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Conirolling of Ralstonia solanacearum (Smith) Yabuuchi et al., a Causal

Agent of Potato Bacterial Wilt by Bacillus subtfilis Ehrenberg
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ABSTRACT

Collection of the potential antagonistic bacteria against Ralstonia solanacearum (Rs)
casual bacterial wilt disease from soil, and root (rhizoplanes) were made from eighteen
provinces. The samples of the former material were taken from non disease plant in disease
severity infection of several crops area namely potato, fomato, pepper, eggplant and ginger.
Three hundred nineteen bacterias were isolated by general King-B medium and had been
screening for growth inhibition property against R. solanacearum by direct bicassay methed.
Using disc diffusion method tested to search the antagonistic bacteria from the potential
antagonistic bacteria culture suspension and its culture filtrate with double layer culture of A.
sofanacearum on PSA {Wakimoto's potato semi synthetic agar) 1.5 and 0.5% agar. The
results showed that fifteen isolates antagonized on R. solanacearum, inhibited with strongly
clear zone 4-20.75 mm by its culture and 6.25-25.00 mm by culture filtrated. The five higher
clear zones were tested for biocontrol microcrganism agent for this disease on young
tomato plant under green house condition. The results were found that five isolates could
pre-diseased control the bacterial wilt disease of tomato in green house condition at range

234 — 80 % but could not control on post diseased condition. These 5 antagonists were
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effective in field condition and the striking
outcomes were obtained at Tak Horticulture
Research Station in the northern of Thailand
on which the fields had been heavily infected
during 2003-2004. In this biological control,
the potato was dressed with the suspension
of the antagonists at the concentration of
10° cfu/ml before planting and drenched
(10° cfu/ml) every 7 days for four times.
The results showed that these antagonists
controlled significantly the bacterial wilt
disease at 158 — 449 %. The same frials
were also conducied at bigger areas (farm
trial) in 2 locations at Chaing Mai and
Kanchanaburi provinces during 2004-2005.
The results showed that these antagonists
are strikingly effective control at 66.6 —
85.6 % of this noterious wilt disease.
Furthermore, the treatment with the
antagonists promoted well the potato vields
in non-disease condition frial higher than
control treatment. A novel method which
was invented for rapid identification of
bacteria by using TLC with aminolipids was
successfully applied for the identification
of these antagonistic bacteria. The 5
antagonists were identified as Bacillus
subtifis which the common spot at Rf. 0.36

existed on their TLC chromatogram.

DOAWB4 was shown higher performance
of biocontrol agent for potato bacterial wilt

than others.

Key words: antagonistic bacteria, Baciflus

sp.. bio-control agent, soil-borne disease

UNARED

gudumaiusstefuuasnuin
thizoplane 2a9fizfilduaasarniglansnin
avysafudousy Tuiufifidnisssuiasealse
Lﬁﬂ’smméﬂ Ralstonia sofanacearum (Rs)
yoesfurde win wndane un@erniuacde
104 dhatheein 18 Yowin usnidouuaiise
fgnumwiudeufiinddalsadand1n s
2779 King's B Lﬁuﬁauumﬁﬁﬂﬁqmﬁﬁ
s 319 lolwan didsuuaiiSe fond
wmﬂa‘uﬂ‘izﬁ%%mwm‘iﬁuﬁ”’am‘m%{gma\‘lL%a
Rs lAENSMARBULLLY direct bioassay 67t
45 Disc Diffusion W&y Double Layer Culture

a

wuauuafiaujiing 15 lolaan lan

2 2
[

uaasnuaNTRIuSInITRS YRR 1LYA
Tsagonanléid foue 4-20.75 8. 203
nanoudaifin uay 6.25-2500 wa. 9N
nsldananToszeada Bandeuuaiidy
Vhtindfananiifyszansamgedau 5
lolgian namauaMaEINIIONIIAILAYLSA
\iengesnzifamalulsadeugniznaans

Tuanmdeuuazvdonaiulan laaraulgn

Thai Agricultural Research Journal Vol. 24 No. 2 May - August 2006 179



wisrnfelausurasfiundnzidomasae
avazapdauuafisAingSns i
10° miwlalail/ua, u 2-3 WA u§9e
fossaraty Fadeiusamarsdidu 10°

yaelalatl/ua. USnes 10 4a/n3e0ne 4 asd

W
Qs L] =l =l

winzasovitei 7 Fu wudndauvedie
Uftiniks 5 lalsian snansofiaefunsiia
Tsald usilianansamunulsaldindaci
Wmpfaniung wodwdesidudnadulsa
gaensanifididaunafiSufingiaufifues
Wulsaunnsreadeiiodduneadfiain
NTIABWSBITIBY FN50AUANUATAANTS
Halsafinaansi@omald 23.4 f9 80.0 %
mManTasauiinnnde Rs Tufuusiinsn
nridamawuimnnssuisseadaufiingd
Usmwnn%ammq‘[mmm NANBLNNS
arupulsativiresiudssluaniwuyas
noaadlasnsagniiudiudSoiaugn e
gsazareidasnsivaruildluanmideu
dgniiznaany LALIIAFIBEITR AL S
fnsudieaiunanns 10 ua /Mg 4 a9 udaz

