FgUMTITEATUANY TRl

NNINAFUUTEaNSAINUBY endophytic bacteria Iumimﬁaumﬁﬂﬁusj
uzWawme aannsinalsaiedninnaNaneizey
Testing on the efficiency of endophytic bacteria as seed coating for

Fusarium wilt disease reduction in tomato

SA.AT. WINUAIA AUINEYIY
A5. WAUN FV17

w1981 Unalen Useay

Tasunuatiuayuanuideandumeldauzmalulagnisinens
UsganUauuseanu 2561

aa1Uumalulagnszasuna 1AM sAIANsEUs



FgUMTITEATUANY TRl

NsNAEaUUsEENEAMYUBY endophytic bacteria Tumsiadauwanug
uzWawme waaan1siialsaigMinINvaneFey
Testing on the efficiency of endophytic bacteria as seed coating for

Fusarium wilt disease reduction in tomato

SA.AT. WINHAA ANINYIY
A5. WAUT FV17

w1989 Yralan Useay

Iasunuatuayuanuideandumeldauzmalulagnisinens
UsganUauuseanu 2561

aa1UumalulagnszaaunaldnnamMnIsaIANTEUs



Yolasan1s  msvadeuUsv@vininues endophytic bacteria lunisindieuwdniiuguzidowme
\ieann1siialsAleIMiAnINaY Sy

LRS! sulinzmalulagnisinuns
Ussdrleudssan 2561 PuuRunlasunsatuayy 70,000 um
szEzaminNIgive 1 U AauA 1 anAx 2560 §19 30 Augeu 2561

Aawilasan1s  36.AT NIVLANA AVINEYAY
§32lasams a3 waw dvm
eIl Useau
madwelulagnisanity  Auswaluladnsinens  andumalulagnseanunainnmnms

AANTEUT NTUNN

UNANED

mWiﬂ‘iﬂ’]ﬂﬁﬂ‘l&lﬂﬂ/ﬁﬂ’]ﬁLLﬁJﬂLLa“ﬂﬂLa@ﬂ endophytic bacteria lneusnandausiied o
511§ warlyu vewumgdemafilanuauysaiufse ndudadenaneiusiitnuaudfisy
madumaduitndiudeaunalsaiis  vieatvayumasigdvlmesdin dhuuedoundn
itugionisaunslsaifisafiinainiBon Fusarium sp. uazanaSunRaipiulausdome

lun1suen endophytic bacteria aunsausniaituiu 43 Telean nnsAnwianyug
Wesumuindnivefusnsuun demhluneaeuiudundus dewmanuilidmanseusions
Wsaiulnvesity - wonaniluuislelsandmutiaansaduasumsiasaiulnvosiioly o
1 endophytic bacteria s 43 lelmian wmedeumuamsalumssudates Fusarium
oxysporum awnglsafenluszidema fe38 dual culture test wuiidl 25 lelwian 7if
Uszansnmlumsudinisasyiulnvendesnan waedifios 3 lolean fifesidusnig
fudannnda 60 wWesidud 1éun SURWO2, SURWO1 uaz LbRWO3 Taefiiladidudduds 71.94,
68.33 uay 68.19 WWasidud mudwiv a1nnanIseaesislainnisdmaan endophytic bacteria
lolwian SurRW02 anlflunsinfeumdaiug iesandussaninnlunissunsnasnueade
31 Fusarium oxysporum g4 WavdailpaauUflunisassun1saseuesrunaiuzilomasnme

Mndulfimageuanannsolumsanmadelsn - wuhmsliudaiugiedeudae
endophytic bacteria (SURW02) aninsnannsifalsaluiesufifinnsld Weisuiieuiu
s ilfdaiuslindou  wazanunsnanlalndiAvstumdniusiindeusneamsiniuntuny
Tneanunsoaaniadalsald 3075 wWeddud  uenvnidmuinisliadaiudindoude
endophytic bacteria @usavivdsasuNIsasyRulnvesduLzlawmaladnaleY

Tunsfnwdeszesnalunisiiusnvimdaiugedouluszesinan 4 wWeu  lusu
auamiudaius wuhmaedeusdaiugluiarnmitlidmansenudenturesudaius
uananidemut wisiugindeusie endophytic bacteria annsasnwIANNIENTBINEANLS
Aninssudzdug  Tnendanmafvinuidussesinar 4 Weu TSwedidudnssensi 94
Wedldud Tuvaewdniugliindou waswdaiudindeusemandeuiiissegufeafivesidus
N300l 91.5 uaz 92.5 Weadidudmudisu uiluaiuvesu3una endophytic bacteria UnL&n



s A

ﬁuqmaauéﬁa endophytic bacteria ﬁﬂ%mmamaaﬁam 91 5.15 1u 2.54 logcfu/nsu e

Wusnwluszeznan 4 Weu  Fwinnanis@nwuandbidiuimmniushvilussesinaiuiu
aravibilssansnmesdlunismunulsavesudniiugiadausie endophytic bacteria anas

o o L

AdAgy : ulalninuueiise nswdeudniug udowe lsaleiainyusey
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ABSTRACT

In this study, endophytic bacteria were isolated from root, stem and leaf of
healthy tomato, then they were screened for potential isolate based on their
antagonistic activity against Fusarium oxysporum and ability to promote plant growth.
Consequently, the selected isolate was used for seed coating to reduce Fusarium wilt
disease.

The result showed that 43 isolates of endophytic bacteria isolated from this
experiment were gram-positive bacteria. Initially effects of endophytic bacteria on the
growth of tomato seedlings were tested. The results showed that most endophytic
bacteria did not affect the growth of tomato seedlings and some isolates could promote
the growth of tomato seedling. Subsequently, the selected isolates were tested on the
antagonistic activity against F. oxysporum by dual culture technique. It was found that 25
isolates were antagonistic activity on the pathogen significantly compared with control.
Among of these, only three isolates showed the ability to inhibit the pathogen growth
more than 60 percent, namely SURWO02, SURWO01 and LbRWO03, with the highest inhibition
percentage of 71.94, 68.33 and 68.19 percent, respectively. From this result, SURW02 was
selected for seed coating, because it had the highest ability to inhibit the growth of F.
oxysporum and also had the ability to promote the growth of tomato seedlings.

Testing on tomato seed coated with endophytic bacteria (SURWO02) found that this
method could reduce disease incidence in laboratory conditions. Disease reduction by
bacterial seed coating was similar to seed coated with Captan. It could reduce disease
incidence at 34.75 percent. In addition, seed coated with endophytic bacteria could
promote the growth of tomato plants significantly.

Study on storage time of seed coated with endophytic bacteria, coated seed could
be kept for 4 months, without any detrimental effect on seed quality such as seed
moisture content. In addition, seed coated with endophytic bacteria could maintain seed
germination higher than other treatment. After 4 months of storage, seed coated with

endophytic bacteria had a germination rate at 94 percent, while uncoated seed and seed



coated without endophytic bacteria had a germination rate at 91.5 and 92.5 percent,
respectively. However, the amount of endophytic bacteria content on seed coated with
endophytic bacteria was decreased steadily from 5.15 to 2.54 logcfu / ¢ at 4 months of
storage. It indicated that long time storage of seed coated with endophytic bacteria

might decrease the efficacy for controlling disease.

Keywords: endophytic bacteria, seed coating, tomato, Fusarium wilt disease
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wslBawne (Lycopersicon esculentum Mill) 1Wuitwilasuanudeadlunisdianuilan
WoNHANAMINEITEIMNTNININY  FUTElERUVINIAUATITOU  Lagn1ewIuenaIunTsy
Faflsmhunsulsemunianaan wazugan mdlinmsudszuiluenmsdug wu dnzdowmes vod
uzdane wasnzdowaouwiy Wusu wendnfidslinnuseleviimunnunudniie gdduns
Uslnpuziamealudnyazsulsemuantivazgdesdianulasndiy  Usiaanaisedianendlagly
nswdafirnvsAInasaliuufsasIRusNM s denmdaiugnianuauysal  idAsied
Usaanlse  esainlsanfnundumanonadyhanefivluszesmaznaldasisanudemese
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syevnsiznabatuiy dslunz@ewmalseiieimiinanni@es Fusarium oxysporum f. sp.
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L (3 =] = P (3 1% O & =
anwazlaalilinavasullas  msedeumanyszneulUmeansoengnsliinazly  asadl
Yostumdnlsniiy sasluuduaiunisnasadulsn :udsmemisaneg sutuasdanizioziu
Fnauanseengvslifauiuduwan  lasasiadeuiildazdoslidmansenudowdniug g
ansainanseangvisae Uiy (0l uagany, 2540; Nl waz Aug, 2581; INTNNY ey
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1% a a ! 1 ! vl o v o w d’lj 1% aad P 14
measeiiludmlvg - deunladimsimuinisdasdumdneaimnlsasmeisoueannisld
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et al., 2016)
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nadouifumeluladfifimetautuiefiussansnmuosudaiug Sedinaiaunn
NgamNIIUNISHEReT  lasasiumdameiandnuauziluasmien  Tudnvasluilduung
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wondnwal ogvaiaueiuudn USwesmdnarlifinadeunas (Sharma et al, 2015)
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1. aseengvs

Tumsedeuidaiug asoengvdiduduidiey Imaaﬂiaaﬂqwéﬁﬁﬂssﬁuﬁuagﬁu
Taquszasrvesnisiadeu 1wy nMundeuifiofsinsdudunnaigyiln aseangrdiliaziiy
A mansIRevng Beslauiy viemsisinisaigiuln maedeuifietiosiulsa arsoongvi
Tsduanaivostudelsn wazutas uasnsnfeudiedestumstasuntasudaiug as
ponqusiidasifuasfiaiaendnuaiududeiug Huiu Tasawzasiefisndesiiuasoon
qsfifmsthanldenauwivans Hosnanaiifiaunsedestundanndeslulsafu uas
Wosanvalsadivld (Sharma et al., 2015)

2. asUaLnIg

a8z dumsivhuihidudaunalianseennvsdafalufumdniug laivan
$1958minensideudie e?iﬂmﬂﬁms‘wqmi'awsﬁﬂﬁﬂﬁzﬁwﬁmwmaﬁmsaaﬂqw%‘amaq uana Nt
aaindeudothilumsvioviuwdaiug Jestunnudiuannisuenlaliidigusdn daduaingli
winTus deunumnsEiuiuinw (Pamuk, 2004) FBmsasnandztisinergnisiiusnm
Lmﬁmﬁuﬁ:"lﬁmamusﬁu lneviinvesarsdanizlawn starch, pregelatinized starch, gelatin,
sugar, acacia, tragacanth, polyvinylpyrrolidone (PVP %38 Kollidon), methylcellulose (MCQ),
sodium carboxymethylcellulose, ethylcellulose, hydroxypopylmethyl cellulose (HPMC),
polyacrylamides, polyvinyloxoazolidones, polyethylene glycol, precirol (1iig5fa, 2530) &
ansdamzuiavsiinazfienudaveu wazmnuanansolunsBameiuwdaiunnieiu il
MsTuuTetuarAITwuge  setunisdenldesfosilseumnsaudie an
TenusinangiulanasiedouLrassidninaneussdnSnmaeanaauananeiuly F99
denldlimungan 91nn1591uiTeves Kumar et al. (2007) idnwraves polymers #eqlunis
wsuwdadandadlaun gum acacia, gum tragacanth, rosin, ethyl cellulose, hydroxy ethyl
cellulose, polyethyl methacrylate, methyl cellulose, polyethylene glycol, polyvinyl
chloride, polyvinyl acetate, polyvinyl pyrrolidone, Agrimer VA 6, the clay bentonite Wag



thiram 75 DS sieaunmiudalunisifiuine wuindedisinnsiadeusne polymers #1eq Twa
somaiuimvidlulsaiu - leewdafiinaedevaziinindeunuaminamdsminmaiu
Snwnlifuan 6 L@aumaL‘Uia‘umwﬂmmamwlmumsmaau (control) Tedfsansansadlosiunis
dvhaneanideslulsafuléini  control  wenaniainuaniseass  Polymers 71
Uizaﬁnﬁmwmjﬂimﬂ polyethyl methacrylate, polyvinyl acetate Wag polyvinyl pyrrolidone

