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ABSTRACT

A collection of 135 isolates of Bacillus subtilis was obtained from soil, manure and
roots of chili, tobacco, banana, Siam tulip, potato and tomato across 9 provinces of
Thailand. All isolates were laboratory tested for inhibiting growth of Ralstonia
solanacearum. Eight isolates of B. subtilis viz. BS-DOA 24, BS-DOA 69, BS-DOA 97, BS-
DOA 108, BS-DOA 114, BS-DOA 125 and BS-DOA 132 were found as effective antagonist
of R. solanacearum. Afterward, the effectiveness of these 8 isolates was verified in the
greenhouse experiment. Ginger rhizomes were soaked into solutions with 8 different
isolates of B. subtilis before being planted in soil mixed with R. solanacearum. The results
showed that only isolates of BS-DOA 24 and BS-DOA 123 could control the bacterial wilt
in ginger for 60%. The BS-DOA 24 and BS-DOA 123 isolates were selected for the field
experiment. Isolate of BS-DOA 24 suppressed the said disease in ginger for 68%. Thus,
the BS-DOA 24 isolate of B. subtilis was selected to develop for R. solanacearum
antagonist powder. The appropriate ratio of BS-DOA 24 bacteria per talcum was 1 : 4 (v/w)
which induced the highest population of BS-DOA 24 to 1.1 x 10'° CFU/g. After storing at

ambient air (ca.30 'C) for 12 months and at 4 °C for 15 months, this antagonist powder
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showed the effici.ency to control the
bacterial wilt of ginger in greenhouse and
wilt infested field up to 60 and 65%,
respectively. The experiment was further
carried out at the farmer’s field at
Phetchabun Province, where the BS-DOA
B. subtilis could control the disease of
bacterial wilt for 62% with yield of 2,260
kg/rai (ca. 361.6 kg/ ha). The results
suggest that antagonist powder based on
BS-DOA 24 B. subtilis could be a potential
source to control the bacterial wilt disease

and for further commercial development.

Key-Words: Bacillus subtilis, antagonistic,

Ralstonia solanacearum, bio product, ginger
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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
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Table 1

Size of inhibition zone created by 8 antagonistic Bacillus subtilis againt

Ralstonia solanacearum under laboratory condition

Inhibition zone (mm.)*

Antagonistic . R. R.
Bacteria Location Source solanacearum solanacearum
No 28. No.1378

1. BS-DOA 24  Kanchanaburi  Soil from tobacco roots 36 438

2. BS-DOA 69 Chiang Rai Soil from Curcuma roots 35 215

3. BS-DOA 97 Chumphon Soil from Ginger roots 3.1 3.75

4. BS-DOA 108 Chiang Rai Soil from Ginger roots 26 25

5. BS-DOA 114 Nakhon Pathom Soil from sugarcane roots 4.1 25

6. BS-DOA 123 Pathum Thani  Soil from canal in the 3.35 485
vegetable field

7. BS-DOA 125 Pathum Thani  Soil from canal in the 438 1.8
vegetable field

8. BS-DOA 132 Pathum Thani  Manure (cow dung) 2.75 24

* average of 3 replications

60 % wasugn 45 Fu Tupneiisudeiisndn
Winduilerndaifpentrafsauaasainis
2p9l9A 100% Haus 15 Tundagn (Figure
2 and Table 2)
HAN19ATUT AT eUiine
UWRLUUANLSE R. solanacearum WUl
ADAARDIAUNANIINANDUUTLANTNINT DY
woafi3pufiing Tunssndsilduuaiife
Ufiilni¥ BS-DOA 24 uaz BS-DOA 123
\

Usrndnmlunisaruanlsafivaninige

srfivsinauuuaiiFassanntudu 15 x 10°
WA 1.75 x 10° CFU/g 789AU ANR6U
(Table 3) TurmurAvSunuuaile R.
solanacearum Tunisndsilduvaiise
Ufjilne¥ BS-DOA 24 uay BS-DOA 123 an
a9 lapfiUSanouuuaiiSse R. solanacearum
275 x 10" wazr 56 x 10* CFU/g pavAu
ANRIGU (Table 3) IMNWANARDILAAI I
wiuduuefiSeyufjiing BS-DOA 24 uae