] ar

Aty 7 u wuimnmmﬁ%wmmﬂ%’
L%ﬂﬂﬁﬁﬂﬁﬂ‘]ﬂﬂ’iﬂﬂ?ﬂﬂuLL@tﬂﬁﬂﬂiLﬁﬂIﬁﬁ
Wrnaeasfudseld 158 fe 449 % uacd
wasfudnsiiulsaunnstaathaflduddn
dinddeuvaiizaufiindsendrmasouly
anwuladnERsnIRinmTTTuIeTesla Wy
hanwnsoauaunsiialsadenalé 66.6 -
856 % Iinandngeninssuisufeufisy

Manadoulugn e liin1TszuRD0e

180

Tsa wuhnslddeufiindaansolfinandn
gonhnssuIsuSeudivuguiu msduun
2#1ln (species) 1@a33 Thin-layer chromatog-
raphy wudndaufiingte 5 lalean dude
Bacillus subtilis \JaufiindfifivszAnsnm
pusalsafisaluiuddoldiningadu o fo
DOAWB 4 {Department of Agriculture, Wong

Boonsuebsakul)

@ o & = oo o & as =
AR E‘Ifﬂt%‘l_lﬂ‘i’]ﬁﬁlﬂg]ﬂﬂ‘lﬂ RIATUANTDINN

douudd TeafifinaingAunidu

A
Ralstonia solanacearum {Smith)

Yabuuchi et af. LﬂuLmﬂﬁﬁ'ﬂmm@Tﬁﬁz,ﬁﬂ'g

=

(bacterial wilt) fviaINTenisfuRey

[~ o g o 1 I =

LATEHININENALYHIILTUA fausiafAnaul

.
B of

gt wargnialviulinfididnigalia

=77

wilowszwnidesumnglsnszunaluialan
sansadivhasfineswgialduinnin 200
s w40 aszna LEailiEineysenly
ulétun agdmnglutrfismarsin sanso
treviealsamaduseeiug 1l Waiuddu
W¥o vioudusde usu vwiauussinluiy
wasflamensineasliing srufeRrlufy
dofunasuasuysd arurTaunisznaléd
fuszulimenisinees {Yabuuchi et al,
1995)  ddndagudelinyisnnslad
mswi,mﬂauaﬂ'iﬂﬁlﬁwaﬁﬂq‘iLLdn'mm:if'l

Tauanizn1gida1siadwuitldainign

MaEnTimnsnees I8 24 atuil 2 wasnew - famau 2549



mﬁ@u‘[iﬂﬁklﬁuaﬂsiLLu:ﬁﬂ"}?ﬂ"B’ (Hayward
and Hartman, 1994) ‘zim.;‘:ﬁn'!‘ﬂ‘i‘?ﬁuﬁ:
frumursudnevialgisriaionuy horizontal
WAL vertical Lia9eInAI NRULLSTDe
punglluszdnsuziu  Snadaiiinim
NAINAABNWAUGNTINGININ  HnTdauie
el i ansuse (race) Tulaan (biovar) uas
dnunusaRNifEue wasiiswoudinded
fiszseilifundn VBNC stage (viable but not
culture) Foldiamsnmnziaesld udsanan
isiAalsals %ﬁmﬂumjuﬁnaqwﬁ‘iunﬁ
auanlindesiasl#iilaeiu fonsnaumaiu
(integrated control) 38019619 &4 dépiu
Tamtiufinnsilestu samaunsszunneads
Tsalasmaiaipadneduids (eradication) ua
WAnEEIMIAalIA (avoidance) (French et
al1997)  fedufluadnebefidasdnurioya
fugrursadsanglenilinnign el
Usznaun1snsununIsauanlsasaly
Tans-Kersten iaz@tue (2001) WUy
gsolumsiadoufivesdetlinalaunsed
nsiatsnasnisifinszunavsslsa
Richardson taz@uz (1998) Usyaumlny
E\i"]L%ﬁ'iLLunL%a’Iuaqa Pseudomonas cepacia
ffludauuadiiediiindeeadalsnt Ty
adaMITAngumNauaNTRiTes fatty acid
profiling, REP, PCR, BOX, PCR uax ERIC
PCR Nesmith Wax Jenkins (1985) wuin
Wanuaf3eufing  dnwulududifibunis

NANAINEITNBIR  (suppressive and

conducive composed soil) Guo WRZANY,
(2002) eswidsuuedidefioguiumni
(rhizosphere bacteria) lfun Pseudomonas
sp. J 3, Bacillus spp. BB 11 and FH 17 {
Auantidsiaiuninadufvlevesiisuay
ninanIUiEusfiaunsaaiuqunnsiinlse
Wevaewdnld Frey uarams (1994) 14

