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Harit Nimraksa 2008: Using Antagonistic Bacteria to Control Potato Early Blight Disease Caused
by Alternaria solani Sorauer. Doctor of Philosophy (Plant Pathology), Major Field: Plant
Pathology, Department of Plant Pathology. Thesis Advisor: Associate Professor Ampaiwan

Paradornuwat, Ph.D. 100 pages.

Isolation and efficacy test of antagonistic bacteria for biological control of potato early blight
disease were carried. From potato leaves surface and planted soil, 509 isolates of bacteria were investigated.
Efficacy test was studied on growth inhibition of Alternaria solani and twenty two isolates were reported with
antagonistic properties. Among those isolates, CMs026 and PAOs044 isolates were shown the antagonistic
properties with inhibition growth percentage of 73.67 and 70.65, respectively. The antifungal secondary
metabolites activities produced by the 22 isolates on artificial media, Sabouraud’s glucose broth (SGB), were
also studied. Compared with benomyl, supernatant from the centrifuged and sterile cultured media were
observed. The CMs026 isolate shown the most effective activity with 78.45% inhibition growth and PAOs044
isolate gave inhibition growth activity with 72.78%. Bacterial enzyme activities were also investigated on
decomposition of protein, phosphate and fat. The PAOs044 isolate gave good result in protein and phosphate
decomposition activities while CMs026 isolate noticed as a good isolate for fat decomposition activities. Four
carriers including dolomite, talcum powder, hyflo supercell and diatomaceous earth were determined for
biological products formulation. Starting with concentration of 10" CFU/ml, dolomite was reported as the

suitable carrier for biological product development.

Biocontrol activities of CMs026 and PAOs044 isolates in formulations of cell suspensions,
secondary metabolites and biological products were examined in vivo. Efficacy tests on tomato early blight in
greenhouse conditions and potato early blight in field trial conditions were carried and compared with
benomyl. Both in greenhouse and field trials, benomyl at recommendation rate gave the best results for
disease control with disease destroying index of 11.67 % and 10.00 %, respectively. While the CMs026
isolate in formulation of cell suspension reported with destroying index of 23.33 % in greenhouse and

10.83 % in field trial.

In addition, the CMs026 isolate was Bacillus subtilis and the PAOs044 isolate was Bacillus sp.,

identified by Thailand Institute of Scientific and Technological Research (TISTR)
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Using Antagonistic Bacteria to Control Potato Early Blight Disease
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o lsn luuravlgnisudazura msna@enyaunidlgilndisuInNIsIuIINFOaUNTY

a

T A A A A Aa A o YA a a Y
%Wﬂllﬁﬁﬂﬂuiﬁﬂﬁﬁi‘]ﬂﬂ fﬂTﬂWG]f‘VIL‘ﬂuiiﬂﬂ3’E)ﬁ]1ﬂﬂuﬂuﬂﬂlﬁuﬂﬂﬂﬂﬁwmﬁ]i‘ﬂgmujﬁ‘lﬂﬂ Iag
=\ 9 OBJJ ) dy A A 3 a A (Aay dA
Mﬂ’ﬂllﬂ?ﬂﬂ"luiﬁﬂ fﬂTﬂuuu'l‘JJ"ll,W'lmﬁ‘EN!W’t’]ﬂiﬁﬂﬂﬂﬂlﬁﬂﬂﬂﬂlﬂﬂﬂ?ilﬂu’qﬁu‘ﬂiﬂﬂ{]‘]_]ﬂ‘]elﬂﬂ

1Y qﬂjl a ay A A a Y [ 3 = 1
fﬂll"liflEJ‘]JENﬂﬁﬁ]iﬂlﬂli’)ﬂl%@ﬁ%‘l’iﬂiiﬂwsﬁ NﬂTiLﬁ]ﬁil{J,hlﬂﬂﬂlei’Jmi'J LAZHAITUNUNUAD

FY a 2 (ay S A a2 axy Y 1 a 4 [
amwiadon yaunislfilnuniisenumsaiuqulsaiy Taed35 laun s1gilny wu
Trichoderma spp., Chaetomium spp., Gliocladium spp. W& Talaromyces flavus (teleomorph of

a g d
Penicillium sp.) LL‘]JﬂﬁL":JfJﬂ;]‘}JﬂH WU Bacillus spp., Pseudomonas spp. Ika& Streptomyces sp.
(Gnanamanickam, 2002)

a

A A a ¢ A = =
suaiBelfinunumsarugulsanyleas 35

9 A a L dy A = = 0’/’ 1
s lsuuanGelfinglumsaiuguiseauvg lsany U518uMsANEINN G
o % a Jd (ay J
panaudailagiiu Tae Fravel and Spurr (1971) lauengauniddgilndninluergy wy
a2 . . = a A o 0’/’ J
BUANLTY Bacillus cereus subsp. mycoides Hlszansnmmnlumsdvdenmseenadesyess

. A = g; YR A I~ =} o
Alternaria alternata Miludviguedlsalugadiinalane 88% Wenlfeumsunuganiugu

=1

' va o a Jd (A 4
Broadbent et al. (1977) 3161431 Bacillus spp. ¥ strain NuRarauiailugaunsdlgilng
A aaoa & a A ] v Y Yy
ilosnnuuaiiGeytiatl a1W150WaA endospore TNUABANNIOUIAZANUUR AL TR 15U
1 9
B. subtilis A, Fauen 1890 1dulevessi Scierotium rolfsii innwamnsolumsdudaimsniay
Y 9
Youoa g laniy vareytauaz danuamnsolumsniyasounquusnasnneialy
a wva a 4
anmmulasgnuazanmiel §iians Mathre er al. (1999) s1801ums Idunaiisedgilng
Pseudomonas aureofaciens AB254 Tumsanuau Isanivesdunaidn Inalullszmauauan
< 1 @ 1 ' '
Tasmsngnivaati Inaneuilgnaleuuaiisednan wunlikad lumsaruguieumi
@ 9y = dy . Y ~ A a 4
A3 158151A3 Metalaxyl U9n210H Fiddaman ez al. (2000) 31801UM3 unaniseljilny
Bacillus subtilis Gluﬂﬁﬂ’J‘]JﬂﬂJﬂ Botrytis cinerea W% Rhizoctonia solani ﬁnwﬂiﬂmm

