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Brevibacillus formosus strain NJTUO5 powder formulation bioproduct to
control root and stem rot disease of durian
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undnga: wuafiediiiusslen Brevibacillus formosus aneiiug NJTUOS fiuszAnsnwlunisaauaidies Phytopthora
palmivora mmsﬂiﬂiﬂﬂLLauIﬂuL‘liwszJaawL‘%sJu wazlsrdnfaydu 9 wu lsauiaedu (Pythium sp.), IiﬂﬁﬁLLﬁﬁ (Fusarium sp.)
Busu fafu mfediyausrasdileinundmanfasiiduadioasiug NTUOS Wuseengns ’LuiULmeaumam
wiould Lwamamamﬂmmmmmwmm lnethaznewwaduuailiieaneiug NJTUOS NANAUINSUALF Il ZANERS
#1499 Mntufnwengvesdandnsdas 3 qus Usenoudae gasdl 1 axneuwad B formosus NJTUOS (Panandiudu 1X10
CFU/mL): Pre-gelatinized starch: wiletmlnn: glAsa n91@U 10:15:60:15 (g915 JF-1) gnsil 2 AENoUAd B. formosus
NJTUO5 (A3 udy 1X10" CFU/mU): Pre-gelatinized starch: wdav19lna: wdadudrdevnds: glasa dnsau
10:15:30:30:15 (gA5 JF-2) uay amﬁ' 3 pnuLYaa B. formosus NJTUO5 (AMNLLTUU 1X10* CFU/mL):Pre-gelatinized
starch: LLﬁquumvaaq glasa Sn91dan 10:15:60:15 (gas JF-3) wuin gns JF-1 WugnsiinuaudAimisnenmiazdanm
Nz aLign Tngannsaas maLLav‘ﬂqmvmEJmmiumléﬂuiwmum JOANNAD gns JF-2 Uay ans JF-3 aua1iu naeniu
dnsanInuilTinves wuailieaeiug NJTUOS 1§fdian Tnemdafunu um 6 o nuTIILRUATLS YA
NJTUO5 iy 1.8x10'2 CFU/ml Faanasaini3usu 1X10™° CFU/mlIuﬁJmuwam JF-2 dag JF-3 a91anudieenIsvesay
ug NJTUO5 fifiAnsenlufiandnsmaine 2 gas wirfu 0.5x10° CFU/ml uag 0.3x10° CFU/ml auddfy Sadentiidn
HAnSuagns JF-1 smadeuUsE AN nmesandnSaslunssuduay ﬂﬁUﬂ&JIiﬂ‘i?ﬂLLauIﬂ‘uLUWGUENVlL'ﬁ‘t‘JuluiuﬂU
%aaﬂg‘ummma Seuvaaed nud1 Fandasduel gas JF-1 Suszdnsamlunisdudinmsiasyvendulewss P. palmivora
aettug P-TUL2 187 Taefivesidudnmaduds widu 77.96% Sediusvlvinmiidsusinislideanfideduemisgns
1IA5F1U NGB (76.48%) uazduseanSandi Andn a5 msinnen15é Bacillus subtillis 14.26% (P<0.05) N1MAGDY
UszAvsnmuesdandnsiaseiluaninulamaass a sunevinlyel Smiadunys wuin nsnSletmandnet JF-1 MauTion
nsmiusmfumsrdluiivszansamlunisanausussedsasnualauiinvesydou 16 80.56% Suuidenantosas
n&dldTananiomt $n91 fuaz 100 dns deidlasn 9 7 Fu S1uau 4 adh (28 Tu ndmasou) FeuszAvBamussnizauay
TsalsiumnsrstunslduuafiFoaeiug NITUOS Tugluuuideaniifiodluemnsgasunasgiu fiissansammnisanaaiu
suusalsnTnuaglaul Wi 78.67% wazliuseEnSnmAnIntinandaeinien1sm (68.22%) (p<0.05)
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ABSTRACT: The beneficial bacterium Brevibacillus formosus strain NJTUO5 has demonstrated high efficacy in
controlling Phytophthora palmivora, the causal agent of root and stem rot in durian, as well as other significant