&

wmallantiugdaanssaaiaidenaroiug
spadalsnamningisanmaialsaiteigeg
wzifiamald Aino uazAmy (1998) 19U
endophytic pseudomonads, FPT uay FPH &
seAndnm Tumsmvaslsadfieinesside
WA Shiomi WAzAME (1999) Wuiingld
suppressive soil MDY Mutsumi 4388m
AU Iezeslaafena i lunsifoina
Ciampi warmmue (1999) Haainanide
Bacillus subtilis lal#ian A 47 Way
Pseudomonas fluorescens BC 8 ffinalu
mstiudonaeiursaudelsadion swnsa
muaunstinlsafinisesiunfeluanimls
Sanaina uazAuy, (1998) #HiFsuuaiidy
viriusnauaulsaiealusun sl 24-83%
uazldrauauldfnindslsadinaeiugiiu
L’B%’aﬁ\lsiLﬁ@I‘iﬂ‘guLL‘N (avirulent mutant of R.
solanacearum) Fagrwumi Bacitlus subtilis,
B. cereus Wav Enterobacter cloacae Karuna
WAZATUY (1998) wud'u,%as,mﬂﬁﬁﬁﬂﬁﬂnﬁ
Pseudomonas fluorescens Was Bacillus

subtilis mm‘mmu@ﬂiﬂﬁ‘«tﬁﬁma

Pseudomonas aeroginosac b &

Thal Agricultural Research Journal Vol. 24 No. 2 May - August 2006 181



Kelaniyangoda (1998) wuitnsuduilgediu
(soil amendment) FIIBN1IWEN sun hemp
seed (Crofalaria juncea L) 10 t/ha +
Calcium oxide 2 t/ha + urea 200 kg N/ha
sunIoauanlaaiiveluz damauaztuns
Suthaya (1984) 31881U3N Bacillus cereus
WRE Pseudomonas fluorescens ﬁLLElﬂL%a
Tganijevinuasiefsaasmsadufonns
wianasmaiiiialsaseadaainglsad
naald usliaissoatugulsaluaninls
Urutchata (1991) WU P. fluorescens NA1
Was Serratia marcescens NA 25 ®13770
Auaxlsadena lunzi@amaldlasnisud
Tnzanfuzidismanaulgn
Tunrsnarasinissiiiueuiinats
Fumpu fie #1999 U5 NesedRaRa
Ujiinsgudaniiivaass wasluaninees
neAINg  ienudauuafiiefuiiannge
AuANNIinlsaLAsITaTuNS Tawd
AuyAgIUI Tuudnadiinisszuavedlsa
Wirandie R solanacearum Shwu iy
fulduanspinislsandonald anwlnd
auysofudeuse wusumaraivihlifiung

A

fenamanideelsaldanaiaanvats q
wana  wAgddAn  ananileivinlRiy
ywsulignisialsmdiats p1awiain
a A & oA = -
afunidfan wIafuviiausniey
. L U 2 = &J L2
(rhizoplanes) DlosriulalliiduRizgniaolsnds
naridhane  Fedrsrefusiusings

LUATILSHINNTINLASAULS T INRT  lanIs

182

suRlsivansernslealufufiffinnsssuie
apslsaiadszinalng  usnidouiguian
Fathefifiusiusn meassumdeuuaiiie
Uftnsludiestfidns  vndaufinsails
nAgaUMIANEA 0 lunIAURNlaL
snwluiSaulgniameasy lineasuasls
nuasng wissduunsfiadadenan wWald
nwstareatetsipmedafinesd (TCL,

Thin layer chromatography)

gunseluazitnig
iudrediefuuazstnuiian
thizoplane wpefiafiliiaasainiilsaiiely
fudffnrsszureseslsn  dwuenide
wueitSefifdnunwiudaufiindsialsauy

=4 -

L o & o L
213 King's B fiuidisuunafiauignily
K IV . S o o & ool
Unauiledne®e® 10-14° YimnuaiiSod
namudaylalaianuimadgauaNEINNTO Y
Y B o ¥
NSHUENNTTLRIYIENLTD R. solanacearum Tu
VasdjiAnnslasnrmessunuutadymntii
(direct bioassay) #1835 Disk Diffusion Lag
Double Layer Culture @mRanidouuafilie
Ufiln®¥ (antagonistic bacteria) Adl
- o ¥ n x
Useandnmilunisfudonisiadureadalsa
FINE17 NIMRFBUAMNEINTTOIUAS
muaulsaifiealusnmlsadaudgniiznases
Tasudsnisnaassilumsaivaulaaluanin
npwfinlsa (pre diseased control) LAT¥iAY
tAinlsm (post diseased control) ¥N15

naapafungmzdame Tasmsuasindelau

PEFSITINISNERT T 24 afuf 2 WosnAN - Svinan 2549



durpedundinz\donansulan  daw

e &

s1sevarufpuuaiiselfindi

[n]

n9IAN
iiudu 10° wielalat/ua. udgnide
mmﬁﬂiﬂﬁ’naﬁ“ﬁ' suspension artificial inocu-
lation ﬁ’mLﬁamﬁaﬂﬁﬂnﬁﬁmmmmuqu
Tsasand1y TuamwiSaudgniizneasale
AiflumsnasauAMNEINITI un1IATUAN
Tsaufienvpedudfelusniwuyamaandlay
nfl‘mﬁgnﬁqﬁ’uﬁ:’ﬁusﬁeﬁauﬂgﬂ FpEITRZANE
L%ﬂﬁmsﬂgﬁaaﬁuﬂﬂuﬂﬂﬂwL’%'auﬂgnﬁwmam
LaEsIndIER e RIS RT AN
windiu 10° miralalaii/ua. YSwms 10 wa/
vy 91U 4 a¥e uslazadovinedu 7 Yu min
uduudumiulseluudaznsssdd wWisy
WisudunsandfuSeudiey  dmfends
Ufindfiarmninnuaulsadenanluanm
LURIMAaDY ANLHIUNIINAEAUANNEINITD
Tun1saugulsafisrvssiudioluaniw
waanuaIng Afnsszuinvasisaay s
n15sru1azaelsadinan 2 uvs sy
ﬁhu,unL%ﬂﬁg"ﬁnﬁﬁmmm‘iﬂumimuaw
lsmdanaléinad auauasifiniedaaian
fatty acid compound #798 TLC (Thin layer
chromatography) Fvazldnanlasasidusly
usinzdumou fetl

