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ABSTRACT

All 135 isolates of Bacillus subtilis were isolated from soil, roots and manure that were
collected from 9 Provinces. The 8 isolates (BS-DOA 24, BS-DOA 69, BS-DOA 97, BS-DOA 108,
BS-DOA 114, BS-DOA 123 BS-DOA 125 and BS-DOA 132) from 135 isolates were selected as
antagonistic bacteria which can inhibit the growth of Ralstonia solanacearum causes bacterial wilt of
Ginger in the laboratory. All antagonistic bacteria were tested for effectiveness in controlling bacterial
wilt of Ginger plants in the greenhouse and experimental plots. The results showed that the
antagonistic bacteria were BS-DOA 24 and BS-DOA 123 can control the disease 60%. The two
antagonistic bacterial isolates were tested effective in controlling bacterial wilt of Ginger in the field.
The results showed that antagonistic bacteria BS-DOA 24 can control the disease 68%. The
antagonistic bacteria B. subtilis BS-DOA 24 was carried out to develop bioproduct as powder
formulation using talcum 1:4 (V/W) gave the high population of B. subtilis BS-DOA 24 of 1.1x10"
CFU/g. The bioproduct storage for 12 months at room temperature and 15 months at 4 "C is still
effective in controlling bacterial wilt of Ginger in greenhouse at 60% and in the wilt infested field at
range 62-65%. The bioproduct of B. subtilis BS-DOA 24 was tested effective in controlling bacterial
wilt of Ginger in a farmer’s field at Phetchabun province. The results showed that the bioproduct can
control the wilt at 62 % and harvest up to 2,260 kg / Rai. In this research, bioproduct of B. subtilis
BS-DOA 24 was developed as a model to be extended to commercial production. Current, the Ladda
Co.,Ltd. had requested the antagonistic bacteria B. subtilis BS-DOA 24 in order to develop the
industry scale which is to bring the research of the Department of Agriculture to develop further
commercial production and spread to farmers in the future.
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Table 1. List of Antagonistic Bacillus subtilis isolates used in this study

Isolate No. Location Source
1. BS-DOA 24 Kanchanaburi Soil from tobacco roots
2. BS-DOA 69 Chiang Rai Soil from Curcuma roots
3. BS-DOA 97 Chumphon Soil from Ginger roots
4. BS-DOA 108 Chiang Rai Soil from Ginger roots
5.BS-DOA 114 Nakhon Pathom Soil from sugarcane roots
6. BS-DOA 123 Pathum Thani Soil from canal in the vegetable field
7. BS-DOA 125 Pathum Thani Soil from canal in the vegetable field
8. BS-DOA 132 Pathum Thani Manure (cow dung)

Table 2. Size of inhibition zone created by 8 antagonistic Bacillus subtilis againt Ralstonia

solanacearum under Laboratory condition

Antagonistic Bacteria

Inhibition zone (mm.)

R. solanacearum

R. solanacearum

No 28. No.1378
1. BS-DOA 24 3.6 4.8
2. BS-DOA 69 35 2.15
3. BS-DOA 97 3.1 3.75
4. BS-DOA 108 2.6 2.5
5. BS-DOA 114 4.1 2.5
6. BS-DOA 123 3.35 4.85
7. BS-DOA 125 4.8 1.8
8. BS-DOA 132 2.75 2.4

Table 3. Efficacy of antagonistic Bacillus subtilis in controlling bacterial wilt of ginger caused by

Ralstonia solanacearum in greenhouse experiments

Antagonistic Bacteria

Disease severity (%) u

Disease control ( %) =

15 days 30 days 45 days 15 days 30 days 45 days
1. BS-DOA 24 0 20 40 100 80 60
2. BS-DOA 69 100 100 100 0 0 0
3. BS-DOA 97 20 80 80 80 20 20
4. BS-DOA 108 100 100 100 0 0 0
5. BS-DOA 114 0 40 60 100 60 40
6. BS-DOA 123 0 20 40 100 80 60
7. BS-DOA 125 40 80 80 60 20 20
8. BS-DOA 132 100 100 100 0 0 0
9. control 100 100 100 0 0 0




Table 4. Population of antagonistic Bacillus subtilis and Ralstonia solanacearum in

controlling bacterial wilt of ginger under greenhouse experiments for 15, 30 and 45 days