o [ Y 1w 9 =
Nﬂﬂ?ﬂ‘l’iﬁluiuﬂigmﬁﬁlﬁﬂﬂﬂ ﬁnﬂiﬂﬂ’ﬂjﬂuiiﬂqﬂmEJ“lJL‘I/Hﬂ“]Jﬂ'IiclflfﬁﬁLﬂiJ Rovral WP.
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Collin and Jacobsen (2003) 1&H5109ums1uuniise Bacillus subtilis AIUANT1 Cercospora
beticola d1n9) 13A11U9AV03 sugar beet Tuamuuilainaaosluszmaanigoman wun
Yo, v A A <
AnsnannNuIUNTIed1sala Viji el (2003) lauenuuniiisongosaatsaonviali
Y
Uszimaanigowsnm 1aswau 849 lolaan wui 32 loTaan annsodudaimsniaguess
k4
Pyricularia grisea @@ 13alUgadin1ved ryegrass 11az 6 1o lyan ausndudamsnia
VYBI31 Rhizoctonia solani, R. cerealis, Sclerotinia homoeocarpa Wag Fusarium culmorum Qg
o ==t a 4 1 09/’ A .
mﬂmimlluﬂullﬂﬂliﬂﬂ{]ﬂﬂ‘HW‘]J’JWN 6 ll@I"]fLﬁ“VlﬂfJ Pseudomonas aeruginosa
a A a d (a L [}
TulszmetIne TdAndelseansnmvesgauniddfilnglumsaiuau Tsady wu
5zay (2531) lavimsnaaeslaels Trichoderma harzianum, T viride, Gliocladium
k4
virens WUANISY Pseudomonas fluorescens Wag Bacillus subtilis TUM3§VEINI03 Y0931
Y Y 4
Pythium aphanidermatum DU WN1asu¥e lutoanaaes waswntiunaaedly 7 harzianum
@ P 1 Aa A ] v A
Uag G. virens MgRUFNAIUMINATOUNNYTZANTMNANIAILANTIANNTEADAUYDY
1 a d v 1 1
vziomaluaninlsuiou nunsnlgilnddnanannsaniuguisalawad vazldwua
3 o Y o a 1 v A {
MINQAAAD M ABIHNAAR18KIT T, harzianum amnsatlestumsina lsanitszauaun
a 9 Y o av A a a A =~
INANTT P. aphanidermatum 1@ 1B (2538) Tammsivaiverumaialunisnand ladion
Y
Y4 o
AuANTe AN 13ANY Taom s 1¥e8WUT Chaetomium cupreum Wag C. globosum WINAUT
I A a o J < 1 4 Ana ' YR I 4
Whugwaasun luglnuezdia wohalesansalidinegsoaldng 90 nlesigua 1u
A L yia 3 o 0
szaznannn 3 1 Tuagmwanudu'lim 7 wesisud wazninmsihlinageumsaiuau
Tsaiedveauz e NN Fusarium oxysporum f. sp.lycopersici iaz 15a Tau11ve3
13 INANNUNNAINGT Selerotium rolfsii Wammnadouuana1anu lumaziueonies
wile MANaN waznaaz Tueen wunasonuaulsaaenain lameuminums 19
2 4
M5niiloan 9% pentachloronitrobenzene HONIINH Gesnara (1994) AREIDINT
A a I
AU IsAveINgomea uag 91U UAEMAAIINGT Sclerotium rolfsii IneMsAQNINAAT1
J Y o s 2 o oy o 1A Aa A [
VUASAIHS T, harzianumIudas1 1 Wosisud laerimiin nunddsea@nsamlumsilesiu
o w Ly ' v 2 S w o
f19951 8. rolfsii lawnnmmangnlusasi 0.5 uaz 0.1 nlesidud Iagiimiin uenaniida
o Aa A a Y4
Anpmswausg@nsnmues T harzianum Tasminszduliinanmisnateiugalonds UV
1 1] 4 a { a o
WUIEBWUE M23 1ag M4 @11350103Q/UU01M15 PDA AN benomyl tagi 14315, rolfsii
a @ J o 1
imsnsgveudulonaznsade sclerotia AABIUNDINST PDA TagaoiuiaIna1naInigo
3 = . . 9y NY 1A
aAM5nA13n stem rot YoNIVoMe 1az 15 seedling blight Y9931V UAE IA0E14l]

Uszansnmannaneiuiian g nazae (2543) lauens§ing Trichoderma spp. 910
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a

1 a o v J o @

authuazdunuasnssulumaldvesilszmalne S1uau 183 aeusg Mimsaadenyndie
A @ 09/' a {o o a

Wug lumsdudimsaigaessiauvg lsaisndnynininld 3 wiiafe 51 Phytophthora

' v Jd A ( a
palmivora, Rhizoctonia solani URE S. rolfsii WUNTIWNUTAN Gllf]\iﬂﬂg]ﬂﬂ‘]elﬁluﬂu
~ a A 1 a 1 o Ia a A J
nuATNI LSz anEn AN Trichoderma Tuduth Tasaeugnilszansnwa ldun 7
4 a 4 ' T o < )

harzianum, T. viride W% G. virens UDNIINY UNUD (2533) a1 n aNuausa lumsi

A a ad (a a'ul P} Aa o 1 A A A A a A A A
woayaunslgilny T/ lsarugulsaninafuaiumie AU INFNAAINUDANITE 13037

a

v A o B ¥ == = ' A Y v =2 W A e ad
gananuiuudesdinulusivazidoanie el ladsdnvassssumaveusoyaunsd
=X 4 dy a ~ dy Aaaa 1 Y] dy QSJ‘ a
Ufilndnazieang lin Tasmmzilnaingveuse tazilfnsonsmiuvourenidodrsila
A ] Y = o [ Jq Y a
Uiy 1zgeldnaunaln TasazideavesmsnruguIsa uazamnsodundsuldldina

Aa A a d Ay P I g { a a a
Uszansamldgaga gaunidigilnundasdudonawnsonsyauTaldauur luiy
WionsounguaIUn1eY vaelsana ldannanimeins Taomnized9BINIInuUEnINeINA