1. mafiusegtsfunazsiniiian
douvedtFeffidnanmiiudeusinsdelsa
e afﬁ'mmmmwmnsﬁmwxﬁ@n TS
win wzfe wnidosuazde Mdulsafiend

\inanudia R, solanacearum viauszindlng

Bananisiudilinansainislen  (gaw
vludnd ssysel ufause) Tuwasiifinng
sunereslsn gavdoneududlifulsmiy
Wintfudatesnuasziusey 4 590 Yasanu
10 9a/fet TagewasdinlnadSadingal
winuazudbilunaadlwaifiudelanu iy
TufinTeariBunrasusazdiatie Aa Tudl
soufl Hofivgn warAHGULTITEsNILin
Teavasiuiidy ¢ (madulsasnnit 70 %
= svdiunadulsage (high) madiulse 40-
70 % = sefiunsiiilsatninana (moderate)
waznsidulsasiind 30 % = madulans
low)} udrhdetrefldnuends luses
ﬂﬁﬂ’ﬁmﬁﬁd’mﬂa’mmmnf\juﬁﬁ’ﬂi‘mﬁm

0. msusnidauuafiGedidnenin
dudoufiingdalsaiiss  uamnfizaes
Lwia::éa’aaéﬁqmﬁuﬁuﬁumacﬁqaﬂwﬁuﬂ@n
i Tudlunsazgoudause 300 nduld
gelnaliivaneaadstwituudazdisgg
dadiulhfiuadion # 10 °o wledegeen
afon w1 10 n3uldludnduilszhido 90 aa.
Tugnne 250 daseUwAIoaEd 150
savAanfiu 1 2. figuwpdvies el
f1Iavaeasan (10-1) ¥n3i8a919 (dilution
serial) TppuydaIasaenAnfineual 1 wa.
panfutinduilenge o wa, Wussazany
10-2 vhsdutineluesldasazared 10-3
10-4 10-5 ua 10-6 ANANU gAF1TATAY
i 10-2 10-4 10-6 Ysum3 50 Lulashng 18

YUaM1S King-B udnfvasazanudnls

Thai Agricultural Research Journal Vol. 24 No. 2 May - August 2006 183



o @

vi’smwmmmﬁﬁamm\aLLﬁ’agﬂmmwé"ﬁu N
Sumpusuiiuntsmelsanmasata (aseptic
technique) LEULNaURBaEefviagaudad
30 °%. WU 2-5 Tu é’o;nmga:ﬂﬂaﬁﬂamﬁaﬁu
felalailiien 9 Adadurufmiemasiy
1flunaanavsiBes PSA (Wakimoto’s
potato semi-synthetic agar) tAul¥ 2-3 Tulu
snmdpfdsusudstuiuiomtiens
mwaaummﬁqwg {purity) Ta9usiay e
Tasumzidomnuustuewng PSA snade &1
L%aﬁ%uﬁﬂmm%@mﬁﬁﬂﬂhﬁ%ﬁuaaj"lLﬁam
Alafidasug Jwlwiisy Wdwidasn
rapno 1 siduadnldvasae Bl

LﬁuTum:LmzmﬁauLﬁu waay 2 U MBI

s LR

2 gu szareluhndutlesings 5 ws. Tu
nRAAVARRINNALURNSRITa LA UL
14 °% fuunaadada lunisnaaasdsly

1 &

sudunsfingsivelsedie

3. mIdansedefifguansiiy
douwuaf Fuufting nageudieds direct
bioassy seviidailmusuazidaan welsn
Toe double layer W8T disc diffusion AMH
38n3289 Kelman (1954) ﬁL%ammﬁﬂimﬂu
R. solanacearum wazidadlmanefuidad

wanlgndunazsnaadlgoduiednegu &1

3
=l o

el munedfiguantiifudeufiindse
Lﬁammﬁﬁﬁﬂﬁ):ﬂmngy%nmﬁugﬁ FTUIN
AN yroniaiiass  Jaruiaalna
n¥wvsaudinalafeassdiventousesde

2 o | & '
f\f']ﬁﬂﬁ‘}‘ ‘[iﬂﬂ\ﬁﬂquﬂu@ﬂ?’]\?iﬁﬂLﬁ']'ﬂﬁ'”:fw'}u

184

LLH?@[HﬁﬂR’EG?JBGL%ﬂLﬂ'MNW Tunmmaeai
fofiiud o mvuee sl dofdd9auay
amResdefidunisnseeinadasnas
uuafise usazdadlwaeiinsmaags 4 0
uﬁiﬁ:ﬁ;@aﬂﬁﬁhﬂ%nm‘iﬂ 2 @1 mAade
AnHNzBISMlEen 8 Aviena Tufin
inBsudisudseaninmnisiuds saude
Wanuefliisusialauaneialaif
arusiRfudoUfiindsla tormglsnsdiu
nsfinguidulsafia