fungal diseases, such as damping-off (Pythium sp.) and branch wilt (Fusarium sp.). This study aimed to develop a
water-soluble powder bio-product containing B. formosus NJTUO5 as the active agent for convenient use by farmers.
Three formulations were prepared using bacterial cell sediment of NJTUO5 mixed with various nutrients and carriers.
Formulation 1 (JF-1) consisted of bacterial sediment (1 x 10"°CFU/ml): pre-gelatinized starch: comn starch: sucrose
in a ratio of 10:15:60:15. Formulation 2 (JF-2) included bacterial sediment (1 x 10"°CFU/ml): pre-gelatinized starch:
corn starch: tapioca starch: sucrose in a ratio of 10: 15:30: 30: 15, while Formulation 3 (JF-3) consisted of bacterial
sediment (1 x 10" CFU/ml): pre-gelatinized starch: tapioca starch: sucrose in a ratio of 10:15:60:15. Among the
three, JF-1 exhibited the best physical and biological properties, showing good solubility, stability in water, and
superior viability, retaining 1.8 x 102 CFU/ml after six months of storage compared to 0.5 x 10° CFU/ml and 0.3 x
10° CFU/ ml for JF-2 and JF-3, respectively. Laboratory and greenhouse testing confirmed JF-1’ s effectiveness in
inhibiting P. palmivora strain P-TU12 mycelial growth with a 77.96% inhibition rate, comparable to fresh NJTUO5
cultures grown on standard NGB medium (76.48%) and significantly higher than the commercial bioproduct Bacillus
subtilis (14.26%, p < 0.05). Field trials in Tha Mai District, Chanthaburi, demonstrated that soil application and foliar
spray of JF-1 reduced disease severity by 80.56% when applied at 100 liters/tree every 7 days for four applications.
This efficacy was comparable to fresh bacterial cultures (78.67%) and superior to commercial products (68.22%, p
< 0.05). JF-1 proved to be a highly effective, user-friendly solution for fungal disease control in durian cultivation.
Keywords: beneficial bacteria; root and stem rot in durian; bioproduct
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wanSustlutssmalnessdidoyareudnadita msfnuiauqaunisiivsslsnifieannisssumveadoailsadunis
dilemaludinumsnsdidenldqfunisimmneaniuanmituiivgn wu e Brevibacillus formosus NJTUOS iuaneiiug
wilsiuenlflulsemalnenniosufifinainunsdunid auginermaniuazimalulad umingrdosssumans wuldlu
anmiiluendeeglufiu fussaniamlumsnunuies P, palmivora awmglsnsnuaslauivesi3ouuenainddd
ﬂisﬁ%%mwiumimwluL%aﬁwgu 9 1Y Pythium sp. 4a¢ Fusarium sp. @149 Tsauiaefusazlsafsuiadudu dae
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WBMsAne
1. mawaunTamdafasisUuuunsasaneimiould