'
aa

Y A Y dy = . [ 491 Aa N PA
NS mmmmm"lmﬂunmum UDNIINUAITUAUTNLU %mmm%@ﬁ;aumﬂau"lu

[ a S J

N " w A ay ya '
‘ﬁ'iillslﬂﬁulﬂﬂ maummamﬁa“lummmwuﬂmaumaﬂuiuﬁimwm%ﬂ FAADAIUNUND

Q

9 Y. Y
anmmsl¥aamilunamsnyas laaonaae

nalnmsauaulsalaanuniicadlfilny

| Y e A A a L) | -V Y] dy
PISUUIUY (competition) HuaNFoRInBuaNUA NI TUMSHAITUALITD A YA
A Y tﬂy A 9 o QIdy A '
Tsafirludumsnseunsosiiui tazms l451901ms Mliisoa g saiy luamnso
a a 1w A A 9 A 1 Ao L] a A
RIYAD TR MIUUTUNNUNINABNT 1FT199IM131ToA130199 MUY luAUNTD
09/’ o a a o 4 1 a a
amwnadeuiuinlilse Tewilumsniy@ula ildive Isaiy hisunsansyanla
Y o A ] S A =Xy 4 a . d' [
MANINY (YU LL‘]JﬂVILiEJ‘]J;]‘]JﬂH Pseudomonas fluorescens BEHANTT siderophore Nwelu
=] I +3 ayn Yy [ L. .
N1IVIATIALIAN (Iron, Fe ") 1Uﬁiiu%1§lulﬂﬂﬂ’s”l‘§1 Gaeumanomyces graminis var. tritici

aung 15A Take-all Y9IU 1A (Weller et al, 2002 )

a 4 a v o {
msiluilsda (Parasitism) TnsunaiiGelgilnsid lnsyordeimasoduiglsa
1 a L4 { g a
1YY Llﬂﬂﬁﬁﬂﬂj‘]‘ﬂﬂ‘lg Bacillus penetrans Adusdaves]dnoudsy Meloidogyne incognita

aune 1331011 (Cook and Baker, 1983)

Y ad o . R a A Ay 4 Aa A Y
ﬂﬁﬁiNﬁﬁﬂQﬂﬂuz (Antibiosis) LL‘]Jﬂ‘VILiEJ‘]J;]‘]Jﬂislﬁa"lflslfuﬂuﬂ’l1ﬂﬁ1u"liﬂﬁiNﬁ"li

9 Y
[ A o A

Aa vAa o ' a2 . A s R
nuAUaTNU EJ‘]JENWi@VHﬁWEJW@E‘ﬂMG]‘Iiﬂ 19U @150 (toxin) mamiﬂgmuz (antibiotic)
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A A anA o & I 2/' a a dyd A A a o 4
msauaulsanslaedrisndusuiluaswsn maannalnyiaiife nuafiiGelfilng
v an 4
Agrobacterium radiobacter t8WWT K84 931981350 F1U2 bacteriocin ¥0n15A1 agrocin 84
MAGUANITY Agrobacterium tumefaciens @1%9 150 crown gall Y9941 (Thomson, 1987)
dy 1 == a o . 9 as
UBNING Peng and Mustafa (2003) 180U muanG ey B. subrilis #519a131 %712
naevHa (U bacillomycin, iturin, basilysin, fengimysin, mycosubtilin l6& mycobacillin
09/’ 4 [ 09/’ a
sansemnsoadweu land subtilin 118 levansucrase TUMSTUEINTNT YU Rhizoctonia

solani \WQ Pythium ultimum

U o I { o o o
ms¥mihldnsMmumuaelsn (Induced resistance) 1Huna lniilagiiuldsunu
= o 1 1 = 1 A A a 4 di’ A
auladnyiuedauninate NssauinuennnuuanGaljilnyezarunuredurig lsaiy
Yy ¥ o A o o a Y quA g P, ' Y o &
lauda deaunsanazdmimsonszquldnsainnudumuaemadniaieveuie
A Y A A VIR .
mmeﬂiﬂwﬂﬂ WU LLUANLTY Pseudomonas solanacearum awwu‘n;w"lmquuﬂ (avirulent)
) Y A 9 . 1 A A o Y A Y
asarni i Nweas 19815 tomatine Yandansoonuinusnasin M liuz@omadiuniu
1 o - o 13 a . dy
ADMINM8VDUTD P. solanacearum BOWUFAUANIR (Arwiyanto ef al, 1994) uonINi
Y
Silva et al. (2004) 310UMT WFUUATISE P. syringae pv. tomatoluminiuau¥oa e 159
YOINLIVOINA 5 WA 1AUR A. solani dWvie 150 early blight, Corynespora cassiicola AUVH
154 foliar blight, Oidium lycopersici & 1!,14@11’5 fl powdery mildew, Stemphilium solani 81§
159 leaf spot LLaE Xanthomonas campestris pv. vesicatoria 81 15 bacterial spot Tueramn

Soulgnitynaass Iasmsdmirlniya319e15 lipoxygenase, phenylalanine amonia-lyase 1ag

peroxidase

MIAUTIUMIIAVIAYEINT (Plant Growth Promoting Rhizobacteria: PGPR )
A A a 4 dy = v o YA 9 ' Y o
suanizelfilnsuenninezaruguiea e Isansuazdmih ldnsdumudemadiale
dy 9 ==t a 4 a 1 a a a A Iy Y
o g Tsauad uuaiiGelfilnsuriasunsaduasumsniyay Tavosis laonale
. 9 A A 2o 4
Kurek and Jaroszuk-Seisel (2003) 518975 IBUUANIS ﬂﬂgﬂﬂy Pseudomonas fluorescens
o & { s
aeWus 23 uaz 45 TUMsAIUAVI F. culmorum 8 1ig) 15a#e7 (vascular wilt) ¥09912 1511
1 ~A A v Jdo ' [ 3 a
TagwuIuuATIEsaeWUTAINE 1IN 19813 siderophore SUTINTIOT VDI F.
J ag d @ -
culmorum 18 wagwumslduuafiFedfilngs i lumsn (N0 ) vazuonTuiis (NH')
v
AWNIDAUATUMIT YAV TAvINY UoNIINT Kilian ef al. (2003) 5181UM 3 1FUUANIS 0

a g L4 { o [~ a o J 4 1 a a a
URny B. subritis MianiuFwdaduainieamsnye FZB24 lumsdudiumsniy@ayn
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4 1 [

