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Abstract

Formulation of  Bacillus subtilis for biological control of Colletrotrichum
gloeosporioides fungi causal agent of chilli anthracnose disease, experiment was conducted
during 2016-18, the process of formulating was aim to formulate Bacillus subtilis 20W16 to
commercially bioproducts both liquid solution and wettable powder formulation. About
liquid formulalating process, B. subtilis 20W16 be cultured in 6 types of amendment, there
were cane molasses 20 ml/1 litre of water, cane molasses + sodium benzoate 0.05% W/V,
cane molasses + soybean meal +K,HPO,4 0.5 %W/V, cane molasses+ soybean meal+sodium
benzoate 0.05% W/V, fish fertilizer + soybean meal and fish fertilizer + soybean meal +
Sodium benzoate 0.05% W/V. The bioproducts be maintained at laboratory room
temperature (25 + 3 °C) and in fridge condition (18 °C). Endospore of Bs in all bioproducts
be counted by dilution plate technique on potato sucrose agar medium and viability cell of
bacteria be assessed every month. The results showed that endospores of all liquid
bioproducts were 10% spores/ml but the bioproduct with cane molasses + soybean meal

+K,HPO, 0.5 %W/V showed the highest number of Bs spore was 4.9 x 108 cfu/ml. After 6 and



14 months preservation in laboratory room temperature the number of endospores of all
liquid bioproducts reduced to 10>-10" spores/ml. In the fridge condition preservation, the
result showed that after 6 monts the number of endospores all of them did not reduce
from fresh product (10® spores/ml) but after 14 months preservation, the number of
endospores reduced to 10°-10%spores/ml. Formulation of Bs wettable bioproduct by using
talcum zeolite calcium carbonate kaolin and phumai sulfate as carriers showed that products
which were using talcum carrier showed the highest number of endospores in fresh product
which was 1.7 x10® spores/ml. After 6 months preservation at laboratory room temperature,
the endospores in products with talcum and kaolin carriers slowly reduced to 107 spores/ml.
After 14 months preservation the endospores of all products reduced to 10° spores/ml. At
fridge condition,the number of endospores in all products were stable until 8 months
preservation but reduced to 10°-10° spores/ml after 14 monts preservation. Testing of water
soluble of wettable powder bioproducts found that the bioproduct with kaolin talcum and
calcium carbonate as carrier showed good solubility. Efficacy trials of all bioproducts were
then tested for the disease control at Tha Ma Kha and Tha Muang District, Kanchanaburi
Province. The results revealed that, after 3 times application, at Tha Ma Kha District, the
percentage of disease Incidences which were sprayed with liquid bioproduct and mancozeb
were 29.25-48.86 showed significantly control the disease better than non sprayed treatment
(T9 and T10) which the percentage of disease were 89.25 and 86.63 %, respectively. Bs 20w16
wettable powder bioproducts with talcum showed the best disease control and same level
as mancozeb sprayed, the result was consistent with Tha Muang experiment which revealed
that bioproducts and mancozeb application treatments showed disease incidences were
8.12-15.87, significantly control the disease better than non application treatment which
showed 48.00 and 49.75% of disease incidence.
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nnimaed (soybean meal) 8951 1: 1 + lalnuna@euneainm (KHPO,) 0.5 %W TUsuandy
Tnaosgean Ao 4.9 x 10° spores/ml iileifulifigumaiiviesufuins (25+ 3° Q) Wunan 6 e
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wansaaeaiuTaiag 6 gnsludiu nui Welduly 6 eu Tadnsimnansdsiiviinandu
Tnaveslilanasninu3unansuduie 108 spores/ml  wsdlewiuds 14 Weou Uswmanauvde 10°
spores/ml ¥NgAT YNLIY qmﬁ 6 gnsuawiin (Jean: fish fertilizer) + Mndumdes (soybean
meal) §m51 1: 1 + lfuuulaien (Sodium benzoate) 0.05% W/V Usinandulaauosanasnde

10% spores/ml (Table 2 wagFigure 1)
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ansAumie 10%10° spores/ml uaziloinuds 14 o Ysunaudulaadesazanaunieo 10°-10°
spores/ml (Table 4 wagFigure 2)
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Table 1 The survival of Bacillus subtilis 20W16 in 6 types of liquid solution bioproducts, after 14 months preservation at 25+ 3° C

temperature.
number of Bacillus subtilis colonies (spores/ml)