1.1 wisuPauvafidoffivslon

Ui 0 B formosus aewug NJTUOS anwesdfudnisinunsdunie ausineraiansuazinalulad
unine1dusssumans Adussannmluntssudsnsaiaueaduledes P, palmivora anewug P-TU12 auvilsasin
waglaulinvawSeu (nsun uagame, 2565 ) 1Aoslue s nutrient glucose broth (NGB) Lug1fi 250 sousioundt
gl 25+3 psrnealdea (Hunan 48 9alus antunnaneueadiaeLAies Centrifuge (8o Eppendorf u 5810R
Usina Germany) i 8,000 sousiowf ifuaan 15 unit Wupgnewwad anduuivarududu wirdy 10 ivlugungd
5-10 °C iievluldludunausialy

1.2 Antdenviinvasfianiuaza1semis

Fadenansenauazfimiidinuautfnasden nsavasuasnsifanszaeluhléa wasdimsanagneuth el
lunsfnwidedAnidenviinvesdimwazanserms Ysenausie 1) wladilne 2) udaiudUends 3) Pre-Gelatinized
Starch waw 4) glasa thansemnsuasimnisendelsnnielianingumgfl 121 osrmwaidoa aaudu 15 Yous/msnsi
Wy 15 uri wazthuwandu 3 g3 Snsndaudail gnsfl 1 UF-1) ngnouwwad B. formosus NJTUOS: Pre-gelatinized
starch: uils12lna: egima (10:15:60:15) qmﬁ 2 (JF-2) sgnauwaa B. formosus NJTUO5: Pre-gelatinized starch: il
Fnlne: udasfudiends: glasa (10:15:30:30:15) uazgnsil 3 JF-3) mzneuad B. formosus NJTUOS: Pre-gelatinized
starch: udaduduends: glasa (10:15:60:15) FmAndusiusazgasnaungniaailiidinuiuenussglugeaseaiiuuas
A 20 N3U/93 FaUeadindeanudeu waninusnwlineldanmgaumaiivies

1.3 MsAneRuaNUanINIEnIw

wauynarulsznauliiudeiieafufesasdiunu Table 1 asasuauautinisnisnwlsznaufenism
Wesidudnsazatsi (suspensibility) n1swanszanedaluti (naws, 2566) wagnismnagnou #3813 Settling Test
TuiinUsuinsvesmzneu 5 way 10 Wil Inedaunamsasunlauardnvazvoinznay (Sakesan and Thanakorn, 2554)
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Table 1 Ratio of components Carriers Nutrients and Proportions in the development of various biological product

formulas in 1 Kg

Components of carriers and nutrients Physical properties
B. formosus Pre- Corn Sucrose Suspensibility”  Dispersed in
Formula (1X10" Gelatinized  Starch: water?

CFU/ml) Starch tapioca
Starch

JF-1 10 15 60 :00 15 1 1

JF-2 10 15 30: 30 15 1 2

JF-3 10 15 00: 60 15 1 1

Y Detail of physical properties of different formulate of modified powder components.

“ Dispersed in water: Level 1 within 5 minutes and Level 2 within 10 minutes.

1.4 N13ATIVHDUANMENUANITINN

nsradeuNsiiFinsenvesiUAfi3e B formosus NJTUOS lugnsTamdnsfasiiimutugn 1 ou Huna 6 ey
72975 Plate count U NGA (WSS LLazﬂﬁm, 2560) mﬂLqumsmmaamuuejmuugai (completely randomized design,
CRD) n3333%ae 5 91 Tavfinssuismavnaesdsil ns@Bd 1 o1nsgns JF-1 + menaulead B. formosus NJTUOS nssu3sii
2 91M13gnT JF-2 + prnouLLaa B. formosus NJTUOS 550337 3 8IMN9gNAT JF-3 + pEnoULaa B. formosus NJTUOS
pnaouALiTinsonvesuuaiieiitusylevilufman Susidiiaund uiorue funuaeigvemansdtae TasTwdn st

U A

filnaautimisnenmuariinmiiiezgndnidenluld@nuilumsmaassioly
2. NAFDUUSEANTANYDITINANA DN
2.1 madudadonamalsnsnuaslauiinlussiudosufianis
nagoUAMLANsElUNSEUS SIS ve e P, palmivora (Wswun uavAmE, 2565 ) #1833 Dual culture 1h
o571 P. palmivora 918 7 Fu (W@ 0.5 Lwufiums) 199 539Na91ue s AsuTe PDA (Mumzidsntevunidusiu

AUENAY 9 WwuFwng) WTmandunarareindnsugi (1 n3u deiUasaide 1 8n3) INEUATIRBNTOUDIING 4 AU

'
< 1

Tnefisvosrineaniden 2 wufwns @3nval wazane, 2562) Wisuiisunssuisamuauilliiduinge (ddH,0) vuided
guvndifes YN IVARBILUUFuauysH (Completely Randomized Design, CRD) n3suiSa 5 91 lnefinssuisnis
neaessil

551337 1 Wos1 P. Palmivora + \Wodn B. formosus NJTU05

ns5u337 2 \Wem P. Palmivora + Fasfeusimnanisén B. subtillis

n533A37 3 1Wem P. Palmivora + FawAnsaueifianntu OF-1)

