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miﬁwm%gqﬁlﬁv‘hﬂmwﬂLwﬂﬁL%faﬁmﬁaagimﬁaﬁaﬁ% (endophytic bacteria) a1nlu
Sy wagnuesutn enadeusuamnsalunsduaueuLdusenddnn uayas
Fudade Pyricularia oryzae anlsangdng NansweniEe endophytic bacteria léviamun
a6 lolmian MniuthunREeUs e INITeNuNTY kay 3% KOH wui1 endophytic bacteria
Auenlddulnaidunguussuuafidounsinin  uazilelunaaeudssavsnwlunisiaduaiy
uwdausavaenddn wuindswan 41 lolwan ftednasunisieiadulnvendin lngleloan
Bar917 fwedidudsvdinsiasydulavesiundingeiigaie 12842 Wesldud sesamnleiun
lolwan Sus617 PfWesdudmsdudsndifesiu wazsondothumadoutssavsnmlums
ffududen P, oryzae #a88 dual culture test wudynlelmanivszavsnmlumsdudaiden
P. oryzae 1 lavnguloluaniifivefifusinistudamnnnis 60 Wosidusdululdud loluan
Su2s217, SUR317, BaSA17 Uay BaR917 fiefifudinisiiuis 66.80, 66.66, 64.86 uaz 61.11
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endophytic bacteria  axfiofifudinissengianlnedsnsiiesidudnissonyindu 9550
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ABSTRACT

This study is aimed for isolation endophytic bacteria from leaves, stems and roots
of healthy rice and screening their potential to promote plant growth and inhibit
Pyricularia oryzae causing rice blast. Forty-six isolates were obtained from this
experiment. Characterization by gram staining and 3% KOH test, found that most of the
isolates were gram-positive bacteria. Initially, the effect on rice seedling were tested. It
was found that 41 isolates showed their ability to promote plant growth that was
referred to benefit isolates. Isolate Bar917 had the highest seedling vigor index that was
128.42 %, followed by isolate SuS617. Then, the benefit isolates were also tested their
efficiency to inhibit P. oryzae by dual culture technique. It was found that all benefit
isolates could inhibit P. oryzae. The isolates giving 60% inhibition higher than control
were SuS217, SuR317, BaS417 and BaR917, which was 66.80, 66.66, 64.86 and 61.11%
respectively.

For screening the potential isolate, the qualifications of endophytic bacteria on
growth promotion by seedling vigor index (%svi) combined with their antagonistic activity
were considered. BaR917 was selected for further study on seed-priming to improve the
efficiency of rice production. Seed priming with endophytic bacteria (Bio-priming) did not
affect moisture content and seed germination along 3 months, In the fourth month, seed
bio-priming had the highest germination compared with control at percentage of 95.50%,
while the No priming seed had a germination rate of 93%. Detection the amount of
bacteria consisted in this priming seed was sligshtly reduced from the beginning of bio-
priming process until the end of the experiment. Bio-priming with endophytic bacteria
was tested to control rice blast disease in greenhouse condition. It was show that Bio-
priming treatment had disease severity index at level 4, closely to Osmo priming, while
No priming treatment and Hydro priming treatment had highest level of severity disease
index at level 6. Similarly result on disease incidence of Bio-priming was lower than No
priming and Hydro priming treatment. Therefore, Bio-priming with endophytic bacteria

BaR917 could reduce rice blast disease compared with No priming and Hydro priming.

keywords: endophytic bacteria, seed bio-priming, rice blast disease
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1.1 arudAgy wasnuvaslyniniinaside

fuaswsiadudu 1 vedneldud 410 Taslongdnovenusd \udniiviinamsdeonn
LLasaﬂaﬂ'mmﬁ'qm (nSUMST, 2555) uenaninsEnanuasiiUsymAlnnsiuseanizim
fugunentzd 105 wawitus nu1s wihty fanunsodseenidluusdrivenuzdlne (nsun1sdn
saUszna nsensremndied, 2566) vlidnmeunyAaesitusidauddysomsndnuasdsoon
uitlgmdrdyiidmadonsuantivesszafe faiugunnenued 105 fnnuseunesiolsalvsl
VO™ ViLﬁmmm‘%@mma Pyriculariaoryzaelioannsadmviang [ Rausszeyndnauiiesezdn
oon Woivhaedaldmndruesiuing dusdlu i 4o uazaes aruidemevestmly
ssoznemvlvimiinuarsuadnanas dalefduinsfnudatosasine (udnd way
A, 2542) mstesdumdnlsaminandnlugilaenisldased liiadlddanuy Agnusoud
windeulgn damsldasiedionailusunmededanunsng wavdwmansznusedanden dagiu
JainsunIsmamuaNmsInImYL nsldadunsduling (antagonistic microorganism) 1le
Tunsteatufdnanniu Tnsamznduuuaiideeulalng (endophytic bacteria) duuuuaiise
fondverludadoy wildviAnsussonsenolsasefiv (Hallman et al, 1997; g3nrs uag
Az, 2556) delissnudniuvaiiGaeulaliiusiaaunsodudgburidamelsais oy
duasunssyAulnuesivla (de Matos Nogueiraet al., 2001) YoNNHMSET LN
Hhidadiddny wswashlilddnissgiulnegsmnsa wazdlonalvikandngs Fagundndi
uausedodinsainyfulauazauguatiianoiudas - Liflsauasuuaniiany  (Au1an38
aeviiglsun, 2547) ‘«Tmmiﬁmﬁmmiﬁﬁéi’jﬂmLuﬁmﬂ’uﬁ:

MInsEAuMsIONYeIsan (seed priming) 1TuBnuilsisdmunaaSeumdniusnouily
Ugn  Sudnmsferhludeiuslasunstiluusinamdeueumnyanve s deiususiay
#ile WetnilmAnnszuaunseen audinisadraeula (Farooq et al., 2006; Nasriet al., 2011)
LaznsrUIuMILIUeATuMelusdn udgRnssuiunsentesn Insanutuesudandy
ajizé'fumﬁm%ulﬁuLﬁ@lﬁmmmLﬁU%’ﬂmmémﬁuﬁlﬁmmﬂﬂa (Ashraf and Foolad, 2005;
Dezfuliet al., 2008; AINNUAITIUY LATANE, 2556) ﬁgqﬁlmiﬂsséjumiaaﬂﬁumLmémﬁwma%%iﬁm
nsutEaluth (hydropriming) W3aN1sliansRaTa (osmopriming) ﬁqmmﬁ Larszezai
REFRETE Lﬁ@‘lj’]Lmﬁ@ﬁr}huﬂﬁﬂ%é’umi\‘]aﬂi‘ULW”IS%VT’]I‘I%LM&@Q@ﬂiﬁLg’JLLazaﬁj’]LE‘mE) (McDonal,
1999) uennifafimstnqdunisanldsusunmsnsedunisien (bio-priming) Taefinssenuiy
bio-priming  {uBnwilsinmsfifinszeznanfiazannsatetiosfusdeiug  uasdundranide
mmaiiﬂléf (Callen et al,, 1991; Callen and Mathre, 2000) N5ty bio-priming gadimy
wanzautennasaeanteufing  FugviliussAvinmlumsmuauidoaglsafiuaniy
(Wright et al., 2003a.)