Antagonistic Population of antagonistic Bacillus subtilis Population of antagonistic Ralstonia solanacearum
bacteria (CFU / soil 1g) (CFU / soil 1g)
15 days 30 days 45 days 15 days 30 days 45 days
1. BS-DOA 24 297x 10" 26x 10" 1.75 x 10° 1.485 x 10° 2.7x 10" 2.75x 10
2. BS-DOA 69 72x10° 745 % 10° 6.75 x 10° 7.65 x 10° 9.0x 10° 6.7x 10°
3. BS-DOA 97 6.4x10° 44x10° 6.6x 10’ 1.35x 10° 9.0x 10° 1.16 x 10°
4. BS-DOA 108 6.84 x 10° 74x10° 2.7x 10° 1.035x 10° 2.5x 10° 1.05 x 10°
5. BS-DOA 114 1.53x 10 125x 10" 93x 10° 126 x 10° 6.75 x 10" 99x 10’
6. BS-DOA 123 9.9x 10* 2.1x 10° 1.5x 10° 1.225x 10° 1.485x 10° 56x10°
7. BS-DOA 125 45x10° 1.75x 10 1.25x 10° 1.53x 10° 1.935x 10° 9.6x 10°
8. BS-DOA 132 45x 10" 3.4x 10° 9.2x 10° 2.79x 10° 2.835x% 10° 78x 10°

Table 5. Efficacy of antagonistic Bacillus subtilis in controlling bacterial wilt of ginger in the field trial

Antagonistic bacteria Disease severity (%) Disease control ( %) Yield (kg./rai)
1. BS-DOA 24 32¢ 68 4,288.03 a
2. BS-DOA 123 60 b 40 1,260.18 b
3. BS-DOA 69 69b 31 968.49 b
4. control 86 a 0 287.44 b
CV. 26 % 26 %

1/ Mean in the same column followed by a common letter are not significantly different at 5% level by DMRT

Table 6. Populations of Bacillus subtilis that survive in bioproduct stored at various temperatures

and time
Month Populations of Bacillus subtilis Month Populations of Bacillus subtilis
(colony/ml) (colony/ml)
Room temperature 4°c Room temperature 4°c
0" 1.1x10" 1.1x10"° 8 1.7x 10’ 9.0x 10°
1 0.7x 10" 1.3x10" 9 22x10° 8.0x 10’
2 02x10"° 1.9x 10" 10 13x 10" 8.6x10°
3 53x 10° 1.5%x10" 11 32x10° 83x 10°
4 2.8x 10° 1.5x10" 12 1.0x 10° 3.0x 10°
5 33x 10° 1.7x10" 13 - 25x 10°
6 12x10° 03x10"° 14 - 1.5x 10°
7 0.9x 10° 0.9x 10" 15 - 43x 10

" Initial bacterial population

(@]
w
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Table 7. Efficacy of the bioproduct powder of Bacillus subtislis, BS-DOA 24, in controlling

bacterial wilt of ginger in greenhouse experiments

bioproduct powder Sterilized distilled water
weeks Disease control Bacterial Population Disease control (%) Bacterial Population
% (CFU* / soil 1 g)” (CFU* /soil 1 g)”
(%)
Ralstonia Bacillus Ralstonia sol earum
solanacearum subtislis
1 100" 3.6x 10° 2.97x 10" 100 3.6x 10°
2 100 1.2x10° 2.7x10° 100 49x10°
3 90 14x10° 26x 10" 80 12x 10
4 80 8.9x10* 8.7 x10* 40 72x10’
5 70 56x 10" 1.75x 10° 0 9.6x 10°
6 60 2.3x10* 2.5x10° 0 4.7 x10°
7 60 5.6x10° 3.5x10° 0 2.6 x10"

Table 8. Efficacy of the bioproduct powder of Bacillus subtislis, BS-DOA 24, in controlling

bacterial wilt of ginger in the field trial

Treatment Disease severity (%) Disease control (%)

1/

1. Mix ginger rhizome with 1% of bioproduct + 10 g/20 liter 38b 62
of bioproduct every 15 days

2. Mix ginger rhizome with 1% of bioproduct + 10 g/20 liter 35b 65
of bioproduct every 30 days

3. Mix ginger rhizome with 1% of bioproduct + 10 g/20 liter 37b 63
of bioproduct every 60 days

4. control 60 a 0

CV. 2.17% -

1/ Mean in the same column followed by a common letter are not significantly different at 5% level by DMRT

Table 9. The efficacy of bioproduct powder of Bacillus subtilis, BS-DOA 24, in controlling

bacterial wilt of ginger in a farmer's field

Disease severity

Treatment Yield (kg / rai)
(%)
1. bioproduct powder BS-DOA 24 38 2,260
2. Control 79 690




Figure 1. Inhibition zone of 2 antagonistic Bacillus subtilis BS-DOA 123 (A) and BS-DOA 24 (B)

againt Ralstonia solanacearum were tested under laboratory condition

CONE
RS-NOA 24

Figure 2. Efficacy of antagonistic Bacillus subtilis in controlling bacterial wilt of ginger in

greenhouse experiments. BS-DOA 24 (A) and BS-DOA 123 (B)

Figure 3. Efficacy of antagonistic Bacillus subtilis in controlling bacterial wilt of ginger

in the field trial. (A) BS-DOA 24; (B) BS-DOA 123; (C) BS-DOA 69; (D) Control
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Figure 4. The efficacy of bioproduct powder of Bacillus subtilis BS-DOA 24 in controlling

bacterial wilt of ginger in a farmer's field.

(A) use the bioproduct powder BS-DOA 24 (B) Control
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