551337 4 o1 P. Palmivora + thilseiuie (ddH,0)

GuiinualpenisinanuninddalaiWesaimelsasnuaslauiluaiuemnsmageuiUSeuiieuiunssuisauay

(n353359 4) Whandilamwanduesiduidudinmsaiyresdulaosanmglsasinuazlauiii (Percent inhibition of

v
o v

radial growth: PIRG) TngilgnsAuinunsdudasieaunis ¥ed Rahman et al. (2009)
PIRG (%) = [(R1 - R2)/R1 x 100]
R1 = Anweasaiilaladveatos P. palmivora Tuauniuay

R2 = anmenialilalaiiveutes P. palmivora Tuaunageu
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2.2 Mmanuaulsanuazlauniluulamaaes
Aadendndnfaumifiiussansnngaiigaainmimeaesd 1 fannsarseufiiinsesveauuafiGefisiuszlomn] 8
formosus NJTUO5 ldnaaeuuszdaniainlunisaiuaulsasiniazlauluan milainnast 319HENITNIAADILUY
randomized complete block design (RCBD) W3suifleufunuafidefifiuselewtl 8. formosus NJTUOS gﬂLLwL%aaﬂﬁLgm
Tuens NGB (Anududuuszan 10° CFU/mU) (Ywsid waganiy, 2556) Faausinien1sdn uazehilseinide (ddH,0) 14
3o 01y 4-6 U wansemsveslsannuazlauinuiitnagey w o.assiitios ol . 5unyd nesiBas 5 61 nsauds
Usenausig
n35u337 1 viusheihilside (ddH,0) (ssdBaaunm)
n391387 2 WumdnAusidiannTuOr-1) + seasiuusnuseunsmsvesduy Fou
N3ART 3 WusheTasaueimansdn B subtillis + TAAULTIMTOUNTYYBIFY FEU
n933337 4 WudherTean B. formosus NJTUOS + FINAAUUTLINTOUNTINUVBIR LY TEU
nawnudandndusiuuaiiGeifsslomiluguuuumaraieiilusng 20 nfuseth 20 ns BnsldFwEnosi
1ae35N15NUTINAUNITIINAIAUUTIUTOUNTINUVBIAUNISHY BRT1 fiuag 100 03 (AunaInUsununsldasazaiedn
fausinnUSmamihfiuseunsaiy 1919 x 817 x @n (8 x 8 x 0.15 =9.6 m) slatilesnn q 7 fu ilensIvaeuUszansamly
nsdiudilsn (% Disease reduction) Tne 1) dusegatuduvesiunFeuiiuansdnumuzeimsvadsn tuin 1 n3u a1ndu
n3ouluamngeuitluuteaeiend 5% WWunan 3 uiit uasudluthndulaonde 3 afsq az 2 nit duenszauiinyd
flsshio (wawun, 2565) wituduiivluhdsindeuinnu 9 §380s Mavueionud 150 seudeundl wiu 1wt anduh
dnlansyarglivifaninemsidsade Potato dextrose agar (PDA) Unigamgdisies ilunan 24-48 d2lus w319ty
Uinaudouufioniiie1ms PDA 2) dusegafuseunseiuvesiunSounaaeuduifiviaesisiu Tasyadunqusy v In
Tuwwnfsdszanas 15 wufwns 9eay 1 Alanfu 12u 5 Yeseuduiianaaey (@niningrmandiienswanniau, 2563)
MntuguAnusizazgn didu 1 ndu wandudl 9 Saddns eansiudeds Tenfold dilution (Ganassni, 2551) Asaaify
USinaude P. palmivora #1873 Plate count WisufisuUimnudeanvalsanouuarnddldTanandas vuflgumgives
Hunan 24-48 2l uar 3) ndpUALINTTe KA NF UGB UISuTiBudouas vAdlFd AN STt et 3

aa [ 2 1 1 a a £ & @ L% gj
IBNNTATIABUNINTTATIVADUNN 7 U NDUNUTINARNUN LUUIAN 28 U (5 ASY)

