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Fafuaidieantuaulsafauieningnislduselevdinaiiunandnnsn
Utilization of Bacillus subtilis Biproducts for Controlling Chilli Anthracnose Disease

and Increasing Yield

9 o L1/ o a a a 1/ a o 1/ ~ ¢ o 1/
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Boossaracurn Udomsak” Nuttima Kositcharoenkul” Wilaiwan Promkum”’ Sureepomn Buaart”
Buranee Puavvongphatl/ Rungnapha Thongkrengl/ Noppawan Ninsuwan’” Thapanee Thongboony

Kiranun Mohpramans/ Phaiboon Priapying3/ Warapomn Udomdee”  Rossukon Rungjangl/

ABSTRACT

Anthracnose is an economically important disease of chilli. It caused more than 50%
considerable yield loss in all chilli growing area. Consequently, utilization of fungicides is increased.
To reduce the chemical usage, biological control is utilized as an alternative control measure for
growers. This research was aimed to develop and formulate Bacillus species to bioproducts against
chilli anthracnose disease. Five isolates of Bacillus spp.; 20W16 20W8 1G8 20W33 and 20W5 which
had highly potential to inhibit mycelial growth of Colletotrichum gloeosporioides, were tested for
their efficacy to control the disease in the farmer fields. Thereafter, the most effective isolates
were chosen to formulate the bioproducts. The experiments were conducted during 2013-2018 at
Plant Protection Research and Development Office and the farmer fields in Kanchanaburi
Nakhon Sii Thammarat, Songkhla and Ubon Ratchathani provinces. The results revealed that
B. subtilis isolate 20W33 and 20W16 had the highest potential for disease control. The wettable
powder bioproducts formulation of Bs 20W16 and 20W33 with talcum and kaolin carriers could
reduce 75% of disease with the significantly different from control plot. Whereas, the efficacy of all
liquid formulation bioproduct treatments were not significantly different for disease control but
they were better than untreated plots. Moreover, treated chili seeds with 50 grams of Bs wettable
powder bioproducts per 1 kg of seed could inhibited more than 50% of C gloeosporioides when
compared to untreated seeds. This technology was then transferred to tested in the 4 farmer chilli
farms (2,100 plants of 3 rais ) at Nakhon Si Thammarat and Songkhla provinces. Yields comparison
between used Bs bioproducts (2,393 kg ) and non used (838 kg) , showed that chilli yields of used
Bs bioproducts treatment was increased 1,555 kg. Consequently, income was also increased up to
68,044 baht. Average cost of using Bs bioproduct was 150-200 bath/rai. The satisfactory survey

questionnaire of 60 farmer participants showed 91.66 % of the most satisfied.

Key words: anthracnose, Bacillus subtilis, chilli, Colletotrichum gloeosporioides

dnimideiannmsensrniie (Plant Protection Research and Development Office)

