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Application of cell suspension and crude extract of
Bacillus licheniformis BFP011 to control Pepper Anthracnose
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unAnga: N3 lditaduLaauaeeLUATIFY Bacillus licheniformis BFPO11 anuaw 5 seaumanudndulunisanaiu
a;umwm‘ﬁmﬁﬁmmm%@ﬁ Colletotrichum capsici lunnadinyinananansnAaeaa detached fruit LAZANWLHUNNT
NAAANULLL Completely Randomized Design (CRD) mmﬁLﬂmfzﬁ“ﬁ@aﬂ@wzﬁﬁ%mlﬁmﬂmmamLenmi’l,lmu@@ﬂ
LLUﬂﬁSﬂﬁ@uVIﬁ’m’]iﬂ@‘ﬂLgﬂ;@i’] C. capsici \ilulan 24 . mmmamﬂfnugul,mmm‘llmﬁﬂdﬁmiﬂQnL?;mﬂ
C. capsici \funan 24 au. u,rﬁfﬁammmanu@@mmﬂﬁﬁﬂ B. licheniformis BFP011 Aauiduduaaaas
LanuaesuUATGe B. licheniformis BFPO11 manzasie 1x10°-1x10° cfu/ml ﬂmmﬁmumwm‘immm 35.8
LAY 34.8 % ANNAEL NIVEAFNTLIIUARELLATIRY B. licheniformis BFPO11 fipnnaidindudans 1x10° B
1x10° cfulmi Hainlssandniilg 10-50% daunnslfansaravenuaesuuafiGe B. licheniformis BFPO11 A1
\iudiiy 1,000 un./ua. wudﬁmmmﬂmmmgmwwm‘ﬂimLL@uLmimiumiﬁﬁf”ﬁmﬂ%ﬁ@mmfzm"amiﬂ@_}ﬂF‘E@m C.
capsici Inga1NInanANNIULTeTRdlsAat AR 41.1 UaY 32.6% RNAIAL

ANEARY: Colletotrichum capsici, anthracnose, pepper, Bacillus

ABSTRACT: The five concentrations of cell suspension of Bacillus licheniformis BFPO11 each applied to reduce the
disease symptom caused by Colletotrichum capsici using the detached fruit technique with Completely Randomized
Design (CRD). The statistical analysis indicated that inoculation of cell suspension prior to inoculation of C. capsici
gave more disease severity reduction than inoculation of C. capsici prior to inoculation of cell suspension. The optimal
concentration that reduced disease severity; without adverse effect was at 1x10%-1x10° cfu/ml prior to inoculation
of C. capsici for 24 hours as disease severity was reduced by 35.8% and 34.8%, respectively. The cell suspension at
the concentrations between 1x10° to 1x 108 cfu/ml induced fruit rot to 10-50%. Crude extract of 1,000 mg/ml applied
before and after inoculation of C. capsici reduced the disease severity to 41.1% and 32.6%, respectively.
Keywords: Colletotrichum capsici, anthracnose, pepper, Bacillus
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wnaianile  waztlyynlsafandAnylunisu@m
winludszmelne  Tawnlsanauunsalua danin
aNLEas Colletotrichum spp. IaN&ALAS
wuwnwsszunaninlulszmalnafe C. capsici
WAy C. gloeosporioides (Pakdeevaraporn et al.,
2005) a4 Poonpolgul and Kumphai (2007) &
PENUIIHaRNNIUNS ELNATUL AL LN AN AR
WInL@euaNinNn9n 80 wefidus wanannilds
WLHANTNULAAIDINIINNEUAIANIALIALILAZ
14 41 Wefidusd wananiwdnNuanuIanig
Adulsatausanmeds 38 wafidud Bnled
£% U 1 dﬂl 1
sunatdulsa waziduurasraamalunigLng
nszanglldasundnunmsuaus inliiialsann
31 (AVRDC, 1989) l@Hn1suinuuaiize Bacillus
a e 1 A’ ] ‘if
spp. UfindreimeanunlsaianiALANTe
PUATITRULATNTRAUALIANT (NOFAN, 2549;
"R, 2549) Zhou et al. (2008) 91891UI1
B. thuringiensis AUATITY zwittermicin A WAz
aminopolyol antibiotic TeRyszansnnwlunnsduda
\asranunlsaielungs oomycetes LAZWLUATIEE
= X ¥ a o a A &

wneNay TunsAntasy wiuninqaunse
Ufjine Bacillus spp. WAz@TANANLILUBY
qauvzdaenan wnldlunisacupulsauauunsa
Tua wWwenaununisldansiadiieliianqanu

Uaendiasdeduan i3lna wardauanden
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1. UssRANENNUDUTARLUIUADLLLATILSE
Bacillus licheniformis BFP011 lun1saaunxlsa
LAULNTALUALUNANI N