4. mimmﬂimﬁmﬁLﬁmﬁmm%a R.
solanacearum ‘Euﬂmwﬁﬁuﬂ@ﬂﬁﬁwmﬁd
ynsvareudaufiindeitaanglsaly
nsaupalsrdenailuiBeilasiunaudi
dulse wamidesnymasanfindulsaudn
fudunducliomaeny 10 Ju Fnfiunisd
dufuinsisimsdmisuaziladuntnia
AN 1 BWUWIE 9.070

4.1 nsarupuliadelloatu (pre
diseased control) IAEIUNUMSNARDILUL
CRD (Completely randomized design} 3 ’1‘};’1
6 N33935 10 nsznesianssniBuarignuzide
1 fudavilonszans (Lﬁuﬁh@uﬁﬂma—go
10x12.5 3) 33835 (Tables 5, 6) Ugnlu
TsoiFounszandafiarugumslviuss 12 2.
wasmslinh 2 afeiu ﬁqmwgﬁ NaNIU
30 ° nashu 25 °3 ynsruuAniunsuuy
Soludd  wavindsnasasasdaufing

winzitinluemnTival PS (PSA without

agar) e 150 sa0/409 91 30 1 U 48 T3,

I TIens U6 24 atid 2 woumean - famag 2549



Vuraduduzaded 109 vihelalat/aa.
wigundws Fomadounsndolausu  Tu
ssazaeiaUAiingFanshiun 2-3 uif udn
Ugnéefufitnunstisindeiuaufosing
Tsa R. sofanacearum dus3unlusnis
wadnsuuuiizaiunsiasadadimane
dasndudlinanduanldanududusss
Forwvn  anauAunizdanudadud
106 ydwlalatlsafu 1 nsu iy fatnedu
1 nn. axdavnandiearsazaeiden 107 miw
Talafi/ua. USu1es 100 sa. udu ans
fauminadisanTazarsidadfiindaa
dindu 10° mimlalat/us. s 4 ad
udazasevinetis 7 Su Tassedlauduszifa
WATNTEA N3 NATTEdE TR A BLe 10
Na/nszon gavieiuiinasiadudnuausiu
Hulsadeezuanserniamissdin vanuasly
i fiasunz @amaany 15 uay 30 Tu nie
Ugn dudusiudulsadulasazaaeduiu
Futannaluusiaznssnis

4.2 nmsduaulsaBedne (post
diseased control) n3sudslasyia 4 lusifiu
msiuidaaiumIrugulaadaiasiu s
funssitlaifinsugsndiundwsdiome dan
ssaraBLdeUfiingnaungn

43 maamaiulssannade dufu
mMavemeassdelasiuuazidesnmn ey
ABENAULANIUIIN (thizophere) wn 7 Ju
anynnszoneluwsiasnysiBnszonas 1 Fou

e Yssuage 10 sy dhansuiudly 1

ns3838 Teednflunisgudieadunisuends
Uiindinaaudadrediy  udldudunm
f1saraiuidaiiveanasuuiiinmis 100
lulas@ns wnu 50 lulas@as wazldowns
Lﬁuml,%’ﬂ Hara and Ono's media (Mara and
Ono, 1984) unuaw1s PSA 71 2 91 Tu
wiazngsnds susevdanUneudseds
#i 28 °% w3 Ju haeseiiusuaulaladl
fuvufitemslasdenaudnduiiiide
Fansnadussanas 50 f9 200 Talatidevni
U MITAsNdD  winharduanungy
Werdusunlalaiddefuntdonin dufu
nafiguivdnsimmsduisuaziiadonig
HAR AN 1 B.WUNIE 9.800
5. nsmuawlsadiniAsanide R
solanacearum TuanN W13
51 nramtuaulaalugaiwls
naasd alumsnaass 2 sovda liun alze
U51mT 9.8V Lae WUWTE 2010 FEwie
U W 2546-2547 dsnanwisiuiindnng
ssunazaalsadaudvquuse Tapnsununs
NARBILLY CRD. 4 71 (2 Tsanilsdonn) 6
n33u38 (Table 7) 4 woasanilanssyds um
B 4 o ssezlgnasnitovign 30 . Sree
FEVINUATD 90 BH. FrarIsninngInds 2 .
sorazvivgn 4w fssuumaufiRendy

utae 1w Tiidhessuualbanen 2-3

|

Ju M wuiudSefiiiuniinsaindasn

1

laalaen1sguasne 3% ndaiuiyn

WTuLaEAsI9RIL3S indirect ELISA LAan

Thai Agricultural Research Journat Vol. 24 No. 2 May - August 2006 185



o, w1

Tivuflameilinaduawiniu (bifde
Tsaufirafinanduiaiug) usnarnduueiio
fugiudfotoulgnénuansazaedeufiing
winzidafimudaudy 10° winelalail/s.
UM 2-3 U R NUGNRAI9IaIe
sazasdauiiindusasdofirnanduduo®
miwlalail/ug, Usaas 10 sa/mgu $uau
4 afoudazaiainety 7-10 Ju Tausalud
Taudu  uazaudiignidasunalsaien
nivvnUgndudfoudas 8-5 Tu Ko
gaazandadindy 106 mitslalaf/va.
51w 10 wa/Mqu uAz RTINS UT
ulsafiuassomafisstwansn 7 fu
qunspiuNSIey 45 Fu Tufindeyams
dialsa Puudufiidulss Tunsasnssyds
i iienzidoyanadi