Fofumsinuasaisslddnunsldide endophytic bacteria fiuenldandnisauiunisly
walla seed bio-priming titeaslsaludiiinandos Pyriculariaoryzaekaen3gAun1598nvas
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soluluauen

1.2 JnguszasAvadiagenisidey
1. iitedmden endophytic bacteria fiiuszavsamlunstiudados Pyriculari aoryzae
awslsalndivesdn
2. Wlefnwimsivasuuasganmuedsdaiuging Mendainisvin seed bio-priming e
endophytic bacteria

1.3 YauUlAYaslAINITIdY
aAu X g - . v A v oo A . .

U UILUYNLYD endophytic bacteria NY1 LINBYUEIDIN Pyricularia oryzae
awelsalngd  viseduaSunsasyiulnvestiiugueenusd 105 Tawiunisvitseed  bio-
priming Tngvimsveaedhuiosufuiiinislsany anvmaluladn1snan g AU
waluladn1snens aa1dumalulagnsgaeunddIAunmTaInnssda NTENNY

1.4 Uszlaineindnagldsy
161 endophytic bacteria angiiugiivszavsnnieilulglunisyvi seed bio-priming
iszgzaInBnergnMsiuinviudaiug  uavn13iTInsenves  endophytic bacteria

18991AA591 bio priming ARBAIUNNTUHANUATUARNNINSUNS TLITA15I91ANS
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2.1 9ud) FNYAFIU YIANTOULUIANUANVDILATINTIY

< o o .
N19NTLAUNITIBNVBUNAANUS (seed priming)

N3N32AUNITIBNTBINEN (seed priming) umalianizuiinnsldiunusadeninlusiu
Fafinsnuinsiudaiududluin i visuuunewiluvgnaunsaisinisenveawdala
(Parera and Cantliffe, 1994) Fan1snszfunissenveduandludedinnudineriunssuiunis
sONUosan elausansziunmssenveawdalaegisfiuszdnsnmunndy lagN1sATHN
yosudniugilunszuiunsuilsnfianudAgunnlunisien msgaduuiveaudaiuglugiemis
sonuuseanluszer 3 nuil yayll (2546) Tosneanul il

~ 2 a By ma P NN [E /S < e a X YR 2 A
seee?l 1 WansugeTuMmedtoundl Wnvuedeindy Unngnisaliiindulansluded
1990 uwazlifi®in lnvamsadunadiulaie dalugihasduniudonlavesuanogesinga
W ngedlulasing wasuSunIreudn 1NnINsBrIuGUAen et durudduan
agyilviudanesluaiuninp
al' o ! Y Ny § & Aaa a1

S¥88dl 2 Syuiliaeni szasdusea (lag period) LUUSEHZNNAINTTUILLNUOSTNAN)

Y30NIYUIUNISURUERITDIMNTATAUN I ULLAR TPzt AnTuRNIE AU AANITINWINTU
Qll t-:’ll % 1 % i d' dy ] =3 4 1 % a a
sege?l 2 GlnanAout U Iunseasd 1 ssesiillanuisadiule winsiaaaulan1edaed

A < L ] ' A & vy a A = <

seedl 3 Wussesiwdnsenaenin dulsnidiulife sinusniiefunmeqiioniudn

poNNN VuLILNUdUUSleaTuULYaa uavaengvuInwas dnsesydulaviuladau nsfisin

wnevzgeandinavinin1sgeBninfinduegssingd esmnwbeniddseniiiuiifalunisee

FUUNUINTUNINALTULD

s =

Uagtulimsiweianisnszdunisenveaudn uildlunmsuiulnmnmusaudaiug @

]
a

and ° a X gy & o e | My, K = i o8 Y & o &
Filagyhmsiiuauuliu§anug Wy nsudwinludl vseanswaiisngg iiudanugied
mMaUasuwlamaueueddy  weviiiudediaundoulunistenurdalisendetluanay
a1u13090nLApgeTIAST wazlinauaiaue (Bray, 1995; McDonald, 2000) lng3Ukuua89nIs
nIzRuNenvesNinivatssuLuulaun
1). Hydro-priming
I 1 <3 go’ 1 ) Qdail’c: acaa Y 1 1 o
Junsuswdaluinneulumizdgn  BUdwIsndeuldiuegrunsvarglunism
= & adal Ny ° 12 X 3 =1 & adad1 A ]
NsinwRs e niluisinde wasiidunue witwddinsudwdntudlasduisnienan uw
nmsutmaatudienailiudalilasuanutueswaitate  dwalmudnsenllainaueniuly
My wazenalimugduiiwunssdafdmvnnlasuauaiuannialiagsiliasormsndiune
WaaAnn1s3iasanun vliwdainainuidenne (Pill and Necker, 2001)
2).0smopriming
wedetilumedanisnszdunisienvadlaenisutiudaluasazaneifiarrusiedng
vosluseaudn Wevzaensgaiivosuinlitias wu Wima, polyethylene glycol (PEG),
glycerol, sorbitol tWuiu antuiailvanmnudu mada osmoprimingdadudnimaiianilsh
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Preiiiudninisenvenudn uariinegnisfivinuadaiug Bidaunsonuamui
wanaadnlulagndae (McDonal, 2000)
3). Halo priming
nsudanlundedunad Wy NaCl KNO, CaCl, uay CaSO, Wusiu {Wun1susuuss
nssenvesAniuglinusiean1izfiuAy fnsAnwives Khan et al. (2009) AldAnwInsnszdu
NNS9ONVBINANTINAU NaCl fimnududuiiuanansiulann 0, 3, 6 way 9 dSm ' WUIINT
nszfuMssenveadnsiiu NaCl Tn1seen wazmnuudausswesiunddninduililsignnszeu
n13ean (Nawaz et al., 2013)
4). Solid matrix priming
Hunsnsefumstenvonsdn lasmuguniagatlngldfanfifen matric potential
f gadeildnn S idufiviusda Wy wee fvuea nesielaidusu il
annsoldldRtuRsmaenin wWu usdema win wnson duvemdusiu wiimsiddadedens
wenwdneanananamsavilaen (BAgN uazae, 2555)
5). Bio-priming
Humsldaduvidnszdunssenvessideiiuity - [uBnmadevisunsnsedudnd
Tfudedadiunmsydulavesiiv  wismuantesturndlsafialas? 3 (Hunedanis
U3UUINNIUIMAALAEIBY TN TIEMINIVINIA LA TN WagiuTan I LiteaLnnaIATH
yasdalfraetuda bio-priming frnuuansisiumeinun de R]SIJJ'LLﬂiLﬂJﬁﬂiuﬁ’ﬁﬁ%@mi@jWﬁu
whandumsurluasunusesventosduniduny  Fogdurdsitewiunlddningandudely
naugaun3duflng (antagonistic microorganism) “3angukUATISEANASUNITITLAUINVRINY
ﬁa’lﬁaagu‘%mmﬁﬂﬁ‘u (plant growth promoting rhizobacteria; PGPR) (Callan et al., 1990; Raj
et al., 2004)
2.2 uidpiingtas
2.2.1 HAYRINIINTAUNITIBNAYIULUUAIN
wawn uazyd (2551) TdRnwinisiasundasnunmsdaiugndnmiuannisnsedu
mMssenvewdameasiadinieg lpgunudaiudninmnu dnszhunisentnenIsuiudn
pwansiadl THANudNTY waza1d1eiu 4 AsSEAslaA 1. Vitamin C AMUNTY 200 Mg/l
Junan 12 2lus 2. Polyethylene elycol 6000 amidudu -1.5 MPa 1uiaan 6 Su 3. KNO,
AUty 3 Wesidus Wunan 6 $3lu way 4. KNO, anududu 1 wWesidus sauiu KH,PO,
arutiudy 1 wWedidud Wunan 6 dalus Ineuvansasaeisuniigamad 15 ssreaifea 99
NANISVIABBANUIT  A15NI3AUNITIDNVBALAAMIBNNIBN TV IAWAsTUSTAMIeNLETAULE)
Tunmssenveswdadfissnnty Taeifiudusnianlunssdsild Vikamin C uag KNO, saufi
KH,PO, Al 15 uay 17 wWesidudmudiy ienSsuiisuiuwdanlilinszdueiuen
WTing uazmmz (2553) ladnwinaves seed priming sian1sbnergnIsiiusnuuan
M w3 g bika dewm 1 Usdugs 2 wazduunleand insveaedaeinude
forgndafufen 2 4 uwae 6 Weu wnszdumssendensududaiusluiidune 0 3 6
wax12 dalus figumgiivios antuitluanaudliivdemutulssanu 11-12 wWedidud

a



wunsinengnisinuinuiudniugdny Juegiuiugdn engvenuiniiug waznsannuTy

Y
'
a

n¥ufuie Tnenuiwdaiugimeny 6 weu fhuudludhuluna 3 uas 6 Falus aunsada
pgmaAuinwldnnniuudeiugiliueiih Wuna 1-4 Geu

yell wazanuz (2554) lavihnismaaeslaetuiniiugusidemegnuan 2 Wug laud pst-
01 uaw pst-02 unTeaunstentasadly PEG6000 swufiunsldansiail 3 wia Ae 1. KNO, 2.
KH,PO, Way 3. Vitamin C fiflmnududy 2 wWeddus gl 15 esrnwaidea WWuan 18
#lus wanismeaeanuIMInsEAunIIenveaLdniusuz I demaRuS pst-01 fe PEG6000
SuAUNSIY KNOs wag KH,PO, ‘v‘f’f[ﬁl,uﬁmﬁuﬁ:muﬁmaﬂlﬁﬁﬁu dauiug pst-02 wuinnisly
PEG6000 sufiu KH,PO, Tun1snssfunisseniiibviuaaiugiicnusenuazmiuiilunisianyes
widaifingetu uenanidmusudundfiiaunfianasdndae