MsiesaNalasuaduaasdas Colletotrichum
capsici #IVRALTALAULNTATUATBINGD

. L dns

"T85 C. capsici NANAFELANNAINITD
Tun13v N alsAsaeaT detached fruit wanvin 13
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N@W?ﬂLL@@Q@WﬂW?%@QIi‘ﬂ@uLL‘NNWLgf—‘_lﬁ‘]_lufa’lﬂ’]i‘
potato dextrose agar (PDA) ﬁqmuqﬁﬁmtﬂumm
7 & antildinnduilesindenaasudesiite
araneates udavhansuaauaesalefilinses
Fagifinenaung wazninisdiuannduduaasates
LWL 1x10° aes/ ua.

1.2 NIFLATHANLTAR LUIURDLULIATLI S
Ufilns B. licheniformis BFP011

YiwuATi3e B. licheniformis BFPO11 ineisly
AT nutrient broth (NB) 20 §4. uum‘?mmﬂ'ﬁ
‘ﬁlﬂqmmﬁ 28°C AYNIEY 200 seu/Tiuna 1
Fu UsupnudndusadirauasaiuafFeldian
0.0, =0.1 tialildanudadu 1x10° cfu/ml
paLIaRLINUARELUATIBE TS 200 TulAsdns
auaelLan9n7 NB 15ums 200 ua. wdatinlihiy
ﬁgmmﬁ 32°C Lisiasiagin AnaFa 200 sau)
il flunan 2 fu antugauueiiae uiinag
Ufuanudndurasuacuassuuaiize ldiin
Wi 13108, 1x107, 1x10°, 1x10°, 110" cfu/ml.

1.3 nsnagauilszansninnisatuanisa
LAULNTALUALUNANGN

Yuawsn TNl LansannslsALaULNIA
Tuannuali chlorox 10 % fuwaan 5 Wil 419
Faeninlvia 3 A%s ASeaT 5 1T udaieluse 14
gel-loading pipette tip FinUaee2 2 1. fidagin
Feudainunauunansn ﬁﬁﬂ%‘ﬂ@m%‘ﬂ C. capsici
WaT WUANEY B. licheniformis BFPO11 U3unms
20 lulAsans 2nauNUN1INAReLLLL Completely
Randomized Design (CRD) dsznaumag 13
N9343T (treatment) N93NATAY 4 4 (replication)
il

nIsuAaT 1-5 Ugnidas C. capsici Wunan

24 F9luaUdIR IV ATAT LTI LARL L LAT 3
B. licheniformis BFPO11 Rimanadudu 1x10°,
1x107, 1x10°, 1x10°, 1x10* cfu/ml. ANNANAL

N95UARA 6-10 MEALTARLAILADLLLATIRE
BFPO11 fAnnsdiadius 1x10°, 1x107, 1x10°, 1x10°,
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1x10* cfu/ml. PNANL Wunan 24 Faluaundnag
Ugniaas C. capsici
n3sNdsy 11 lunssndgasuan  Ugnimes
C. capsici
aal A aal -
n?3uasN 12 1unssnidmouaN veamas
WIIURRELUATIFY BFPO11ANadNdw 1x10°
391359 13 1JunssadtALAN MIATINAY
4, X
TaginiTe
1 = 1 dﬁj dl a v 3|
Unnansnlunaesaunguugiveadung 7
FU NIN1TTAUUN AL LA LUEANTN LA AL ULANN
FLALIANNIULNTD313A 8 FTALIAST
1 ="Taiinlen 5=JUNAEA 1.51-2.00 .
2 = AUNALLNA 0.01-0.50 €. 6 =AUALLNA 2.01-2.50 TN,
3 = AUNALLNA 0.51-1.00 dN. 7 =2UALLNA 2.51-3.00 TN,
4 = PNALKNA 1.01-1.50 Bd. 8 = WALl
2. sz@AnsainuaIgIsdanmuay (crude
extracted) AR9UWLIANILEE B. licheniformis BFP011
Ufilng Tunisarupulsanauunsaluguuna
Wan
2.1 NISLASENAITHAIURDEFLUDS LIRS
C. capsici #NWAAITALBUUNTATUAADINGD
ANIR1.1
2.2 NISLATENATRANANLILUDILLANLIE
B. licheniformis BFP011
& madLaauaasuAiiEe B. licheniformis
BFP011 AiAanaidisdie 0D, =0.1 15113200
Tulpsans a9luenus NB U3nnms 200 4. il
ENUBLATENLENTRUUYH 32 °C AIINIEY 200
= o o & a a
201/14% Wunan 2 i thldusnmaduuaniEe
aanlaatlufeaNAanu3s 14,000 saUAaUN
gomni 4°C e 15 Wi waztidaulalinses
fingl membrane fiter 1u1A 0.2 TulAgat Aty
4 -

