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a A a [ . e = 3
wavaanuaNGalHInY Bacillus subtilis B006 1umsinasuan
1NOAIUANIFOS1 Botryosphaeria rhodina anvinlsnenalviaveanna

Effect of antagonistic bacterium Bacillus subtilis B006 as seed coating
for control of Botryosphaeria rhodina, cause of gummosis disease
in cucurbit

pAa auIn"’ waz iea A5y

Kuson Thomma'? and Pisan Sirithorn?*

undngia: maAnstssAvanmmadhulfiindaeauuaiiGufiing Bacilus subtilis B00G siavTas Botryosphaeria
rhodina anwglanenalua (gummosis) $1uau 14 laliam wudh uuAiieijiing Boos umwmmmiummum
mimmmmmmﬁ B. rhodina uitléiilu 9 szy Lu@mml,l,mmmﬂgﬁnw B006 11219113 nutrient broth 7iifix
nglas 2% gnumgi 28 °5 iuinan 3, 5, 7 uaz 9 Au anntusmnidediusinnsairaaadimdeu (neat tolerant cells)
‘Emmumwmmiqmmmummmu 80 °1 \lwaan 30 il wudn lududl 5 i 7 Ansabramadnufeugege
78 46 uax 47% TeaTadevn evuunfiFenFiing B0 'VlL@ﬂﬂummmmﬂmmumnmqLﬂumm 5 u
wnafhuasadeusin 31121 4 gas 1AL BS-coat!, BS-coat2, BS-coat3 wax BS-coat4 LilanagaLInansnny
Hnuaztsg@ninmniaiiudfindresuuniize BO06 WATNANTENLIIeANTARELT 0L BOO6 flanmunInges
wiamdimaindevlneiuinuniignull 5 °0 w4 Heu wud wdaeReudaaaandeua 4 gas funmn
wuATFaLTIN B00s AidkasiinaguuiamAauansinafunsada Taefiunnuuad Buagous 7-10°cfuiain
uazuuefiFeufiineg Boos ldmniafisdeutannadeuusazgns fnsdipuaunenlunedudniaiain
2897831 B. rhodina laiuansnsiuuuefienfiing Bo0s audn wiewniliduansznuselefifusinentes
winuazlinuanuiaUnfzessiundn

AdAty: wuanBeUfing, uudada duida, naideLINAR, WS, Botryosphaeria rhodina

ABSTRACT: The study was conducted to test find out the efficiency of the antagonistic bacterium Bacillus subtilis
B006 against to Botryosphaeria rhodina cause of gummosis disease of cucurbit. The bacterium was determined its
inhibition capability on the growth of B. rhodina 14 isolates. The results revealed that the antagonistic capability
was significantly different into 9 groups. This bacterium was cultured in nutrient broth (NB) added 2% glucose and
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incubated at 28°C for 3,5, 7 and 9 days and then, treated at 80°C for 30 min for heat tolerance cells. The maximum
heat tolerant cells production (46-47%) was obtained 5-7 days of incubation. Hence the antagonistic bacterium B006
was cultured on such medium and temperature for 5 days and used to incorporate into four seed coating formula-
tions; BS-coatl, BS-coat2, BS-coat3 and BS-coat4. The viability and antagonistic activity of the bacterium B006,
and its effect on seed performance after storage at 5°C for 4 months were determined. The result showed the number
of viable cells varied statistically were significant difference among the formulations ranging from 7-10° cfu/seed.
The bacterium B0O06 obtained from seed wash of each formulation could inhibit growth of B. rhodina as same as the
original isolate. No adverse effect on seed germination and seedling performance was observed.