fitne uavaney (2556) IaAnwIMInszdummsentesdniusuzamalaglith RO, GA3
uay KNO; Han1nmaasnudh nsutadnluaisazats KNO; 0.2% wiu 12 #alas wagugih RO
w12 lus Tnrseengaiigade 93% luvniriwdadlilinszdueiuen (control) finaen
e 86% drunsutwdsiutih RO w6 dhlus wesnsutuEaluansazaty KNOs 0.2% uu
12 4l fuenedslunsendafigade 24 waz 245 Tuvusiwdedililénszduaiiusen
(control) fnaiedslunissan 255 Fu

anIanTI WagAnly (2556) Iiimsvieaesiiiomszezinafvngansanisin seed
priming UBIUAININGNNEANITLS Super Big i 9 ns5uAEAe TiuAnlildviv seed priming (control)
353V seed priming Taglmnuduui 0.5, 1, 2, 4, 8, 16 $alus viSoauTINLINiNTeN
waznsafsfthmisdbivadunm 1wl shasvesssleelierutuudiude 1nasde
sewiriouleloda (FORACELL®) fiommiail 25 esmiwafud avmiuduing 90 wedidusd udn
anPuvesuEnNAUTEAURL HanIsAnwIandlifiuinslmLTy udaiusunanailag
Mundnsenitoulolofaiou fonmnd 25 ssweailea Tagliudaldfuamudunn 16
il awnsafiudefduinmasenuesudald  wosvilWdunddnsimunsedluaiaiiduly
anmiuasugn

Shahzadet.al. (2000) immmimmaaqmvmumiqaﬂmaﬂLuamwuﬁmawnmamam Tu
syegnafiuanensiufe 0 (ML), 6, 12, uaz24d mim‘mqqum 20 ssrwadoa Nt
widsananautudienisevilgamgl 42 esreadea una 24 Hlsdewiiluugn wuth
MI3nsEuMssenveamdndnmanszevaan 24 s Winadnindisszeznadug  lned
Wesiiufin3enwindu 100 Wesdus muensINminiu 8.41 lwuRung

Muller uWaz Berg, (2008) eUIsTeznafimnzanlunsutEniinaseni iy
Uszandnmweanisldqdunid nszdunissenveaudainnie Imaié’ﬁwmimaaqﬁ’m%a Serratia
plymuthica HRO-C48 mvdumaﬂgﬁﬂw WUISTEENENTeILARTTEET 1 (phase I) aglur
4 Frlususnvesnisutude Tnefinispatifiugatunniian mumiqaﬂsuaamamv oyl 2 (phase
) Wedulutasnafududesewing 4-16 dalus uazszesdl 3 wRetunendminuauda 16
il dwswiuvesdie Serratia plymuthica HRO-CA8 wuindessnanifius uuunniian
vdmnmsutudaduna 20 Falus fswauveade S, plymuthicawinfiu logl0 6.3 + 0.21
CFU sowdn Taannninhananfiutisdaduna 4 9ilus uaz 12 $9lus Sedivinavende S.



plymuthica Windu 3.4 + 0.40 Log CFU seluan Wag 6.2 + 0.26 Log CFU faluan auasiu
Tnensifissnniuvesgaunisuiindfasinavilinseuamdeaiglsniiusz avsnmduann
uBnde

2.2.2 M3n3EAUN15IBNAI8RAUNTE (Bio-priming)

Callan et al. (1991) l@nwmsnseunssenveasdadilnalagldide Pseudomonas
fluorescens @newug AB254 AuALTD Pythium ultimum awvelsaniiofuvesdnlnamiu
Wisuieuiunsldansiall  Metalaxyl  msliauduedaiien  (Uuwdadielienuiuly
vermiculite) miﬂqmmﬁméf’sa P. fluorescens maﬁuﬁ: AB254 PCNB iagMethylcellulose
wuhmansefunissenvensdnimiumsldidle P, Auorescens anewug AB254 amnsnauey
do P, ultimum 1édTlan Taefinissenvesadadminagsfianivinty 39.4 Weddud aosaan
oA Metalaxyl Afiiesidudnissonvindy 30.1 wWesldusd nmswaasmuin nsnsedumdnued
Frvne safumsldide Pseudomonas fluorescens apnsafinUsyavsamnnsionvesudn
o Fundrilenandauss woedsnanandnning 22 Wesidud venanddsdarusumuse
Tsnstnénailulsedon uavanmutasgnlasanunsnrualsnldds 75 wWesidusd

Nayaka et al (2008) lévhnsfinwinisnsedunmssenvesmdadinadende
Trichoderma hazianum mualﬁ,iﬂLﬂﬁ‘UE}ﬁ'}’ﬂWﬂﬁLﬁmmL%a Fusarium verticillioides ¥inn1s
naaouiumAatlnais 3 aeRusldun kanchan pioneer wag sweet corn lagthuudadmilna
uugluasuuIuaegues 7. hazianum femudadu 10°cfusendu iWuszozina 24 4l thily
aneudunewiluUgn nantsmaaosmuindiilng a1eWug kanchan pioneer wag sweet com
fifinsnszdunisenveasdndniunsly T hazianum Tdsmsifnlsawintu 6.12 5.84 uaz
6.03 Wosldus mudwy luvnigiinssuiseunuiisnsnisAnlsnegi 194 132 uay 32
Wesiusiauadiv

Begum et al. (2010) ldvinmsveaedliqaunsd 3 wla nszdunissenvedudn laun
Trichoderma harzianum ~ @e#Wug UPNAO Trichoderma virens aneiiug UPM23 uag
Pseudomonas aeruginosa anewug UPM1388 snldflunsmunulsalauniwesiavies fiin
e Colletotrichum truncatum Tnenindnndesmdluasurauaesvesgaunian 3 winf
namltesulusnsEIn 1:3 w/ v) unen 12 dalug dilvananudiudendos laminar flow
anansvaneamuinge T harzianum aewus UPNAO waw P. aeruginosa angwus UPM13B8
ansnsldfuuudedundes uonmnidmuindeuitingis 3 sdieanunsanuaunisiialsn
Taunhwestumdesldogsiifvddglnefsnmnsialsaegi 39-50 wWesidus Tuvnzingsis
futiudafetifissenafon  uasnss flilifnisnsedunisenvesndaiiidnamaiels
a3di 76-84 WWosidud

2.2.3 nsldqdunidieulalndaluaulsany
othudf (2557) IaFnwuenidereuladandnluiiuiinians Tusenideamileld 232 1o
laan aﬂﬂﬁu?jaﬁﬁuwﬁﬂwWﬂnsé’ugﬂL?"gaswml,m‘[,sm’n 6 wfn lawn Magnaporthe grisea,
Fusarium sp. FSK1, Fusarium sp. FSK2, Bipolaris oryzae, Curvularia lunata uWas
Rhizoctonia solani ¥nn1snaaausieda dual culture assay wuin it 12 lolean fianunsadiuds
deamalsatmmaaeuldedisdosninta  anmsfnninui Besueulalidlelsien
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GRO3  Fsdsuihndlelndudnadiy  ITS1TS2 wes DNA  pdeadatiu  Trichoderma
harzianum  aunsadudsmanglsetmeaeulsnnaialaediussdinimennnd  75%
wennigmuin lelwan GRO3 anunsordmeulssigevaans  (chitinase, protease WAy
cellulase) waznAnATTiawaSUNITS Ve (Indole-3-Acetic Acid waznsazanevaainm) ¢

nud wavetiug (2559) laneaeuuseananinvessieulalidsanisaiuulsalvdves
dmiiinanide Magnaporthe oryzae Tnewsnidesneulaliianndrisau 55 lelsian wn
nagouMITuiude M. oryzae #1838 dual culture technique wui lelawam FLI1 @wnsa
Fudsmsisaduloves M. onzae ldegadivzansam dedmsziaiu danalolnslugon
TS1- ITS2 rDNA waslelatan FL11 wudn Sanumiloutude Daldinia eschscholtzii wazwuin
nstasweulalid D. eschscholtzii FL11, Trichoderma harzianum GRO3 WaT. chanense
GRO6 amnsnanamsuussvedlsaldesafiduddny Tundrdiviusieulald WewSsudiey
funddnadilylenu LLastqu:u'meﬁi’mﬁ’umﬂﬁi’fa’liﬁﬁmL%ai’nwuhi@ms?m Mancozeb Uagluugn
31 Edifenphos