3. Avavany

fvhazaneildlunsiedovwdatiussiisnvafuveaveriissmgld  Tagavii
‘wﬁnﬁ'azmamiﬁmLmzﬁLfJusua@LL%W%;‘Jmﬂwﬁmqﬂﬁ@mﬁaLﬁmﬁu wagynliAnnsAsENY
fhfuansoengviskazanafuiidun  uenanidnimihfinasvandludivenndaiusiiay
wEeu (Ulumnd, 2534 uaz waun, 2559) Insfvhasarsiifasazdedinnuannsoazaiense
yilvmedmesiiazdwusznoudu AamInszaedilumaedeumdariugle lifiruviaunn
Auly msduansiifidnsanmsvitliniads warliifauannzfufivnefawindsy deivhazated
Jeulaiuun town 1?1, ethanol, methanol, isopropanol, chloroform, acetone, methyl ethyl
ketone wag methyl chloride (Usnluwd, 2534)

4. wanamnlawes

Guasifsadumsindouilelimtauildfiorweous Saveud fanamuniug
uazfimsdaimzdiuansduldd  (Uslung, 2530 wagnawy, 2559)  legwanadnluige{id
Uszavsnmanniignagsedidnunzadeiulasiaivuemediesninisuuanm fudu ved
weslungy water-soluble cellulose ethers #iiivllansondaludndiusnn ansiivaflensenda
1quLaqa 1w polyols (slycerol, propylene glycol ag polyethylene slycols) eiunanain
lowosiinfiaplitunodmosnguil Tummssiudnuasndy organic esters lagiamzatieds
citric acid wag phthalic acids %L‘fluwmaﬁﬂlﬁm%aﬁﬁﬁﬁqeﬂﬁﬁuwaaLmai(ﬂq'u cellulose ethers
ﬁﬁ%"gﬁaaﬂ’h Faldun cellulose  acetate phthalate Wag hydroxypropylmethylcellulose
phthalate (waw1, 2559)
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dorlflumstgliadaiusindousinrmmenu@uendnunl  wazanunsatsuen
ArANAsTeIAARLS admiuasihl e Uanlimsinluuiinaviedesdnd Adldens
Ju pigments 30 insoluble dyes Mhiaganglusvinazatofild sevilldudariugiaal
avinaue (AAvS wag 115, 2535 wagwaun, 2559)
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wumsiiguantfduasiony  uasiivarundou  FaduanseduvIsniing
aviunun Ififotianiinnmedd uierldidlelidoamsliidalusmaniiy ansvioruuas
diuendsuiifenldfuanniian fo titanium dioxide asnnyinlidasseuwdunas onil
é’aﬁmﬁﬁﬂwmsjqﬁuﬁm WU silicate (talcum, aluminum silicate), carbonate (magnesium
carbonate), sulfate (calcium sulfate), oxides (magnesium oxide) Wag hydroxide
(aluminium hydroxide) (RavS uaz A58, 2535; Us1lumd, 2534; Wau, 2559)



2.1.2 FBnseBauwdn

Tunawdeuadaiiugiuaed 2 Bms AemaadeunudnunsreansUdesasiadouves
wiomin  IHuA  eSousfouldnszunum  uavieTeundeumdnszuumsaaiy  Taedl
AszUILNsAslusTUU MUz UM A oudnlaaivamsimietaduieiosumy oy
A lunsmududiudilumsiilimsindeundeunidnedisasiane  Tuszuunsdariuens
wdeuargndariuuayenseeninimumelueies  wanidevasuundniinasegneluedonii
Tensindeundoundnoeuaminae uarsUsamdnazliivasuamdsannsiadou
(Kaufman,1991; Sharma et al., 2015)

2.2 UIMNYIV09

2.2.1 msladunidinfaulnaniiioannisiinlsa

Georeakopoulos et al. (2002)  TenuInudaunininfindousedewuniise
UfUNnY Bacillus subtilis, Pseudomonas fluorescens was P. corrugata AUszansnnlunisan
NSAALIALLIADAUYBILANNI WaE sugar beet AAnanide Pythium ultimum g1 LAY
wupiiseUfUnudanunsolidinsenuiuis 24 ey

Shweta et al. (2008) WUAIMSLARRULIGARAIY Pseudomonas fluorescens @11198
annsiAalsa charcoal rot AAnaNEe Macrophomina phaseolina lugaaslé lneanansoan
amsvedlsaliunds 61-70 Wesidud 7 30-105 TundaanUgn yenanitesenandEanse
\unananvasiiaasld

Hu et al: (2011) naaaslaeugniudadnnely 2 Aululssmeduidldfunanseny
ﬁ]’mL%ja Sclerotinia sclerotiorum W‘U:i"‘LmﬁmﬁﬁﬂmswaﬂLuﬁmémﬁ’u%a Bacillus subtilis Tu-
100 Siszavsnmlunisanisaiiinenide S. sclerotiorum Wiuldan dhudnusie datinisie
5 SnsnsiAnlse wasnandn WawSeudieuiunssuisilifinismenadn warniswenudn
LB9DE9LAE"

e waziiaa (2558) AnwssavsnmmeadoutafiSeuitng Bacillus subtilis
BOO6 mamaiw Botryophaeria rhodina mmm‘[smﬂﬂma gumm05|s) oIuns 91U 14 ol
an wuindeuuaiide B. subtilis BOOG mmiammmﬁaamﬂmﬂm sounlathidouuniise
Ujtndiinanumauivansindovudn 4 gns loun BS-coatl, BS-coat2, BS-coat3 uaz BS-
coatd lonsnaeumsasdifinsenuazUszavsnmuaateuuafifeuitnd  saenaunanseny
vosasadoutaiusiuuafiGeufindrenunmuoauda nuimdminnsiuinvidaiiedey
warliigaumgfl 5 ssmigadea Wunaiu 4 Weu SnmudenuaiiSeuinaiwdaiivia
wuAfiSed 7x10° 81 10.78x10° cfu/aifn uasilerinandinsiiusyansamlunisduuidndse
e Botryophaeria rhodina siupnnsannidewuaiiSe B. subtilis BO06 sawiy Walitmuinans
iwdounidniinaudeuvaiiFeufindlifinansenudeosifudnmssonvoasudaung lnedl
Weosidusinissen 95-100 wWesidud Liunnsrsnnudefiliinsadeuwdn wardmuindund
GuaaLLmﬁié’mﬂLuﬁmﬁﬁﬂmim%auLﬂuﬁuﬂé’wﬁaugiaj linunsiasiiiaunisneae



2.2.2 msldideuunaiiGelunisaauauden Fusarium sp.

Larkin et al. (1998) ¥msanwnsidideuuaiitse Pseudomonas fluorescens wa
Burkholderia cepacia muquismﬁmﬁﬁmmm%aﬂ Fusarium sp. TUszezAUNaT NAN1TAADY
wuamnsaannsiialsale 30 4 65 Wesidua

Chandel et al. (2010) 5769431 o Brevibacillus brevis anmsiislsauziiome 7
Ao Fusarium oxysporum f. sp. lycopersicila wonnifmuidesnaaunse
duasunssgiivlnvesduuziomalaonaig

Nandhini et al. (2012) ”Léfv‘i']mimaaumamuqm%am Fusarium oxysporum f. sp.
lycopersici #n8 endophytic bacteria fkenain 590 adu Tu wag Wa 9INNINAFBUNUT
endophytic bacteria ﬁﬁﬂizawﬁmwLf]ul,%’ejﬂﬁﬂﬂﬁlﬁl,m Bacillus, Pseudomonas, Klebsiella
ey Citrobacter



uni 3

AT HUNISIVY

3.1 Mswenilie MsnagauANEnsatunsiltiialsa
FnNsuEnTeT Fusarium oxysporum f. sp. lycopersici (FLO) mmaiimﬁaﬂumﬁa

WAkazNISVAdeulsARIedd Tissue transplanting technique aul@fl,%uau'%qwé MnS
m’;ﬂaaumaé’ﬂwmzmqﬁ’mgmﬁwmLLaz%’mﬁﬂLLumsﬁa

nsnadeuntansalunsielsaresdiesn FOL vhlnetideiuenlduminmsidesly
91MSLaBNTe PDA Unitgaumgiivies unan 7 fu MnusSeNaEsuILaeuale SeuTed
Aty 1x10°spore/ml nmsvageuiundLzdemARteny 3 davi uwhnmsdasniile
viuwa wazduadluasuiuassaUosieionlifuna 20 unit éhedgnaslunszans Wiesuiiiey
funssutsduluiinduilende (control) Mndulssdiuminsuussvedisa dUaifl 2 ndsn
mﬁﬂgms??aimﬂﬁﬂwuu 0-3 Azuuy (0 = Tiwansernisvadlsa 1= fivuanternsiieadansy/
A Naeiu (temporary wilt) 2= Riwuania1N15EI015 (permanent wilt) 3= fungide
wane aefaulasndSnisves Marlattet al, 1996 donangiugitieusuusunnigauly
Tunsvnassdely MeununSNARBILUY completely randomized desien (CRD) 38n13ay 5 91
F1ay 3 fu

3.2 MInenuazAnLaan endophytic bacteria ﬁL‘fluﬂsz‘lmjﬁﬁiamsw‘%cy,mmum%aLwﬂ

¥n1suen endophytic bacteria 91nusdemeaiidanuudmse Taowenainsn a1 A
wazuously  Tnentsthdausneg vesits angideusnainlaunsldud ethyl alcohol 70
Wesidus 30 uit mntudadieiinduiianide mudieud Clorox 10 Wesidud 2 wit ud
Sagheinduiisendesneds wazdudhensemeduitinunisdendeudidrsaeinngy anth
Hanuadelngs wdrhasurauaseldundenslunl 10-10° wazihasuriuassusayany
dudulunzdeseds pour plate technique UupIMISABTUUATISE Nutrient agar (NA)
vuliftgumaiives 1Huna 48 dalaue eflalatiindurhnisérelelaiifeausaslaladl asuy
9193 NA #8n15 streak plate tielWlfidousans

nsdmden endophytic bacteria Wlagiass endophytic bacteria Tuomsideaie
Nutrient broth (NB ) thluiugndeweSes rotary shaker 1Bunan 2 Ju wdniludusiesde
A384 centrifuge WWwan 10 Wi whdmhdnidy pellet wldlunmaass Tneusuany
duduliihfuansazans Mcfaland we? 0.5 ndntiuthasuviuassuuadiseldadunssans
fongdundusidomaiiiiony 3 Yu fefinueaiiumsiendouds NunumIAdeULUY
CRD n3aufifay 4 1 vihmsmatudundiisenTindisvesnm 7 Yu wdoutufutoyanis
Wiulaldun arwigevesddu diutneau thviinsn swaulu withindunumendeiing
3AULMYeIRUNaT seedling vigor index (svi) iagms
svi = Anadeesidudnssen x Anadeimdnsausegu
AN SVi VISALUUR

% svi = , . X 100
AT SVi YARIUAN




3.3 N1sAALAEN endophytic bacteria ﬁﬁﬂmauﬁ'ﬁlumsdaﬁmﬁ?aisﬂ

nsmadeuANmansalunstiudaderelse vhlnedsades FOL luewns PDA qu
Howsaufuniueomaides Tudutes endophytic bacteria ¥in1sidesuuamns NA vhms
nedauMEIs dual culture test Tnsgduiuiifiderelsn Meuinmnanauemsidsadedi
oMsiaBade PDA 91n1uda endophytic bacteria U3nasduu dudne wazduwan wean
VUMD MIABITD 2 wufun Fanm Uuflgamgiives naseuriavedlalaiidersls
FonsuAimuauitlifinsdadeniofiuauemadsnde MuwunaeUy completely
randomized design (CRD) nssiias 4 o1 ﬁ’lsﬁa;&aﬁiﬁuﬂﬁflmml,ﬂa%l,%uﬁmié’ué'qum%ﬁy
(growth inhibition = GI) lagl¥ans

