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Efficacy of bioproduct Bacillus spp. for controlling root and stem rot
disease of durian caused by Phytophthora palmivora (Butler)
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unéaga: Phytophthora palmivora uideamglsaluiu AelmanlsamnuazlaunvemFeu ahmmudeomeszi
wiswgha wuaiiseeulaliidurdunisilidusunmedefivannsaldmunuionsalsaiiold swidediitagusvacd e
naaeuUsEansanvestiiariuuafiseeulalivisenisaiuaulsasinuaglauiveniSow ddidue 4 ans lewa Bacillus
subtilis BS003, Bacillus subtilis BS006, Bacillus velezensis BS011 wag Bacillus siamensis BS013 naa@aun1sAIuAulsa
nuazlaunimsaululsaseunnans Muwunsaaeuuguanysal (completely randomized design; CRD) $1u3u 8
nIsuds 9 av 4 %1 Wisusuiunsldmaatuslamy it Bacillus subtilis fsasmineiBinisén gaauau (mﬂaum
Ho) uaransraaou (Reunf) nan1sfnwmudn nssindaedasst B velezensis BSO11 §731 100 n$u/in 20 G0
U395 50 088n3/fu anusamueilsasinuaglaunivesiundmiouivign n1sinlse dsteuguuseedse wagnis
AuAlIA WU 1.67, 0.33 wag 97.12% audiu s04a%nAs N1531aaaedsiue B. subtilis BS006, B. siamensis BS013
WA B. subtilis BSO03 WumsAAlsA Wiy 8.13, 9.49 uag 16.76% sydanuguusswedsa wiiu 1.63, 1.90 wag 6.35%
waznsruAslsn Wiy 85.79, 83.44 uay 44.64% muddy dhumsliuailamy wagdasias 8. subtilis AT memans
A1 NSLAALSA WU 13.10 war 13.89% AutiAdnugunsevaslsa Wity 2.62 wag 2.78% wagn15AruAulsa Wity 77.16
wae 75.76% sudndu luvaifinisléfadost 8 subtilis BS006 wuswnulszenafouuafiesumdmndey 30 Yu gean
Winiu 1.01 x 10" cfu/g soil

ANdnATY : BTN, Bacillus; Lspsinuaglauiy; i3ey; Phytophthora palmivora

ABSTRACT: Phytophthora palmivora is a soil-borne pathogen that causes root and stem rot diseases in durian trees,
leading to significant economic losses. Endophytic bacteria, which are non-pathogenic, can be used to control plant
pathogens. The objective of this research was to test the effectiveness of Bacillus bioproducts in controlling root
and stem rot disease of durian. The efficacy of four formulas, namely Bacillus subtilis BS003, Bacillus subtilis BS006,
Bacillus velezensis BS011, and Bacillus siamensis BS013, in controlling root and stem rot disease was tested under
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greenhouse conditions. The experiments were conducted using a completely randomized design (CRD) with 8
treatments and four replications. The study compared the effectiveness of the chemical Mancozeb, commercial B.
subtilis bioproduct, control (distilled water) and control checked (healthy plants). The results showed that B.
velezensis BS011, applied at a rate of 100 ¢/20 L of water per 50 ml/tree, was highly effective, with disease
incidences, disease severity indices and disease control efficacy of 1.67, 0.33 and 97.12%, respectively. Following, B.
subtilis BS006, B. siamensis BS013, and B. subtilis BSO03 bioproducts showed disease incidences of 8.13, 9.49 and
16.76%, respectively, disease severity indices of 1.63, 1.90 and 6.35%, respectively and disease control efficacy of
85.79, 83.44 and 44.649%, respectively. While, use of Mancozeb and the commercial B. subtilis product, which had
disease incidences of 13.10 and 13.89%, disease severity indices of 2.62 and 2.78% and disease control efficacy of
77.16 and 75.76%, respectively. Whereas, the total populations of B. subtilis BSO06 after 30 days of testing were
high, obtaining 1.01 x 10" cfu/g of soil.