Keywords: antagonistic bacterium, Bacillus subtilis, seed coating, cucurbit, Botryosphaeria rhodina
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s (inhibition zone) waztinlU3msnzef
NANNADA

NSNARNIATININT DI UATNLTaU JiTne
Bacillus subtilis BO06

‘aasuupRFeufiing Bacillus subtilis BOOG
luems NB ﬁLﬁm@ﬁm 2% ANILUAIENT
A2MHL3I7DU 120 rpm ‘ﬁlqmmﬁ 28 °a 1fluaan 3,
5, 7 482 9 Ju APATTLLTAR LULARZT90AN AReRT
serial dilution plating technique TpelFaudey
TTUTNNITUIANTHIIUARE WL AT FRLAASTEE Y
aNsUN IfAcuFaud 80 °a ilunan 1 T,
44 hot water bath fimasuaIusesfilaldswy
Arnadan At deyaiilfuninnsiuaziden
naNRELLATIGY FRdndiunsaiamadmeu
(heat tolerant cells) 494 M densnAnNaaTanIw
mnﬁuﬁ%mﬂﬁﬁﬂﬂﬁﬂnﬁ B006 Maeluas
FINGNNNIANAZNAULITAR A 2eA3e T WA e
Avanti® J-25 | #iA21a139 10,000 rpm (15344xG)
1981 10 W QIUUNRE 8 °T LAIANAZNAaUAE
vhnduitheinauda 1 11 AnAzneuEnA LA
vhaznenlldsrimiin axmivazanenynanlu skim
milk 10% ArR3daunznai BOO6 1 N3N #a skim
milk 5 N@.(w/v) LL‘}J\MmmuﬁfaL%@'mzmuma‘
sxifinutie Fneeded Lyophilizer 1iteldldnausa
1aeuuAfFeling BO06 tinnimsaaiuanun
ragAenUaEMTNuYe #9833 serial dilution



56

plating technique waaiusnEliNeldduuna
Tonmeaniugnseaausialyl

NMSANEIAMNNNNZANTDIANTLARDLLNAR
wasnuwuaisadfilne Bacillus subtilis BOOG
3.1 NIFTLNAITARRLLIEAR
THa191AALNAR 4 A9 HANAUNIULLATIEE
URTIN Bacillus subtilis BOOS #ilFannamnaas
7l 2 fluansieiendasio 4 gas léur BS-coat1,
BS-coat?2, BS-coat3 Ay BS-coat4 Lannldinaa
WAALALNA(Melon) IAtILENAALALNA LU sodium
hypochlorite 0.6 % wlunan 5 wiil dremdag
fhnsesitesinidoudn 3 seu Aeliiudie udaindew
FRANTARDLILART RS LL@:m‘lmmﬂu@ﬂ@@mma
e 333, Lﬁﬂ%ﬂmwﬁmﬁm%@mﬁq%mmﬁ
5 ° it 4 lummageusialy
3.2 n1sdsziiumNNTInIedLUATITY
Ufjiine BO0B HAINITARDLINARLAY
nrdssifiuiinnaunun1smaaeiLL CRD
Uszneudn 4 n3nsida usiaznssudag 10 9 Tneds
wiaLmTiAReUdatannARe LT s TusazgRs
Tuusiazdoaaaaasnafiuineuasnisaaey o,
1,2, 3 unz 4 1hau Tnaguauau 10 WAR uanz
wanlaaslu micro centrifuge tube ﬁLauﬁ’méﬁﬁﬂ
siieud 1 wa. e Windadun 7913 5 undi
anduatisieiies 1 i wdanhansazangliiin
serial dilution plating technique ﬁuif?ﬁﬂqmuﬂﬁ
28 ° W 48 7. wdariuauaulalatizesuuaiiFe
At B006 AiRnegfuiFaLsiaziA Wraaa
quiivlalatizesuunnGuliing B006 udazgns
aandeuTiAUlE 4 Heu ienagevszAnann
nadulfindndanisieaeuinédn

3.3 netsnifingsr@vinnaecuunfiGefiingg

BOOG Aeidas B. rhodina Wi sipRaLINEALAS
inlalaflaesuuaii3udfing Boos fild
anuAanasiiadanuasfusneliu 4 deu
unagsluamns NB ansuweiecaen 120 rpm
flgnund 28 °1 1Hwaan 48 1. UiuAuidudu

LAUNEAT 40 : 53-60 (2555).