Wl lFidudusaeirzes evaporator Ngnnn

q a
k7

40°C auuaeds3unme 5 ua. Auidnd 1 ,000
un. /ua.
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2.3 nsvadauilssAngninnisatuanisa
LAULNTALUALUNANTN
dra1silalunegeuilssd@nininnag
AILANTIALUNANTNNNNIN19 R TR NN URI LAY
NILHNA (ATNTD 1.3) 3N9LHUNITNARBILLUL
CRD1sznau@qe 5 N99438 NITNATAY 4 T A9t
i X -
n3INAsN 1 UgniTiesn C. capsici luiaan
24 FaluquANRInEAd1TAT AN LLLAT LTS
B. licheniformis BFP0O11
N370359 2 NEARIIANANLNLUDILLATFE)
BFPO11iiluioan 24 dalusasilgnidios C. capsici
aalal aal X
n93NasN 3 1unssudsAcuAN gn Ees
C. capsici
Q‘ﬂ‘d‘ aa
nesNasy 4 WunssNdTAIUAN NUAANS
WUITUADEIWLATITE BFPOT1A9 NWNg Y 1x10°
aalal = aa 4 o =
N391959 5 WNIINIBTAILAN NEALNNALLN
219
1 a 1 ‘é‘ ‘dl a v
Unnansnlunaesiunguugveailung 7
U NNTIAULANALUNANINL AL IAAZLUUANN
izﬁummgumwmim (A1ude 1.3)

NANISANE

1. Usc@nEnnaeaitasiaouanaLLAfEe
B. licheniformis BFPO11 lunnsdudaigas
C. capsici AINNITUNTAR LIIUABEWLATIE
B. licheniformis BFPO11 11 5 panandudouan
nagaulsranannlunisacuanisaneuwnsaluy
AUUHANSNTHNEAEA] detached fruit wdsanL
15 dunan 7 d“u‘ﬁ'@mmﬁﬁm wuans kg iman
LIaUaRsLLAT BeTisziA LAY 1x10° uA
1x10° dla§/ua. vepaLuNansn Tk LaTuean
24 %q‘llmrifauﬂ@m%m’] C. capsici AMNNINAATLHL
ANguLssTadlsALauunsatual Aot it dAny
N NADR IneHsrAuANIULIITedlsnanaT 35.8%
WAz 34.8% AINANL Wenluufeufunssuia
pauANTivenalesuatuaetves C. capsici AN



336

Wudu 1x10° ates/ua. wazn1sldTasiriuans
WuATIBe B. licheniformis BFPO11 Riszfuaan
Windu 1x10°, 1x107 waz 1x10° cfu/ml inlsina
WanW (Table 1) NIUEALTARLUIUABEILLATITE
B. licheniformis BFPO11 Ao uidindiu 1x10° cfu/ml
ﬁ@uﬁl%ﬂ@m‘%mw C. capsici fluinan 24 Falus
M linandnuunie 50%
-

2. UsLANTNINUBIRFAT AN UL AT 38

£
=1

Ufjilny B. licheniformis BFPO11 Tunsefudan
91 C. capsici annsldansaianeLrewuAi Ty

LWARINERS 41 QUUNAE 1 : (2556).

BFP011 AMNWNLU 1,000 NN./NA. NINAKAL
ANANTD luNsAtLANTsALauLsATUA LN
WAN LNV AR IATAEN LIRS LL AT e
BFPO11 ﬁ@ul,mwﬁ\mwﬂ@nm%@m C. capsici
ANNNINANIEALIAYINIULIITaslsA AR Taanisld
AT AR AVENLINEA UL HAN A UTIAZ AR T LAY
aetigilefiza C. capsici @ 1130aAN13NATIA
|¥Afign e 41.1% (Table 2)

Table 1 Efficacy of B. licheniformis BFPO11 to reduce anthracnose symptoms on detached fruits of

pepper.