Keywords: bioproduct; Bacillus; root and stem rot disease; durian; Phytophthora palmivora
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NAADU (U3.) war C = WUNIUANENAI cork borer 411 0.5 ¥al. (AnkUaRIN JUALT wazAmY, 2559) 3LATIEWAY
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nssismuRuiinmannde P, palmivora way B e Auguusswedlsalunssuiivagou (fauUasain Lebsing et al,
2021) ¥msasatuiuulszsnaidonuaiiGesulufuiomaiioguinunniy udnismaasy 30 Ju 1ne38n1s serial
dilution pour plate UWBWNSIRETD NA TnetiegeiuunaseulauundmSew 91u3U 1 Ny nestnduissige 9
ua. efiszdunnuidudu 10" - 107 gaansazaneUiuins 0.1 ua. lduuewnadisade NA Tuviufaumisundede
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NANTSANEN
UszanSnnesiafmuel Bacillus spp. ﬁianWiﬁuganﬁiLa%sg%aaLé’ula P. palmivora
nanINAEeUYsYAVS AR T 4 gns ﬁamsé’ué’?@mnﬁmmLﬁuial,%a P. palmivora UUOTMSIAETD
PDA wuALLANA1881efid A8 n1aaif (P<0.01) Sufl 3 ndsnsmaaeu wuin nsldTsuat 8. subtilis BS003, B,
subtilis BS006, B. velezensis BS011 wag B. siamensis BS013 ﬁ‘LJizﬁw%m‘wiumié’uéy’amm%zywmLﬁuiaL%ya P. palmivora
ogflutas 56.10 -57.88% laiumnsradlefisuiunsléasiedunulamy Fafimssudarinty 57.88% dwleiwslea n13suds
wihifu 41.19% wleasusvaviaan 5 Yu wudn nnsl9@astael 8. subtilis BS013 uaz B. subtilis BS003 dA1nisdudausiniu
67.70 war 66.62% Talumnsnstunssuisnsldasiaiivunlaey Fafinsdudariniu 69.02% wazilensu 7 fu wuih msld

a a a

asndiunulawUiivssansnindan n1sguduviniu 80.40% sesanAe N3INISNstEdiae B. velezensis BSO11 uag B.

siamensis BS013 N5SUguviniu A 77.14% luvae? B. subtilis BS006 way B. subtilis BS003 M58uUa winiu 31.81 way

4.51% mugsu Tuaesdlewalvadudinsasyvenduls Wiy 58.36% (Table 1) (Figure 1)
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Table 1 Inhibition growth of the Bacillus spp. bioproduct for control Phytophthora palmivora using poison food
technique on PDA

Inhibition growth (%)Y

Treatments

3 days 5 days 7 days
B. subtilis BS003 56.10+4.12° 66.02+3.31%° 4.51+2.11°
B. subtilis BS006 56.16+3.04° 62.50+3.19° 31.81+2.39¢
B. velezensis BS011 56.10+4.12° 62.54+3.19" 77.14+0.36"
B. siamensis BS013 57.88+0.85° 67.70+3.10%° 77.14+0.36°
Hymexazol 41.19+3.92° 45.75+3.29° 58.36+0.96°
Mancozeb 57.88+0.85° 69.02+0.76° 80.40+0.31°
Control (distilled water) 0.00+0.00° 0.00+0.00° 0.00+0.00°
CV. (%) 6.30 5.11 2.71

*%

*%

*%

Significant Difference

YMeans within the same column with a common letter are not significantly different by DMRT (P<0.01, **)

Figure 1 Inhibition growth of the Bacillus spp. bioproduct for control Phytophthora palmivora using poison food
technique on PDA, control (a); Hymexazol (b); Mancozeb (c); Bacillus subtilis BS003 (d); Bacillus subtilis
BS006 (e); Bacillus velezensis BS011 (f) and Bacillus siamensis BS013 (g)

UszAnSnwvasdaimel Bacillus spp. ian1saruaunIsiialsasinuazlauiitvasdundiniseululsuiou
NAADY

ansld@siun B. subtilis BS003, B. subtilis BS006, B. velezensis BS011 uag B. siamensis BS013 sian15AIuns
TsannuaglaunimBouluanimlsaiou iensuszosnamagou 30 Tu wui dundmiFeulanionisinlsnegadiuladn