THE 10° cfu/ml anniutinldneagaunisdud
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Figure 1
a. B. rhodina (MS-DB028)
c. B. rhodina (CUS-DB037)

Suppression of mycelium growth of B. rhodina by antagonistic bacteria BO06

b. B. rhodina (CUS-B-9)
d. B. rhodina (SQL-B-1)

Table 1 Antagonist capability of BO0O6 on radial growth of B. rhodina on potato dextrose agar plates

Isolate of Mycelium inhibition Isolate of Mycelium inhibition
B. rhodina (mm)" B. rhodina (mm)’

Ph-1 2475 a MS- DB030 20.58 ef

CUS-B-9 24.75a SQL-B-6 20.08 f

MS- DB028 24.00 b MS-A-7 19.41¢g

MS-A-6 23.00c MS-DB043 19.00 g

CUS-DB037 22.66 cd WL-DB033 15.66 h

CUS- DB038 22.33d MS-DB052 15.33 h

SQL-B-1 21.00 e CUS-DB044 9.66 i

C.V. (%) 3.71

"Mean of 12 replications. Mean in a column followed by the same letter are not significantly different (p<0.05)

by LSD
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3.1 nisdsziiuAnuildInuesuuAnde
Ufjtined BO06 MASARSLLURINAALAS

UFINSALFNE N AALAT AR LA AN
WPRDULAAYARATIAUIU 0, 1, 2, 3 LAz 4 LABUW WU
3 WasRARBUAREaNsIAReY BS-coatd fiunny
B. subtilis B006 ﬁm@g’ﬁaqmﬁm@ﬁﬂ@mmlunﬂj
[Bou Haust 10.08-12.49x10° cfu/ AR 399593
A9 BS-coat4, BS-coat1 Way BS-coat2 FatBunny
BO06 L9AY 8.86-9.75 x10°, 7.06-8.31 x10° WAy
5.21-7.43 x10° cfu/ LuAA MINATAL (Table 3)

3.2 nstlszdiulsr@nsnmassuuafiGedfiing

BO06 AalTin91 B. rhodina MAINLARLLLAR
AINNIINAABUNNTTULINNTIATYIDLTAT

B. rhodina W 6 lalaian wudn wuafieUfiing

B006 MlAannting 1 uuanuasTiiadandaeans
\eLAaiouaiin 4 gms anunsndudennaiasoyaes
B. rhodina lalmian CUS-DB037 way CUS-DB044
TalagldNAuLANA19N19an A NU 32 @NnBn N
994 BO06 aatfial A 4 lelmian fiAuLAns1m
ADpTNLanas (Table 4)

3.3 N9 NUNANIZNLUBIANTARDLTATT

FiatafEuAN199RNLATATAN HILL URIAUNAN
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ndnsAdeLIMEnfaaNsARBLN 4 AT
16iLA BS-coat1, BS-coat2, BS-coat3 WAy BS-coat
LL@:Lﬁm‘?ﬂmﬁﬁfqmmﬁ 5 ° \{luaan 0, 1, 2, 3
uaz 4 iRe wudn iwdafieReudasgandenyn
ARINARINNNINBNTDUNAR LUUANFINIATFAN
winildindeuluganaunn lnafinisseniads 95-
100 % (Table 5) yanannTuawLdn dundild
ANIAATIARE LA TIAREL BS-coat! fiAga
AN UNAAZANNENITINIAAY 6.5 UAT 12.4
g1, wnnddundnaingasan Tnefenlduansng
yaaRRTULERT L lEAReUaNs uAThimenan
Lmzﬁfmﬁﬂﬁuﬁqﬂdﬁﬁuﬂﬁqﬁié’mmm BS-coat2,
BS-coat3, BS-coat4 kazinAILAN 4AT BS-coat2
‘Luu’muﬂmunmLL@ymuuﬂmﬂmmﬁmuﬂmmn
mammmgmauq A8 170 WAY 52 1. AMNATFU
uazldAnluunnsnanisadffiumsnganauas
(Table 6) m@mﬂ@mﬂummw"ﬂm Pengnoo LL&,
ARLY (2006) TLAReLIARTIR&IEE B. frmus Lite
pouRutaalulug (Rhizoctonia solani) wudn nng
wasLanliNnansenusee fidusn1seentes
AR LazEund Tl danniuEnTAASLAELLAT 3
Ui fanufndnfivesdiundriiosndnuini
llsmaey