Yoy Taens 1y Fwaadmst agnsmiumstgniiadudss nuhansomuwanaa’ld 6.5

q

-4 A 1 A a o A9 o (o A a Y Y= -4
Lﬂ@ilcﬁuﬁ Lgazmia@wumwaﬁﬂmmﬂuuudﬂ ﬁnﬂiﬂlWNWﬁWﬁﬂqﬂﬂﬁ 8.7 Lﬂ@ilcﬁuﬁ



J ad
gunsamazizms

v

1. M3uenauHgUedlsalugadinmaveuiunls

I o 1 o v A g = g} [ Y]
nudedlududsindulsalugadiva mnulaslgnueunuasnsludania
~ A o o o Y & . an
Fea v @918 a1y 61119 Wi 1agdarIann ueniye (isolate) 10T tissue
. ) a [ 1 di’ A A g dy A a Y
transplanting lagAauNaLsNsanoseriulamendulsauazitowedna lhilvuia
Y Y Y Y
Yszanat 3x3 Haawas 1 ldaindeudrthesuiiv 1Uneuue1mis@eade Potato dextrose agar
v 4 { a { ) ] I
(PDA) 1asuie Nngaungiides (ndsnansiuszunm 30°C nanedn2s °c) unAidunani
] A 9 a Qy A 9 I ~ Y I dy a = am .
T e u loreas T yee N INFUNY THaudsteni 1nireuTgns 1asds hyphal tip
. . 9 ! :JI = @ ~
isolation Iaadnenla1u PDA slant (800919, 2544) 1INUUANEIANHULUD 1A lalUUDINIT
< & = Vo a ¢ 9 v ¢ o s
Reare tazAny13lsNanyaztazmnavealesmelandesganssmi ihailesin
Y
o a .. S o
nagauANNaTa M lina 13a (pathogenicity test) INUSABUFDIIUUDIMIT PDA

4 I~ o [ 1
slant 1@ stock culture I3 19dmsunsanuae 11l
a d a Y Q'J
2. msugnnuansalfilnuoinau uazluiudss
== =Xy o a
msugnuuanFelfilntanau

o A a LY o'/ tﬂy t:‘ 2 % = 1A o
mﬂumnmuﬂmﬂgﬂuuvliwmmymﬂﬂuwuw %QW'J@LGHENGI,‘VHJ LYY W
o Y] [ a = [ < Y] ] a 9 o ==t Aan
a"ﬂJN NSLYT LUASIINIAATN ‘UﬁL?ﬂl!ﬂﬂ?ﬂﬂﬂTi!ﬂ‘U@]'Jf]‘c’JNﬂuﬁlu‘llﬂ1 uWiJ'IL!fJﬂLL‘]JﬂTILﬁfJT@IEJTﬁ
E2 Y
soil dilution plate VUDINIIAEUFD PDA 1az NA (Nutrient agar)IﬂEJ‘ﬁ”lﬂ”lilﬁﬂmﬂﬁﬁazmﬂ

[

o . .

aunszauaudndu 10" 10° naz 10 suduanududuiminzanTagazilsing Inlatives

& ~ S ay . . a ' )

10 10-30TaTad Tu 1 plate 9101715 micropipette gaasazatsau luunazaNUINIUe ag 1

a aa dy dy 9 ] 4 a Aa Y 9

Haaans waylunudsusevNAdUFIgUINEN 9 UAILAT NI PDA 118z NA ALY
o ] dy . d' a 9 [ 0 A 0

az 5 911 19110115 1o (incubate) Ngangiios (NA193U30°C Haznaway 25°C)

I @ o A A ~A A AAA o 1 @ Y o

Wunat 3-5 Ju iinsuen Ia ladl@enveauainise 910 1n ladNNanyaA1enuLa1i1u

dy dy dy oa.;l 2 o Aa A 9

@esuuIMINAluUAsLYe (BaR3e, 2544) MmTudaiwuaiiGenuen ldan TeTuan

' 3 o 3 v ad O A

199 VUNDTNBIVUBIHIT NA slant 11U stock culturelUGAIUANGAINYNN 4-7°C 1ionadol

szansnneo
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mauenuuaiGolfindnnlududss

o Y 0'1 =) tﬂy t:‘a/ 3 = L=\ [
i lududswsnalanlgnueunyasns Tunundav amea vl Fease aiyu
o [ [ a o < o (] a o
d11ha weien uazsaniaain vSna@ernumsnudtedsaulude 1 uaz 2 thuwen
HUANG BN YUUHI TUURITUATI (phyllosphere bacteria) 1Ag3T dilution plate VUBIN3
2 g e 2y 2 9 a o b a4 d
10891%0 PDA 18z NA Iagtininauileain®o (sterile distill water) Na191usiudss v1aea1an
w Y Y 4= 7 A T Y 9 4.5
FZAUANUANIU 107 AUD9 107 TumsnadoutosauaadonNszaua Nl 10° 10
X g { o v o
uaz 10° Fuiluanududuimingaulaezlsing Tnlafivewuaiizedmsuily1duen
A A . 5’ Y . . J A A 1
TnTailife) (single colony) 91015114 micropipette garraduUANITILYIUADY LADZAIN
Y 9 a aa g dy Y e a y 9
WuIU 0z 1 Jadans wanluau@eusevinadurguanaia 9 tsualas ANNTNTNaL 5

o ] dy . A a g | o o A A
91U 1191013 111de (incubate) Ngmuainouiunal 2-3 Tu Kimsuen TnTatiihed

U

'
AA v

dy ~ A ~ J 7 Y o dy 09: £ o
VDIUFDLUUANLTY mﬂTﬂTauwuaﬂymmNﬂuummmmﬂmummi NA M UUIIUN

AAa A Y 1 s o A Y g
LL‘]Jﬂ‘VILiEJ“VILLEJﬂVlﬂi]1ﬂU1’E]IG]5Lﬁ1/]G]N°’] VUNUITNHIVUDIYIT NA slant L‘W’E’Ji‘]ﬂﬂﬂ stock culture