zquéia"]’ml,azﬁ aNMsINERsEaN (Songkhla Agricultural Research and Development Center)
Zﬁuaﬁ’Q]'aLLazﬁmmmsmwmﬂsﬂ%'ﬁiimﬂsu (Nakhon Si Thammarat Agricultural Research and Development Center)
ImATeRanmanuRsat 4 a].quaiwmﬁ (Office of Agricultural and Development Region 4 Ubon Ratchathani)
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yiiensiguUld ndeosdnsvesnaseu viliadmden edefuks amtiudainGen Taadeus
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UszAviBawlunsmuRuition C gloeosporioides anvislsauauunsaluanin wuinl 13 loluan
lAuA 17G18 20W33 2G7 20W16 20W1 20W8 20W5 1G8 2G23 22W8 19W36 22W10 uay
20W33 fianunsaeuaunsiialsauunandnldduenaini Sarah and Selangor (1994) Anw
Wi B subtilis anansadudimssenvedaiifievesdes C gloeosporioides ez C. capsici
UueMN3 PDA Tasannsnasnaitiauendesiaaddfy 64.6 way 67.2% s
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1. ensaBadie PDA (Potato dextrose agar) Way PSA (Potato sucrose agar) 2. WUATI®
Bacillus spp. 5 elaan lain 20W16 20W8 1G8 20W33 wag 20W5 3. ansviaru @lalan uaaiGes
ANSUBIA NNAY Qlmidaimn e nndavEes Mmiima was Jeua Wamdlin) 4. ensiedl 1wy
KoHPO, esiurlaean waw MnSO,. 2H,0 5. ndmin uazlenell 6. gunsadluiesufj usins
78n13
1. AnidenuasuadaulszAnsnimibosduras Bacillus spp. Tun1saruaslsadauis
1.1 mMsnagdaudsezansSainwes cell suspensionwasBacillus spp. 5 talaian Tu
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2. Wuueiiise Bacillus spp. 5 lolwan ﬁ?iashumsmma‘uLLﬁadﬂﬁﬁ’ﬂﬂquaqﬂumi
ffudladion C gloeosporioides Tusfasufiiinms ¥un 20W16 20W8 1G8 20W33 way 20W5
(ywa1du wazalgfan, 2550) sy cell suspension mmddulszana 10° alatl/ua.
3. dnlUiuuuninsyezEueennon o1gusvana 55 Yu I@&JWudaumqum%/@iw
C. gloeosporioides 2 1u LLazWuﬁﬂﬂ%gmé’amiUQm%a 2 %u 1udnsn 60 ans/ls munssaAsa
17 onfunsndsd 8 wusetalngbifineugnie
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e Ineiinguszasdiilenszanedniamiluguasaniiteativayuulouisvesizuiatunisan
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wndl 4 9. quas sl guiidouariauInsnuATUAIATEIINTIY uay 1.49987 AN
wiheeuineg endadutidusiueuluiinunsnsiidisiulassnsndafivduniduas iy
Uasnseiieidulassmssunuy uazifledevennisiiouiuaznszaedadueidaudiSoudng
\inUseanEnmn1sEnauANYaS (Fmn.) waztnuashuaslug
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%

dgouNaduniswazian a1UnITYNAUINITDITAVING AU
UATASEITNIIY AUGITBUATNAUINITINYATAIVAT hazdinT

AU ULATWAIUINITLNYAS
FYNAUINITAYATLIAN 4

2.9UaT1¥51H58NIN fAAN 2556 89 NeATNIEU 2561

NANTISNAABILAZINTA]

1. AndenuaznagaulszAnsainiUasiuvas Bacillus spp. Tun1sauaulsafu

1.1 mMInAgauUseansn 1nYas cell suspension 84 Bacillus spp. 1umim‘uqu
Tsafauiialagdaviulunuasign

HAKAANSNTUN 1 WU Wiuae Bs 20W16 An1siinlsadign winiu 47.76% S09aeu1Ae
W8 Bs20W33 wunsiinlsn 53.95% laefinnnssyisliianuwsndaiunsainuaslaiwaned 19
U 1 :.’I ‘é’ ] b4 al a OI U ! ! 1 a v o o aa
AUNNINUENT mancozeb NIUNTNUAIL Bs20W16 umimﬁﬂ,iﬂmWﬂ’gﬂmwuammuamﬁzymwaam
= & a a [y a oAl = 1 ada 1 v/ .
FalulUluiiemaferiunanmvaaem3niun 2 Fanuin nssudsnnueaie Bacillus sppynlelsy
Lav1 Wa¥NUES mancozeb LAANLANA AU NEDALALNITNUAIY  Bs20W33 din1siAnlsani
Naawiniu 43.89% sewmunlauinumig Bs20W16 Felmaialsawitiu 46.36% (Table 1)

1.2 nsnaaaulszansnwYasdinnmel  B. subtilis (Bs) 20W16 lun1sdugadas
C. gloeosporioides finnunfutuaansn lng3sAgniuan

aaa & ¥ A o ¢ Y = a & .. ° ! |
N35UIENARNAARIBTININ Bs 9ndnsiinsiaaesn C sloeosporioides ANl
a v L4 1 v o W aa Ao v a @ a dy o a [

AANTATIN Bs aglitudAynsatialaefdns 50 niuliwdnfndermigawintiu 31.5% uag
LiunnAanvadAdunssuisnagnaieans carboxin Jsfiwdnfnigesvindu 35.0% luvaeily
AANKIER WUNISAAIDI UGN 64.5% (Table 2)