Chen et al. (1995) l§vhnsnaaeaenids endophytic bacteria 9niiioifeneluves
fhe 49 aevus Tngléide endophytic bacteria v 170 lolwian nduthumageu
Uszansnmlumsaunsilsriiisaesiheg ﬁLﬁmmm%ame Fusarium oxysporum f. sp.
vasinfectum Fssamavaaeemuin 1 6 leletan Mamnsammguussvestsasonanle laun
INR-B, JM-1128, JM-1137, CC-186, 89B-61, lay JM-869 Faseuilaiinistuninsiuunsonui
ﬁm%ja Aureobacterium saperdae, Bacillus pumilus, Phyllobacterium rubiacearum,
Pseudomonas putida, P. putida, \ag Burkholderia solanacearum AIUAINU

Silva et al. (2012) lgvhnsusnidogauvisanidederomniu Tnedunuedize 217 1o
Twan wazides 17 leloan ethinmeaoudsvansawlunmsiesiufdnsiatuveniuiiia
Mndioan Hemileia vastatrix wuindesi 17 lolmavlisusoanmsiielsasaduves
Aunla Lm'LLUﬂﬁL‘%ﬂﬁﬂﬁmﬁLLuﬂLLé’amwdmﬁuawﬁué Brevibacillu ~ schoshinensis,
Pectobacterium carotovorum, Bacillus megaterium, Microbacterium testaceum Wag
Cedeceada visae @ansnannsinalsasaiuniunle laewnig Brevibacillus choshinensis
annsnannsiinlsasadulaae 66 wWesidus

2.2.4 msldgaunsdieulaluddaaiunisasyiulnvesdia

49991 wazAny (2556)  levinniskenieulalifinuuaiiiseainsindiiuginudmes
gnasauys Weld 13 lolaian wvihnsvegeuniseuaunsalunIsuanansdaasunisasgiule
YosinMKan1snaassuIteulalnfnluaisedanuansalunisasaenesinsywing 421.7 -
465.9 lulasnsusediadans nswanoendu (AA) 8.0 - 21.9 lulasnduneliadans wagn1swan
UUe3aAU143.7 - 292.1 lulasnSusefiaddns Wethludasiuunnuindmumiloutuvesddu
wafu Bacillus safensisiiszumnuniion 98 wWesidud Inevrsdaasunisasydulnvasin
Iﬂ&JLﬁmmmqa USHUNMSUANNG SIUIUTNAONS WazNandnadewiniy 5.83, 42.62, 43.27 uax
38.42 Wasdudnuanau

Adhikariet al.  (2012) levihnsueneulali@nuuaiiieainsinuasarsuvestinalu
wadnledidls  lnenuineulal@nuuafiSefinenlédede  Pseudomonas fluorescens,



Pseudomonas tolaasii, Pseudomonas veroniiay Sphingomonastrueperif]g& a4 a’mﬁué:
mmimﬁmmmqwaﬁu%’n waviminvesiudnldednditeddymeaddiowsouiiouiu
nssuBmuauitldléviinisugnifeuuaiidooulelid wandiiuineulalufnuuaiids @i
duasunmsiasavlavestnale

Raweekulet al. (2016) Anwnslduszlesinneulalwiniuafisudaaiunisasyiule
ve391 Inevhmsuwenuuafidedaasunmsasydulnannsnuagaiduvesdna nuiuueiiSefiuend
auwiloutiu Pedobacter, Sphingomonas, Paenibacillusiay  Bacillusidiovilunageunis
duasunssyivlnvestunddrlunasannasmui Snsdiindureniviings 2.30-3.18 wh
warnuinfin1sndn siderophore nsm indole-3-a¢@fn (1A Faflnasionisduadunisiadayiuls
VOIU1IDNAIY
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AT HUNISIVY

M3l endophytic bacteria ¥ seed bio-priming iesinuseansnmlunisuandilngan
nsialsalusivestniinandes Pyricularia  oryzae MetapduasumssyAvlnveing
Usznousie 4 Sunousal

3.1 MSWENLTeT Pyricularia oryzaea i lsAMdueddnd wasnageun1snalsn

3.2 n3fmidan endophytic bacteria Aiiuszansnmlunsauanuudusiwaindidng

3.3 N13AALABN endophytic  bacteria fifuszansawlunisdudades Pyricularia

oryzae

3.4 N135ANYIN13 seed bio-priming A8 endophytic bacteria

3.1 nsweni¥es Pyricularia oryzae amnlsnludvasdnl uaznagaunisnalsn

LWENTeT1 P. oryzae andmfikansennisvestsalnddng 1ngds single spore isolation
ANUUDMNIRENTD water agar (WA) uaztemnmoyaT zaewusidnsiinlsnguusiann
vosufuRnslsniy auzmalulabnisnums aea. intuhedeludsomadsade Rice Flour
agar (RFA) (990t WazAMy, 2552) ﬂmlﬁﬁqmmﬁﬁauﬁumm 14 Ju Lﬁaﬁaﬁ]‘%ﬁy}ﬁmmu
m‘milﬁymL%@ﬁqﬁﬂﬂﬂiuéfuiﬁl,ﬁmmsa%ﬁqaﬂai‘ Tnsnaifudindufiiiunissndouiunm 2
fliadans awwma’]msmwaimsm nilduvsuthsuiuoayalivhiavihomsfensedu
msadeaUed Widermididu 10° aesnenanans i suRIueRERUSE 80 {iadans
wanfuasagatsiaatfiu 2 Wesidud 20 fiadns lnewarfuagyimihiduansiuly a1ndu
ﬁﬂlﬂamvﬁuawuﬁuﬂé’ﬁnmq 30 U waYATIRABUNITLANLIA TAEUTHEUIWINVBWNE 6 TEHU
(Roumenet al., 1997) A3l

52U 0 fia lalusinguna

52U 1 Ao unaganauiiiniaidng suiadurugudnanstiondt 0.5 fdluns

AU 2 Ao uNanauvseesanlesruadurugudnatslesnd 0.5-1 Tadwns

JZAU 3 fio wNagalang wuaUszana 1-3 aduns 499@minsenans

T2V 4 fio unaaang vuauseinm 3 dadwns vioenind ukaldudnifiveu uwg

YImna
U = = [ @ 1 a a %z’ I d' = 1
seau 5 Ao wnadwmneiudungu Jveuunadiinia [Wuen1siuanifieniueoule
AolsA

1 & a 1 [ [~ a = a [l < a =
JAU6 Ao unagnamennseiuludmnlifivevuraiuiveulueinisiuansininy
29ULDABLIA

3.2 NM3AALERN endophytic bacteria fsiuszAvs nwlunstud adon Pyricularia oryzae
mvedey  endophytic  bactera  fidmenuindivssAvsnmlunsmunuielsadm
(W azetinen, 2558) wazvhmsuenlvdaingudniiudwsdunladifisnenumaialsalg
Tnemsideanvaenfiudom streak asuuenadBade Nutrient agar (NA) Ualliifunan 48
il shideildimaseutufund i Wemaneiugfiduussloninmiiniswes wevmana uae



piam  (2558) mﬂﬁ?uﬁ']maﬁuﬁ:ﬁmumsé’mLﬁaﬂLLazmmaauﬂsz?m%mwmaq endophytic
bacteria Gi@ﬂ’]’iEQJJUEj’jﬂﬂﬁL‘\]%iyﬂJaﬂL%ai’l P. oryzae TnevhmsiaeatesP. oryzae uueINs PDA
Unilinmgil 25 ssrnwaidea Wunan 7 Yu vhnsmaaeuseds dual culture test MaunuS
yAFBULUY Completely Randomized Design (CRD) nsssi3Sas 4 41 thioauvslsndmasasuy
pWN3 PDA lasrenssnansimuewnadsatelunssiSauay dulunsninasey Wnade
awlsadasinasuevnadesdonoy 4 u uwdnhnsstreak  wuATiEeisnnueuaL
pnsidsaTodsas 2 iwufms Faam