Gl = C-T x 100
C

C = wwwlalafveadesiluatuemsenuau (control)
T = walaladvesderiluamennsagsy

WWasmglsn endophytic bacteria U MA#DU

Y] o X Ao a a aa Y o wa & w .
naNlalteniiussAnsamangauavihnisnsanmaudhiiiosiuves endophytic
bacteria outangude wazilldlunsnnaswioly

s

3.4 MIWARBUAMUMINZANVBNEISIAGRUWAANUSADANUETINTEAYEY  endophytic
bacteria WAZAMATNIAAWUSARINTLARDY

(1) NMSLATBUHITINIA endophytic bacteria

AIWENRITIIE endophytic bacteria lunsiadauwaniiug w3sunuisvesnea wazfiAa
(2558) Tnenh endophytic bacteria iannsneseulude 1.2 widssuemsidents Nutrient
broth (NB) #hifiu nglaa 2 Wasidust vuedoaven iunan 48 Halus tideuuaiiGedind i
ANALNBUMIBLASEINLVABINAIANGY 10,000 SoU/ANT oaumgdl 8 ssrwaldea (unan 10
Wil wdrdemzneusie skim milk 10 Wesidud dnsdrunzneunuaiiieuiing 1 ndu s
skim milk 5 fadans dlusndaliuiadelilinanatinmde anaifusuueadanu
wadeniu Wehluldlunmmeaessely



(2) nsiedeuaniug

TumswSeuansindeuidaiug asBaimeiimihidunniliveseusl 3 wia 1éun
polyvinyl pyrrolidone (PVP-K30) 3 tasidud polyvinyl pyrrolidone (PVP-K90) uag polyvinyl
alcohol 5 wWesdus Tngldtiduswhazae polyethylene glycol (PEG) Ansitutu 1
Wefdud  Wefiumnufavgy  wasindnauemaioaianauansisvesudaiuglusas
N33 Tunsvaaesilarld endophytic bacteria ihuaseengns Taetuneulunsiedouwde
ugazinudaiuduziemanyhauaze1ngieg sodium hypochlorite 0.6 Wosidud uan
5 it wdddeinduilsndents 3 seu Advwidluduaonde wesiedouiSndeans
mﬁauLwiazqmﬁmammma%amwmau%a dnansirdouaniug 150 Naddasdelwaniug 1
Alanfu MUSauwaduuaiiGe 1x10° cfu/udniug merdouadeumdniusuuuaunyuih
winitusiannnutulfedlusefudmAvsnuudalifonmad 4 ssriwadoa

(3) NMInsadulTIIN endophytic bacteria
‘mmsamLmamwuﬁwmaama’mma 2.1 #3998 endophytic bacteria U3tiauuaniug
Iﬂammmmmamﬁaq vortex luhnduileinide dunan 1wt sndudihitlduniusua
Fores serial dilution plating technique A7B91113 NA 2ILNUNTINAGDILUY CRD NIINI5
v 4 91 Wlsuidsuiudaiusiildiunnedou wezwdaiusiadeulaslalld endophytic

bacteria

(4) MINTIVFOUANNINNAATLS
nsduiegiaiugIInde 2 wesvdeuau NTeRNEATUg Tagduwdausiaz
nssuisineTIRaeuANIn MAARUERE  Arnduvouadaiug  Asenvowsdaius dutinig
son anunilunissen uazanuudsussesdundlasdiaeosiSuasil

1) mm%uﬁuamé‘mﬁuﬁ‘
auLuamwuswmumimaamm 5 n%u 1eUIBAIes Hot air oven auiwidnues
wdailauaad mﬂuummmmmnﬂamummqmumam
L‘Uamummwmu = (mmmLmamﬂaua‘u-mmﬂLuﬁwé’qau) x 100
dwidnuganeusy

2) AVINDNUBANAANUG
duwdanug 911w 100 Wae 1eTIvdeunNenvestiniug Ingldnszawnig
pE75 top of paper ﬁqmmﬁﬁaq avRtuRunadTisenund WHRINNTINZEANUG 5 wae 14
Ju udnhindnanlesiduinneendisgns
Wefdudrusen =(E1uauduun@iisen) x 100
SnnuEaiing

3) ffinseenvesuiniiug
asratunTatusunamenundnniu Wuar 14 u waziwndviinisienves

Autinssonveuaniug = nasauued (Sruaudunarfsenind)

VI TUARUN



< [ v ¢
4) aanilunisseniuaaiug
anusIlunssenveudaiugiualafgns
anuslumsenudaiug = Ludundng 5 furduwiz  + 2udund1und 14 Junds

g
LuSuiierafuadusn 6 ) auSuiinsretuads
gavne (14 1)
NAIINIIINITNTIVEDUANUALNZ ANVDIA AR D UA DA IUNLTINTOAVD
endophytic  bacteria  uazAmAMAATUSLEY  Amdenudniusiindousuasindeud
wnzauigalUldlunsmeasssely

35  nsnadauanansalumseauaulsn  wazdassumsiasyiulavaaudaaiau
endophytic bacteria luiasUfjuan1s
nsnedeulufefiinmshlneidsades FOL Tuemnadsate POA unan 7 u
Mnduiidedindmsiniesasuriuaesales inrduiy 107 avefnefiadans domthude
WUﬁ:LLﬁtiaﬂuﬁ’]iLL‘UUH@E]EIL%EJFW'E]IWL@UL’JW] 30 UM WARNIIWIZAIEIS top of paper R
WHUNITNASBILUU split plot in CRD n335uicas 4 6;?}1 g8z 100 wiln Usznausie main plot
1$un ndunsvnassiivgnite uagldugnide
sub plot e vdnvesuaniug
1) waniuglindeu
2) wiantiugindeulilld endophytic bacteria
3) lwanugARe U8 endophytic bacteria
4) wanugipdeumeansied
pRduidniiinissenunivdsainimnzdeiiug 5 fu waz 14 u duaidedidusiniseen
famsaiaivlavowiund Taeta auas Souly dadndu duthan suadeiian
W 39eRUNAT (seedling vigour index : svi) fagms
svi = [AUENVBIAUEAGLUAT) X AINEITINIXNITOLTA(%)

10



uni 4

NAN1598

4.1. Weaumglsauazanuanansalunisialsn
Mmsusnidoauvelsanniusdomeaiivansonislsadier wudesiiidnuuslalad
A fnnsadading Avundsding vinalduewnadeate wWensaaeunglindesgansam]
wuduledla Sndedy wazdinnsadreaved 3 adin 1duA chlamydospore microconidia way
macroconidia (Nl 4.1)
Macroconidia Chlamydospore
Microconidia ¢

gl

AW 4.1 SNuENIIFNFININGIVBAARIY Fusarium oxysporum (A =colonyutemsPDA

21¢ 73U B = microconidia kag macroconidia C = chlamydospore)

Tudiuvesauauisalunisnelsanudl | lehinisUgniesinaiasuuiuziame

M lVAUuAR RN BN aINTSEINs kavaglunan wasiilerdaiaunuainnaushavieddes
@ & Y - = 1 o N o a
WRINNISUgNe 7 31 (i 4.2) lnelianusuussvedlsnagi 2.4 Aziuu wazllgnsinisiin

15A7 80 Wosigus
\ B

A TNEE O
= = o Y o . e & ) as o~
AN 4.2 NSV UNGLBTBINANRIINNTUGNITD 7 T (A =n358TAIUAY B = N33UTT
Uaniwesmelios Fusarium oxysporum C = dnuaigvieandesiifiauina)

4.2 ANWULNINEUFIUINGIYDY endophytic bacteria kazHafan1slAsYLAULAVIAUNGD
UL VBLNA
23BN endophytic bacteria MnifiaiBodnusine (310 Tu uazddi) vesduunde
wedidauudoss anmnsouenldiomn 43 leloan Tdnvauemedugiuivedvainats 90
nsAgEey gram stain wunduunsuuindiuau 34 lelewan oA LaRWO1, LaRW02, LaRWO3,
LaRYO1, LaKYO1, LaKY02, LaKY03, LakKWO01, LakKWO02, LaLYO1, LaLY02, LaLY03, LaTYO1,

11



LaTOO01, SULWO1, SuLW02, SULW03, SuLWO04, SuLYO01, SuLY02, SuLY03, SuLO01, SURWO1,
SURWO02, SURWO03, SURWO4, SURYO1, SuRY02, SuRY03, SuRBO1, SuRBO1, SukKYOl, LbTWO1,
LbLWO1, LbRWO1, LbRWO02, wag LbRWO3 1Juunsuau 9 lelaan laun LaRWO02, LaLWO1,
LaL W02, LaLW03, LaTY02, LaTW01, SURY03, SUTWO1 wae LbLW02 (915197 4.1)

[

TUNAUYBIMUATIS LN TUUINNUGNWaUEAIL

Anwrdvedlalall
wulplaiidvnd d1uau 5 lelawan dvnudiuiu 8 lelaian dwdesdnwiu 7 lelyan &
widaalaauiu 9 laluan Fdusiuiu 2 Telatan wazdludiuiu 1 lelaan

anwazgUTalalail
nuUTenaudiu 25 lelgan uarsusnaliviueu 31u3u 9 lolaan

anwzvaulalall
PUYBULUU entire 31U 23 Lalaban YaUkUY erose 31U 6 +oLULan LasuauLkuy
undulate 9711 5 balatan

anwaziilaladl
a IS o a a o a o
wuruend i 21 leloian Auseudiuim 6 laloan uasiasuszdnuau 7 leluan
L% ! (2
anwzUIgaa
WugUseUY bacillus d1uan 26 Telatan UL coccus w4 Tolaian U9
WUU coccobacilli 9113w 4 loluian

[

TUNFUTDIUATISELN TUAUNUSN YR

anvzdvedlalail
wulalalidvns 91w 5 lelsan dvngudiuau 1 lelean dmdasiiuiu 2 lelaan
wazdmdadladiuau 1 loluan

anwazgUilalail
wugUsanaudainau 7 lalwian uazgusishinuueu 31w 2 lelatan

anwzvaulalail
WULBULUU entire 311U 7 balelan waguaukuy erose 311U 2 Laleian

anwaziialalall

WuRadlendwau 6 lelowan Rassudiuau 2 lolsan wagiivgusednwau 1 leloan
(51971 4.1 Uagnwil 4.3)

anuairIUTILead

WUFUTUU bacillus 3113 1 lelgan Usauu coccus 31w 7 lolaan JUs9
WUU coccobacilli 91u3u 1 lalatan