NAN1TYAADINALADAADINUNITNAABIVDY Ashwini and Srividya (2014) @nwn
wuiwmsﬂqmmﬁmé’w B. Subtilis @unsaann1siaiiesn C. gloeosporioides 19 65%
waNINL UJUNS wazaAne (2551) WUInn1sududananaieilio B. megaterium SBK5.7 Weil
fiu Bacillus sp. SPT41.1.3 fiuszAnsamlunisananuguusilsaiauunsalugls 41.90%
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2. WanngUuuuTasusiidulasUes 6. subtilis (Bs) Aruaulsafaukaningnsnazatei
(wettable powder)

wuingesh 1 AlviadudumnmniviinaudulsaesBuduludniosiguaafe 10 aod/am.
wazideiiulieamgiivieadunan 8 Weu nuirgasiliviaduuargesinduduasm s
WBulaaasgefigaiie 1.2 x 10 uaz 1.0 x 10 aved/ua. smudduilowSeuifisunisazansly
ihsssummut gaainaulimsazaneiiian sesaunfoansiafuuaransunaifouaivolun
widleFouliisusantadu wuingesiliviaduiismmanfeUszanal 130 U sesasnAe
gasinnau Wity 165 unsedlansu (Table 3)
3. NMsnagauUsEANSA Yt B. subtilis (Bs) Tun1saruaulsafeuis Tuudasan

mavinaesl asiuem amauy vdwiudatasiss 3 eds wulwnnsaAsiivuTsueiges
wian wagans mancozeb Snsifnlsaseiing 29.25 - 48.86% lalunnsinafunsadiA wikininngsisy
laiviuGnfnm Bs ddimmnlsnminty 89.25 uay 8663 % mud Wy waiimnauansNasERATY
dmfugaane wuindautast Bs2owi6 gasiiliviadudumsmninmaAalsaingauaslsiumnsinaeedia
fiuens mancozeb GsABARABITUNANTYIAARIT B¥NM WU WNNTRATATMviLTuTas! Bs uay
¥i1ans mancozeb SmsiAalaaseming 8.12 - 15.87% Bdlsiumnsnsfiumeedia usiininsnislinu
Fas¥ouel Bs FaflmaiAlsaviniu 48.00 waw 49.75% muddy egneliifedfamneedn (Table 4)
4. M3ENaAANNIFNEAINT UnIvINTuazyanattvang

4.1 sineusy : fuil 8 Awnay 2561 ldddunsiineusunslddidusiBsniuau
lsAfauiansnlviunnenIns a nquiamviagusunyadeis o. Wesivg 9. uATAIITNIY
lnediinunsnsidnsuni1sineusy 311U 50 AN HAINNISENOUTH i lnyAsnsveLdnsu
TssnsfunuumskanfisUaenfounsnunsdunds S1uau 28 918 Tadiudl 92 13 (Figure 1)

Fuil 1-2 nguwatay 2560 eEneusunslidaAueiBsaruaulsaity len1snaniiy
Uaendouazfivduvsd Tiuatnivnsveansaivinmsinens iledevennsiSouiuaznszane
PrfasigaudiSoudnsifiuuszansamnsnandudinuns (awn.) wazinuasuuasiug uas
duaSununsdunsd a ddnddeimuinsondnuie Inedddisunisiineusy 1w 70 A

uananil Wfneusuuazdevenmaluladnswdnnislifasse anelilasinisine
foudsBu WuAdndunis 60 au 1nwnIng 300 au 12 Sdn 1éun 2.90557T Todlnl Sumg3
glass FSasiny NYsyS InYsysal S88e9 Nauys veuuny Jenll wasumansay

4. 2 NM381ENAANNS: TATVTIANTNNITINITHNG il (Fieure 1)

Fuil 25 - 28 wouanew 2561 SulatuaAdy nsAvINSINYAT NFIMTY

Fuil 4 - 6 figuiou 2561 Fninszans lsadeurendndestuldfeTadas Bs 20w33
NUUTERATININTINNTNEAT 0 15UTUTIINFOUE AN

Fufl 6 - 8 figuneu 2561 7 SIMA ASEAN Thailand 2018 &4 AuguansdufuazmsUszas
duniiadlomessill wuny3

Jufl 9 - 13 Aemen 2561 ulmnTsLIfowisnd a lsausndunsunsud
URNONABUNIUTUI USROS NTIVN