S o aa 4 1
nusn ludauquaungiin 4-7°C e 3dAnwae 11

3. mynaaeuilszanEmwvewuafiSelfilndlumsiudaimsnsyvesnaunglsnlugad

mave I unse

Y 1
e laaluga@iea Ao 4. solani NA3YUU PDA 919 7 31 wnadou Tagns
] 4 a A {1 1 4 a
19 cork borer yMIAEUAIUINAN 5 HaamaT AHIUMIAUFOUAT DIZUTNUTOUUBNUDA
% 2 X & 2 A 2
TaTativesseenduFuionany (culture disc) 11minlfiludotesusiauwa lsany 1913
A J dy dy ' Y v KX 9 A y3d A
Nyaguinasvesnuemsideude PDA iyl Ailunar 2 u Sedeuuaiise Taglddude
J Aa Aa o A dy dy Aa A
HAZIFAAVOIUANIE 8NNO1Y 48 F2 119 119 4 99 VUDIMTNABAFDNUT 1A 1A T3 AN
a ' @ 4 1
n3gegasinan Taenauaiise 4 38 assiuiulunuamnuim (51n5al, 2545) lungaz
ad o :’ 1 dy A 0 [ k4 = [ v dy
N33U3T 91 5 F1 UwFen 28°C Tannuninvedlalativessiaumg 7 Junainslgnise

o sl du o v
ﬂ’]u'lﬂ!ﬁuﬂ@ﬁL“ﬁu@ﬂﬂﬂ\i@1Nq@ﬁﬂqu

9
W a 1 -4
% 618IMIITY = (RI-R2) x100  Tae Ri=1durgudnarslalativess luganingy

9) ] -4 ~ dy dy 1
R1 R2=tqurigudnadlalativeaslunu@esuses
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4. msnagevilszansmmveanuaiiGediindlumsazaevlemyin

o A o { o QSJ‘ a
wwuaiGelilng le Tsmanitivua Tdudlumsdudimansyvesnauna lsaluge
= g‘ o A A dy dy
fiana Swau 22 Telwan wmagevtlsz@nsamlumsazaeemaluomsideusoe
v E4 k4 Y
Pikovskaya agar N1/52n0UA8 Ca,(PO,), 0.5% TundeFe (5390, 2546) gniFeuuaiiie

a d! dy dy 1 ad o g} ] dy d‘ a 9 [ Y
VTNUNINANIIUOIMITRABUTD TUuaaznIsHIT M 561 VNFONYUN NN IANNNUNIN

U

Y
Y4 clear zone MYKAININUgNiFo 30 Fu
5. msnaaeulszansamvesmuafisalfilndlumstealalsiu

H 4
vwuaiitedilng leTsanhiiuun Idud lumsdudimsnTyvesiiawig lialuga
a d o 5 a ' ~ |
fihana $1wu 22 e Taan wmaasvilszaninmlumsdesaasllsauluomsideudo
) . = Y - < & o @

Skim milk agar 11/3¢n0VA8 Skim imlk 0.2% TUIUABUFD (FANTAU LAZANL, 2548)

& aa a & & & ' as o T
YgniForunniTeusNUNINaNIUNIIRsNY0 TuudaznIsuas W1 5 91 e

Y

guUMnITes Ian1unI19Und clear zone MavaININgnise 7 Ju

£l QU U

6. msnaaeuilszansmmvessuafisalfilnlunsdosluiiy

o Ay o { o 09/’ a

muaiiselfilng loTaaniTuu Tiudlumsdudimsniguessiauwg Tsaluge
= g’ o a a 1 % dy dy
fihana $1uu 22 TeTaan wmaaevilszaninmlumsdesaasluduluesiteuie

. . = vy . . = L & A A a =&
Tributyrin agar nlsznauaie Tributyrin 1% Tunuisue ‘]JQﬂHﬁJLL‘lJﬂVILiEJ‘]JiL’JmﬂQﬂaN
dy dy 4 1 ax o g’ ] da' ~ a 9

UDIMTALUF (BTOUIA LATAME, 2549) TuAaznITuIT 911 5 51 UMreNgUNYIDI

Y
FAnUNI1904 clear zone MeHAININUgNITD 14 Tu

7. msnaaevlszansmmesasnAsgiinnuuaiitelfilnslumsdudimsniyvesn

aunglsalugadiimave il

4 [ Y 4
@oauaiiselfilng o Tsanituul Iudlumsdudimsniyveutoaunqlin
Y 4
) o a o 4 1
lugadiana 1w 22 ToTwan Tasuen@esuaiselfilng uaas lo Taanluemis
Y H
Saboraud glucose broth (SGB)1u flask yu1a 250 Hadans @olugnwud1Ngaginos

U

' v Y 0 v 1 v v v
WU 48 42114 111 suspension 7 laa1nmsiaes iluwesdransosdumissaznoui
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< =1 ) 1 ~ "y A 9 [l da’ ~ [
A1M151 6,000 soU/AN7 1hdaulaNegAuy (supernatant) 116 Taindonanuau1s
4 Qy a a o a,
Youa/m31ail gaungil 121°C 528219a1 30 WA (AA1)ad9InITN139049 Fiddaman and
o Ay ¥ < & A )
Rossall, 1993) 11a1sazaien ldumanlue1misaeuse PDA Manududuvedaisazals
1%, 1.5%, 2%, 2.5%, 3% g 5% mudey wWseudiesunumsl¥ansmil benomyl 118as1 35
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Percentage of inhibition