lunSsunansenisluiiguvios Taamay uagdusunng (Figure 2) lnenssaissnmedidue 8. velezensis BSO11 wun1s
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\inlsAwazavlnugukswedlsatosan iy 1.67 waz 0.33% 38989871 ANTIUITIIAR8TIA M B. subtilis BSO06,
Bacillus BS013, unulaiwy, B. subtilis waz B. subtilis BS003 n15tAalsaLviniy 8.13,9.49, 13.10, 13.89 kar 16.76%
AUEU NuALUANANTeENTTddEn1eEaR (P<0.01) dudviianusunsvedlsa Wiiu 1.63, 1.90, 2.62, 2.78 uay
6.35% MU NuATHUANAEE Tl dyN9aRR (P<0.05) luraziivaniuau (ndudsinge) nunisiialseuas
aiausunseveslsaggn windu 30.38 uag 11.47% aud1du diugansiaaey (Weunid) ldnunisiialse dnsy
Uszansamlunisaumailse wudn danuuansnsedeiifeddndmsada (P<0.01) nssadiedadns B velezensis
BSO11 ruRulsaléigean 97.12% liumnsamsadifdleifioufugansisasy @vUni) n1saavaslse 100% sesamnAs N3
3IRET0u B. subtilis BSO06, B. siamensis BS013, wuulawy, B. subtilis wag B. subtilis BS003 n1saiuaxlsa Wiy
85.79, 83.44, 77.16, 75.76 Way 44.64% muawu (Table 2)
KamsAnySILUTIINILUATISs I aIAnE IS IIAT Tt ieRsusrarnaMAdeU 30 U WUATMLANGNg
ogsitfoddyBaaadi (P<0.01) TnanssuiBsadeTafas 8. subtilis BS006 fidmnulszrnsuuafifesnmngn wiiu
1.01 x 10" cfu/g soil 504a9U1AD NTINITIIAA8T1A WY B. velezensis BSO11, B. subtilis BSO03, B. siamensis BS013
PUIUUTTIINTUUATISETAIVNAY 7.25, 5.73 uag 1.31 x 10° cfu/g soil muaifu Tuvnuziinssaiansleda s 8. subtilis
fismiedensdn wazuuulaey Sunssnaidewuaiile Wiy 6.38 uar 5.33 x 10° cfu/g soil ARy du%n

ATI9ERY (WYUNF) wasyaaIuAy I1UINUsenshualisesId Wi 4.38 uag 3.15 x 10 cfu/g soil mua1du (Table 2)

Table 2 Potential of bioproduct of Bacillus spp. for control root and stem rot disease of durian

Treatments Disease Disease severity  Disease control Colony Forming
incidence (%) index (%) efficacy (%) Unit (cfu/g soil)
B. subtilis BS003 16.76+2.01%° 6.35+1.0°° 44.64+0.62° 5.73 x 10°+0.36°
B. subtilis BS006 8.13+0.98 1.63+1.97° 85.79+0.86° 1.01 x 107+0.13°
B. velezensis BSO11 1.67+0.33° 0.33+0.67" 97.12+0.67° 7.25 x 10°+0.21°
B. siamensis BS013 9.49+0.51% 1.90+1.01° 83.44+2.13° 1.31 x 10°+0.01¢
B. subtilis 13.89+1.60°° 2.78+3.21° 75.76+2.38° 6.38 x 10°+0.02°
Mancozeb 13.10+1.78% 2.62+3.60° 77.16+1.81° 5.33 x 10°+0.02°
Control (distilled water) 30.38+1.47° 11.47£9.26°  0.00+0.00" 3.15 x 10*+0.00°
Control checked (healthy plant) 0.00+0.00° 0.00+0.00° 100.00+0.00 4.38 x 10°+0.00"
C.V. (%) 11.06 15.29 1.95 4.82
Significant Difference x* * x* **

YMeans within the same column with a common letter are not significantly different by DMRT (P<0.01, **);

(P<0.05, )
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Figure 2 The symptoms of root and stem rot disease of durian after inoculation with Phytophthora palmivora,

chlorosis and wilting (a); leave fall (b) compared with healthy plant (control checked)
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nsAnwandiiiud asadiuuulawuivssansnmgdunisdudinisasyveadulede P. palmivora Wisifiguiunisly
astaiilauenlea Siddique et al. (2019) 1891U71 @5LAding 2 wila dUszansawlunsdudatie Phytophthora spp.
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agslsinuanwantsineld wui anseillewenleaiiuszansnniiunarslunsdugsnisaiguesdulods P. palmivora
Tneluansedinnuasnsendunldiedasiumdalsannuaslauiveasou laun wviuanda (metalaxyl), Woadiia-

a o

araiililoy (fosetyl- aluminium; phosphonates) agwuulawd (mancozeb; dithiocarbamates) (Somnuek et al., 2023)