Fuil 27 - 28 fugnou 2561 FLUN Year End Seminar 2018 ATIAYINTABAT
o T3 9UUITNAR UNTUA ABUILTU NTUNNS

Pnmsmevenaal il maensulesaulafiazsumelilaglusdmemndied 15
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5. MIvenEraguUaunEnIns

5.1 . asvanlaseutasiom Bs 20W16 ansis linunsnslu o. aflanse uae . amuiled
2. awan 5 38 v 10 13 elidestuidalsadauiomen wulnaunsoannaielsels 85 % uag
fufumsiulamegeuiUSsuiisunanansywinwasldiulliTasine BS20W16 veanuning
fgnwan 3 518 71 0. anulles uaw 0. afis Téun wndednual gassaud uagiua veude
wasneRRRANR Touwa fiufl 1 215 Sruaumn 1,100 du udes 70 nduseth 20 Aes NN 73U
(uiifnisszuinveslsngunss) nuiudasilifasug Bs ansoiunandald 5 ada liuands
5711 844 nn. Anuiu 46,970 v luvnefiuasilildiAunenanlfifies 2- 3 A%y S 254 nn.
Hudu 10,160 U nnsnsisglaiuty 36,810 U (Table 5)

5.2 . unsAisssuldueuTadnet Bs 20W33 gasus Tinunsnsiiinsanlasenis
wui ifleinunsnaviudafusiogsaianenuduuziin annsoaansszuinveslsalduinnii

90% Tl 2561 iﬁﬁmﬂawmmuﬁ&ﬁwﬁsumamamu‘vri’mL.Lﬂaaﬁﬂlfé’fﬁuhﬂ%%aﬁmsﬁ BS 20W33
maamwmmmlanwaﬂ (wwanansa FaUm) 7 0. 1Geoslug W it 115 1w 1 ;000 A wuamw
40 n¥usiot 20 Ans Mn 7 Fu wud waslld Bs aunsnfunandeld 15 ade (Mmmﬂuu
Faneduiaiominsaminlin) ikandnss 1,549 nn. Amduidu 30,980 um luvaed
waaftlalld Bs Wunandnldidins 8 ade Idkannsau 584 nn. Aaduiu 11,680 UM inwmIng
ﬁiﬂﬂlé’lﬂuﬁu 19,300 U Imﬁmmﬂswmwémaﬁ'a 20 umsiann. (Table 6)

5.3 @, Lueil 4 2.9uas1v5nil et Bs20w33 gasudliinumsnsiidngam
Tasans Tu 0. 59 60 518 uae 8. shsawdy 2. guaTwsnil sau 70 15 wudn windiviusne
Pl Bs20W33 mumiuzdl a1unsaannsinlsnlauseunns 60-70%

failgvinnsdnsranufianelalunsléinsnm Bs eunulsafuiamdnveanunansiin
$3lASINTIIWIU 60 718 91N 0. ANUTEN 2. §Ua1 5 518 o.eslne) 9. UASASSIINTIY 15 318 Uae
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Tablel Percentage of anthracnose disease incidences on chilli fruits after spraying of 5 isolates of

Bacillus spp. cell suspension under field condition at Tha Muang district, Kanchanaburi province.

Treatments/Isolations of Disease Incidences (%)
Bacillus spp. 1nd Generative anGenerative
20W16 a7.76 ba” 46.36 ba
22W8 64.50 cb 46.85 ba
1G8 57.75 cha 49.45 ba
20W33 53.95 cba 43.89 ba
20W5 59.60 cb 55.25 cbha
mancozeb 54.61 cba 4533 ba
Inoculated control(C+) 71.68 C 69.08 C
Untreated control (C)” 39.15a 4282 a
Vv (%) 19.79 19.58

“Means folowed by a common letter (s) in the same column are not significantly different at 5% level by DMRT
?Non inoculated with Colletotrichum gloeosporioides

Table 2 Percentage of infected chilli seed which treated with B. subtilis 20W16
wettable powder at 50 40 30 20 and 10 grams/1 kg of chilli seed.