nan1sANwIAEIATal
1. mawanFandafasisUuuunsasaneimianld

1.1 AnLAanYLAYRIFINIUALEITBNNS

Nieediidenviinvesiniusyneusie utadnilng, utafud1Uswda, Pre-Gelatinized Starch uag ylasa
dosnnudlsininaivunneyniadnisdenuansalumsasaeiio Sosuszneuveserlalaa (Amylose) luuianaigs
Ustanal 28% Fverlilaaashlilassanarludaududusdu dlfaanmmeiildtion uddnlnadvuneyne
wun 3.6-14.3 luaseu Waudsvuiaidn (Misha and Rai, 2006; Singh et al., 2006) @snsawngntunuaiiselaa wadfs
anunsawmdaunuafisuldesainateaenndeaiunisseauves Chipendale and Ridgeway (1974) uazullssiuduznds
zfimsnesiiuazmsazaeiinnindesanniusznslusisumseune (s way Lﬁyaga, 2550) fvunenAIATUIA 7.1-
25.0 lupsou Waudwuinlug Janginduidawuadiielalis (Misha and Rai, 2006) Lazansevnsiidenldaeinnia
glasa ilosndndnfasiifdeqdunisituslninauogasdastiansomaiioliyaunidanninidinsonuazeoia

Srnulaluliinafiuangauls Ineldomsanunasssui Wi dinia 51911 wazansuseneudu q Jsbiidudunsiese
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Fwndeu (@ns1, 2544) waziflonaudruusznounUsnTIdLAIAMUANUI AnvazvesTindndaniladulwdndoue
WUURA ( Dust formulation) T&vgu lufindu Weihlazaneumududlavaslindu

1.2 msAnwanaudAnInIEaIN

' v
¢ o =

AR INEuNsazae AR STty wuth FaEndal JF-1 ansnsoazanedild 28% anelu 1
uit ifleifsufunisazansauysalfiign 3.56 wi lusnedidaial JF-2 annsoavanetld 229% anelu 1wt Weidieuiy
nsarasauyaiie 4.48 Wi uazdatal JF-3 azaneihld 479% aelu 1wt Weifleufumsasansanysaifing 2.12
unit Feeglusziuararetnf waruenanidmuhnuautfivisnionmduvesdndnsusidimutuia 3 gas aunselu

= a

msifsnszaneuazasiiluiile lnsuiuassnasanaznawiui nelu 24 Halus lnsaadivnsmenndinvesdndnsueife

¥
o = ]

asTndnfasidmulasafogaieny dnd uazdaandon liflarsfivandne fanuemzianzasdedngiisuazidesanng
Tsm annsavusioan wuIndonTiuAsuLUas

1.3 N1IATIVEBUAMANTANINYINN

Auautinisdinw wuih Fandndaeiie 3 gns aunsoasauiidinsonvesuuniideufing 8. formosus ang
wug NJTUO5 Lédunnsinaity Tnsdandndusigns JF-1 ndafudnwiuiu 6 Wou nulsseinndeiadowidy 1.8x10 2
CFU/miTnefivsinaanasdntiosnuiutandodudu 110" CFU/ml Tuvaisdl gusfl JF-2 was JF-3 fuTuuussenns
wuATi3oindevdaiuinuiu 4 Weu Wity 0.5x10° CFU/ml wag 0.3x10° CFU/mlaudsy (Table 2) davia 2 gusdil
ansannnuiiTinsonvesUszrnsuuaiiGeituselonild IneussnnsuuaiiSeitusslovianasesiniiuasivinm
arudududadiniunnsgudmandusidvun (sudaaiunsinuns, 2559) wagnuitldansannnuiidinsesues
wadiSeldludiond 5 mnuansmanaassidiifuimaiuinvidelnsusslusuuvunsazansinvosdndndasigns
dfandenldgasi JF-1 fussansnmlunstisdnengmsifiusnvnuafiBeniusslevils ogslsinslunnuiiFinsonves
wuafiSeifussleviunliuananld iesanszoznalunaiuiiimluililuaiGeundnlinme aenndeafunuids
vos sfans uaz glsdnwal (2552) e udsinlnaausandeusinuuadise Lactobacillus plantarum LP64 Ggn

v Yy o a

Vuiaedadunldd wagnisrannamdauueiiietuutedninadedudenauneunsviuisamnsadisdneanisifiusnm
dinuuafiSeliiusunauwedidings Wwdeadu algiun wasane (2557) ssnuran1sAnynsiaudidusiuuaiise B,
subtilis @18Wug BS-DOA 24 anunsavfiuinwaiufidinsenludndndmeisluvunsaratein liduian 12 Weudn