0 1 3 6 8 14
cane molasses 3.0x10°  5.0x 10’ 3.4 x 10° 6.0 x 10 1.6 x 10’ 3.7 x 10°
cane molasses + sodium benzoate 1.0x10® 4.5x10° 1.8 x 108 5.0 x 107 4.8 x 10 4.0 x 10°
0.05% W/V
cane molasses +soybean meal + 49x10®° 5.6x10’ 1.0 x 108 3.5 x 107 1.7 x 10° 6.2 x 10°
K,HPO, 0.5 %W/V
cane molasses + soybean meal + 14x10®° 7.0x10° 1.2 x 108 2.1 x 107 6.6 x 10 1.8 x 10°
Sodium benzoate 0.05% W/V
fish fertilizer + soybean meal 1.3x10°  5.0x 10 2.6 x 10° 1.6 x 10’ 8.3 x 10° 4.7 x 10°
fish fertilizer + soybean meal + sodium  4.5x10®  7.5x 10° 1.4 x 108 1.6 x 10’ 8.1x 10’ 6.1 x 10°

benzoate 0.05% W/V




Table 2 The survival of Bacillus subtilis 20W16 in 6 types of liquid solution bioproducts, after 14 months preservation at 18°C

temperature.
number of Bacillus subtilis colonies (spores/ml)

0 1 3 6 8 14
cane molasses 3.0 x 108 1.0 x 108 6.6 x 10° 3.1 x 108 1.3 x 10° 5.7 x 10°
cane  molasses +  sodium 9.0 x 108 2.0 x 108 8.3 x 10° 1.3 x 108 3.3 x 107 8.0 x 10°
benzoate 0.05% W/V
cane molasses +soybean meal + 4.9 x 108 4.0 x 108 3.4 x 108 1.2 x 108 1.3 x 108 5.5 x 10°
K,HPO, 0.5 %W/V
cane molasses + soybean meal + 1.4 x 108 3.5 x 108 2.1 x 108 4.5 x 108 1.5 x 108 4.8 x 10°
Sodium benzoate 0.05% W/V
fish fertilizer + soybean meal 1.3 x 108 4.5 x 108 6.6 x 10° 4.1 x 108 8.3 x 10’ 1.3 x10°
fish fertilizer + soybean meal + 45 x 108 1.0 x 108 5.1 x 108 5.0 x 108 1.1 x 108 1.0 x 10°

sodium benzoate 0.05% W/V




Table3 The survival of Bacillus subtilis 20W16 in 5 types of wettable powder

bioproducts , after 14 months preservation at 25+ 3° C temperature.

Treatments number of Bacillus subtilis colonies (spores/ml)

0 month 1 month 3 months 6 months 8 months 14 months
talcum 1.7 x10%Y 2.7 x10%a 1.8x10'a  3.0x 107 1.2x 10" 50x10°
zeolite 50x10  3.8x10’b  7.3x10% 1.1 x10° 29 x10°  6.7x10°
calcium  55x10’b  57x10'b  1.7x10"ab 1.7 x10° 15x10°  8.6x10°
carbonate
kaolin 35x10'b 25x10'b 9.6 x10°ab 1.0 x10’ 1.0x10"  25x10°
phumai 1.4x10"b  3.5x10b 3.9x10°% 1.5 x10° 6.7 x10° 3.8 x 10°
sulfate
CV (%) 38.25 62.77 49.15 - - -

YMeans followed by a common letter(s) in the same column are not significantly different at 5% level by DMRT

Table 4 The survival of Bacillus subtilis 20W16 in 5 types of wettable powder

bioproducts, after 14 months preservation at 18 ° C temperature.

Treatments number of Bacillus subtilis colonies (spores/ml)
Omonth 1 month 3 months 6 months 8 months 14 months

talcum 3.4x10a¥ 3.0x10a  7.4x10" 6.4x107 45x10° 1.5x10°
zeolite 9.4x10% 85x10°%  22x10° 5.6x10° 29x10° 1.2x10°
calcium carbonate 9.7x10% 8.9 x10°%b  25x10° 2.6x10° 15x10° 3.3 x10°
kaolin 8.3x10°b 7.9 x10%b 1.4 x10° 55x10® 27x10° 1.0 x10*
phumai sulfate 3.4x10°% 3.4 x10°%b  4.2x10°  1.8x10° 6.7x10% 1.7 x10°
CV (%) 39.25 74.56 - - - -

YMeans followed by a common letter(s) in the same column are not significantly different at 5% level by DMRT



Table 5 The solubility of five bioproducts wettable powder formulation in water and

their unit cost.