Bioproduct weigt (gm) Percentage of Infected Chilli Seed
10 a8.5 ¢’

20 42.0 cba

30 46.0 cb

40 40.5 cba

50 31.5a

carboxin75 % WP 35.0 ba

Untreated control 64.5d

CV (%) 16.48

“Means folowed by a common letter(s) in the same column are not significantly different at 5% level by DMRT
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Table 3 The population level of Bacillus subtilisendospores in 5 types of wettable

powder bioproducts , after 8 months preservation , solubility in water and unit cost.

Types of amount of Bacillus subtilis Solubility  Unit Cost
wettable powder (spores/ml) (15 min)  (Baht)
bioproducts 0 month 8 months

talcum 1.7 x 10° 12x10' P 130
zeolite 5.0 x10” 2.9 x10° + 170
calcium carbonate  5.5x10° 1.5 x10° ++++ 170
kaolin 3.5x10" 1.0 x10° T 165
phumai sulfate 1.4 x10" 6.7 x10° T 150

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

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

Table 4 Anthracnose disease incidences (%) on chilli fruits after 15 days sprayed with

of Bs bioproducts under field condition at Kanchanaburi province.

Treatments Disease Incidences (%)
Tha Maka District Tha Mung District
BA’ 15DAS  BA* 15 DAS**

T1: Bs20W16 with cane molasses 48.86 2438 ba’ 3575 12.50 a
T2: Bs20W16 with fish fertilizer +
soybean meal + sodium benzoate 40.40 3238 b 24.25 13.87 a
T3: Bs20W33 with cane molasses 48.34 25.87ba 30.25 13.50 a
T4: Bs20W33 with fish fertilizer +
soybean meal + sodium benzoate 37.25 23.00 ba 19.38 13.00 a
T5: Bs20W16 with talcum carrier 34.66 18.75 a 33.65 10.50 a
T6: Bs 20W33 carrier with talcum 45.57 31.13 b 38.25 11.87 a
T7: Bs20W33 with kaolin 37.32 32.13 b 21.25 15.87 a
T8: mancozeb 29.25 18.13 a 21.00 8.12 a
T9: Untreatedcontrol 32.48 89.25 ¢ 46.75 48.00b
T10: Water sprayed 33.67 86.63 c 37.24 49.75 b

CV (%) 27.46 16.35 46.71 28.41

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

* BAis Before applicaton™ DAS is Day after Spraying
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Table 6 Comparision the harvested yield of chili and income of farmer’s farm (Mr. Samart

Sungpan) between Bs sprayed and non sprayed with Bs 20W33 wettable powder at ChianYai

district, Nakhon Si Thammarat province.

Harvested Yields 500 plants (Kgs.)/Income (baht)
Time Bs Sprayed Non Sprayed
Yields Income Yields Income
Ist 30 March2018 36 720 30 600
2nd 18 April 2018 89 1,780 70 1,400
3rd 6May 2018 107 2,140 89 1,780
ath 23 May 2018 113 2,260 83 1,660
5th 7 June 2018 109 2,180 96 1,920
6th 22 June 2018 128 2,560 101 2,020
7th 8 July 2018 136 2,720 63 1,260
8th 23 July 2018 121 2,420 52 1,040
9th 7 August 2018 122 2,440 0 0
10th 23 August 2018 124 2,480 0 0
11th 6 September2018 102 2,040 0 0
12th 21 September2018 96 1,920 0 0
13th 7October 2018 85 1,700 0 0
14th 28 October 2018 98 1,960 0 0
15th 22 November 2018 83 1660 0 0
Sum 1,549 30,980 584 11,680
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Figure 1 Training and technology transfer the used of Bs bioproduct to farmers for
chilli planting at Nakhon Si Thammarat (a-c) and Ubon Ratchathani province (d)
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Figure 2 Exhibition booths which are presented the Bs bioproduct for controlling anthracnose
on chilli : Thailand DOA “Open House” 2018 , held in the DOA’s Bangkok office, 25-28 May
2018 (a) Department of Agriculture Annual Conference 2018, held in Rama Garden hotel,
Bangkok, 4-6 June 2018 (b) SIMA ASEAN Thailand 2018, held in IMPACT Bangkok ,6-8 June
2018 (c) Thailand Research Expo 2018, held in Centara Grand Hotel, 9-13 August 2018 (d) and
Year End Seminar 2018, held in Miracle Grand hotel, 27-28 September 2018 (e)
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