52 nsmuaulsaluanmlsingnsng
Taegufiunimeasslufiuil 2 dmdn 1w
a.lydsns 2. 8welnd waze.lnslua
LmMyIuyd seninl wa. 2547-2548 LAan
wciufiifinsszunedlsadauinogusy
1 wlasuasiaiiulsn 1 wias nesadslu
nIneRBsAENNMSWLREIfUMINaaealy
gnwlsineasns WeasudzesRuiiluusay
nsABnndu uasldfisnuth dwiuns
Fusanania Tasmsguifuaniuf 4 asa.
I 4 qelundaznssudimanaioud
unaniunandn/ls

6. nuunyiaidsufiintdaey

WAtA TLC entfiun19aiuduaaueynd
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Matsuyama (1995ab Was 2008) waztiudiu
NMINARBIADUARTAN W.A. 2546 AUFANI

nRAANLADUNUEIYU WA, 2548

HANTSNARDILAZINTIL

w ] =,

Tunsifiudlegrefuuazsnusin
thizoplane Tufuidfifinnsszunazeslsaiilu
fwoing q 15w Sunss win axdewe uxide
5717 wRzdalFTIuIu 104 et 90 18
Fav¥arilsznalng dhanusnidiouuadiied
fisnemmwudoufiinddelsadensn T&de
wuafiifouignidsiuan 319 lalsaw
(Figures 1,2 and Table 1) \aihta
WUATLIBFINANINATELAMNEINITAIUNNT
Fufanseizesds R solanacearum luvips
YRR IldauuaiiFaiilng (antagonistic
bacteria) 15 lolzan wuihiauavaeuiinlia
(clear zone %38 inhibition zone) 4-20.75 WA.
INTIMARBUIEaITAR (bacterial culture) WAL
6.25-25.00 ¥a. ¥IMMTlHanInTasnnads
ﬁ‘su (culture filirate) (Figure 3 and Table 2)
mnmiﬁ’mﬁanL%aﬁqnﬁmﬁﬁm:ﬁw%mwga
NTRIUIU 5 LOLBaN NMARELANEINTIN
Tunsenunalsaisazasusdoma Tusnw
Foudlgnfizmaasy  iisvdsuvaiie
Ufiindfmsnzanldldnuaulsadondalu
fudde wudhudeuueiiSsuftingte 5 lals
an ldaansndnunladendaifiziugn
Fadnvhaneud wiawsoilasiunisiia

LT 13 o 1 A’
Tsadianaild wirhussannizasdaaiing
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Tsarasmnasaadellaviuanaseinnding
nRasIBesnE (Tables 3. 4) lagmIneaes
WedlasiufeSidudnisiiulsnveanssnis
THidauvaiiFuuaiindynnssnds  uanse
sy dyvsaifannesedfuSoudiay
FIN13AAIUANLAZ AN SAATIALRBITES
uzidomeld 234 §9 80% leSeudy

nysN3BuSeuiiBy (Tables 5, 6) 210N

NARBUAIINFINITR UM TRIDANLIALRE?
gavsiur S lusnmwLlamaassfigoiinaand
ABEUABEYDT B WUNWTE 2. AN WuTWN
nynifresdaujiindfinefiduinmsidule
) ' -l LT 3 “~ & o ]
memoam\mwmmaﬂmmﬁm}gﬁnmﬁnm'z
mmmmuamm:a@miLﬁﬂiimﬁmmm:ﬁ’u
Wiald 158 — 44.9% (Table 7) \imiuda

wuaiFedjindsenarumagaulugan

Table 1. Locations and sample number of rhizoplane which the antagonistic bacteria were
isolated
Location No No rhizoplane crop (severity and number crop) No potential
antagonistic
{province) sample  Tomato Pepper Egoplant  Ginger  Potato
hacteria
1. Sakon Nakhon (NE) 8 B (M3L3) 2 (M) 0 N N 17
2. Pichit () 5 2{M 2 (ML 1L N NC 16
3. Chiang Rai {iN) 7 1 (H1) TV 2 (ML) 1L 2L 16
4. tampang (N) 7 3 ML) 2 (H1L1y 2 (L) N N 15
5. Nong Khai (NE} 6 L) 1 2Ly 1My 1) 16
6. Song Khla (S} 8 1 (L) 2 (M 5 (M2L3) N N 10
7. Pathum Thani {C) 5 3 (H1.L2) 0 2L N N 22
8. Nakhon Phanom (NE) 3 0 2 (M) 1 (b 0 0 19
9. Lamphun (N} 6 0 5(MiL4)y 1(0 N N 19
10. Phrachuap Kiri Khan (S) 6 1M 5 HZM1L2) O N N 18
11. Nakhon Si Thammarat (S) 10 2{y 6(MILLE} 2(M) N N 21
12. Kanchanaburi (W) 5 1 (L) 3 (L) 1{L) N N 21
13. Nonthaburi (C) 6 2 (M1Lty 2 2 N N 20
14. Chiang Mai (N) 5 1 (M) 1 (M) 1(L) 0 2 (M) 19
15. Chumphon (S} 6 1 2 3 N N 20
16. Tak (N} 4 1 0 1 1 2 (HIM1) 20
17. Petchabun {N} 4 0 2 (M) 2 (M) 0 N 20
18. Ratchaburi (W) 3 1{L) (L) 1 (L N N 10
104 319