Treatments Dissolve in water Unit Cost
(15 mins) (Baht)
talcum +H++* 130
zeolite ++ 170
calcium carbonate ++++ 170
kaolin +++++ 165
phumai sulfate +++ 150

* +++++ = excellent: completely solubility, ++++ = good: have 1% precipitate, +++=

medium : have 5% precipitate, ++ = bad: have more than 5% precipitate

Table 6 Anthracnose disease incidences (%) on chilli fruits after15 days sprayed with
Bs bioproducts under field condition at Tha Ma Kha district, Kanchanaburi

province.

Treatments Disease Incidences (%)

BA 5DAA1 10DAA1 15DAA1

T1: Bs20W16 with cane
molasses 48.86 49.50 aV 26.38 a 24.38 ba
T2: Bs 20W16 with fish

fertilizer + soybean meal

+ sodium benzoate 40.40 59.38 a 28.75 a 3238 b
T3: Bs 20W33 with cane
molasses 48.34 28.88 a 31.38 a 25.87 ba

T4: Bs 20W33 with fish

fertilizer + soybean meal

+ sodium benzoate 37.25 45.00 a 21.63 a 23.00 ba
T5: Bs 20W16 with

talcum carrier 34.66 44.88 a 34.25 a 18.75 a
T6: Bs 20W33 carrier

with talcum 45.57 56.75 a 35.38 a 31.13 b
TT7: Bs 20W33 with kaolin 37.32 47.13 a 26.50 a 32.13b
T8: mancozeb 29.25 47.88 31.75 a 18.13 a



T9: inoculated 32.48 81.25b 75.50 b 89.25 ¢
T10: Water sprayed 33.67 8550 b 73.88 b 86.63 C
CV (%) 27.46 23.03 26.56 16.35

“Means followed by a common letter(s) in the same column are not significantly different at 5% level by DMRT

* BA is before application

Table 7 Anthracnose disease incidences (%) on chilli fruits after15 days sprayed with

Bs bioproducts under field condition at Tha Muang district, Kanchanaburi

province.
Treatments Disease Incidences (%)
BA” 5DAA1 10DAA1 15DAA1

T1: Bs20W16 with cane
molasses 35.75 35.33 a" 26.66 a 12.50 a
T2: Bs 20W16 with fish
fertilizer + soybean meal
+ sodium benzoate 24.25 3091 a 20.78 a 13.87 a
T3: Bs 20W33 with cane
molasses 30.25 27.98 a 24.94 a 13.50 a
T4: Bs 20W33 with fish
fertilizer + soybean meal
+ sodium benzoate 19.38 28.10 a 24.13 a 13.00 a
T5: Bs 20W16 with
talcum carrier 33.65 27.87 a 23.33 a 10.50 a
Té6: Bs 20W33 carrier
with talcum 38.25 29.49 a 25.00 a 11.87 a
T7: Bs 20W33 with kaolin 21.25 35.83 a 31.11 a 15.87 a
T8: mancozeb 21.00 16.67 a 11.75 a 8.12 a
T1: Bs20W16 with cane
molasses 46.75 67.03 b 66.36 b 48.00 b
T2: Bs 20W16 with fish
fertilizer + soybean meal
+ sodium benzoate 37.24 83.39 b 76.46 b 49.75 b

CV (%) 46.71 33.68 44.53 28.41

YMeans followed by a common letter(s) in the same column are not significantly different at 5% level by DMRT

* BA is before application



Figure 1 liquid solution bioproducts with cane molasses, cane molasses + sodium
benzoate 0.05% W/V, cane molasses +soybean meal + K,HPO, 0.5 %W/V , cane molasses
+ soybean meal + Sodium benzoate 0.05% W/V, fish fertilizer + soybean meal and fish

fertilizer + soybean meal + sodium benzoate 0.05% W/V, respectively
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Figure 2 wettable powder bioproducts with talcum, zeolite, calcium carbonate, kaolin and

phumai sulfate carriers, respectively



