23  1.36 8 4.29 8 

7 6.67 9 1.40 0 1.50. 0 

14 4.00  3.33 8 4.67 8 
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8  B. megaterium - 4 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

 
 

2 6 7 

0 0.00 0.00 0.00 

0.25 0.87 2.47 4.80 

0.5 3.13 5.27 6.87 

1 5.67 7.73 8.73 

2 6.33 12.13 20.60 

4 17.53 26.87 31.53 

7 31.40 34.27 39.13 

14 52.20 61.07 62.93 

 

B. megaterium ( ) 

0 6 12 24 48 

 100 84.93 83.62 82.77 82.84 

2  100 98.70 97.52 96.71 96.09 
7  100 98.36 95.43 94.46 93.79 

F-test ns * ** ** ** 

C.V. %  0 5.0 2.6 3.2 3.9 
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9  B. megaterium -   5 

 

 

 

 

 
 
 
 
 

10  B. megaterium - 6 
 

 

 

 

 

 

 

 

 

11  B. megaterium -  7 
 

 

 

 

 

 

 
 

 
 

 

B. megaterium ( ) 

0 6 12 24 48 

 100 87.65 86.75 88.25 84.94 

2  100 96.89 97.08 94.88 96.41 
7  100 94.53 94.22 95.4 93.54 

F-test ns * ** ns ns 

C.V. %  0 4.0 2.0 4.0 7.5 

 

B. megaterium ( ) 

0 6 12 24 48 

 100 88.95 88.25 88.18 87.71 

2  100 96.58 95.03 95.59 94.91 

7  100 93 92.75 91.78 87.45 

F-test ns ns ns * ns 

C.V. %  0 4.5 6.5 3.9 4.8 

 

B. megaterium ( ) 

0 6 12 24 48 

 100 82.91 81.7 82.08 74.17 

2  100 96.41 96.53 94.76 94.64 

7  100 96.21 89.19 89.07 87.27 

F-test ns * ** ** ** 

C.V. %  0 4.9 2.9 4.4 5.6 
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12  B. megaterium - 8 
 

 

 

 

 

 

 

 

 
13  B. megaterium  25  

 
 
 
 
 
 
 
 
 

 
14  B. megaterium  37  

 
 
 
 
 
 
 
 
 

 
 

 

B. megaterium ( ) 

0 6 12 24 48 

 100 83.77 83.23 79.68 77.13 

2  100 94.76 94.58 88.49 85.75 

7  100 91.43 88.7 88.19 87.76 

F-test ns ns ** ns * 

C.V. %  0 7.0 1.1 6.0 4.4 

 

B. megaterium ( ) 

0 6 12 24 48 

 100 100 101 99 97 

2  100 100 100 100 99 

7  100 99 100 97 96 

F-test ns ns ns ns ns 

C.V. %  0 3.3 6.9 4.7 4.2 

 

B. megaterium ( ) 

0 6 12 24 48 

 100 100 97 91 87 

2  100 100 100 100 99 

7  100 98 98 96 94 

F-test ns ns ns * ** 

C.V. %  0 3.6 8.4 1.8 3.8 
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15  B. megaterium  50  
 
 
 
 
 
 
 
 
 

 
16  B. megaterium  25  

 
 
 
 
 
 
 
 
 

 
17  B. megaterium  37  

 
 
 
 
 
 
 
 
 

 

 

B. megaterium ( ) 

0 6 12 24 48 

 100 97 92 87 77 

2  100 99 94 87 86 

7  100 91 91 90 82 

F-test ns ns ns ns * 

C.V. %  0 6.2 3.4 4.0 3.8 

 

B. megaterium ( ) 

0 6 12 24 48 

 100 100 101 99 97 

2  100 100 100 100 100 

7  100 98 100 97 97 

F-test ns ns ns ns ns 

C.V. %  0 1.5 5.2 2.0 3.6 

 

B. megaterium ( ) 

0 6 12 24 48 

 100 100 97 91 87 

2  100 100 100 100 96 

7  100 101 100 99 98 

F-test ns ns ns ** ** 

C.V. %  0 3.7 2.9 1.5 2.5 
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18  B. megaterium  50  
 
 
 
 
 
 
 
 
 

 
19 B. megaterium 

7  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

B. megaterium ( ) 

0 6 12 24 48 

 100 97 92 87 77 

2  100 100 100 99 99 

7  100 96 96 95 96 

F-test ns ns ** ** ** 

C.V. %  0 3.2 2.3 4.0 3.4 

 

B. megaterium ( )   

2 7 F-test C.V. %  

1 99.7 92.9 ns 3.3 

2  100.0 93.4 * 2.6 

3  99.3 92.2 ns 3.4 

4 99.8 91.0 ns 4.1 

5 99.1 90.6 ns 5.0 

6 97.7 90.5 ns 6.3 

7 93.3 90.0 ns 2.5 