NARLN

Table 2 The population of B. formosus NJTU05 obtained from various formulas was incubated at room

temperature for 6 months

Shelf life Viable B. formosus NJTUO5 cells in a bioproduct (CFU/mL)

(Month) JF-1 JF-2 JF-3
0 1.0x10" 1.0x10" 1.0x10"
1 0.9x10" 0.9x10" 0.8x10"
2 0.6x10" 0.5x10" 0.2x10°
3 3.8x10" 2.6x10° 1.1x10’
4 3.6x10" 0.5x10° 0.3x10°
5 2.2x10" 0 0
6 1.8x10" 0 0
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2. MdoUUsTANSNNYDITINARAUI

2.1 nsudadfemamglsasnuaziauninlussiuiesufiins

MNNSHRUTIRE RS T 3 gns JF-1 ﬁﬂmauﬁ’ﬁmmzauﬁmmauﬁaéjmmﬂmwLLazS?j’JmWﬁmﬁaﬂmﬁda
nagoulsEAvsnmlumstiudadonanmglanmnuaslauuiluseduiosjiRintg wuih Fawdndst gas JF-1 (6h91 1 n3u
sioth 1 ans Audududsyannaide 1.8X10%2 CFU/mU) dussavsnnlumsdudsnsiasyvesdes . palmivora aeug
P-TU12 16 Tnefiosiusinisduds winiu 77.96% (Figure 1) SsiiussdvBnmiifisuinnsléidoaniidsdusimsgas
10551 NGB (76.48%) Lagilusednsnmiifnindadusivnanisén Bacillus subtillis 14.26% (Wodfudnstiuda Wi
63.70%) (Figure 2) @8AARIUIUYDY Yucheng Liu et al. (2024) s1e9unan1sAnwiwuaTiSslungy Brevibacillus
laterosporus mmsaé’u%%mmLmismﬁ‘ﬂu Wi P. capsica, Rhizoctonia solani 4a¢ Fusarium oxysporum Judanis

w3gyAulale 96.55%, 80.17% Wag 26% ANAGU

Figure 1 The efficacy of bioproduct JF-1 inhibited growth the mycelium of P. palmivora (B) compared with control

treatment (distilled water) (A).
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Figure 2 The efficacy of beneficial bacteria inhibited growth of P. palmivora P-TU12 . Bio product NJTUO5 (a),
Fresh cell of NJTUO5 (b), Commercial Bio product (Bacillus subtillis ) (c), with control (ddH,0) (d), Mean +
standard deviation followed by different lowercase letters are significantly different at P < 0.05 by DMRT

method.
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2.2 msmauaulsasnuazlauiinlunuamaass

nsnaaeulsEansamuesdman fusiluanmuvamaaos a sunovinlnl Smindunys wuin nssuAsiledn
HARSuel JF-1 s1nusamsauswdunsnuluivsednsamlunisanaiusussveddsasnuaslauiiveaniou a
80.56% Sl oantosamdslddnanfurideides 4 afs (28 Tu wdmeaou) lnednuvazunailaudunouldd:
wAnSusT -1 Jufl 0 dnvuzormsuinalaudunGeunindni Sunaifuge 1 Fhmaduuasindumiiy vadlddman i