Chiangmai  Chiangrai Lumphun Lampang Payao Tak

CMs001=24.5 CRs00=9.2 LPOs001=7.1 LPAs001=0 PAOs001=63.4 TKs001=0
CMs002=32.2 CRs002=28.3 LPOs002=6.53 LPAs002=14.0 PAOs002=18.9 TKs002=48.9
CMs003 =2.6 CRs003=4.0 LPOs003=37.4 LPAs003=57.7 PAOs003=42.3 TKs003=39.3
CMs004=67.0 CRs004=6.9 LPOs004=51.8 LPAs004=61.9 PAOs004=8.7 TKs004=.7.9
CMs005=23.9 CRs005=14.3 LPOs005=1.9 LPAs005=29.0 PAOs005=0  TKs005-48.3
CMs006=28.3 CRs006=5.6 LPOs006=5.0 LPAs006=49.0 PAOs006=47.5 TKs006=53.6
CMs007=39.0 CRs007=9.0 LPOs007=0 LPAs007=9.8 PAOs007=38.3 TKs007=0
CMs008=42.2 CRs008=37.9 LPOs008=35.5 LPAs008=14.3 PAOs008=60.1 TKs008=15.5
CMs009=19.6 CRs009=0  LPOs009=67.5 LPAs009=45.5 PAOs009=65.6 TKs009=38.2
CMs010=9.7 CRs010=10.6 LPOs010=73.3 LPAs010=19.6 PAOs010=36.3 TKs010=12.8
CMs011=3.7 CRs011=0 LPOs011=23.8 LPAs011=18.1 PAOs011=64.0 TKs011=45.2
CMs012=57.8 CRs012=75.5 LPOs012=37.3 LPAs012=52.7 PAOs012=37.7 TKs012=55.7
CMs013=32.8 CRs013=10.1 LPOs013=35.2 LPAs013=72.3 PAOs013=31.9 TKs013=26.5
CMs014=29.7 CRs014=11.8 LPOs014=47.6 LPAs014=41.7 PAOs014=49.7 TKs014=41.8
CMs015=9.6 CRs015=4.1 LPOs015=14.6 LPAs015=59.3 PAOs015=39.0 TKs015=27.9
CMs016=24.3 CRs016=5.5 LPOs016=48.0 LPAs016=39.3 PAOs016=39.2 TKs016=61.8
CMs017=7.5 CRs017=6.9 LPOs017=0 LPAs017=73.1 PAOs017=44.3 TKs017=0
CMs018=37.9 CRs018=7.3 LPOs018=35.5 LPAs018=0 PAOs018=13.5 TKs018=25.7
CMs019=13.7 CRs019=9.3 LPOs019=16.3 LPAs019=41.2 PAOs019=51.6 TKs019=15.1
CMs020=32.8 CRs020=5.5 LPOs020=46.1 LPAs020=23.6 PAOs020=28.0 TKs020=19.8
CMs021=6.3 CRs021=0 LPOs021=35.5 LPAs021=49.1 PAOs021=52.6 TKs021=41.7
CMs022=0 CRs022=5.2 LPOs022=36.9 LPAs022=29.3 PAOs022=32.3 TKs022=46.1
CMs023=43.8 CRs023=5.7 LPOs023=71.3 LPAs023=56.1 PAOs023=69.7 TKs023=30.5

CMs024=2.7 CRs024=0 LPOS024=0 LPAs024 =59.3 PAOs024=29.3 TKs024=30.5
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MSWNUINN 1 (719)

Percentage of inhibition

Chiangmai Chiangrai Lumphun Lampang Payao Tak

CMs025 =6.9 CRs025=5.8 LPOS025=17.7LPAs025=61.2 PAOs025=32.3 TKs025=50.5
CMs026=64.1 CRs026=5.7 LPOs026=46.2 LPAs026=0  PAOs026=52.1 TKs026=14.7
CMs027=5.5 CRs027=5.5 LPOs027=12.1 LPAs027=26.1 PAOs027=19.3 TKs027=46.1
CMs028=4.1 CRs028=17.5 LPOs028=47.2 LPAs028=0  PAOs028=61.2 TKs028%44.8
CMs029=4.4 CRs029=13.3 LPOs029=13.1 LPAs029=59.1 PAOs029=43.6 TKs029=69.1
CMs030=60.5 CRs030=13.8 LPOs030=42.0 LPAs030=67.3 PAOs030=40.1 TKs030=51.3
CMs031=13.8 CRs031=17.3 LPOs031=0  LPAs031=17.9 PAOs031=43.5 TKs031=34.7
CMs032=5.5 CRs032=4.1 LPOs032=3.0 LPAs032=7.3 PAOs032=72.2 TKs032=71.3
CMs033=4.7 CRs033=0 LPOs033=42.3 LPAs033=76.3 PAOs033=21.9 TKs033=47.3
CMs034=50.5 CRs034=74.1 LPOs034=43.4 LPAs034=43.5 PAOs034=13.8 TKs034=19.4
CMs035=19.4 CRs035=0 LPOs035=31.7 LPAs035=45.9 PAOs035=35.5 TKs035=0

CMs036=3.3 CRs036=0 LPOs036=0 LPAs036=23.2 PAOs036=55.1 TKs036=52.7
CMs037=5.5 CRs037=11.9 LPOs037=5.56 LPAs037=0 PAOs037=37.0 TKs037=50.7
CMs038=6.3 CRs038=13.8 LPOs038=77.7 LPAs038=14.1 PAOs038=0  TKs038=51.1
CMs039=11.1 CRs039=5.5 LPOs039=4.3 LPAs039=50.1 PAOs039=33.8 TKs039=65.5
CMs040=49.7 CRs040=5.1 LPOs040=32.4 LPAs040=56.5 PAOs040=0  TKs040=52.1
CMs041=0 CRs041=7.3 LPOs041=50.5 LPAs041=12.2 PAOs041=24.1 TKs041=57.3
CMs042=5.5 CRs042=5.6 LPOs042=0 LPAs042=0 PAOs042=42.4 TKs042=0

CMs043=5.5 CRs043=13.0 LPOs043=49.7 LPAs043=13.8 PAOs043=50.5 TKs043=33.0
CMs044=50.5 CRs044=19.1 LPOs044=64.4 LPAs044=45.5 PAOs044=62.9 TKs044=51.9

CMs045=77.3 CRs045=50.5 LPOs045=15.5 LPAs045=51.1 PAOs045=42.7 TKs045=65.3

A A a Cd 0'1 v % = 1 A A a
e CMs = uuaniseanau luuaslgniudsadar dameelng CRs = nuanGennau
Tun)asilgniudss9anIaiseasis LPOs = nuanGeainau luuilasilgnives s adyu
LPAs = uuanissanaulumlaa)gniudiavamiadine paos = tuanGennauluuilas