No. Treatment

. 1/
Diseases scale ~

Average of

Reduction of disease Number of

/

symptom (%)~ fruit rot (%)

Tr1 C. capsici + BFP011 10° 4.40" 7.4 20
Tr2 C. capsici + BFP011 10 480" 1.1 15
T3 C. capsici + BFP011 10° 470" 1.1 10
Tr4 C. capsici + BFP011 10° 420" 11.6 0
Tr5 C. capsici + BFPO11 10" 450" 9.8 0
Tr6 BFPO11 10° + C. capsici 5.10" 7.4 50
7 BFPO11 10"+ C. capsici 4.00"° 15.8 20
Tr8 BFPO11 10°+ C. capsici 4.30" 9.5 20
Tr9 BFPO11 10°+ C. capsici 3.10° 34.8 0
Tr0 BFP011 10™+ C. capsici 3.05 % 35.8 0
Tr11 C. capsici (positive control) 4.75" - 0
Tr12 BFPO11 10° 1.00° - 0
T3 dH,0 1.00 " - 0
C.V. 15.29

1/ = Average of disease scale (5 fruits/replication, 4 replications/treatment)

2/ = Percent reduction of diseases symptom = (Positive control (Tr11) — Treatment) x 100

Positive control

3/ = Percentage of fruit rot = Number of fruit rot x100

20 (total fruits)

ABCD

at P<0.01

Data are means of 4 replications. Means in column followed by the same letter were not significantly different by DMRT
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Table 2 Efficiency of crude extract of B. licheniformis BFP0O11 to reduce anthracnose symptoms on

detached fruit.

No. Treatment Average of Reduction of disease Number of
Diseases scale symptom (%)? fruit rot (%)3*/
Tr1 C. capsici + crude extract 3.20° 32.6 0
Tr2 Crude extract+ C. capsici 2.80° 411 0
Tr3 Colletotrichum capsici 4.75" - 0
Tr4 BFPO11 108(positive control) 1.00 - 0
Tr5 dH,O 1.00 - 0
C.V. 12.76

1/ = Average of disease scale (5 fruits/replication, 4 replications/treatment)

2/ = Percent reduction of disease symptom = (Positive control (Tr4) — Treatment) x 100

Positive control

3/ = Percentage of fruit rot = Number of fruit rot x100
20 (total fruits)

ABCD

at P<0.01
a o
dgluaziansal

T AR WAL LANIEE B. licheniformis
BFP011 lun13aan siinlsatuNanantdasnin
& % & ol v v A =
Aa  azfadaan diANE NI UAWNIZaN  AD
1x10° haz 1x10° cfu/ml WmarzunnldnANEN
Hugandntlazyinliuaniniui 10-50 % Tesuss0w
warAy (2551) Tasneaudnuumiiids Bacillus
sp.AERUg TW-1 g41NN90HAR xylanolytic AT
cellulolytic enzymes 16 wazieuladssnanad
unumndnArysienistesiadinaglaauazimaglas
Tunsdamadfa (Doi and Kosugi, 2004)  4anan
Ans i ad wanuaatLUAREe B. licheniformis
BFP011 anflusaaldneunazinisdnniiatsues
X o B
\T891 C. capsici ynldvasanniimesidninans

v U ¥
WRINUIIATanANTULINIa9lsA A LAES 9.8
WAz 11.6 % daun1sldasai e UIaILUANEe
B. licheniformis BFPO11 @MH1TOAAAINHNTLLLTI

Data are means of 4 replications. Means in column followed by the same letter were not significantly different by DMRT

yaalsanauunsaluauunansnlaandnnisifioas
WINKARELLANEY B. licheniformis BFPO11 lmg
Iuaagaileldieuinndvnaisreien
C. capsici @13N30anANNTILITDTsA AN 41.1 %
wazmsldndsnisdinanresdaes C. capsici
AUse@nsnnadeuwindunislfmasLaouaes
LUATIGY BFPO11 neuntsidninanevediia
C. capsici 7B 32.6 %

ANUBLIAM

amiAseifldfunsatuauudauvileanndud
AL udAn s unalulagdannnienis
NERT ATNWRUITUARANE LA A 1Y
nenAanfuazinalulag d1inanumnenIsunig
ANANEY NIENIN ANWIBNT uaz AudlAn

a Ao

wAlulagTan NN NS ERTINe AT IANEIEY
NUNINENREIUBLLL N
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NOANT AUNTIA. 2549. miﬁmuﬂmmmmﬂ'wmq
phynotype hay genotype m@QLﬂﬂLLUﬁV}L?HBaCI//us
spp. mﬂuﬂgﬂﬂwmmsﬂmmm‘[mwsﬂ Anadnug
BygranedAansumniuda  a1a1lsaiginan
NUNINELNFE VUL, TRUULAU.

finen gand. 2549. Tﬂ@uﬂuiﬂmummma Bacillus
spp. V\Lﬂuﬂgﬂnwmmﬂn@mmmimwm ANYIANUT
BynineAansuntiuin a1 lsafainen
WUNINLNAEVAULNL, TRUUAU.

81T ALY, Ansnaual ngzasunm, Khin Lay Ky,

AUN SAUZNUNTE LAY Yun-Sik Lee. 2551, WARATWT

A nNN1endn Bacillus sp. strain TW-1 slu‘mmﬁ‘ﬁlﬁ
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