BS-DOA 123 wninagludugndeléiuiu
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Table 2 Efficacy of eight antagonistic Bacillus subtilis in controlling bacterial wilt of

ginger caused by Ralstonia solanacearum in greenhouse experiments

infected .plants (%) ¥ Disease control (%) %

Antagonistic Bacteria
15 days 30 days 45 days 15 days 30 days 45 days

1. BS-DOA 24 0 20 40 a 100 80 60
2. BS-DOA 69 100 100 100 d 0 0 0
3. BS-DOA 97 20 80 80 c 80 20 20
4. BS-DOA 108 100 100 100 d 0 0 0
5. BS-DOA 114 0 40 60 b 100 60 40
6. BS-DOA 123 0 20 40 a 100 80 60
7. BS-DOA 125 40 80 80 c 60 20 20
8. BS-DOA 132 100 100 100 d 0 0 0
9. control 100 100 100 d 0 0 0
CV. 19.7%

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

) No. of infected plants
1/ infected plants (%) = x 100

Total no. of plant assessed

No. of non infected plants
x 100

2/ Disease control (%)
Total no. of plant assessed

..A \

T

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)
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Table 3 Population of antagonistic Bacillus subtilis and Ralstonia solanacearum in

controlling bacterial wilt of ginger under greenhouse experiments at 15, 30 and

45 days after planting

Population of antagonistic Population of

Bacillus subtilis Ralstonia solanacearum

Antagonistic

bacteria (CFU / soil 1g) (CFU / soil 1g)

15 days 30 days 45 days 15 days 30 days 45 days
1. BS-DOA 24 297 x 10* 26 x 10* 175 x 10°  1485x 10° 27 x 10° 275x 10°
2. BS-DOA 69 72 x 10° 745x10* 675x10° 765 x 10 90x10° 67 x 10°
3. BS-DOA 97 6.4 x 10° 4.4 x 10° 6.6 x 10° 1.35 x 10° 9.0x 10°  1.16 x 10°
4. BS-DOA 108 6.84 x 10° 7.4 x 10° 27x10° 1035x10° 25x10° 1.05x 10°
5. BS-DOA 114 153 x 10 125 x 10 9.3 x 10 126 x 10°  675x10° 99 x 10°
6. BS-DOA 123 9.9 x 10 21x 10° 15x10° 1225 x10° 1485x10° 56 x 10°
7. BS-DOA 125 45 x 10° 175 x 10 125x10° 153x10° 1935x10° 96 x 10°
8. BS-DOA 132 45 x 10 3.4x 10* 9.2 x 10 279 x 10° 2835x 10° 7.8 x 10°
9. control - - - 345x10° 167 x 10° 258 x 10°

v A

fa 45 u Sevilluss@niamiunsaiuay n3sn38uq adelidaddgneada laad

Tsmﬁmmm%a‘lﬁﬁﬁqﬂ FanoaAaDINUN Wasifuddudeiiialsamadiies 32% 3

Baker Was Cook (1974) l@s1e491uin UszdvBnmlumsaueulsaiisn 68% uar

{ 2 '

wuAiSe B. subtilis a3waUasNiZunin Tinandngefiv 4,288.03 nn./l3 Tupnued

BulasUas (endospore) Fefiaaununiu nssndfaiuaniasifudniaialin 86%

warfiadwedsoageudaniwuirndonla fluwminwandaiiine 287.44 nn/ls winiu

s

WHNZEN LaTaNInaS AU Eme fusg (Table 4) Fewan1naassiiléinanndaafiy

a o

a a X -] [V .
m3wswdulnedoamglaials N13ANWNTBY Sanaina et al. (1997) AR

WAonwuaiiise B. cereus, B. subtilis 31N

4. nasavuszAninwunaiZeufindlu  vinusinvesfududsy snlddulueiise

a

e -~ L4 a nl' s P
n1saaNlsaiezasdiy Tugninulas Ufiindaunsnannisiialsaifieizeatudie

=

o v =) A’ g I
NARDY 16 §9 83% YlinanAaANTY 160% LHu

HANINANBLWL NSNS LTS
Ufjiln® B. subtilis BS-DOA 24 filadifiud

n1LAalsa LLa:msmuquTsmLmnﬁNﬁu

Weaiu Guo et al (2002) léisneunisld
wuaiilse B. subtilis &18WUE BH11 &13130

ruaulIAfisIzaaninld 30% TuamwiSeu

Thai Agricultural Research Journal Vol. 32 No. 3 September - December 2014 245



Table 4 Efficacy of antagonistic Bacillus subtilis in controlling bacterial wilt of ginger

under field trial

Antagonistic
infected plants (%)

Disease control (%)

Yield (kg./rai)

bacteria
2. BS-DOA 24 32 a 68 4,288.03 a
1. BS-DOA 123 60 b 40 1,260.18 b
3. BS-DOA 69 69 b 31 96849 b
9. control 86 ¢ 0.00 28744 b
CVv. 26 % 26 %

Mean in the same column, followed by a common letter are not significantly different at