Location : C = Central area, N = Northern, E = Eastern, W = Western, NE = Northeastern,

Severity : H = high, M = moderate, L = low, N = not planted
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Table 2. Inhibition zone of 15 antagoenistic bacteria against Ralstonia solanacearum, were

screened under laboratory condition.

Inhibition zone (mm)

L.ocation
(province) Crop Code no. Bacterial Culiure Recode®
culture filtrate
Chiang Rai (N} Eggplant CR 16 18.25 22.50 WB 1
Ginger CR @ 9.00 11.25
Pichit (N) Tomato PC 2 16.50 19.25 wB 2
Tomato PC 10 4.00 8.00
Pepper FC 7 11.00 12.25
Pepper PC 12 20.75 23.00 WB 3
Tak (N) Potato TK 15 4.00 6.25
Ginger TK 13 5.00 7.00
Nhong Khai (NE) Tomato NK 2 9.00 11.00
Pepper NK 14 6.00 7.25
Potato NK 3 21.00 25.00 WB 4
Sakon Nakhon (NE) Tomato SK 17 10.00 12.00
Pepper SK 4 13.00 14.00
Pepper SK 8 7.00 9.00
Chiang Mai {(N) Fotato CM 2 20.00 21.00 WB 5

Inhibition zone (mm) = average from 8 values

Recode* = recoding the antagonistic hame for other experiments

WB = Wong Boonsuebsakul

utadnuasnsfiinisssueadlsn (8. lnslea
3. Muauy3) wohaansarugemsialia
fanslél 666 - 856 % unzlviwandnga
nINT383BIWT UL (Figure 4 and Table 8)
nnsnasauluanmulasiiliinnsszuie
2p9l3A 8. wpUinT 9. deelvd wudn
nssdslHdefiingaansoinandngandn

=y 4 ] ' ﬁg'
NFINIDIsUWEY (Table 9) LAAIILED

188

Uaiinsierinlaloan  Fanaiiguanifs
IS HNARANTETUNSY (plant growth/vield
promoter) annsaunsiialaemadla TLC
wundeyfiina 5 lelsandigUuuneas TLC
amino-fpid chromatogram L‘flul,%é} Bacillus
subtilis (Figure 5) fegamadaafudiiin
Anpnmansratevieldaseuaineunting

{Suthaya, 1984; Sanaina et al, 1998; Karuna
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Figure 1. Survived potato plants in the
heavily infested field with Rs. The rhizoplane
materials (soil and root) were collected to

isolate the potential anti-Rs bacteria.

Figure 2. Colonies (3-7 days) of potential

antagonistic bacteria against Ralstonia
solanacearum on King-B medium; right
picture = isolated from ginger rhizoplane at
Nong Khai province, left picture = isolated from

potato rhizoplane at Chiang Mai province

Table 3. Population of Ralstonia solanacearum from rhizoplane where pre-treated with the

antagonistic bacteria of pre diseased control in green house

Treatment Population of Ralstonia solanacearum
(antagonistic bacteria) (cfu / g soil)

1 wk 2 wks 3 wks 4 wks
Control (SDW) 1.8x10° 1.2x10° 3.6x10° 5.4x10°
WB" 1 8.1x10° 3.4x10° 1.2x10° 7.4x10°
WB 2 1.6x10° 1.2x10° 3.6x10° 2.4x10°
WB 3 1.4x10° 1.5x10° 1.2x10° 8.3x10"
WB 4 3.4x10* 1.2x10* 6.6x10° hbelog
WB 5 7.4x10° 2.8x10° 7x10°* 3.1x10°
"' WB = Wong Boonsuebsakul
Wk (s) = week after emergence

et al, 1998; Ciampi et al, 1999; Guo et al,
2002) laFauifisudssdninnlunis
muaukmaoL%aﬂﬁﬂnﬁﬁ"wmm'ﬂ‘mLﬁm
vasifusfe wudndeufiinsdidnindadu

6w FauAiinsvin DOAWB 4

wiwanamaaaewadn Weufiingd
#nmamesssilaansaniugulasioeiu
nsiinlsadnald udedolsia Tuanw
anuifuaiafiuiisensulasialudn  ang

naaaan1sAluAalsaiafiisadoiuide
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Table 4. Population of Ralstonia solanacearum from rhizoplane where post-treated with

the antagonistic bacteria of post diseased control in green house

Population of Ralstonia solanacearum

Treatment
L . {cfu / g soil)

{antagonistic bacteria)

1 wk? 2 wks 3 wks 4 wks
Control (SDW) 3.2x10° 1.1x10 4.7x10° 4.9x10°
WBY 1 4.1x10° 4.8x10° 3.5x%10° £.3x10°
WB 2 2 4x10° 3.7x10° 4.1x10° 53x10°
WB 3 2.4x10° 6.3x10° 8.2x10* 8.7x10"
WB 4 2.8x10" 2.2x10° 57x10° 1.2x10°
WB 5 4.3x10° 1.3x10° 46x10* 3.3x10°

Y = Wong Boonsuebsakul

Il

2/

week after emergence

Table 5. Bacterial wilt control on tomato in green house condition with antagonistic

bacteria were found in this experiment (pre disease infected application) !