SRR RIGVIREIT
duaeey

control treatment

A Dual culture sewinal@auuanisaiudeauglsnd

ynuuihdeyailamduamanUesidudnisguginisiasay (Growth inhibition = Gllag
dans
Y

GIE="  TAYATYATARAA0
=

C = unlalativasitesluanue1msniuay (control)
T = vuelalaivesyeasiuaiuemmeday (treatment)

3.3 15911 seed bio-priming @38 endophytic bacteria waznagauANANTRTDINAANUG
417
331  arsAnwmgasIanfiviinzanvastnalunisin seed  bio-priming a8
endophytic bacteria

nsveasslaeni1sil endophytic bacteria fsuszavsnmnstiudados P oryzae AN
nsneaededl 3.2 1minsvedey wesLAsITINaeswUATiSETasuuAT i3 esinaa ey
oMMIEBNTE Nutrient broth (NB) U3unas 50 fiadans wansuiuaesidesina inugieinies
rotary shaker 1uan 48 Falus udrhludumiesdheedes centrifuge 10 wnd antuthaaui
Gy pellet  anUFuamudutuliianugusiniu Mcfarland wes 05 iilelilsiansuuiuase
wuediFeiaruduiy 10°fu defiaddng udrhwdeiugdniidiunsandeseniuy sodium
hypochlorite unan 5 Wit ldadudnnesaun 100 fadansirunsandoud Tnglhudnou
ogluasuvuassuuaiiBefieiouly Uaundninesuidowiuozgiilounases udruulin
qmmﬁ 18 DIANBALTYE 1NUNITNA@BULUU Completely Randomized Design (CRD) N354735
az 4 91 Tnewvadu 7 nsndslaun
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n35u3s7 1 nazdudnilung 0 Tl
o v 2 o o
393357 2 nazdumanilung 6 Tl
Axl A ¥ 2 Y
393357 3 nazduwanlung 12 4l
333357 4 nazduwanilung 24 4l
n33u357 5 nazduwanilung 48 4w
333357 6 nazduwaniune 72 Flus
N3335N 7 nezduwanluvian 96 Talus
Tnaloasuiatuldaznssuds ssdnudaiugdnlunssudsuue wduliuiaudniluds
Umilnuén newsusmen3as Hot air oven iensvinusunanudu (gamgl 105 aaen
waded) Wuna 17+ 1 9lus andwthunldlulvagaanudu 30 wil Jahwundsdminmdadn
A3 WA SRR RS

s/ ( ndnanneueU-tinwanasey
WosSluAANNTY = L 7 X 100

Tudnanneusy

v ¢

3.3.2 msﬁnmmizazmmﬁmmzaﬂumiaﬂmm%’uLmﬁﬂwuﬁq%"l'ﬂumiﬁ'l seed
bio- priming #28 endophytic bacteria
mLuamﬁumnmumsmumumamma endophytic bacteria V]l@L’JﬁWLM@J%ﬁiJLLﬁ’J m%‘lw
whwdnhludahminade Wuiieaiude 33.1 Lmemammwmmmmman Hot air oven 7
gauind 35 ALY Im%qmmammqaz 5 0% 4 9 mmumuﬂmaaLuamwuqmﬂanﬂ%aiuq
Duran 24 4alus a]ﬂﬂﬁ?uﬁwmmmmm%uﬁqqm% 33,1 Wiemunaiimiinzausenis
nIzAUNSENUBINAnAe I8 endophytic bacteria

3.3.3 NSVAFOUAMNITNUDANAANAINIINI seed  bio-priming - #1788  endophytic
bacteria
yhmsguiegamdaiust it umsnseiusanfmeitnstanmlagld
endophytic bacteria (Bio-priming) ﬁlé’izazLammimimﬁmﬁuﬁ:%nﬁmmzamé’amﬂ%a 3.3.1
uazsvEznmMIanATIRLvIsauLdnte 332  wvedeunanwuasLEaiug  dun
Arufuvenudaiul  wovarasenvasSeuiisuiisusundaiiliiiunsnssdu - (No
priming)  wiAafinsedusietndusinde  (Hydro-priming)  uasidaiinszdudeansied
Carbendazim (Osmopriming)
Tngagyimansndeudsil
1. sduvesidaniug
duidaiusin 5 nfu esndeumuTuiiBinmsgulaeniseuse

@583 Hot air oven uvian 1741 laus antuhundwanuosdudnnuduigns

) ihninwaaneusu-ihmtniuaaeu
6 @ (2 =
Wosluaanusy = . . X100
ihniinwaeneuey
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2. AINDNVDINAATUG
NAAOUANLNBNAEIoNTINNEUUNSEAulneldls Top of Paper ¥innns
yiAR0d 4 91 910z 100 wiin Tigumniives anaifuadusnudminunede 5 u uasasratuade
aavhendsnninzndn 14 Yu Tasagnsaatiu Suiund Suwsuiieund winanlisen ua
widane Tintusuamummenvesudnius uedfiuitgns

uURUUNANIEN
AN98N (%) = 5 —t X100
UIUNSANLNTE

3.3.4 NNSNAFIUANUNTINTAVBY endophytic bacteria

thisdasiuginiiiunisnszdusidnie  endophytic  bacteriaudutudeiude
333 wwihmsvaseulagduiegwngfou eanaaeummenvoaudaiudin 1y
seez 4 o wiouduuiniugtadnuau 1 nsu wily ethyl alcohol 70 Wesidud 30
Jundl andudredaeiindudsshide mudeut Clorox 10 Wesidud 2 wiit uddredeindu
dundesnads  wazdudensymuiuiniunsdendeudidadaeiindy  ntunuagie
Tnse waninduilsinge 9 fadans ldasluraonnnaes wenduman 5 wiit udhansazaneun
ATI9ERURIEAS serial dilution planting technique antuasiatfulelatvouuafideses
pour plate technique ﬁul’?ﬁqmmﬁ 28 psmwadva Wuad 48 Falua 1awHuNIIAae
wuuCompletely Randomized Design (CRD) ¥Nn1svinaas 4 62?1

3.4 MadsuANNEINsalumMsaansiialsaluditaluszeznaasnisvi seed bio-priming
NumumsTAEBsLUU Completely Randomized Design (CRD) &1 6 n3s13s nssidSay 4 91 oA
A53UAST 1iaiﬂivéfumﬁﬂﬁuél,l,a%ﬁﬂaﬂL??asw P. oryzae(control)
ﬂiiﬁ%ﬁ 2 linsefumdaiusioudgnide P, oryzae(No priming)
ﬂiimmn 3 neesfudaiusaetindusnidereutgnide P. onzae (Hydro-priming)
nInBT 4 navdumdaiuisheasiadinewiimaugnide P, oryzae (Osmopriming)
N335 5 naesumdeusane endophytic bacteria deuvhnisugnide P. oryzae(Bio-
priming)
n551359 6 n3zdusBRuSAIY endophytic bacteria safuMsdanuvsluriowims
U@Jﬂﬁ‘?ai’l P. oryzae (Bio-priming+spray)
nawsudunduariulgnin Tnswdendulgnindiunsdendeudivsmady
nszaUTIw 5 Alansusionszans uaztufumeluanmidaluszesom 7 5u tudedn 7
mumsemL%aLLafmimumammmiimﬁmqS] Iﬂ&lﬂiillﬁ]ﬁﬂ/lﬂiuWUWJEJﬂ’liLmJﬂ@uﬂ’l'anﬂLsﬁa’ﬁ]u
wiwdadriluansiadl Carbendazim #i8ns1 5 nfudeth 10 &ns drunssuiBiinsedumdadg
endophytic bacteria AUt iluamsuviuassuuniiizeiinrundudu 10 cfusioliadans lae
ynnsndtaginsutsdalifssesnaivnzannude 331 udanauiuliegfisroziia
mude 3.3.2 neulgninmenisimignaitineu 14 Ju wdidaildlgnnssansas 5 du dmsu
N3ART 6AanuMBasuTINaRELUATISe nounsUgnideanmalsafindungn 2 Su i
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psanalaginnsuszulsaludiiinndesn P, oryzae d4nRINENYAEDINITUAZAIIM
JUsweINsAnalsn IneUsuuanuuaunaniude 3.1 vinisneasadussezioa ¢ oy
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una 4