YgniudSadandanzien uag TKs = uuanGennauluuilasilgniueisdardanin
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Chiangmai  Chiangrai

Lumphun

Percentage of inhibition

Lampang

Payao Tak

CMI001=5.3 CRI001=3.0 LPOI001=50.1 LPAI001=4.8

CMI1002=6.5

CRI1002=18.1 LPO1002=16.5 LPA1002=4.8

CMI1003=8.5 CRI003=14.1 LPOI1003=7.4 LPAI003=4.8

CMI1004=56.2 CR1004=7.2

CM1005=13.8 CR1005=19.0 LPO1005=0

LPOI1004=11.8 LPAI004=9.3

LPAI005=2.7

PAOI001=11.5 TKI001=8.9
PAOI1002=28.3 TK1002=8.7
PAOI003=10.1 TKI003=11.6
PAOI004=5.6 TKI1004=9.2

PAOI005=16.3 TKI005=14.3

CMI1006=46.8 CR1006=19.4 LPO1006=5.0 LPAIl006=12.0 PAOI006=4.0 TKI1006=5.6

CMI1007=6.5 CRI007=16.2 LPOI1007=0

LPAI007=6.4

PAOI007=7.7 TKI007=5.6

CMI008=8.8 CRI008=6.7 LPOI008=5.5 LPAI008=4.8 PAOI007=11.9 TK1008=13.4

CM1009=3.1 CRI1009=5.7 LPOl1009=17.5 LPA1009=44.3 PAO1009=19.0 TK1009=8.9

CMI1001=5.0 CRI1010=4.45 LPOl1010=13.3 LPAI010=6.9 PAOI1010=9.0 TKI1010=19.3

CMI011=6.6 CRI011=2.23 LPOI011=13.8 LPAIO11=6.3 PAOI011=19.8 TKI011=37.9

CMI012=46.8 CR1012=8.7
CMI013=6.5 CRI013=5.0
CMI014=16.1 CRI014=3.3
CMI015=4.6 CRI015=9.7
CMI016=3.4 CRI016=6.5

CMI017=37.5 CRI017=6.9

CMI018=11.2 CRI018=10.6 LPOI018=5.5

CMI019=3.3 CRI019=6.8
CMI1020=6.2 CRI020=5.2
CMI1021=14.0 CRI021=6.2
CMI1022=4.4 CRI1022=7.9
CM1023=45.2 CR1023=8.0
CM1024=33.4 CR1024=5.4

CMI1025=5.0 CRI025=2.7

LPOI012=17.3 LPAIO12=5.5
LPOI1013=15.2 LPAI013=3.0

PAOI012=24.3 TKI1012=48.3
PAOI013=13.3 TK1013=5.6

LPOI014=7.6 LPAI014=12.0 PAOI014=10.6 TKI014=1.1

LPOI015=4.6 LPAIO15=10.1 PAOI015=18.1 TKI015=75.5

LPOI1016=18.0 LPAI016=0
LPOI017=8.3 LPAIO17=3.6
LPAI018=4.8
LPOI019=6.3 LPAI019=4.8
LPOI1020=4.1 LPAI020=4.8
LPOI021=5.5 LPAI021=3.3
LPOI1022=6.9 LPAI022=5.1
LPOI023=7.3 LPAI023=5.5
LPOI1024=6.9 LPAIl024=0

LPOI1025=7.7

PAOI016=12.7 TK1016=78.2
PAOI017=32.3 TK1017=2.8
PAOI018=19.7 TKI018=0
PAOI019=9.3 TKI019=15.7
PAOI020=19.3 TK1020=6.5
PAOI021=5.1 TKI021=11.8
PAOI022=9.3 TKI022=7.9
PAOI023=11.2 TKI1023=9.8

PAOI024=13.6 TK1024=5.2

LPAI025=14.8 PAOI025=4.1 TKI1025=5.7
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MSWUINN 2 (710)

Percentage of inhibition

Chiangmai  Chiangrai ~ Lumphun Lampang Payao Tak

CMI1026=39.5 CRI026=17.2 LPO1026=6.2 LPAIl026=8.3 PA0Il026=20.5 TK1026=8.1
CMI027=2.5 CRI027=6.9 LPOI027=11.1 LPAI027=5.5 PAOI027=7.2 TKI1027=79.8
CMI028=5.8 CRI028=7.7 LPOI028=7.2 LPAIl028=5.5 PAOI028=11.9 TKI1028=77.7
CM1029=43.8 CR1029=20.8 LPOI1029=13.1 LPA1029=14.8 PA01029=13.8 TK1029=4.1
CMI1030=34.5 CR1030=11.9 LPOI1030=4.0 LPAI030=0 PAOI030=5.5 TKI1030=4.4
CMI031=38.3 CRI031=4.7 LPOI031=0 LPAIO31=4.4 PAOI031=5.1 TKI031=60.5
CMI1032=44.9 CR1032=17.9 LPOI1032=0  LPAIl032=5.5 PAOI1032=7.0 TKI1032=0
CMI033=0 CRI033=5.5 LPOI033=0 LPAI033=50.5 PAOI033=5.0 TKI1033=4.7
CMI034=6.5 CRI034=11.2 LPOI1034=11.1 LPA1034=19.4 PAOI1034=13.3 TK1034=76.1
CMI1035=9.7 CRI035=9.7 LPOI035=49.7 LPA1035=22.2 PAOI035=19.5 TKI1035=74.1

CMI1036=4.6 CRI036=3.3 LPOI036=0 LPAI036=5.5 TK1036=79.1
CMI1037=29.1 CRI037=5.5 LPOI037=5.5 LPAI037=5.0 TK1037=79.3
CR1038=6.2 TK1038=77.9
CRI1039=5.5 TK1039=77.3
CRI1040=16.3 TK1040=77.3
CRI1041=6.3 TK1041=79.5
CRI1042=6.5 TK1042=75.9
CRI1043=7.3 TK1043=2.2
CRI1044=30.4 TK1044=0
CRI045=2.2 TK1045=1.1
TK1046=0
TK1047=0

S A a U Q'J U U =) ) S a CY Q'J
et CMI = tuanisenna lududi s damedny CRI= uuaniFeanad luiues
@ v A A A Aa @ v o v o A A a o
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599ndadnhe PAOL = nuanGenna lududsatandangien TKI = uuanizeainialuiu
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Concentration level of antagonistic bacteria