5% level by DMRT

Ugniizmaany vililsnanas 65% wanie
Windu 80-100% Tuanmwulas
INNTNAADINVIIMT IHULATISY
Upting B. subtilis Tunsmasauiifiunsls
Tugtipaduairuasszosuuaili3ovi il
szadnsan1si ldIdluanwudas uay
UssinBnwessuuafiiuljilng B, subtilis
Taipodl 2zdpuudaslyauaniniindon
FosrfusinaiimswmnndatousigasudiTHle
qva7n u,a:ﬁﬂs:ﬁwﬁmw‘[umsmuqu‘[sﬂ
TasdmRon B Subtilis lolman BS-DOA 24

RN EITuTigRIne

5. MmanandadumgaInesasuuafiise B.
subtilis BS-DOA 24 gwiumuaulsafiua
29989

51 mswisuiadungasne BS-

DOA 24: l§i#aitusignsns BS-DOA 24 #ifl

246

NIVIRANID U1 wé’amnﬁo‘[ﬁuﬁaaﬁw’[uﬁ

Z L] ar = [ -4 -
tasas uhluasetulsunumaduuaiise
Adaa Y ld '
mmmam’lumnmmgmm WUIUSEBING
wuafilse B. subtilis NATInTaA IUFIAUT
gAIwa 1.1x10'° CFU/g

5.2 matiuinETungnaned

UNgE UAzITEZIRIAN 4

Y

o

HaNTNARBIWLIN BaftunigaIng

=

A al Alaca 1

Wusniigungiivies uuaiSeiidinetsen

LT

Toiums 12 oy usilssannsuuriBSe B. subtilis
Buanadiuidoudl 3 uazanasatvsindafe
wiidoufl 8 aufadeud 12 wisUszans
wuafiSeies 1.0 x 10° CFU/g  Tupeusidh

Aot gasweiifiuliigaumngdl 4 ‘o uuaisy

9 Y

L%

foasiiFinatsanls 15 oy Tasluifoud

= A

15 fiszpnsuuafiseffidingen 4.3 x 10

CFU/g (Table 5)
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Table 5 The survival populations of Bacillus subtilis in bioproduct powder BS-DOA 24

stored at room temperature and 4 C at various times

Populations of Bacillus subtilis

Populations of Bacillus subtilis

(cfu/mil) (cfu/mil)
Months Months
Room temperature ¥ 4 °C Room 4°C
temperature
oY 11 x 10" 1.1 x 10" 8 1.7 x 10 9.0 x 10°
1 0.7 x 10" 1.3 x 10" 9 22 x10° 8.0 x 10°
2 0.2 x 10 1.9 x 10" 10 1.3 x 10 8.6 x 10°
3 53 x 10° 15 x 10" 11 32 x 10° 8.3 x 10°
4 2.8 x 10° 15 x 10" 12 10 x 10° 3.0 x 10°
5 33 x 10° 1.7 x 10" 13 - 25 x 10°
6 o 12x10° 03 x 10" 14 - 15 x 10°
7 09 x 10° 0.9 x 10" 15 - 43 x 10’

¥ Initial bacterial population

6. nManasavlszandnnsesdiunsia
w9 BS-DOA 24 Tumsmiugulsaiinazes
BoluSoumaans
wuhdifudigasneiivss@niamiy
msmuaulsafnludueii 7 nianisign
B9 sansamsmuAnlsald 60% launsany
Usepnsvasiuaiiise B. subtilis 35 x 10°
CFU/g 7avdu uazfdszsinsuuaiiise R.
solanacearum wRaBtjiiies 56 x 10° CFU/g
a9y Tumnusfinsdsmueuillivhndutlenh

&4 a -
L"ﬁﬂ‘ﬂ\‘lLtﬂﬂ\‘iﬂ’lﬂ’l‘i“ﬂﬂ\ﬂ‘iﬂtﬂﬂ’l 100% (Table 6)

# Room temperature = 27-30 C

7. manasaulszanEnmweesiitdaunsiia
w9 BS-DOA 24 Tumsmiuaulsmfisaes
B lusnmudasmaans

wanaMeaas mamuaslsaduadig
o o oo

BAINUNTUANY BS-DOA 24 Iﬂﬂﬂ’ﬁﬂiﬂﬂﬁ’)

o 6 ar ) [ o & S ar ¢ a
WuUgnL 1% BAINUN LLREIAAWBWTINUNDTUA

 WIRTAIBUT NN 30 u uaz 60 Ju wudily

nssuﬁﬁvﬂ’ﬁ’ﬁaﬁmﬁgmwmnnssuﬁ%‘[ﬁwams
ialsalinanmfumeada uiuanssating
fudAyiunssudsaruauildiiyan
(Table 7) n33u3BAldE A ousiaidans 10 n/
W 20 & nn 30 Tu Tnan1sriuanlsad
fige Toufiusz@ndnmiunseuaalsaiien