NAN1598

4.1. wannsuen¥asn Pyricularia oryzae anuglsaludivastna uaznagaunisnalsa

MMsuenides  Pyriculariaoryzaennimiiuansmsiiolsalndidieds  single  spore
isolation wuinlelmaniiuenldiuldun BTNG6001 uazislethumeaeumsiialsaieuiiouiulels
aniildsunnueyeTginresufifinislaafit anzmelulaBmsinues aaa i 3 leluande
RBR55001 UBN195171 wazBKK55003 wamsvageulsanuin lolwanRBR55001 dlszruaiy
suuswedlsngsiigneglusedv 6 soanlsuleluanBkks5003 oeffisziu 5 lolulanUBN195271
uaz BTN6001 agilsedu 4 uay 3 sudidu (nwidt 4.1) friudadenldleloiavRBR55001 Al
suusweslsngananiielilunsmaaessiely

AW 4.1 uanamaialsalvsiinnevdwinsnegeulsadunan 7 Ju (A=control; B=BKK55003:
C=UBN195171; D= RBR55001 ttagBTN6001)

4.2 wansenden endophytic bacteria fitiusyansawlunnssudaidesn Pyricularia oryzae
4.2.1 wan13fnLaan endophytic bacteria ANILIIYVBIAUNAIU1D
NNTNABDIEINTALYA endophytic bacteric I8l 31 Teloan 1dud SnR117,
SnS217, SnS317, Snd17, SnR517, SnR617, SNS717, SNR817, SnS917, SnS1017, SuR117, SuS217,
SUR317, SuS417, SUR517, SuS617, SUR717, Su2R117, Su25217, Su2R317, Su2L417, SuS2R517,
Su2R617,BaR217,BaR517,BaL517,BaS417,BaR617,BaL717,BaR917,BaRlOl7Lﬁ@ﬁfhfﬂﬂﬁ@U
yedgulosiudendasganssmi nsdoauniy wae 3 %KOH wuinduunsuan 27 leleian
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waziduunsuauiies ¢ lolmanlsun lelaan SnR117, SNR617, SU2R317 uaz SU2R617 laaunsy
vindwlvajariidnvandudniu  Svarsuiawadduiuy  bacllus  unsuauinuad
snvrlalaiifudonla Snvasguhasaddusuy coccusuananilfmuinddnuaedug wu
Trladuuemnadsato 3 warsuieweasedunnmatilunmumned dluasamil 4 2uasddld
endophytic bacteric fiflsemuindvszavsnmlumsanaiunianiofulmaemunudomiglse
199N WA wazatnen (2558) dmau 15 lelwan lewn BEAStUTIOO1, BEAStUTIO02,
BEAStUTIOO03, BEJStUTIOO4, BEJStUTIOO6, BEAStRBROO1, BEAStRBRO02, BEAStRBROO3,
BEAStRBROO5,  BEAStSPBO01, BEAStSPB002, BEAStSPBO03, BEAStSPB004, BEJStSPBOOS,

BEASTPBOO1 rnfnwnsiuse

M19199 4.1 dnyaizedagineuay AnaudRlUewiuved endophytic bacteria

L Shwaslealadutemnsiasnde NA 3%KO  Gram anwaz
LUAILIE 7 . : -

d U Vou p) Htest  staining JUIN
1.BEAStUTIO01 UM nau S8 Wuidlen + + bacillus
2.BEStUTI002 GRN nau ey Wudlen + + bacillus
3.BEAStUTI003 GRN nau 138U Waudlen - - coccus
4.BEAStUTIO0q gl nau ey Wudlen - - coccus
5.BEAStUTI006 UYY nawy \Seu 5o + + bacillus
6.BEAStRBROO1 Widedld naw 158U Wudlen + + bacillus
7 .BEAStRBR002 YUY naul 158U VIV = + bacillus
8.BEAStRBR0O03 e naw 136U Juiilen % + bacillus
9.BEAStRBR0O05 U7 gy 158U Wudlen + + coccobacilli
10.BEAStSPB001 AR nal 15U Wuidlen + + coccobacilli
11.BEAStSPB002 7139 nay Syu Syy + + bacillus
12.BEAStSPBO03 - ideq nay S8y VIV + + bacillus
13. BEAStSPBO04 M2 nau 5o Wudlon + # coccobacilli
14.BEStSPB005  desla naw 158U Wudlen - 4 coccus
15BEASTPBOOL 1 Lifo nay \Sau UYFUTE + + bacillus

————————————————————————————————————————————————————————————— (WSRUUNA Lazaumnan, 2558)
16.5nR117 UM naw 158U Judlen ’ - coccus
17.5n5217 gy ldwduey - Huadu Seu + - bacillus
18.5nS317 YNYY nau Seu e + + bacillus
19.5n5417 e naw 138U Wudlen + + bacillus
20.5SnR517 Sl naw 138U Wudlen + + bacillus
21.5nR617 le! nau 158U Wudlen - - coccus
22.5nS717 le! nau 158U Wudlen + + bacillus
23.5nR817 le! nau 158U Wudlen + + bacillus
24.5n5917 e naw 158U Wudlen + + bacillus
25.5n51017 VGLE nau 158U Wudlen + + bacillus
26.SuR117 YNYU nay B Judlen + + bacillus
27.5uS217 YUY nay 58U Judlen + + bacillus
28.SuR317 Y13 nau Humdu 138U + + bacillus

15



A1919% 4.1 (7o)

L Srwazlalatiuuemnsdoato NA 3%KO  Gram Anueuy
LUATILSY - ) - -

a JUIN YU A H test  staining FUIN
29.5uS417 2717 nau 138U Wudlen + + bacillus
30.SuR517 2717 nau 138U Wudlen + + bacillus
31.5uR617 ! nau S8 Wudlen + + bacillus
33.5u2R117 e nau S8 Wudlen + + bacillus
34.5u25217 Y1 nau Hunau UFLIEE + + bacillus
35.5u2R317 e nau 158U Wudlen - - coccus
36.5u2L.417 le! nau 158U Wudlen + + bacillus
37.5u2R517 YUY naw Jupdu VUL bacillus
38.5U2R617 le! nal SeU Wudlen - - coccus
39.BaR217 ! naw 1Sy Wudlen + + coccobacilli
40.BaR317 Slniﬂq'u nay 158U VIVIE + + coccobacilli
41.BaS417 Y1IYU nay Humdu YIUTE + + bacillus
42.Bal517 e nau 138U 138U + + bacillus
43.BaR617 V17 nay 158U Wudlen + + coccobacilli
44.BalL717 VYU nay Jupdu VU5 + + coccobacilli
45.8aR917 U1YY naw Sgy 58y + + bacillus
46.BaR1017 ¥ nau Juepdu Wudlen + Z bacillus
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AW 4.2 uansanvuendugIuInelewiuves endophytic bacteria Ausnlaanda (A=
anwarlalatiuuemsiaeads  NA, B =anwaelalatinasuenss. 7vinay
C = MsAnEdauLNTUVBIaRLUATIIS ENNaavee 1,000 1)
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AW 4.2 (o)
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AW 4.2 (s0)
uoNIINENSANHAYDY endophytic bacteria sona3aesiunddmaiunyin S
Tu wazmsseatisvesiundninilunnleluavlsiumnrsdunadadleSouiisuiunssisamuny
dIUANLGS gy dwiinsn uasdwilnsaluyilolsandaruunndnatunadi wande
thandunondu wsvimuiniiomn a3 lelsan 77 %svigininnssisamunu Tasleluavsaro17
fiAn %svigsianie 128.90 Wesidus GaganiinsniBauny 28 9esidud sosaunldun leluan
BaR217 e SUR617 lneilen Yesvilyiniu 128.02 uaz128.03 mudidu (131971 4.2)

A13°99 4.2 #aUe9 endophytic bacteria ABNIIATYVOIAUNEIT T

LR U ANNES msi?m%'?m ﬁmﬁfﬂé’u 5’1‘mﬁiﬂmﬂ ﬁlmﬁ;ﬂs'm oo
Tu (w.31.) YDIAUNA (n¥) (nw) ()