12



M1519% 4.1 AnwaeNadugIUINGIVed endophytic bacteria Nkunlaanilaiofuuziaine

1aladl
Tolgian g sUslaladl Yau p) SHOH Grlar_n JUad
Telail test staining
LaRWO1 U717 naw entire wWen + + coccus
LaRW02 HLE naw erose S8 - - coccus
LaRW03 11 lawduey  undulate  1Feu + + bacillus
LaRY01 iale) AGHY erose VIV + + bacillus
LakY01 VRGN Taluwriueu entire en + + bacillus
LaKY02 RGRRN na entire wWan + + coccobacilli
LaKYO03 winesla nay entire wWan + + coccobacilli
LaKkwO01 U1 nay entire wWen + + coccobacilli
LaKW02 U717 Nau entire wWen + + coccus
LaLWO01 U717 nau entire V3V - - Coccus
LaLWO02 U713 nay entire wWen - % coccus
LaLW03 2477 naw entire Wan = - bacillus
LaLY01 wideld nau entire Wen + + bacillus
LaLY02 inedla nad entire Wen + + coccus
LalLY03 widedld Gk entire 15an + + bacillus
LaTYO1 VGRY nay entire WWen + b} coccus
LaTY0Z2 VGLN nay entire wWen 2 a coccus
LaTWO1 U717 nau entire won 9 - coccus
LaTOO01 &l Nay entire wWen + + bacillus
SuLWo1 RGRRN nay erose wWen + + bacillus
SULW02 wiaesla nal entire Wen + D bacillus
SuLW03 VRGN nal entire Wen + + bacillus
SuLWoa RGN naw entire wWen + + bacillus
SuLWo03 VRN nay entire Wen + + bacillus
SuLWoa Wdeq nal entire WWen + + bacillus
SuLY03 widela naw entire leon + + bacillus
SulL001 & a8y entire 1REU + + bacillus
SURWO1 V1YY nay undulate  ¥§UsY + - bacillus
SURW02 V1YY ldwiuew  undulate  ¥575E - - bacillus
SURW03 VNIYU na entire wWan + + coccobacilli
SURWO4 UM lwiweu  undulate  wjusE + + bacillus
SURY01 widedld na entire Won + + bacillus
SURY02 widedld nau entire 158U + + bacillus
SURY03 wiaesla nau entire wWen - - coccus
SURBO1 L‘ﬁa NaY undulate S8 + + bacillus
SUTWO1 1M Taiuviusu entire Wen - - coccobacilli
SUKYO01 widedla  laudueu entire en + + bacillus
LbTWO1 V1YY ERIILLY erose VUL - - bacillus
LbLWO1 VYU Laiuuou erose VYUY + + bacillus

LbLW02 YUY Lduuou erose Syy coccus




A1997 4.1 (d)

lelal 3%KOH G
= . = = 0 ram . ‘
Tolgian a susslaladl YoU f7 o sUTNwaa
N - test staining  *
lalail
LbRWO1 V1YY ladusiuou erose Syu - - bacillus
LbRWO2 VYUY ladusiuou erose VU + - bacillus
LbRWO3 UY1YU nay entire BEY + + bacillus

i

o Y] ) Y] a . . a y X A v &
ami 43 dnwagduguine1ves  endophytic  bacteria  ikenldainillodedungilome
(A=lalativue s NA, B =anwaelalalfinnawens 6.7 win way C =mMSauwnsui
ANaguEE 1000 Win)
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i 4.3 (o)

Tunsvaaeurasenssivln  wasenuduswesiundusdoms  nuinde
endophytic  bacteria -~ d@wluglidsansznunisavdenisasyfulavesdundugiome
uenaINiganuIil endophytic bacteria S1uan 18 lelotan annsntreduasumsiasayivia
YoauazAULTuswesundTlaUssa 120 wWesidus laln SuRY01, LaTOO1, SulY03,
SuTWO01, LaRWO01, LaTY02, SuRY02, LaLY02, LaLWO02, LaTY01, LbLWO02, LbRW02, SuKY01,
SURWO04, SuRB0O1,SuL W01, LaKY03 ey SuRWO02 G?Nﬁ %svi WINAU 139.72, 138.10, 134.64,
130.24, 129.09, 128.63, 127.71, 127.02, 126.09, 125.40, 122.63, 122.40, 121.01,120.78,
120.78, 120.55, 119.63 wag 119.39 amiddu (11519 4.2)
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A1919% 4.2 waved endophytic bacteria Tun1sdaasunITRSYRUInvRIAUNA N UDINA

Tolwan

Control
LaRWO01
LaRW02
LaRWO03
LaRY01
LaKY01
LaKY02
LaKY03
LakwO01
Lakw02
LaLWO1
LaLWO02
LalL W03
LalLY01
LalLY02
LalLY03
LaTYO1
LaTY02
LaTWo01
LaTOO01
SuLwo1
SuLwo2
SulLWwo03
SuLwo4
SulLY01
SulY02
SuLY03
Sul001
SURWO1
SURW02
SURWO03
SURW04
SURWO03
SURWO04
SuRY01
SuRY02
SuURY03
SuRBO1
SuTWo01
SukYO01

Y9N ()

mssen AI3ES _
Tin (%) iy (31.) 310 i Wanun s
100a 2.00a 6.30ab 0.089cd 0.452f 0.541¢hij 100.00
100a 1.95a 6.00 ab 0.136a 0.562bcd  0.698cbd 129.09
95ab 1.90a 5.37ab 0.095¢c 0.470ef 0.565¢hij 99.16
95ab 2.00a 6.50ab 0.11%ab 0.436 f 0.555¢hij 97.41
100a 1.90a 5.50ab 0.073def 0.466ef 0.537¢hij 99.30
100a 1.95a 5.50ab 0.073def 0.518de 0.591fgh 109.23
100a 1.90a 5.37ab 0.071def 0.437f 0.508;j 93.99
100a 2.00a 5.62ab 0.086cdef  0.561bcd  0.647def 119.63
100a 1.90a 6.00ab 0.095c 0.465ef 0.560¢hij 103.46
85¢c 1.90a 5.87ab 0.067f 0.437f 0.505j 79.30
100a 1.95a 5.87ab 0.121ab 0.443f 0.565¢hij 104.38
100a 1.95a 5.50ab 0.120ab 0.562bcd 0.682cd 126.09
100a 1.90a 6.12ab 0.124ab 0.4675ef 0.591fgh 109.23
100a 1.90a 5.75ab 0.086cdef 0.436f 0.522j 96.53
100a 2.00a 5.50ab 0.126ab 0.561bcd 0.687cd 127.02
100a 1.90a 5.25ab 0.095¢ 0.4385f 0.533hji 98.61
100a 2.00a 5.62ab 0.116b 0.562bcd 0.678cd 125.40
100a 1.95a 5.87ab 0.118ab 0.578bc 0.696¢hd 128.63
100a 1.95a 6.12ab 0.069ef 0.428f 0.497j 91.91
100a 2.00 6.00ab 0.115b 0.632a 0.747ab 138.10
100a 1.95 6.37 ab 0.116b 0.536cd 0.652de 120.55
100a 1.95 5.87 ab 0.071def 0.441f 0.512j 94.68
100a 2.00 5.75 ab 0.121ab 0.476ef 0.597efg 110.39
100a 2.00 5.75 ab 0.0675f 0.477ef 0.545¢hij 100.69
100a 1.85 6.00ab 0.079 cdef -~ 0.4725ef  0.551 ghij 101.84
100a 1.95 6.00ab 0.086cdef 0.442f 0.528ij 97.69
100a 1.90 6.00ab 0.123ab 0.606ab 0.728abc 134.64
100a 2.00 6.37ab 0.0905c¢ 0.466ef 0.561 ghij 103.69
95ab 2.00 5.75ab 0.068ef 0.442f 0.511j 89.73
100a 1.90 5.37ab 0.128ab 0.518de 0.646def 119.39
95ab 2.00 6.37ab 0.0685ef 0.437cd 0.506j 88.85
100a 2.00 6.00ab 0.115b 0.538cd 0.653de 120.78
95ab 2.00 6.37ab 0.0685ef 0.437cd 0.506j 88.85
100a 2.00 6.00ab 0.115b 0.538cd 0.653de 120.78
100a 1.95 6.25ab 0.126ab 0.630a 0.756a 139.72
100a 2.00 6.87a 0.086cdef  0.605ab 0.691chd 127.71
100a 2.00 6.62ab 0.118ab 0.466ef 0.583¢hi 107.85
100a 1.95 6.12ab 0.116b 0.537cd 0.653de 120.78
100a 1.90 6.12ab 0.128ab 0.577bc  0.705abcd  130.24
100a 2.00 6.62ab 0.118ab 0.537cd 0.655de 121.01
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A19149% 2 (6id) Nawed endophytic bacteria Tun1sdaasNAITRSYWUIATOIAUNA N UDINA

AsTen ALAS vhwidn (n%)
Tolyian - F1uauly Y ~ - %svi
330 (%) (3.) 3N AU YU
LbTWO01 100a 1.90 5.75ab 0.069ef 0.441f 0.510j 94.22
LbLWO01 90bc 1.95 5.75ab 0.086cde 0.475ef 0.562 ghij 93.53
LbLWO02 100a 1.90 5.75ab 0.126ab 0.537cd 0.663d 122.63
LbRWO1 100a 1.85 5.7ab 0.071def 0.436f 0.507j 93.76
LbRWO02 100a 1.95 5.87ab 0.086cdef  0.576bc 0.662d 122.40
LbRWO03 100a 1.95 5.87ab 0.065ef 0.443f 0.512j 94.68
F-test *Y ns * * * * -
CV. (%) 3.83 4.68 13.45 11.06 6.61 6.08 -

N o o A

1/ 1 1 aa ! L2 Qaa 1 o U Eﬂl QIJ aa
ns =LluANEINeeda  *  =upnaniunatfegnsitedAynseauanumetu  P=0.05 1agds
Duncan’s Multiple range test (DMRT)

4.3 UsganSn1wuas endophytic bacteria 1umit‘f]u‘dﬁﬂﬂﬁﬁial,%ai’l Fusarium
oxysporum a'nmsﬂsﬂl,ﬁa'ﬂuum%aMﬂ

MnmsvedeunNdsalunsiusutes  Fusaium  oxysporum  wuidl
endophytic bacteria 91U 25 lol#tan lawn LaRWO1, LaRW02, LaRWO03, LaRY01, LakW02,
LaLWO01, LaLWO02, LaLW03, LalLY01, LaLY02, LaTWO01, LaTO01, SuLWO02, SuLW03, SulLY02,
SuLY03, SuRWO01, SuRWO02, SuRWO03, SuRYO1, SuRBO1, SuTwO01, LbTWO01, LbLWO1,
LbLW02, LbRWO1, LbRWO02, uay LbRWO3 ﬁaﬂmia%gﬂmiw?mmL%Jaﬁaﬂmﬂﬁimﬁmm
uanFnsegeiifuddymaiflewTeudieuiunsadavan (M 4.3) 1eedl 7 lelaian 7
Wesdudnisdudannndt 30 wWeddus Taun LaLwo3, LaLYOl, SuLWo3, LaRYO1, SURWOL,
SURW02, kag LbRWO3 é?fqlaimawﬁﬁﬁqﬂlﬁm SURWO02 SURWO1 waz LbRWO3 fidiesidus
fJudai 71.96, 6833 uaw 68.19 Weddus auady (nndl 4.4)

V. e &
AN 4.4 wamvageu Dual-culture 984 endophytic bacteria 31w 7 lolgian Naunsadue
W31 Fusarium oxysporum lxnnmin 30 Wesdus (A= n3suiSaaumy, B= LaRY0L,
C=LaL W03, D=LaLY01, E= SuLW03, F= SURW01, G= SURW02, H= LbRWO03)

18



m5197 4.3 UszAnsanlunisiludeufiindues endophytic bacteria $1uau 43 lolavan luns
USRI AUl Fusarium oxysporum