o Ao 5 a o

7 u nudn wnaBuuiauazruaesmadnawus faidnvard i uazidensivaeudnuurunavddlimdntut 14 Ju
Snvnzusauinaadsliuiaity uaglinunsdnh vinausawdenlideuduiima uasnddldtondnsusisiou 21
Yu Snwasunauinaudeliurs ifansasaidelilyatu uasnddliFmansuriveiiosu 28 fu wu unalidnuarus
sesuannusaiiudndes el fuanysalludendy werldusngeinsvedlsamnuasiaunilundouliisiy
FumisBuuudu sefumutuladed 64.2 %RH wazgunniiady 32.6 esruwailea (Figure 3) FaUszAnsaimueinis
aunulaaldunnsstunsldide 8. formosus aewug NTUOS luguuuuideandidedluomagrsnasgudidussavsam
NsanANTULSILIATINLALlAUNIN WU 78.67% wariluse@nBnmAnindinaningivnienisan (68.22%) (Table 3) uwans
Tidiuinio B formosus anesug NJTUOS fuszansamlunisduduarauaulsasnuinlaumiSeuldfidogui

a o 4

HARSI gasit JF-1 NslusezAuriealfUAnisuazszaunlamaaes donnnenuauideves udll wazame (2554) n1sly

v
a

FogauvsduitindilomunulsnmnuaslaunimemFou W@nwnansusianide 8. subtilis W20 Tunsidauazsuds
Tsasnilauilundeu den1sm 4 ads warldidudade 1 ass dede 8 subtilis WD20 wuth dumiFeudt 165unis
fnwormilauiasSumeduund Taodedemuiidulseiiusubudeliung fundeuifdnuusauysailus Tudaia
Fenanla ieiuiuduiegsfivnnuinaunaiiviinimedeulssansamuasimanfuslunisdudilsannuasiauin
yoaidou wuhswudenauvelsaduinnuideantosamddldimantasidedos 4 ads vio 28 Sundsnimmadey
wazfluinauvaiiied fussloniifuundu (Figure 4) wozidoifvdufviu mnvinaseunssmuiivihnimaaeu
UszAnsnmuesiamdadusilunisdudslsamnuaslauivesiieu nuinsuudon P, Palmivora fU3inandesian
YovamdtliTmandasinoiios 4 ads (Figure 5) Fnansnst JF-1 awnsoanUsinaudes P. Palmivora ALwae 19.44%
fiusyAvsnmAnide 8. formosus anesitug NJTUOS Tug‘uLLUULs?jyaamﬁLﬁyaﬂuaWwwsqmﬁmmgmuaz%'gwamﬁmsﬁmqmiﬁﬁ

B. subtillis TnefUSuNauas1 P. Palmivora A9wiae 21.33 % way 31.78% muainu

Table 3 The efficacy of bioproduct was development inhibited root and stem rot of durian under field condition

Disease Reduction (%)

Treatment
7 Day 14 Day 21 Day 28 Day
T1 0.00+0.00d 0.00+0.00d 0.00+0.00d 0.00+0.00d
T2 41.89+6.47a 66.33+3.86a 72.78+5.01a 80.56+4.88a
T3 42.22+2.88a 52.33+3.70c 57.11+5.17¢ 68.22+4.31c
T4 41.44+5.40a 59.11+5.69b 61.33+4.23b 78.67+5.98b
CV.% 13.97 12.95 13.29 12.31

YVertical mean + standard deviation followed by different lowercase letters are significantly different at P < 0.05 by DMRT method.
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Figure 3 The efficacy df bioproduct JF-1 inhibited root and stem rot disease of durian, A) 7-day aftér applied
bioproduct JF-1, B), C), and D) 14, 21, and 28-day after applied bioproduct JF-1 of durian tree,

respectively.

Figure 4 Plant specimens collected from the wound area were tested for the efficacy of bioproduct JF-1 in
inhibiting durian root and stem rot disease after applied bioproductsJF-1 at 0 day (A), 7 days (B), 14 days
(0), 21 days (D), and 28 days (E).
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Figure 5 The population of P. palmivora in soil samples from testing the effectiveness of the biological product in
inhibiting durian root disease and crown rot after using the biological product. Treatment are including
T1= ddH,0, T2=Biological product JF-1, T3= Commercial Bioproduct (Bacillus subtillis), and Td= Fresh
cell of NJTUO5). Mean + standard deviations followed by different lowercase letters are significantly

different at P < 0.05 by DMRT method.
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