U

wataqtunudn ansiadimarilianusatostuidnde Phytophthora Idegsiivssaniam esaniinisldarsad
Aasetuiusyegiiaruiuyiliid ed1uen (Somnuek et al, 2023: Puig et al., 2021; Vawdrey et al.,, 2015) Tno
Kongtrogoul et al. (2021) s1eu3nie P. palmivora aunglsannuaglauniveaSeuiiuenldandmiagims funu
somsrndmdesiuinnd 30 Wedidudt duulutiagtuisdinmsfnuisvesaniswnuarsioides ieatumsliuaiide

a

UfUndiiienivaulsafiy Famuiwueiiseieulalwivaieylinduss@vsnnlunisdesiuidalsadiy Yreundesfinainnis

L‘ﬁ’]ﬁﬂa’lﬂmﬂL%@IiﬂLLﬁ%LL&Jaﬂﬁmgﬁ‘U (Gond et al, 2015) Insamziotoulalnyiaa Bacillus fiwenldainaiumis 5 YOI
%y’uqa (White et al., 2014) finaaudRdaasunisiaTeyveiy ansandnasUfTiuzuasiouluifannsodudimatiyues
e Phytophthora ldueensd (Syed-Ab-Rahman et al., 2018) wennTidawuin Bacillus feaulunstmirliduiiadia
augunmusioielsa (Anemad and Kibret, 2014; Gond et al, 2015) wazdisnsnuinuuaiideeulali Bacillus ansa

o
LYY

EJUENm%Lﬁig‘UENL%a Phytophthora lovaeadadd wu P. cinnamomi (Hakizimana et al,, 2011), P. nicotianae (Guo et
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al,, 2020), P. heveae (Dam et al., 2018), P. capsici (Mmbaga and Maheshwari, 2018), P. citrophthora wag P. palmivora
(Masanto et al., 2020; Simamora et al., 2021) Wudu

INHANITANEY WU BT B. velezensis BSO11 duszananasanlunsaiuaulsasinuazlauiiivessiund
niFou nunmaiinlsaiies 1.67% wazduiauguisavedlsa windy 0.33% Liwnnsnmieada (P>0.05) eiisuiuye
ATI9aoU (wund) drmunisaunulsawindu 97.12% luvagiingsaiSnssadeTadiaei 8. subtilis BSO06, B. siamensis
BS013, answasiunulawy, B. subtilis fis1uneden1sen uag B. subtilis BS003 wunsiinlsaaglugig 8.13-16.76% linu
ANuUANENaNsadA (P>0.05) leisuiuynaiugy (sindusinge) ogalsfmudefiansandaianuguuswedse
WU NISUTRT SIMR28T A B. subtilis BS006, B. velezensis BSO11, B. siamensis BS013, B. subtilis 7 51w 18lu
vioaman wagansiadiundeiey ffviinnusuusaedsaliunniisnsadn (P>0.05) iWefisuduyansaasy (Raund)

e Bacillus §910u Rhizobacterium ffuflanunsodunseiansuiiugldiman 4-5% dufufadonidude

anvlsafiinanniiesuazanseiunusuLswedlsalareud1egs (Stein, 2005) nansfnwAsilaenadeiuseauns

o A

Aot wuinde B. velezensis fiquilumsiudade p. infestans anmalsalulnsvoaiudss (Kim et al, 2021) %o B.
velezensis Ba168 flszAndnmlunissudanmaiaiamesda P. nicotianae anwmlsn tobacco black shank Ingannisiin
Tsasenstosaaneniagaduandonalsa (Guo et al, 2020) luvaifiide 8. velezensis FZB42 annsadufiade P. sojae
paensuanieuley bacillomycin D wag fengycin (Han et al., 2021) yonaniidmuin We B. subtilis aunsadudanis
Lﬁ]?iy%au%iva P. palmivora, P. nicotianae, Wag P. infestans (WAT wazAmy, 2556; Danial et al,, 2024; Grosch et al.,
1999; Han et al., 2021; Kim et al., 2021) Iummsﬁvﬁa B. siamensis H30-3 ﬁqm“ﬁg%&ﬁa P. cactorum aWLWﬂiﬂ leather
rot L@y crown rot YoganIILUBsS (Park et al,, 2021) wag B. siamensis HT1 mmmé’m‘?u%a P. sojae mmsfﬂiﬂi’]mm
maaﬁ”smﬁaﬂﬁqaﬁq 82.44% (He et al., 2022)

o w

nsldadunsdieulaliviiiedesiumdnlsanivlvifiusyd@nsam dusgiunatedade uenanviinveseulalnyiugs