Table 2 Number of viable cell of B006 at 3, 5, 7 and 9 days in NB (2% glucose) and treated at 80°C 1 hour

Number of viable cell (cfu/ml x10°)

3 days 5 days 7 days 9 days
Non-treat 6.60 0.50 3.40 91.00
Treat 80 °C 0.18 0.23 1.60 26.00
Heat tolerant cells (% ) 2.7 46 47 28

Table 3 Number of viable bacteria BO06 assessed after seed-coating and storage at 5 °C for 4 months

Number of viable bacteria (x10° cfu/seed)”

Formulation 0 Month 1 Month 2 Month 3 Month 4 Month
BS-coat1 8.31 £1.17 bc 8.24 +0.79 c 7.73+1.48 b 7.60+1.72 b 714117 b
BS-coat2 711%1.31 ¢ 743%1.02 ¢ 5.99+0.90 c 5.21+0.77 ¢ 5.34 £0.87 ¢
BS-coat3 10.11£1.70 a 1220+1.03 a 1249093 a 12.37+159 a 10.78+1.69 a
BS-coat4 9.55+1.61 ab 9.75+1.38 b 8.86+£1.61 b 9.05+1.59 b 9.50+1.86 a
C.V. (%) 16.70 11.45 14.50 17.15 17.78

" Mean of 8 replications. Mean in a column followed by the same letter are not significantly different (P<0.01) by LSD
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Table 4 Antagonistic activity of BOO6 from seed- wash on growth of B. rhodina on potato dextrose agar plates

Mycelium Inhibition (mm)"

B006 formulation Isolate of B. rhodina
CUS-B-9 MS-DB028 CUS-DB037  CUS-DB038 SQL-B-1 CUS-DB044

BS-coat 1 25.0 bc 24.0a 23.0a 22.8Db 253 a 9.7 a
BS-coat 2 24.7 ¢ 23.7 ab 23.0a 23.7 a 245b 9.5a
BS-coat3 26.7 a 23.0c 22.8 a 23.2ab 245Db 10.0 a
BS-coat 4 27.0a 23.3 bc 22.8 a 225b 24.7 ab 95a

B006 (Stock) 257Db 23.7 ab 23.0a 226 Db 245Db 9.7 a

C.V. (%) 1.7 1.5 0.9 1.7 1.7 4.4

"Mean of 3 replications. Mean in a row followed by the same letter are not significantly different by LSD

Table 5 Seed germination(%) after coated with BO06 formulations and kept at 5°C for 4 months

Seed germination (%)"

Formulation Month

0 1 2 3 4
BS-coat 1 98 99 100 100 98
BS-coat 2 97 98 100 97 97
BS-coat 3 95 97 98 98 95
BS-coat 4 96 97 97 97 96
Control 98 100 98 98 98

ns ns ns ns ns
C.V. (%) 4.71 3.54 3.67 2.28 2.52

"Mean of 4 replications. ns= not significant

Table 6 Seedling performance after coated with BO06 formulations for 4 months

Growth parameter

Formulation
Shoot length (cm) " Root length (cm) ¥ Shoot fresh weigh (mg) # Root fresh weigh (mg) ¥

BS-coat 1 6.5a 12.4 a 153.0 b 40.8 b
BS-coat2 58b 11.8 ab 170.4 ab 520a
BS-coat3 58b 11.1 ab 160.2 b 45.3 ab
BS-coat4 56Db 89c 151.7 b 48.7 ab
Non-coated 6.9 a 109b 185.0 a 44.3 ab

V. (%) 15.02 20.15 14.19 19.44

"Mean of 20 replications. Mean in a row followed by the same letter are not significantly different by LSD
“Mean of 10 replications. Mean in a row followed by the same letter are not significantly different by LSD
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