1.control 2.2ab” 13.05¢ 92.50ab 0.21abc 0.36cd 0.57bcd 100

2.BEAStUTI001 2.1ab 14.37abc 100a 0.19abc 0.36cd 0.56cd 107.74
3.BEAStUTI002 2.2a 13.25abc 97.50ab 0.20abc 0.38abcd 0.59abcd  111.61
4.BEAStUTI003 2b 13.00c 100a 0.18bc 0.36cd 0.54d 104.37
5.BEAStUTIO04 2.15ab 13.12bc 97.50ab 0.17c 0.36cd 0.54d 101.76
6.BEAStUTI006 2.2a 13.07c 95.00ab 0.19abc 0.35cd 0.55cd 100.98
7.BEdStRBR0OO1 2b 13.82abc 100a 0.19abc 0.38bcd 0.58abcd  111.59
8.BEAStRBR002 2b 13.90abc 100a 0.18bc 0.38abcd 0.57abcd  110.14
9.BEAStRBR003 2.15ab 13.10c 100a 0.18bc 0.36cd 0.55cd 105.82
10.BEdStRBROO5 2b 14.68abc 92.50ab 0.23ab 0.37cd 0.60abcd ~ 116.40
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2

2

e . ANNge mﬁsm‘“ﬂ?m ﬁmifﬂsﬁu ﬂww;zﬂim ﬂmfiﬂsm e
v (9.3 YDIAUNA (nfw) (n3w) (n3w)

11.BEAStSPB001 2b 14.52abc 97.50ab 0.19abc 0.35d 0.54cd 105.33
12.BEAStSPB002 2.05ab 15.37a 97.50ab 0.19abc 0.35cd 0.54cd 105.33
13.BEAStSPB003 2.05ab 14.11abc 100a 0.23ab 0.40abcd 0.63abcd 121.21
14. BEAStSPB0O04 2.05ab 14.45abc 100a 0.21abc 0.38bcd 0.59abcd 114.47
15.BEAStSPB005 2.05ab 14.60abc 100a 0.18bc 0.39abcd 0.57abcd 111.11
16.BEASTPB0OO01 r 2.15ab 13.76abc 97.50ab 0.19abc 0.38bcd 0.57abc 107.86
17.5nR117 2.1ab 13.01c 92.50ab 0.18bc 0.35cd 0.54d 96.54
18.5nS217 2b 15.22abc 100a 0.19abc 0.35d 0.55cd 106.30
19.5nS317 2.05ab 13.15bc 100a 0.18bc 0.36cd 0.54d 104.37
20.SnS417 2b 14.09abc 95.00ab 0.18bc 0.38abcd 0.57bcd 104.18
21.5nR517 2.05ab 14.85abc 97.50ab 0.17c 0.35cd 0.54d 104.37
22.SnR617 2.05ab  14.80abc 100a 0.20abc 0.41abcd 0.62abcd  119.76
23.5nS717 2.05ab 13.15bc 100a 0.18bc 0.35d 0.53d 102.93
24.SnR817 2b 14.43abc 100a 0.18bc 0.35d 0.53d 102.45
25.5nS917 2.05ab  13.42abc 97.50ab 0.22abc 0.39abcd 0.6labcd  114.89
26.5nS1017 2b 13.02c 95.00ab 0.19abc 0.35d 0.53d 98.24
27.SuR117 2b 13.00c 97.50ab 0.18bc 0.35cd 0.54cd 102.23
28.5uS217 2.1ab 15.12abc 97.50ab 0.1%9abc 0.35d 0.55cd 97.07
29.SuR317 2.1ab 15.32ab 100a 0.21abc 0.42abcd 0.63abcd 121.21
30.5us417 2.15ab 13.38abc 95.00ab 0.22abc 0.42abcd 0.64abc 117.89
31.SuR517 2.15ab 13.15bc 95.00ab 0.19abc 0.37cd 0.56cd 103.72
32.SuR617 2.05ab 14.18abc 97.50ab 0.22abc 0.45a 0.66ab
33.SuR717 2.15ab 13.00c 100a 0.18bc 0.35d 0.53d 102.93
34.Su2R117 2.15ab 13.03¢c 97.50ab 0.20abc 0.36cd 0.56cd 105.51
35.5u25217 2.1ab 13.90abc 92.50ab 0.23ab 0.38abcd 0.61abcd 109.89
36.Su2R317 2.1ab 14.33abc 90.00b 0.21abc 0.38abcd 0.60abcd 103.89
37.5u2L417 2b 13.78abc 100a 0.24a 0.37cd 0.6labcd  117.84
38.Su2R517 2b 13.62abc 100a 0.20abc 0.36¢cd 0.57bcd 109.66
39.Su2R617 2.05ab 14.07abc 100a 0.20abc 0.37cd 0.57bcd 109.66
40.BaR217 205ab - 14.75abc | 9750ab = 02labc 0.45ab 0.66ab
41.BaR317 2.1ab 13.2dabc 100a 0.19abc 0.35cd 0.55cd 105.82
42.BasS417 2.15ab 13.64abc 97.50ab 0.19abc 0.35cd 0.55cd 103.17
43.BalL517 2b 13.82abc 100a 0.19abc 0.40abcd 0.60abcd 115.92
44.BaR617 2b 14.47abc 95.00ab 0.21abc 0.36cd 0.58abcd 106.01
45.BalL717 2.1ab 14.70abc 100a 0.20abc 0.40abcd 0.62abcd  119.28
46.BaR917 2.1ab 13.73abc 100a 0.24a 0.43abc 0.67a 128.90
47.BaR1017 2.1ab 13.24abc 97.50ab 0.19abc 0.43abc 0.62abcd  116.30
F_test * * * x * * i
CV. (%) 4.60 6.90 5.27 14.57 10.76 9..69 -

U A a 9 o o = 1Y) oV 1 | Y] aa 1 a
ﬂ'WLQaEJ‘Vlm']llﬂ'JEJ@]Qaﬂ@iLVﬁJQUﬂumqﬂJLLu’)(ﬂﬂ‘lllllﬂ'mllLLmﬂmqﬂﬂquﬂaﬂmaﬂqﬂﬂi

P=0.05 1n&/ 35 Duncan’s Multiple range test (DMRT)

v o o

AR NITEAUANNT DI
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4.2.2 Nan1INAaauUIzaN5N1NWUD9 endophytic  bacteria Ronstudaudias
Pyricularia oryzae
2nM5th endophytic bacteria 113 46 leleian s wraeuanuduuiiindsede P
onyzaeanlsalnii1aee3s dual culture test Tuesufums nuinil 5 lelmaviifiosidusinng
Subagamin 50 Wodldust 1dur Sus217, BarR917, BaSa17, SURBLT uay Su25217 TnefiAnuasidus
mstudawindu 5874, 6111, 64.86, 66.66 uay 6680 Wesiiud muddu dvllolandug 1
LU@%L%uﬁmﬁé’UézaagJﬁswdw 9.72-49.02 Wosius (Ml 4.3 uagens1ei 4.3)

A1319% 4.3 UszanSn1maed endophytic bacteria sion1seugiutios Pyricularia oryzae

N36UNTRIIP.oryzae

WUATILSY s - = i ———— %
wuruaugna1lalal (1.1, WosiguAn1TouLs
1.BEAStUTIOO01 7.53 16.25
2.BEAStUTI002 152 16.38
3.BEAStUTI003 6.88 23.47
4.BEAStUTIO04 7.15 20.55
5.BEAStUTIO06 7.25 19.44
6.BEAStRBR0OO1 5.71 36.52
7.BEAStRBR002 7.75 13.88
8.BEAStRBR003 571 36.52
9.BEAStRBR0O0O5 7.41 17.63
10.BEAStSPBOO1 8.12 9.72
11.BEAStSPB002 5.40 40.00
12.BEAStSPB0O03 5.18 42.36
13. BEAStSPB00O4 6.5 27.77
14.BEAStSPBO0O5 4.58 49.02
15.BEASTPBOOL r 6.85 23.88
16.SnR117 5.50 38.88
17.5nS217 5.50 38.88
18.5nS317 6.18 31.25
19.5nS417 7.15 20.48
20.5SnR517 5.87 34.72
21.SnR617 6.42 28.61
22.5nS717 5.35 40.55
23.5nR817 6.28 30.13
24.5nS917 6.21 30.97
25.5n51017 7.00 22.22
26.SuR117 577 35.83
27.5uS217 3.73 58.47
28.SuR317 3.00 66.66
29.5us417 571 36.52
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A1519% 4.3 (7o)