NMSEUGUTOTT Fusarium oxysporum

lolyian » PR -
vualalail () Woslduinsduginisasy
control 9.00 0.00k”
LaRWO1 7.00 22.22 defe
LaRWO2 6.95 22.78defe
LaRWO03 6.42 28.61cd
LaRY01 5.71 36.53b
LakY01 8.77 2,50k
LakY02 8.95 0.00k
LakY03 8.93 0.00k
Lakwo1 8.75 2.72jk
Lakwo2 8.23 8.47i
LaLWO1 7.62 15.28¢hi
Lal W02 8.03 10.69hi
Lal W03 6.26 30.42bc
Lal Y01 6.25 30.47bc
Lal Y02 7.53 16.25fgh
LalY03 7.50 16.67fch
LaTYO1 8.92 0.00k
LaTY02 8.87 0.00k
LaTWo1 6.56 27.08cde
LaTOO1 7.35 18.33fg
SuLWo1 8.97 0.00k
SULWO02 7.15 20.56 ef
SULWO03 6.16 31.53bc
SULWO4 8.92 0.00k
SuLYo1 8.87 0.00k
SuLY02 7.10 21.06efg
SuLY03 6.90 23.33def
SuLOO1 9.00 0.00k
SURWO1 2.85 68.333
SURWO2 2.52 71.94a
SURWO3 8.08 10.14hi
SURWO4 9.00 0.00k
SURYO1 7.00 22.22 defg
SURY02 9.00 0.00k
SURY03 8.76 0.00k
SURBO1 7.57 15.83fch
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A15197 4.3 (s

N13LA3QYS VAT Fusarium oxysporum

Tolyian

vualaladl (v Wesiduimsdudamsiasy
SuTWO01 6.98 22.36 defg
SuKY01 9.00 0.00k
LbTWO1 7.12 20.83 efg
LbLWO1 7.28 19.028fg
LbLWO02 6.97 22.50 defg
LbRWO1 7.12 20.83 efg
LbRWO02 7.15 20.56 efg
LbRWO03 2.86 68.19a
F-test < *
C.V. (%) 15.39 25.75

o =

1/ 1 | aa v aa 1A o w o 4 o aa
ns ZVLQJLLG]ﬂ(ﬂ’NW’NﬁﬂG] ¥ =UANANAUNNEADAD YU UYE UNIzAUAINULBNY  P=0.05 19875
Duncan’s Multiple Range Test (DMRT)

FaNANIINAADINNIULNTILAYINSIEEN endophytic bacteria lolwian SuRW02 #dl
Wesidudnsdudagelign wardadinmuanmnsalunsduaiunsasgivialuldlunsiedouwan
uglummeaessialy

4.4 ANUiiYInsanuas endophytic bacteria BAZAMATWIAAWUT S5Wd19n15AUSEN

nEInnTRAReumEmiuiIUT  amedeuiivhmsidouidndauaihianeriava
win (il 4.5) dessiadeudiuna endophytic bacteria wuanilUsunal endophytic
bacteria 8§71 5.15 log cfu/nfu mamsratiunasnnsiivinwnfussesian 4 Weu nud
VinaudouuniiSeanasdosy lnefvSiauuaiideiinnaiuldluwsasiewsiity 461 3.75
2.75 uay 2.56 puddu (1wl 4.6)

= & o & & ] a o A & o &1 a & o &
AINN 4.5 LﬂiaﬂwuqﬂzLGU'E]LWﬂﬂQULﬂaaULLagﬁaQLﬂaaU (AZLﬂJaﬂwuﬁqﬂauLﬂaaU LAY BZLNaWWUﬁq
NGRRYY)
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.75

a

(log cfu/nsu)
[
w
-

J3u1m endophytic bacterlauufaiuan

0 1 2 3 4
sEHzE lunSIHUSAY (Fau)

=] a aa A A 2 o ¢ 44 & o &, =
AINN 4.6 UiMqMLLUﬂWLif‘ﬂ/]Lﬂﬁ@UUHL@Ja@W‘Uﬁq@JgLGU@Lmﬂmaaﬁﬂqﬁlﬂu3ﬂ%ﬂLﬂuagﬁlgwaq 4 199U

TunsasnaeuRumdaiuInaanssazaInsiusavndussesnal 4 Woaunud
aufuveaudaiugliindou warwdniugiedouluutasnsnis Sufinsudsuwadudfoud 2
uindsannsiusnuuiount 4 lumansniSliuandaiunisedd uandiidiuimsiedeuwdn
#usée endophytic bacteria wazansiduatuny lidmaernutuvesudaiug vdmnif
Snwndusyeginan 4 ey (ms1ell 4.4) Tudruvesausenvedmdniugnuin vdsnmsiy
Snwiudaiuslufeud 3 anuenvesudaiugSuiimaAbuilas deduarnvasouieud 4
wuinaideiugiiiadousie endophytic bacteria Jesidudinissongiian sosanliun wén
fugindoussmaaiuatuny wiaiusiedousemandouiissedufer wag wlaiugll
waeu Ineilanusenii 93.5, 92,5, 91.25 uag 89.5 Wasdud auaisu (m5197 4.5)

M15°99 4.4 P FuTBILEANUGIN LA lIiNTUNISIAAOUMIENS3IATANY NA9INNTS
wusnuluszeziaan 4 Heu

[V

AT UVBINAANUS (%)

ket Weudt 0 Woudl 1 Woufl 2 « Weoudt 3 Weoudl 4
NCSU 6.56 7.78 7.88b 7.66b 7.96a
CS 6.60 7.86 8.073ab 8.10ab 8.17a
CS+B 7.18 1.62 8.32a 8.34a 8.39a
CS+C 7.44 8.08 8.33 a 8.44a 8.51a
F-test nsy ns < * ns
CV. (%) 8.71 17.92 8.55 471 9.83

(%

YINCS = widaviusliiadou, €S = winiufidousuanindeuiissesnufien, CS+B = wwanius
\MEBUMY endophytic bacteria wag CS+C = Wwaniugindaume a1sieiuavunu

“ns =liuaneoneadn, ¢ =wansetunisadfenaitudfaiisesueudesiu P=0.05 1ne33
Duncan’s Multiple Range Test (DMRT)
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Asel 4.5 AnusenvesudniugTiiukar ik un1swEe UMeNTIHIBH9naRINNsAY
Shwnduszoziogn 4 Wou

ALNBNYBALAATS (%)

ﬂijlﬁ% & = = dl & c{' & = & =
LODUN 0 LWOUN 1 LADUN 2 LODUN 3 LPOUN 4
NCSU 96.75 97.00 95.25 91.50b 89.50c
CS 97.00 96.75 94.75 92.25ab 91.25bc
CS+B 97.75 97.50 96.50 94.00a 93.75a
CS+C 98.50 97.50 95.25 93.25ab 92.50ab
2/
F-test ns ns ns * *
CV. (%) 1.21 1.83 1.39 1.37 1.51

9

Y NCSs = wlaiugliiiadou, €S = wilaiudindeumemaadouiissegianfied, CS+B = widaiug
\MEBUMY endophytic bacteria wag CS+C = waniugindaume asiaiuavunu

“ns =ldusndneneadn, * =uandistunisatfediditudfaiisdupnudetiu P=0.05 Tagds
Duncan’s Multiple Range Test (DMRT)

4.5 Uszansmwlumsaauaulsa wazdausiunisasyiulavaawinnioudse endophytic
bacteria luas]UAn1s

PInMveEeUAMNEsElun1smuanlsa wuiimsldwdaiiugindousie endophytic
bacteria amnsnanmsiAnlsald  WuAefunsnAsiltudaiugisdeusomaniuavuny Ful
aruuanaegsdtfuddnmeedtunsnatnidudaiudliiedou  wasndeusoansindouiios
og1aiie neiefdudnissendindl 655 uay 69.75 Wesliud Tuvnedinsnisiliudariugll
IRy uazlAReUssastAdeUITistetNfen HesidusinisenTing 30.75 uay 435 muddu
(5371 4.6)

Tunsasadeuaruannsalunsasdunnasyduln - nudinssuisaldudaius

9
=

\AFeUsIY endophytic bacteria tunssuAsugnienalsn 1A1NE1U LAAIINENITIN Laed]
%svi g9nINTINITAUY uandliiiudiauisativauasunIsesyfulavesusidome (nnd 4.7)

<\ ""7 ”\} 2%

{ - Iy

NCS CS (Cs+B CS+C

s

AMWA 4.7 euemvesiunduzilewaniony 7 Ju (NCS = waniudldndau CS = waaniug

wdsuMmeasiadouiiesetafied CS+B = waniugindeusie endophytic bacteria
CS+C = Wwanugindausie asaiiuauumnu)
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M1 4.6 ANwEnsatunIsAIuALlIA War NsesAulnvewdnadousie endophytic
bacteria lurasUfusns

- ANNETIAU  AIUEISIN N15TRATIN (%) %svi
(31.) (eg31.)

Ugnivelsa NCs” 1.54cd 1.01b 30.75b 100.00
Cs 2.33b 1.26b 43.50b 153.48
CS+B 3.79% 2.29a 65.50a 178.82
Cs+C 2.30b 1.10b 69.75a 155.96

F-test * * * -

C.V.(%) 24.36 25.59 25.25 -

Livgnivelsa NCs” 3.63b 2.35b 97.00 100.00
Cs 3.83b 2.68ab 96.75 112.78
CS+B 5.33a 3.06a 97.50 151.20
CS+C 4.15a 2.47b 97.50 118.95

F-test < ¢ ns -

C.V. (%) 15.68 19.09 1.21 -

1/ 9 = U & A 1 2 = | a
NCS = waniughivwdou, CS = wamiudindoumeaisindouiieodinied, CS+B = wind
\MEBURIY endophytic bacteria way CS+C = WwAaugiAdaUMe d@1sipiinalunu

9

2/ ' ' aa WY ol aa 1 Aw o o A Y] A o ax
ns ZVLNLLG]FWI’N%’N'&OGI, * =UANANAUNNENNDENUULFIAYNTEAUANULYBUY  P=0.05 a8
Duncan’s Multiple Range Test (DMRT)
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unil 5
A150iNa d5UNAN1TIVY uaztalauauuy

5.1 35alNANINAADY

ﬂ’limﬂaaﬁﬂ%\‘i‘ﬂﬁﬁ’]ﬂ’liLLEJﬂL%IE)ﬁa’]LMG\Iiﬂﬁ]’]ﬂﬁumuL%aL%ﬁﬁLLﬁm@’]ﬂ’]ﬂJ@ﬁIﬁﬂLﬁm 1ng
L‘U@Vﬂmﬂa L?i’e)i? F. oxysporum ffidnuvazaonndosiusenuves Nirmaladevi et al. (2016) g
'i’]&lmu’n Fos Fusarium oxysporum  aviidnuamdiledsey Immmmumamnaumamw
vasiendifihe  finsadieaves 3 eflm léud macroconidia, microconidia  uag
chlamydospores Tag macroconidia aziidnvaSeremadedomszduns dulsiualos 3-5
u  microconidia  fdnvasugdls  Tneunferhifidufuateivieofifies 1 Wy uae
chlamydospores fidnuugsitRadou uazagusy dhasfauvudes iWudvioduly wandor
nsnadeuANaEnstlunIadeulsanuaMsifisr  wasveddsaindudthmanuiioatu
S1897Uee Abdallah et al. (2016)