[ '

nsldviemaiansldtasasifdeuddyuiu dmsunstneiluadedld38nsseadatast Bacillus spp. USmsn
seulAufundmideu wasiuiesiuduiiiasunnuminisssatuinudeuuaiiGeimun ildosnlneluide
Bacillus spp. a@snsasssiinlalufunazudinsausnity (thizosphere) lailuageh donndasiunisinwives Jiet al.
(2006) 1897131 MssafasiaduAuudnuiisniy Wuasnsiavliisudauss Tufidlidemiesimeu Wuisns
Josfuiia Phytophthora 7ififida ilesanide Phytophthora .iwd eanunnelsaluiu §afaaiuielaades
(chlamydospores) uaglalaalas (cospore) ﬁaQIuﬁuuazﬁ%ﬁmaﬂﬁmamu Danial et al. (2024) s1899u31n514 Bacillus
sp. S1AAAUTINAUATWUNISLY mmaamuqm%a P. palmivora laegsfiuszansnm lneviliunavuluniseuiivuiaibn
28.93 ua. uazaauaalanld 62.05% uenainidewuin nsldide Bacillus SawdunuadiFeufindaiadu 4 1wy
Streptomyces ¥i3® Pseudomonas Rannsadudude Phytophthora lmdusens
definsundunulssnsuuaiiGesuiouandsadaetafoe i 4 gus wud nsnadaeTatst 8. subtilis
BS006 flduauussrnsuuaiiGedisendingian wiidu 1.01 x 107 cfu/g soil sesasnie M3snseTafai 8. velezensis
BSO11 fidnunuuszansvendonuniiiesau winfu 7.25 x 10° cfu/g soil nansAnwidenndesfunisndeuves wsdad

N o

g (2567) FIT1MMILLTAALYIUADY WU B. velezensis BSO11 wag B. subtilis BS006 Hduiuuseannsitolufunas

o da o

MsveaEay 30 Ju Wiy 1.21 uay 1.09 x 107 cfu/g soil auaiu Bacillus Dudewuafiienifidnannadunisudadusinu
wiasiegordeldfnineaiglsn neide Bacillus NdAman TR dweulaliy sganunsaaiynseunsasdIuvefivuazd

o

FInveaunnd19iu Juegdvareiugueudouazuuuunisld We Bacillus weNANALYILAUATUNITIATEYVOINY (plant

€

growth-promoting rhizobacteria; PGPR) §tanunsansgdunisiasyivlavesiiy Inenisaseunsesiasidnluagludiumieg

ee
ee .

A a

yaalen Pretasiuiivananinwinseuililmunzay neninanliidinwaziddIn (Maslennikova et al,, 2023) upnannil

=
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¥ o ¥
Aaa = = a o ]

Adeleke et al. (2021) s1891u71 N3iiTInsenvendaleulaliviludauindenusgivdurendoqduniduu We 8. subtilis

Y

' ¥
d

Wunuadiefignihanldlumsevauaenslsaluiusginitwi Wesmnamnsawdynelusiniawayluaulmdueg1ed

U 9

v
= Y '

deldnsiu Snifadsanmnsatisgaduarsivluiuld (Maslennikova et al, 2023) uana1nil Nicholson et al. (2000)
59899 B, subtilis @aunsadanlasiuiuluaninuaindouilivu ey waznuauieulage (Mahapatra et al, 2022)
p89lshau wflavesity Useinnvesiu wazanudunsadusiavesiu Alladen1sidiaseunsewmseltinsonuasuuaiilse
wulalwvitguiu (Kilian et al,, 2000; Mahapatra et al., 2022) FeunsindafusiwuadiSoeulaluy Bacillus spp. 1

Ussandldegnamunzay agvihlvianunsaannisiialsasinuaglauninvesiseuldegdfivsednsnmuas §38u

G

3

a v 4

FasnsiuuaiiSeroulalnv B. velezensis BSO11 uay B. siamensis 85013 fuszansamlunmssudamsiaiayues
o P. palmivora léfidleneaeusefuviosfifinng nmssudasiniu 77.14% dethlunaseuussansnmlunisaunm
lsannuaglauivesdiunaseululsasaunaaes wudn n1sld¥iium B. velezensis BS011 ansnsaniuaulsasnuaslau
whwesiundvSeuifian wunaiAalsa fdanuuuseedsa wagnismugulsa WAy 1.67, 033 uag 97.12% muandy

luvagnssudanslawaiae 8. subtilis BS006 wuiuindsznswuafiseslufuiniign wiriu 1.01 x 107 cfu/ g soil

AvBUAN
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