Isolate 1% 1.5% 2% 2.5% 3% 5%
1.CMs004  53.48 56.53 52 61.1 60.34 67.38
2.CMs012  54.30 59.60 67.25 64.73 67.93 71.80
3.CMs026  58.88 63.30 69.25 69.73 72.08 78.45
4.CMs037 0 0 0 0 0 0
5.CRs011 5735 57.53 59.75 60.15 63.48 71.95
6.CRsO12  48.63 60.53 66.53 67.65 65.55 74.45
7.CRs022  29.45 54.00 57.65 68.20 71.40 76.00
8.LPOs014 0 0 0 0 0 0
9.LPOs024  27.90 35.00 27.40 58.75 48.50 60.13

10. LPOs042  25.53 10.25 21.48 7.78 16.25 8.0

11.LPAsO14  34.30 42.00 46.38 47.38 66.95 53.63

12. LPAsO16  36.80 44.75 52.78 65.98 65.30 70.40

13.LPAs043  75.00 58.75 77.78 76.40 63.75 76.55

14. PAOs001  69.45 70.50 80.40 79.85 79.05 84.6

15.PAOs022  3.75 9.00 16.95 26.55 39.30 47.75

16. PAOs024  47.65 56.00 59.85 74.23 66.25 80.00

17. PAOs028  58.75 68.33 73.60 79.83 65.55 71.95

18. PAOs030  51.70 58.25 50.28 64.18 68.78 69.73

19. PAOs044  55.80 62.25 64.15 69.33 73.75 72.78

20. TKs044  45.83 64.25 55.70 64.03 67.88 67.35

21. TKs046 6235 64.72 67.35 70.00 72.90 75.53

22.TKI016  53.90 71.55 65.15 67.35 70.95 70.00

15103 (benomyl) 1,000ppm 1,500ppm 2,000ppm

45.10 53.05 62.50
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Table 1. Characteristics of the bacterial strain CMS 026 : Bacillus subtilis/amyloliquefaciens

Characteristics Reaction

Gram reaction +ve
Fermentative production of acid from :
- glycerol +
- erythritol ; :

- D-arabinose =

- L-arabinose +
- ribose 4
- D-xylose +
- L-xylose - -
- adonitol =

- B-methyl-D-xyloside :

- galactose -
- D - glucose +
- D - fructose - s
- D — mannose +
- L - sorbose -
- thamnose =
- dulcitol =
- inositol 3 L
- mannitol =+
- sorbitol +

- g—methyl-D-mannoside =

- a—methyl-D-glucoside +
- N-acetyl-glucosamine o+
- amygdaline +
- arbutine +
Remark : +ve = Gram positive bacteria
= = Positive reaction

- = Negative reaction
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Table 1. (continued) Characteristics of the bacterial strain CMS 026 : Bacillus subtilis/amyloliquefaciens

Characteristics Reaction

Fermentative production of acid from : (continued)
- esculine +
- salicine : +
- cellobiose +
- maltose Ep
- lactose +
- melibiose =
- sucrose +
- trehalose +
- inuline 5
- melezitose -
- D-raffinose +
- starch +
- glycogene +
- xylitol -
- f—gentiobiose +
- D-turanose .
- D-lyxose 2
- D-tagatose 2
- D-fucose =
- L-fucose ;
- D-arabitol -
- L-arabitol -
- gluconate -
- 2-keto-gluconate *

- 5-keto-gluconate -

Remark : +ve = Gram positive bacteria
+ = Positive reaction
- = Negative reaction
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Table 1. (continued) Characteristics of the bacterial strain CMS 026 :

Bacillus subtilis/amyloliquefaciens

Characteristics

Reaction

B-galactosidase production
(ortho-nitro-phenyl-f-D-galactopyranoside)
Arginine dihydrolase production
Lysine decarboxylase production
Ornithine decarboxylase production
Citrate utilization

H,S production

Urease production

Tryptophane deaminase production
Indole production of tryptophane
Acetoin production

Hydrolysis of gelatin

Reduction of nitrate

Remark : +ve = Gram positive bacteria
+ = Positive reaction
Negative reaction
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Table 2. Characteristics of the bacterial PAOs44

Bacillus sp.

Characteristics

Reaction

Gram reaction

Fermentative production of acid from :

- glycerol

- erythritol

- D-arabinose

- L-arabinose

- ribose

- D-xylose

- L-xylose

- adonitol

- f-methyl-D-xyloside
- galactose

- D - glucose

- D - fructose

- D - mannose

- L - sorbose

- thamnose

- dulcitol

- inositol

- mannitol

- sorbitol

- a—methyl-D-mannoside
- a—methyl-D-glucoside
- N-acetyl-glucosamine
- amygdaline

- arbutine

+ve

Remark : +ve = Gram positive bacteria
+ = Positive reaction
- = Negative reaction
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Table 2. (continued) Characteristics of the bacterial PAOs44 : Bacillus sp.

Characteristics

Reaction

Fermentative production of acid from : (continued)

- esculine

- salicine

- cellobiose
- maltose

- lactose

- melibiose
- sucrose

- trehalose

- inuline

- melezitose
- D-raffinose
- starch

- glycogene
- xylitol

- f—gentiobiose
- D-turanose
- D-lyxose

- D-tagatose
- D-fucose

- L-fucose

- D-arabitol
- L-arabitol

- gluconate

- 2-keto-gluconate

- 5-keto-gluconate

Remark : + ve = Gram positive bacteria

+ = Positive reaction
- = Negative reaction
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Table 2. (continued) Characteristics of the bacterial PAOs44 : Bacillus sp.

Characteristics

Reaction

B-galactosidase production
(ortho-nitro-phenyl-i-D-galactopyranoside)
Arginine dihydrolase production
Lysine decarboxylase production
Ornithine decarboxylase production
Citrate utilization

H,S production

Urease production

Tryptophane deaminase production
Indole production of tryptophane
Acetoin production

Hydrolysis of gelatin

Reduction of nitrate

Remark : +ve = Gram positive bacteria
+ = Positive reaction

- = Negative reaction
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