Asuen  endophytic bacteria: Mnilelde adu 51 warly vesduuzidewmediinny
wiause wuansauenldnmmnsiuiy 43 lelaan ndwnasIvEoy gram stain WUIHIIUIU
wnsuuan 34 lelwan waz unsuau 9 lelewan e endophytic bacteria Mwusiuenldly
naaeuiURundus@omenuin lidwaduneredundiugidems §3 Bacon uaz White (2000)
waz Hundley. (2005) #eSureiieniu endophytic bacteria 1’331LﬂumﬂﬁL%aﬁmﬁ’aagﬂul,ﬁa@ja
vosiglnglidensenumisausdony  Tuuiseneiugdmuinanansayisduaiunisiasaiuwniila
Snee slumsanuniidmuin luuslelwavanansarisduasunmsesydulaunsundusifema
Inenuandl endophytic bacteria 91uau 18 letan anarwau 43 lelgian laun SuRY01, LaTo01,
SuLY03, SuTWO01, LaRWO01, LaTY02, SuRY02, LalLY02, LaLWO02, LaTY01, LbLWO02, LbRWO02,
SuKY01, SuURWO04, SuRBO1,SuLWO01, LaKY03 gy SURWO2 ﬁﬁ %svi Ture 119-139 Wasidus
aonAdaatusenues Khan et al (2014) Aldspnuiduizidemeiiinisuan endophytic
bacteria mmiasd’;aﬁqLa%umm%mauimléf Toganursaiinmnuensin Usiaeaelsilad Ay
GR wazmdnsnle uam’mummwmmm Kaewkham et al. (2016) fnuinmsldiadag
LANLARRUSIAUEewUATISY Bacillus subtilis wﬂimm 110" cfu @nansavinliudnieny
0N ANETIEY ANEIsIN Auinniwdaliedeu Fwinsieaiuves Abdallah et al. (2016)
WU endophytic bacteria aunsodLaTUNISYAUINTIRLLEIToWALR 1ABaINA1IRTINERY
wuhidednanaunsoadansnssdunadulnvesiio Iiun indole-3-acetic acid (1AA) Tnuans
fananaztiensydumsbndivonead Msulawad uaznisiasuanmueawad (Shahab et al,
2009)  dwaliinasglen  uenanilfmuiuuediSeausandnsesiueiadudls  wu
Cytokinin, Ethylene, Gibberelin &g 1-Aminocyclopropane-1-carboxylate deaminase Judu
(Noel et al.,, 1996) lay Glick (2012) wagdasnil (2560) las1e1uIusnanNATHaRT STuUNY
ua m:uﬂalﬂaue]aﬂ lowA  mansslulasau  nsasaiesmeIsiy Nsasedweslsnes
(siderophore) N13a319ENIAIUANNISIASQYAULATDINY mia%’wqaﬁﬂﬁ%’auzé’ugqL%@iﬂiﬂﬁsn ik
Tinsasgiulalad
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Tunsinwinismuaslsaifionfiinnndon  Fusarium sp. Tusdemandsinud @
endophytic bacteria 25 lelaan an 43 lolwan fiiussavsnmlumsiudimsisaueadon
F. oxysporum Tumsvnaeuieis dual culture test §51uu 3 leleian Afosidusinisdudags
11 60 Wosidus éun SURWO2, SURWOL uaz LbRWO3 Tnewesidusiéiudeil 71.94, 68.33 wae
68.19 Waddud auddu FedemAfenanenatufidnwidesnsi endophytic bacteria aldlu
msmuAulsalaag19iUsEd@EmM (Monda, 2002; Akkdprd Wag Demir, 2005; Moretti et al,
2008) wuienfulunsAnwaded uenanilffmuin endophytic bacteria finalrlunisdudados
F. oxysporum e nalnnisasneensuiifaue (Antibiosis) dunmannisnuddnnsuds (clear zone)
sewhadoavelsauas endophytic bacteria waznalnnisuzisdiu (Competition) dungldannnisdi
endophytic bacteria mmiaLﬁzywmummil,ﬁgjmL%aaemsmL%faﬁﬂﬁt,%am F. oxysporum
annsaRsadeluld 1ns1esmAdeves Nandhini et al (2012) way Patel et al. (2012) ¥
endophytic bacteria fiugnlfanuzidemalunisnuns F. oxysporum wuiGenuaiiSewment
finsdaaszians allelochemicals ®14¢) ﬁﬁ‘UVIUWlﬂﬂﬁﬁ@ﬂﬂiL%%@L@Uim%aﬂL%@Iﬁﬂ WaZD19IINIT
@379 chitinase way P -1,3-glucanase PR Tesiumsesenavadition denuisuues Bibi et
al. (2012) way Wang et al. (2013) 1a31899u31 endophytic bacteria nanewiia laun Bacillus,
Micrococcus,  Microbacteruim, — Pseudomonas,  Stenotrophomonas,  Acinetobacter,
Burkholderia, Enterobacter way Serratia mmsamﬁmmséﬁ’qﬂdﬁaLﬁaﬁugaﬂWiLa%iymaaL%yaiﬂ
awvelsals venaniugsfinuideiinudn endophytic bacteria annsnauRudeTELMgLsATITY
nanevlla WU Sclerotium rolfsii, Colletotrichum capsici, Pythium sp.sag Verticillium dahlia
(Nejad and Johnson. 2000; Amaresan et al.,2012 and Nandhini et al.,,2012)

maAnwlundeillddngdon  endophytic  bacteria  fiUszAvsamlumstiudadon
F. oxysporum qaﬁqﬂ way Januanunseiunstiedudiunmsasaiula Ao leluan SURWO2
fuszandnmlunsdudinisaSayueaten A oxysporum 71.94 Weddud waranunsaduasy
maasld 119 wWeddud anlilunisindeusdeiug Tnenaedeuidumaluladfitnisiauniy
WlauiaszAvBamussideiug n1:1 endophytic bacteria NundeumEnazteliluaiiGeda
Aadumdn  Inglivanssninenisiedeudne  wdsannsveaesniuinwiudaiuduzidema
wdeudie SURWO02 1Bunan 4 Weu nuindsassnunseiuveuafielildsyiunils wiviinm
wafiSanaudens . 461 Wu 2564 log cfu/ndu Fudunmnannisedeusdatii
dmsznevresasindeuliiaisemnsfifismesenidissdinvemuafids  dwmalviUSinames
wuAfiSuanas Ganimd, 2560) sgnslsfinunisadliviinuanuiitiasenuuaiiSeiiunnninl e
FodldiSmswenumunmsindeu  uazeradsuasensisduienisisaiulnveuafiiuatiy
sy lusiuaaunmessdaiug waanmanuinviluszesiia 4 Weu mMapdouwdnsiie
nssuAseanlldmanmeiuaudenufuronsdaiug  luduvesausenvesdatugiduing
Waruuwadludoudl 3 wuhluwdaiusinuedeusne  SURW02  fiesidusinissengandi
n353A59UY demrdesUTIBIUYEY O'Callaghan et al. (2006) Alsvinsiadeuwmdnitugivey
#e Pseudomonas fluorescens F113 ﬁqm%qﬁ 4 psrmwaded wiu 70 T nudwdaiugdand
ansendinlowSeuiisuiunssisaug dudunsenssiuganmiadeiusld
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Tumsvaaeulszavsnmlumsmuaulseluviosjiing wuin  mslidaiusiindeu
e endophytic bacteria @13130aANMTAAlsARAEANLTULTIVRIlIALUALITUNISAR D UMY
asiAdilAULY 21N5189UVR9 Wang et al. (2013) Tas189ui endophytic bacteria d@113080
Tsadieniiinanide Fusarium sp. vewifemdldetnaios 75% Tag endophytic bacteria
annsadudadelsansdon Tnsasinsnsduadunsasadulaldiadamuudause ilddelsa
ianansadvhaneiiald faslefinnsamanmsmaassuiinsldwdaiusiiindause endophytic
bacteria ﬁmm%zyLau‘[mﬁgmdmssﬁﬁﬁlm Buldlsinsiidufioudsusmzdetastunsdh
vhanevesdold wenanil Bansail (2560) ildesunelithinmaedoumdeiusieuuaiiFeii
Ustleshavannsotisannsfalseld  Tasastaetestunmsidwinanevesdoamnlsadeuuay
ydsnssonueasdeiug nnalnderfideufilndainsdudy nmeaduasufiiug nisadieans
swnveladdifigrdlunissudadion  madaeuleiin . msudduiudeannglsn Tk
wilhanudmuluiis Hudy wenandddinenuisenared atuitldimsanvietu
msldwdaedaugdunidunldluniseunulsa Inenuinnsldgauridlunisiedouwdaiug
annsoannsiale tnell 918983 Hu et al. (2011) Iiihnsnasedeevgnudadnnialy 2
HuiluUssmeRuilldfunansenuanide Sclerotinia sclerotiorum wuinwdniivinsedeuwdn
swffuide  Bacillus -subtilis - Tu-100  fidszavdnmlunisaslsailiinanife  Sclerotinia
sclerotiorum Wiuldanntwinude dadimsifelsn Shsnsialsn waskands WewSeuiaui
ns5uAsTlslfinsiedounian Larmsindeuaniiesernaien s1esuieves Elad et al, 1982
lé’szqdwm31%’L3Jé‘6151’1&u,ﬂ§aué’wLﬁ“gaifl Trichoderma spp.  ansaanmsiislsafiinann
Rhizoctonia solani ‘gl 83 wWeswusd lunisugnaelulsadeu wae faliuszdnsamluns
mueilsaluanmutasgn Tnganuguissvedlsaanas 47-60 Wesidud dsliiumdnaannnsly
pentachloronitrobenzene UONTINHTIBLTES anail wagAny (2554) G1eauinmsiatey
windlnadede Bacillus amyloligucfaciens KPSa6 ansnsaammsiialsalulniinanide
wuAfi3e Acidovorax avenae subsp. avenae (Aaa) fiuuieuluwdniiug uazluanmuyasgn
dnlnals  laggansoanmsiialsate 68.31 Weosdus  wasdlisigauinnmsiedeumansieg
Pseudomonas fluorescent @isaannsiialsa Charcoal rot ﬁLﬁmmms?Ta Macrophomina
phaseolina Tuiaadls Tnsanunsnaneinisvedlsaldunnds 6170 wWedsidud 7 30-105 Su
waIINUgn venaniTesinaniEansaLiunaRanvestiaals (Shweta et al., 2008) $1i3de
Y84 Kaewkham et al. (2016) ﬁl@fﬁﬂmmm’mﬂm‘%ﬁli’l Didymella bryoniae mmgﬂ,iﬂ gummy
stem blight Tuwdmiugussnnénenmsliisdaiufindoudede Bacillus subtils wuins
indouseUSinatouuaiiSe 1x10° waz 1x10' cfu aunsoannisiialsaszezdundls Tnenuin
fspiunnuguusseslsaiios 25 Wesidud uas 23 Wedidud mudiiu Tuvaeiudalillfindey
fisvAuanuulsan1silsngadis 47 Wesidus uazsenuues 155aila uazauy (2558) Wud
nsndeudnnsthdeiies Gliocladium virens fiemadudiu 10" aled/fiadans eanlsaui
AoRUIINIGe Pythium aphanidermatum usnundigamgll 10 ssrnwaidea Wunan 190 u
aansnmueulsauiaeiu  Aiflaugande P aphanidermatum lgRhiumslasa
metalaxyl Feuenaniideimiddonaneduafilduamudontu tdud maedoundaundieie
Bacillus subtilis wetlasfiulsaenslvaiiiinande Botryosphaeria rhodina msiaeuLEAT
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neufeLie Pseudomonas fluorescens Wetosrulsallirefuitinanie Pythium ultimum
Judu (e uwagiiAa, 2555; O’Callaghan et al., 2006)