1

Treatment

(antagonistic bacteria)

Average

bacterial wilt (%)

Disease conirol

vs check (%)

Check (SDW) 86.7 d -
wB? 1 400 b 467
WB 2 600 ¢ 26.7
WB 3 633 ¢ 234
WB 4 6.7 a 80.0
WB 5 333 b 53.4
CV = 156 %

¥ = pre-treated with the antagonistic bacteria before infesting with R. solanacearum

Means in the same column followed by a common letter are not significantly different at

5 % level by DMRT.

¥ = Wong Boonsuebsakul
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Table 6. Bacterial wilt control on tomato in green house condition with Ralstonia

solanacearum antagonistic bacteria were found in this experiment (post disease-

infected application) *

Treatment Average
(antagonistic bacteria) bacterial wiit %
Control (SDW) 86.7 b
wB? 1 80.0 ab
WB 2 733 ab
WwB 3 700 a
WB 4 66.7 a
WE 5 700 a
CVv= 971 %

¥ = pre-treated with the antagonistic bacteria before infesting with R. solanacearum
Means in the same column followed by a common letter are not significantly different at

5 % level by DMRT.

¥ = Wong Boonsuebsakul

Table 7. Biological control of bacterial wilt disease on potato in field condition by antago-

nistic bacteria against Ralstonia solanacearum were found in this experiment.

Treatment Average Disease control
(antagonistic bacteria) bacterial wilt (%) vs check {%)
Control (SDW) 63.7 e -

wB" 1 302 b 335

WB 2 479 d 15.8

WB 3 402 ¢ 235

WB 4 188 a 44 9

wB 3 365 ¢ 272
CV=73%

Means in the same column followed by a common letter are not significantly different at 5 %

level by DMRT.

¥ = Wong Boonsuebsakul
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Figure 3. Direct bioassay test to screen
the potential antagonistic bacteria against
Ralstonia solanacearum with growth inhibi-
tion property; the centre point is antagonis-
tic bacterial (right = live culture, left =
culture filtrated) while the base culture is R.

solanacearum

192

Figure 4. The biological comtrol of bacte-

rial wilt on potato farm trial

A and B = typical symptom of potato
bacterial wilt naturally infected

C = successful biological control with the
antagonistic bacteria

D = the biological control trial, left side of
pipe is the treatment without antagonistic
bacteria ; whereas right side is treatment
with antagonistic bacteria (dipping potato
seed to the antagonistic bacteria followed
by the drenching with same bacterial sus-

pension)

a =i @
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Figure 5. The TLC amino lipid chromatogram
profile of 5 antagonistic bacteria against A,
solanacearum from this experiment

Lane 1= B. subtilis type culture NRBC
13719

Lane 2-6 = unknown antagonistic bacteria
(WB 1, WB 2, WB 3, WB 4, WB 5)

Lane 7 = B, turingiensis NBRC 13865
Lane 8= Clavibacter mich. subs.
michiganensis T-culture NBRC 6204

Lane 9= B. cersus type culture NBRC 15305
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Table 8. Biological control of bacterial wilt on potato in farm condition under bacterial wilt

disease infected area (Kanchanaburi province) by its antagonists from this experi-

ment.

Treatment No total No plants Bacterial wilt Disease control Yield
{Rs. ant.) plants disease (%) (%) (kg/ha)
Control (SDW) 3,356 2.927 87.2 12.8 2.343+35.3%
wBY 1 3,057 795 26.0 74.0 15,3854+24.7
WB 2 3,123 1.034 33.1 66.9 13.976+31.7
WB 3 3,289 1,023 31.1 68.9 14,547+29.7
WB 4 3,380 488 144 85.6 18,750+40.3
WB 5 3.279 1,095 334 66.6 13,187+28.3

¥ = Wong Boonsuebsakul

? + - gstandard deviation

Table 9. The potato production with Rs. antagonists seed dressing on farm condition at

Chaing Mai province where was free from bacterial wilt disease.

Treatment No total No plants Bacterial wilt Yield % vyield
(Rs. ant.) plants disease (%) {kg/ha) increasing/ha
Control (SDW) 13543 0 0 22,835 -

WB" 1 6,159 0 0 25,005 95

WB 2 5139 0 0 23,798 42

WB 3 5429 0 0 24547 75

WB 4 6,058 0 0 26,089 14.3

WB 5 5979 0 0 23473 2.8

V' = Wong Boonsuebsakul

g9 5 lolzian wasouAnuaanlums
munslsasnarlulsadoulgniiznanes 15
nAaBd uazlsinunsns wuindewmsiiamnsn
danlFmuauilasiulsald 234 - 800 %,
15.8 — 44.9 % WAz 66.6 — 85.6 % AINANL

Tawnisagniaiuidudfenioulgndie

9 E1]
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