2093916 65 %
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Table 6 Efficacy of the bioproduct powder BS-DOA 24 in controlling bacterial wilt of

ginger under greenhouse experiments

bioproduct powder Sterilized distilled water
Disease Bacterial Population Disease Bacterial Population
(CFU / soil 1 g) (CFU / soil 1 g)
Weeks control (%) control (%)
Ralstonia Bacillus Ralstonia
solanacearum  sublislis solanacearum
1 100" 36 x 10° 297 x 10* 100 36 x 10°
2 100 1.2 x10° 2.7 x10* 100 49 x10°
3 90 1.4 x 10° 26 x 10* 80 1.2 x 10’
4 80 89 x10* 8.7 x10° 40 7.2 x107
5 70 56 x 10* 1.75 x 10° 0 96 x 10°
6 60 2.3 x10* 25 x10° 0 4.7 x10°
7 60 56x10° 35 x10° 0 2.6 x10*

Vo No. of non infected plants
Disease control(%) = x 100

Total No. of plant assessed

Table 7 Efficacy of the bioproduct powder BS-DOA 24, in controlling bacterial wilt of
ginger under the field trial during 2011-2012.

infected plants Disease control

Treatment
(%) (%)
1. Mix ginger rhizome with 1% of bioproduct + 35a 65
10 g/20 liter of bioproduct every 30 days
2. Mix ginger rhizome with 1% of bioproduct + 37 a 63
10 /20 liter of bioproduct every 60 days
3. control 60 b 0
CV. 217 % -

Mean in the same column followed by a common letter are not significantly different at

5% level by DMRT
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8. manasavlszaAninwaesiriunsiia
w9 BS-DOA 24 '[umsmuqu‘[smﬁmmm
delugnwulagineasns
INNNIATIMUIZBINTTDOIULAILSE
R. solanacearum Tuuyssugnrisunismaass
wulsernsuueiiiss R solacearum 16 x

10° CFU/g 289/ Wan1smasaulszansnw

gpeifunnewndn wiaefifinasldgasoumn
#iANd BS-DOA 24 wun1sifinlsaifies
38% uaczldnandn 2,260 nn/l5 druuvas
Wl fusimunsifalsmiageii 79%
HaKARWADIAEY 690 nn/ls (Table 8 and

Figure 3)

Table 8 The efficacy of bioproduct powder BS-DOA 24, in controlling bacterial wilt of

ginger in a farmer’s field during 2012-2013

Treatment infected plants (%) Disease control (%) yield (kg / rai)
1. Bioproduct powder BS- 38 62 2,260
DOA 24
2. Control 79 - 690

Figure 3 The efficacy of bioproduct powder BS-DOA 24 in controlling bacterial wilt of

ginger in a farmer’s field

(A) The bioproduct powder BS-DOA 24 application

(B) Control
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aglwamsmam
INMIARABNLRSNANBULIE NN W

&

109UUANLSY Bacillus subtilis 818WUG
BS-DOA 24 wui1 fuse8nsnanlunnsg
muAulsafinazesds 68% Tuanmulas
naaoy uazdodsnaunfuiafusigasie
BS-DOA 24 Taald weviadudiudwnludng

1:4 (VW) ldUszsnsuuafiiledfjiing 8.

%
-

Subtilis 1.1 x10" CFU/g Bainungmsnail
sansafivnmlauu 12 Weu fgumgd
o9 waz 15 1oy figungil 4%y Sasuas
ABnsld8aiurignane BS-DOA 24 THil
UseAnsnmlumsauaulsaisizesds o

(%

n13AgnHIRUGBIIE 1% Fiudigaineg
uazsaduindredafudigasnenzats
8731 10 n/h 20 & 0 30 Hu fiunm 8
iWeu swsomugulsaiieald 65% uaz
diehlunesevluudasgndesseinsasnsi
finnsszurnznclsmiien Agnoinde
L.wpsysal wud dadnnigasne BS-DOA
24 snansamuilsafinald 62% ldnanin
2,260 nn/l3 maRmurBaioeignane BS-
DOA 24 i {funswandunuudaiudd
gursniluidlun1saesnanisnfnige
widlpd wazweuws iinsasnsi gy
1ﬁwaw§mﬁﬁqmmw ATIATNANNADINITTDY
AR LNAINININITaLgnTetniAxl
Wumsssilymimsyninviaetdie  uae
asusinaensuldurzesunisdianan

waluladniswiagiiudiuuafiisuyjiing
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