5.2 @5Unan1sivY

IINMSANINISWEN endophytic bacteria 91310 818U waglu vesduusdewmed
wlawse nuiidenuaiiSeienlddningunuaiiSounsuuin ldmwansenusionsiadyres
AUNA LT DLNF Tuvslelglanaunsadaasunisiasyvesiunauziomeale deoth
endophytic bacteria smedeuAEnsalumssudates Fusarium oxysporum mm&ﬂiﬂ
dienlunsi@owa nuineindiuau endophytic bacteria 43 lolawan i 3 lolowan Aifesidus
nsfudsnnnin 60 Wesidus lduA SURWO2, SURWOL way LbRWO3 lunisveaesadeil
endophytic bacteria fnalrlun1sdiudenisiasuende F oxysporum 2 WUU fon15as1eans
UfThug wasnalnnisudedy wdsduganmeaeuldiinisdaden endophytic bacteria loly
v SURWO02 anldlunisiadeuwaaiiugsaly

lun1svegeuaeanusatunisaanisinlsanud - Tunsneaedurieslifins  wuih
winusiiadouse endophytic  bacteria  anu1snannIsiAnlsaldiusAvEI LAy
wieugiidoufeanaiuetuny  uwilnnssegsiidedduilowseuiisuiunsa sy
wisiugliindeu uenainddauiudeiugfindousis endophytic bacteria  @wnsntae
duasunsiaiyaulnuessunanuzilawmalagnaig

vaannsivinwdniudiduszeginat 4 \Weu wudt endophytic bacteria adou
vudaiusiviinuanasies  lunnaiieu Fouldmsfiulifuszoznaiu Tudununn
LmamwuﬁmsmaauLuam‘wusma endophytlc bacteria immmaﬂivmmamwmu%aLuamwuﬁ
LLauENiJL‘U’e]iLeﬁuﬁlﬂ’]iﬂaﬂﬂ\‘iﬂ’a’lﬂiimﬁﬁ@u6] Wievhmsiiusneaiuas 4 ieu

muumﬂwamﬁmmaaqLmamwuqmﬂa@uma endophytic bacteria @1u15a%8aAn15LAA
Tsautendiinanidesn Fusarium sp. I wasdanuisatieasasunisssavesfuzifemalden
se wilunshuldlinsifusnvdussesnateniuy WewmnUsinauuaiiGeiviinsiadeu
fiUSunaanas Swzdmadeyszansamlunisannisialsn wazdnasunITasyRule

5.3 UalduBLUg
msinmsAnefiufusedomnandefisnenuBluineinudadtedneios 2 Fasie
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In this study, 43 isolates of endophytic bacteria isolated from healthy tomato plants against
Fusarium oxysporum, which causes Fusarium wilt disease of tomato, was studied. Initially
effects of endophytic bacteria on the growth of tomato seedlings were tested. The results
showed that most endophytic bacteria did not affect the growth of tomato seedlings.
Characterization by gram staining revealed that most of them were gram-positive bacteria.
Subsequently they were tested on the antagonistic activity against Fusarium oxysporum by dual
culture technique. It was found that only seven isolates showed the ability to inhibit the
pathogen more than 30 percent. The best isolates including SuRW02 SuRWO01 and LbRWO03
were highest inhibition percentage of 71.94, 68.33 and 68.19%, respectively. The potential
isolates found in this study will be further study and develop for coating tomato seed which an
alternative method to control Fusarium wilt disease in the future.

Keywords: endophytic bacteria, Fusarium oxysporum, Tomato
Introduction

Fusarium oxysporum causes Fusarium wilt in tomato is a major pathogen
affecting tomato production. The symptoms of this disease include wilting,
chlorosis, and stunted seedling. As a result, the plants die or got lower yields
(Hussain et al., 2016). Agriculturists had many controlled measures by using
several methods, including cultural technique and chemical application.
Especially the use of chemicals has been widely used. Although the use of
chemicals is effective in controlling the disease, this medthod is harmful to
organisms and the environment. Therefore, safe strategies would be used in the
management of this disease.

Biological control has been reported as a potential for the management of
several disease. It consists of a variety of antagonistic microorganisms which
have activity for controlling of various plant pathogens, including Fusarium
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wilt pathogen (Larkin and Fravel., 1998). Among of that endophytic bacteria is
one of the benefit microbial, which is a group of microorganisms that live in
healthy plant tissue and did not negative effect on plant (Bacon and White,
2000; Hundley, 2005). Several studies of biological control by endophytic
bacteria have shown that they were able to suppress the pathogen of bacterial
wilt disease in tomato (Purnawati et al., 2014). Also, inoculation with bacterial
endophytes has been demonstrated to reduce disease symptoms caused by
vascular wilt pathogens such as Verticillium dahlia and Fusarium oxysporum f.
sp. lycopersici (Sacc.) (Nejad and Johnson., 2000). Nandhini et al. (2102) also
reported that endophytic bacteria isolated from root, stem, leaves and fruits of
healthy tomato plants can control Fusarium oxysporum f. sp. lycopersici.
Therefore, this research presents the results of in vitro antagonistic activity of
endophytic bacteria against Fusarium oxysporum and useful information for
alternative biological control strategy in the future.

Objectives: Isolation and screening of endophytic bacteria that has potential
to control Fusarium oxysporum. Selection potential isolate for further study as
seed bio-coating of Fusarium wilt management in the future.

Materials and methods
Isolation of Fusarium oxysporum and pathogenicity tests

Fusarium oxysporum was isolated from tomato plant exhibiting
symptoms of Fusarium wilt by tissue transplanting technique. Identification
was checked based on morphological characteristics.

Pathogenicity tests: Fungal pathogens were grown for 7 days on Potato
dextose agar (PDA). Then the spore suspension at concentration of 10° spore /
ml was prepared for this test. Tomato seedlings at 3 weeks of age were test by
root dip technique (cut roots and dip into the spore suspension for 20 minutes),
before transplanted into planting bag, and compared with dipping in sterile
distilled water (control). Disease severity was evaluated at 2 week after
inoculation by 0-3 scoring which modified from Marlatt ez al. (1996); where 0
= healthy, 1 = temporary wilt, 2 = Permanent wilt and 3= plant die. Most
violent isolate was selected to be used in next experiments. The experimental
design was completely randomized design (CRD) with 5 replications.

Isolation and screening of beneficial endophytic bacteria for tomato plant

Isolation of endophytic bacteria was done from root, stem and leaves of
healthy tomato plants. All parts of plants were surface disinfected by soaking in
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70 % ethyl alcohol for 30 sec., washed with sterile distilled water, follow by
soaking in 5% sodium hypochlorite for 2 min then washed again with sterile
distilled water and dried on sterile filter paper. After surface disinfected, each
sample was ground by sterile mortar and prepared the suspension to 10™-10™.
Then each dilution of suspensions were cultured by pour plate technique on
nutrient agar (NA) and incubated for 48 h at room temperature. Single colony
occurred on the culture was move onto NA by streak plate technique to obtain
pure colony. Morphological examination consists of colony shape, colony color,
cell shape, and gram test by using 3%KOH and gram stain were also examined.

Screening for beneficial endophytic bacteria: All isolates obtained from
healthy tomato plant was cultured in nutrient broth (NB) and incubated on
rotary shaker for 48 hr. The culture was collected and centrifuged at 5000 rpm
for 10 minutes to obtain the bacterial pellet and prepared to bacterial suspension
which adjusted the concentration equal to 0.5 Mcfarland standard solution
turbidity. A 10 ml of bacterial suspensions were added to the pots of tomato
seedlings at 3 day of age grown in sterilized peat moss. The experimental
design was completely randomized design (CRD) with 4 replications. After 7
days of inoculation with endophytic bacteria, the seedlings survived and the
growth data was collected. The growth data including stem height, stem weight,
root weight, total weight and number of leaves. Data were calculated for growth
index of seedling vigor index (svi) as following formula:

svi = Average germination percentage x Average weight per plants

svi of treatment
svi of control

% svi= X 100

In vitro antagonistic activity of endophytic bacteria against Fusarium
oxysporum

Fusarium oxysporum was cultured on PDA for 7 days. Endophytic
bacteria were cultured on NA for 2 days. Antagonistic activity was evaluated
by using dual culture technique on petridis containing PDA medium. The agar
plug of pathogen was placed at the center of culture medium and endophytic
bacteria were parallel streaked on the left and right sides of the pathogen at 2
cm. length from the edge of the plate then incubated at room temperature.
Control plates were streaked with sterile distilled water. Evaluation of mycelial
growth inhibition when pathogen grown full in control plate. The mycelial
growth inhibition rate (IR) was calculated using the formula as follow: [(C2-
C1)/ C2 x 100 where C2: diameter of the pathogen colony on control plate. and
C1: diameter of the pathogen colony on the antagonist plate. The experimental
design was completely randomized design (CRD) with 4 replications.
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Statistical analysis

The results were subjected to the analysis of variance and means were
separated according to the Duncan’s multiple range test at P <0.05.

Results
Pathogen and pathogenicity

Fusarium oxysporum isolated from tomato wilt disease plants were found
the mycelium is delicate white to pink and produce charmadospore
microconidia and macroconidia. Macroconidia have three-septate. (Figurel). In
pathogenicity tests, the tomato showed symptom of permanent wilting to dead
and browning of the vascular tissues after 7 days of inoculation (Figure2). The
evaluation showed that the disease severity was 2.4 and the disease incidence
was 80%.

Macroconidia
Microcomdia

W

Figure 1. Morphology of Fusarium oxysporum (A =colony B = microconidia
and macroconidia C = charmadospore)

e Mg

-

Figure 2. Symptom of wilt disease on to;na“{o séedling at 7 days after inoculation

(A =control B = inoculation with Fusarium oxysporum C = browning of the
vascular tissues)
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Morphological characteristics and effects on growth and seedling vigor of
endophytic bacteria

Fourty three isolates of endophytic bacteria isolated from each part of
healthy tomato plants (root leaves and stem) was found to have a variety of
morphological characteristics. Most of them were gram-positive bacteria, which
was divers in colony characteristic as shown detail in Table 1 and Figure3.

In addition, 43 isolates of endophytic bacteria were tested on tomato
seedlings. The results showed that most endophytic bacteria did not affect the
growth of tomato seedlings. Several endophytic bacteria were found that can be
growth promoting and had seedling vigor more than 20 percentages when
compare with control. Those isolates including LaRWO01, LaKY03, LaLWO02,
LalLY02, LaTYOl, LaTY02, LaTOO01, SULWO01, SuLY03, SuRW02, SuRwo4,
SuRYO01, SuRY02, SuRBO1, SuKYO01, LbTWO01, LbLWO02, and LbRWO02. The
details of data were shown in Table 2.

Table 1. Characteristic of endophytic bacteria isolated from healhy tomato

plants.
Isolate colony 3%KO Gram shape
color shape margin  surface  H test  staining
LaRWO01 white circular entire mucoid + + coccus
LaRW02 cloudy white  circular erose smooth - - coccus
LaRWO03 white irregular  undulate  smooth + + bacillus
LaRYO01 white circular erose rough + + bacillus
LaKYO01 yellow irregular entire mucoid + + bacillus
LaKY02 yellow circular entire mucoid + + coccobacilli
LaKYO03 light yellow  circular entire mucoid + + coccobacilli
LaKWO01 white circular entire smooth + + coccobacilli
LaKWO02 white circular entire mucoid + + coccus
LaLWO01 white circular entire rough - - coccus
LaLW02 white circular entire mucoid - - coccus
LaLWO03 white circular entire mucoid - - bacillus
LalLYO1 light yellow  circular entire mucoid + o bacillus
LalY02 light yellow  circular entire mucoid + + coccus
LaLYO03 light yellow  circular entire mucoid + + bacillus
LaTYO0l yellow circular entire mucoid + + coccus
LaTYO02 yellow circular entire mucoid - - coccus
LaTWO01 white circular entire mucoid - - coccus
LaTOO01 orange circular entire mucoid + + bacillus
SuLWO01 cloudy white  circular erose smooth + + bacillus
SuLW02 light yellow  circular entire mucoid + + bacillus
SuLWO03 cloudy white  circular entire mucoid + + bacillus
SuLWo04 cloudy white  circular entire mucoid + + bacillus
SuLYO01 light yellow  circular entire mucoid + + coccus
SuLY02 yellow circular entire mucoid + + bacillus
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Table 1. Characteristic of endophytic bacteria isolated from healhy tomato
plants (continue).

Isolate colony 3%KOH Gram shape
color shape margin  surface test stainin
g

SuLYO03 light yellow  circular entire mucoid + + bacillus
SuLOO01 orange circular entire smooth + + bacillus
SuRWO1 cloudy white  circular ~ undulate  rough + + bacillus
SuRW02 cloudy white  irregular  undulate  rough + + bacillus
SuRWO03 cloudy white  circular entire mucoid + + coccobacilli
SuRW04 white irregular  undulate  rough + + bacillus
SuRYO01 light yellow  circular entire mucoid + + bacillus
SuRY02 light yellow  circular entire smooth + + bacillus
SuRY03 light yellow  circular entire mucoid - - coccus
SuRBO1 egg circular  undulate  smooth + + bacillus
SuTWO01 white irregular entire mucoid - - coccobacilli
SuKYO01 light yellow  irregular entire mucoid + + bacillus
LbTWO1 cloudy white  irregular erose rough + + bacillus
LbLWO1 cloudy white  irregular erose rough + + bacillus
LbLWO02 cloudy white  irregular erose smooth - - coccus
LbRWO1 cloudy white  irregular erose smooth + + bacillus
LbRWO02 cloudy white irregular erose rough o + bacillus
LbRWO03 cloudy white  circular entire smooth a2 + bacillus

LaRWO1

Figure 3.

LaKWo1

4]

(colony on NA (left), colony at 6.7X and gram staining (right)).
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Figure 3. Morphology of endophytic bacteria isolated from healthy tomato plants

(colony on NA (left), colony at 6.7X and gram staining (right)). (Continue).
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Fguré 3. Morphology of endophytic bacteria isolated from healthy .tolrr‘l'étorplants
(colony on NA (left), colony at 6.7X and gram staining (right)). (Continue)
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Flgure 3. Morphology of endophytlc bacterla isolated from healthy tomato plants
(colony on NA (left), colony at 6.7X and gram staining (right)). (Continue)

Table 2. Effect of endophytic bacteria isolated from healhy tomato plants on
the growth of tomato seedlings.

Suvival N - Heigh of Fresh weight (g) -
Isolates of e 7 shoot % svi

seedling (cm.) root shoot total
control 100a’ 2.00a 6.30ab 0.089cd 0.452f 0.541ghij 100.00
LaRWO1 100a 1.95a 6.00 ab 0.136a 0.562bcd  0.698cbd 129.09
LaRWO02 95ab 1.90a 5.37ab 0.095¢ 0.470ef 0.565ghij 99.16
LaRWO03 95ab 2.00a 6.50ab 0.119ab 0.436 f 0.555ghij 97.41
LaRYO01 100a 1.90a 5.50ab 0.073def 0.466¢f 0.537ghij 99.30
LaKYO01 100a 1.95a 5.50ab 0.073def 0.518de 0.591fgh 109.23
LaKY02 100a 1.90a 5.37ab 0.071def 0.437f 0.508; 93.99
LaKYO03 100a 2.00a 5.62ab 0.086¢cdef  0.561bcd  0.647def 119.63
LaKWO01 100a 1.90a 6.00ab 0.095¢ 0.465ef 0.560ghij 103.46
LaKWO02 85¢ 1.90a 5.87ab 0.067f 0.437f 0.505; 79.30
LaLWO0l1 100a 1.95a 5.87ab 0.121ab 0.443f 0.565ghij 104.38
LaLWO02 100a 1.95a 5.50ab 0.120ab 0.562bcd 0.682cd 126.09
LaLWO03 100a 1.90a 6.12ab 0.124ab 0.4675ef  0.591fgh 109.23
LaLYO1 100a 1.90a 5.75ab 0.086¢def 0.436f 0.522ij 96.53
LaLY02 100a 2.00a 5.50ab 0.126ab 0.561bcd 0.687cd 127.02
LaLYO03 100a 1.90a 5.25ab 0.095¢ 0.4385f 0.533hji 98.61
LaTYO1 100a 2.00a 5.62ab 0.116b 0.562bcd 0.678cd 125.40
LaTYO02 100a 1.95a 5.87ab 0.118ab 0.578bc 0.696¢cbd 128.63
LaTWO0l 100a 1.95a 6.12ab 0.069ef 0.428f 0.497j 91.91
LaTOO01 100a 2.00a 6.00ab 0.115b 0.632a 0.747ab 138.10
SuLWO01 100a 1.95a 6.37 ab 0.116b 0.536¢d 0.652de 120.55
SuLWO02 100a 1.95a 5.87 ab 0.071def 0.441f 0.512j 94.68
SuLWO03 100a 2.00a 5.75 ab 0.121ab 0.476ef 0.597efg 110.39
SuLW04 100a 2.00a 5.75 ab 0.0675f 0.477ef 0.545ghij 100.69

": Means in the same column with different letter are significant difference at P=0.05,
according to Duncan’s Multiple Range test.
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Table 2. Effect of endophytic bacteria isolated from healhy tomato plants on
the growth of tomato seedlings (Continue).

Suvival Number  Heigh of Fresh weight .

Isolates of % svi
. of leaves shoot root shoot total

seedling
SuLYO0l1 100a 1.85a 6.00ab 0.079 cdef  0.4725ef  0.551 ghij 101.84
SulLY02 100a 1.95a 6.00ab 0.086¢def 0.442f 0.528ij 97.69
SulLYO03 100a 1.90a 6.00ab 0.123ab 0.606ab 0.728abc 134.64
SuLO01 100a 2.00a 6.37ab 0.0905¢ 0.466ef  0.561 ghij  103.69
SuRWO01 95ab 2.00a 5.75ab 0.068ef 0.442f 0.511j 89.73
SuRWO02 100a 1.90a 5.37ab 0.128ab 0.518de 0.646def 119.39
SuRWO03 95ab 2.00a 6.37ab 0.0685ef 0.437cd 0.506j 88.85
SuRWO04 100a 2.00a 6.00ab 0.115b 0.538cd 0.653de 120.78
SuRYO01 100a 1.95a 6.25ab 0.126ab 0.630a 0.756a 139.72
SuRY02 100a 2.00a 6.87a 0.086¢cdef  0.605ab 0.691cbd 127.71
SuRY03 100a 2.00a 6.62ab 0.118ab 0.466¢f 0.583ghi 107.85
SuRBO01 100a 1.95a 6.12ab 0.116b 0.537cd 0.653de 120.78
SuTWO1 100a 1.90a 6.12ab 0.128ab 0.577bc  0.705abed  130.24
SuKYO01 100a 2.00a 6.62ab 0.118ab 0.537cd 0.655de 121.01
LbTWO1 100a 1.90a 5.75ab 0.069ef 0.441f 0.510j 94.22
LbLWO1 90bc 1.95a 5.75ab 0.086¢cde 0.475¢f  0.562 ghij 93.53
LbLWO02 100a 1.90a 5.75ab 0.126ab 0.537cd 0.663d 122.63
LbRWO1 100a 1.85a 5.7ab 0.071def 0.436f 0.507j 93.76
LbRWO02 100a 1.95a 5.87ab 0.086¢cdef  0.576bc 0.662d 122.40
LbRWO03 100a 1.95a 5.87ab 0.065ef 0.443f 0.512j 94.68

V: Means in the same column with different letter are significant difference at P=0.05,
according to Duncan’s Multiple Range test.

Effect of endophytic bacteria against Fusarium oxysporum

The result of antagonistic activity of 43 isolates endophytic bacteria
against Fusarium oxysporum were found that 25 isolates were significantly
different compared with control. Among of these, only seven isolates showed
the ability to inhibit the pathogen growth more than 30 percent, including
LaLWO03, LaLYO01, SuLWO03, LaRYO01l, SuRWO01, SuRWO02, and LbRWO03
(Figuer 4). The best isolates were SURW02 SuRWO01 and LbRWO03, which had
the highest inhibition percentage of 71.94, 68.33 and 68.19%, respectively
(Table 3).
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inhibit the pathogen growth more than 30 percent (A= control, B= LaRYO0lI,
C=LaLWO03, D=LaLYO01, E= SuLWO03, F= SuRWO01, G= SuRW02, H= LbRWO03)

Table 3. Antagonistic trait of 43 isolates of endophytic bacteria isolated from
healthy tomato plants to suppress the growth of Fusarium oxysporum.

Inhibitory agiast Fusarium oxysporum

Tsolfigp Diameter of colony (cm.) % Growth inhibition
control 9.00 0.00k'
LaRWO1 7.00 22.22 defg
LaRWO02 6.95 22.78defg
LaRWO03 6.42 28.61cd
LaRYO01 5.71 36.53b
LaKYO01 8.77 2.50jk
LaKY02 8.95 0.00k
LaKYO03 8.93 0.00k
LaKWO01 8.75 2.72jk
LaKW02 8.23 8.47ij
LaLWO01 7.62 15.28ghi
LaLW02 8.03 10.6%hi
LaLWO03 6.26 30.42bc
LaLYOl 6.25 30.47bc
LalLY02 7.53 16.25fgh
LaLY03 7.50 16.67fgh
LaTYO01 8.92 0.00k
LaTY02 8.87 0.00k
LaTWO01 6.56 27.08cde
LaTOO01 7.35 18.33fg
SuLWO01 8.97 0.00k
SuLW02 7.15 20.56 efg

": Means in the same column with different letter are significant difference at P=0.05,
according to Duncan’s Multiple Range test.
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Table 3. Antagonistic trait of 43 isolates of endophytic bacteria isolated from
healthy tomato plants to suppress the growth of Fusarium oxysporum.

(Continue)

Inhibitory agiast Fusarium oxysporum

Isolates Diameter of colony (cm.) % Growth inhibition
SuLW03 6.16 31.53bc
SuLW04 8.92 0.00k
SuLYO01 8.87 0.00k
SuLY02 7.10 21.06efg
SuLY03 6.90 23.33def
SuLO01 9.00 0.00k
SuRWO01 2.85 68.33a
SuRW02 2.52 71.94a
SuRWO03 8.08 10.14hi
SuRW04 9.00 0.00k
SuRY01 7.00 22.22 defg
SuRY02 9.00 0.00k
SuRY03 8.76 0.00k
SuRBO01 7.57 15.83fgh
SuTWO1 6.98 22.36 defg
SuKYO01 9.00 0.00k
LbTWO1 7.12 20.83 efg
LbLWO1 7.28 19.028fg
LbLWO02 6.97 22.50 defg
LbRWO1 7.12 20.83 efg
LbRWO02 LSS 20.56 efg
LbRWO03 2.86 68.19a

: Means in the same column with different letter are significant difference at P=0.05,
according to Duncan’s Multiple Range test.

Discussion

The morphological characteristic of Fusarium sp. isolated in this research
was similar to Fusarium oxysporum according to Nirmaladevi et al. (2016)
reported that the mycelia of Fusarium oxysporum isolates appeared delicate,
white to pink, often with purple tinge. The fungus produced macroconidia,
microconidia and chlamydospores. Macroconidia have 3-5 septate. Microconidia
usually has non-septate or single septate. Chlamydospores, both smooth and
rough walled, were abundant and formed terminally or on an intercalary basis.
They are generally solitary, but occasionally form in pairs or chains.

Endophytic bacteria are bacteria that live in plant tissues. This
bacterium is not harmful to plants and some species can help promote plant
growth. (Bacon and White, 2000; Hundley , 2005). The results in this research
showed that most endophytic bacteria did not harm tomato seedlings, also
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promote the growth and seedlings vigor. According to Khan et al. (2014),
Tomato plants inoculated with endophytic bacteria showed significantly
increased growth attributes (shoot length, chlorophyll contents, shoot, and root
dry weights). In addition, this study has shown that endophytic bacteria can be
inhibiting the growth of Fusarium oxysporum. Several researches have reported
the use of endophytic bacteria for controlling many pathogens such as
Sclerotium rolfsii, Colletotrichum capsici, Pythium sp., Verticillium dahlia,
include Fusarium oxysporum causes Fusarium wilt in tomatoes. (Nejad and
Johnson. 2000; Amaresan ef al., 2012 and Nandhini et al., 2102).

This research showed that endophytic bacteria isolated from healthy
tomato plants tissue are capable of promoting the growth of tomato seedlings
and inhibit the growth of Fusarium oxysporum. The results of this study are the
guideline for further study on the control of Fusarium sp. by biological method.
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