N3PUGUTOIT P.oryzae

HHae Wurugudnanlaladl (w.a)” Wosldudnisdud
30.5uR517 6.08 32.36
31.SuR617 7.78 13.47
32.5uR717 591 34.30
33.5u2R117 7.61 15.41
34.5u25217 2.98 66.80
35.5u2R317 6.55 21.22
36.5u2L417 577 35.83
37.5u2R517 5.90 34.44
38.5u2R617 6.96 22.63
39.BaR217 6.30 30.00
40.BaR317 6.61 26.52
41.Bas417 3.16 64.86
42.Bal517 6.82 24.16
43.BaR617 8.03 10.69
44.BalL717 5.23 41.80
45.BaR917 3.50 61.11
46.BaR1017 6.60 26.66
F-test it L
C.V. (%) 2.23 16.04

1/ ¥ s A o
nnduiugudnandlalatn 14 Ju

2/ D o e VW WG RWELT, L e | & , /
h =ANANAUNNEDADYNUUYFNAYNITAUAINULTDHU P=0.05 IﬂEJ'Jﬁ Duncan’s I\/\uLtlple

Range Test (DMRT)

Al 4.3 UseAvSamues endophytic bacteria v 5 lelawan fifusyavEnmmsduiaden P
oryzae 1NN 50 Wesidudnmevasnisnaaeunieds Dual-culture (A=control, B =
BarR917, C=BaS417, D=SuR317, E= SuS217uay F=Su25217)
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Fofuanmavadeuimden endophytic bacteria Wilnademsisueiiundin uay
UsrAvsnmlunmssudadorawelsalviidn vihlviaunsadadon endophytic bactera #idu
Ustlovllsmaneleluan Tagleluaviifanuthaulalsun Baro17 iesandlen %Svi gafian uazdl
Aoidudimasusadeamglselviidneglu 5 Sufuusn leluanBarol? uflenmuumnyause
msiluAnwselunsinsnseAumdeaseisnednm

4.3 n15911 seed bio-priming %98 endophytic bacteriauaznagaunuautRvauinnugd
4.3.1 nsAnEIRIYIANIMNZENYe9912 U157 seed bio-priming #78 endophytic

bacteria

MnmsEnmmuhinsnssusdaiigamgll 18 wnwalea  sadugumgiiv
el ituldssssnafivanzautonsnsssusdanusdnieisnedinmlald
endophytic bacteriafiszeziian 48 4l Lﬁmmﬂmﬁmﬁmi@mﬁwmﬁLLﬁaﬁaLﬂmLﬁulﬁﬂﬁﬂﬂwwﬁ
4.4 st 0 89 12 Flusdefinsgatifiutuedesings udriFuiadudilue 24 uas
aafiludlusdt 48 revardinmsprinfsgaudnascludaluedl 72 Ssnspmirfiiugausandiiiy
IudaFudngsrernsenveanaaudidadennsnssdundaludalusd 48 el ldlunsvi
m3nszfuaaiuginmeasm@anmlagld endophytic bacteria lunmsvnasssiely

35

30

M
I3

g gfp— il

25 ‘Al ‘ﬁ_
20 8

15

A1 [%MC)
!

10

0 o 12 24 48 2 96
ral (1)

AW 4.4 nsgauveniaiudtaTigamall 18 ewwalea 7 0, 6, 12, 24, 48, 72 uaz
96 Fala
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4.3.2 m’a‘ﬁnmmszazl:amﬁmm:aﬂumsmmmsﬁumﬁﬂﬁ'u'af%'ﬁ'ﬂumiv‘h seed bio-priming
fe endophytic bacteria
MnMsAnwmuszeznatlumsanudaiugilumnsefusdadieds
matnlagld  endophytic bacteria  fivmnzavdedt 10 dalus  TnsAinudueg
13.20 Wosidudt Felndidestummuulussduifuteuwimanssfunssenvesudaiusdniogd 13
Wosidud Fedunmsaseudulumanssdumiadeiimatnnnlagld endophytic bacteria awan
Arudufigamnd 35 ssmwadvadunan 10 dalus (15197l 4.0)

ﬂl tﬂl lﬂy Lil [ v s v U 1 =3 ¥
M135199 4.4 N15UATULUAIAINULTU PL‘L!ﬂ'ﬁa@ﬂ'J']?J“U‘LﬁJENLM@@WU@%’]’JM@QLL%LN@@@’]H GHP]
LWYIUaeY endophytic bacteria

la AP (%MC)
0 28.58
1 28.15
2 26.83
3 24.88
q 22.03
5 22.04
6 19.93
7 18.20
8 18.14
9 15.62
10 13.20
i TO95
12 10.21
13 9.81
14 9.63
15 9.34
16 9.27
17 9.21
18 9.18
19 8.54
20 8.19
21 8.12
22 7.86
23 7.65
24 7.56
F-test <
C.V. (%) 24.16

T
= @

v Lo e Aw o w 4 o P ; i
* =R NAUNNANNDYNUUYFAN UNITAUAIULYDUU P=0.05 IﬂEJ’Jﬁ Duncan’s !\/\ultlpte Range Test
(DMRT)
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LY (% < L 4

4.3.3 HANIINATOUAMATNVDUNAANUTHAINTIINTERUNAANUTA8endophytic
bacteria
4.33.1. pauturesianus
nmsAnsmuhAesiduienuturemnnniimendnsnsedudn
ftustnlwieud 0 fa 3 lifieruwendsiumeedn dusiesifudanudiludioud 4 neniEd
nafuseasedl (Osmopriming) fiAUefidusiaudugaiian drunsaisiudalimunsensedu
wia (No priming) widnfinszdusdndenindusinde (Hydro-priming) wagnianseRuiLEndeTs
meTnmlagld endophytic bacteria (Bio-priming) liifianuumnenefuysadisansad 4.5
4.3.3.2 AAIBNVDUUAANUTT?
wan1svasanuiudaiuginludeud 0 s 2 ifanuunnsmisada
Tuioud 3ﬂﬁiﬁ%ﬁ'L@Jﬁmiﬂmuﬂszﬂszﬁu (No priming) Lmémﬁﬂizﬁuﬁwﬁﬁﬂé&mj%% (Hydro-
priming)LLaszﬁmﬁﬂizfé’TuﬁaEJ endophytic bacteria (Bio-priming) ldfimasuansteiunisaia
muiumauw a4 ﬂiimﬁmawmvmuma endophytlc bacteria (B|o pnmmg) wWasidudnissen
aeftanuiniu 955 wedidud sesasnldun wiafinszdudethndusinigo (Hydro- priming)
i1 94.25 Wesldud (ans197 4.6)
M3l 4.5 Wesidudeaduvesndaiusininuesliiunanasfunde udwinduinm
Duszean 4 oy

] N & 2 o sy
ANRAYAIUTUNAANUTU? (%)

ﬂiim%% a PN A a = A i a P A a
LADUN O LADUN 1 LADUN 2 LABDUN 3 LADUN 4
No priming 14.52/ 14.81 16.34 17.48 17.53b
Hydro priming 13.39 13.99 15.97 16.03 17.26b
Osmo priming 14.10 14.14 17.69 18.12 19.65a
Bio priming 13.80 13.84 15.89 18.32 19.13ab

1/
F-test ns ns ns ns *
V. (%) 20.12 9.39 9.39 7.02 6.63

v i i aa v aa I Aw oo w A 9 o @ aa ,
ns =1§JLL(§m(ﬂWGWWJaﬂW < =ANANAUNNADADY WU UYAIAYNTEAUAIULTDUU P=0.05 Iﬂﬁlﬂﬁ Duncan’s
Multiple Range Test (DMRT)
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[

A15197 4.6 N1590NVBRNAATUTT TR ULagllRuNITNSERUWER nasnAuShwTy
JrgelIan 4 1oy

ANLRAYNNSIBNYDILLAR (%)

a3 Woudl 0 Woudl 1 Woudl 2 Woudl 3 Woudl 4
No priming 92.25 93.00 92.00 92.75a 93.00b
Hydro priming 93.00 93.50 93.50 92.00ab 94.25ab
Osmo priming 92.00 93.25 93.00 90.50b 93.25b
Bio priming 94.25 93.75 93.25 93.50a 95.50a
F-test ns ns ns * *
C.V. (%) 2.23 2.12 1.57 1.42 1.42

T
o v a [

1/ | ! aa ! Y] aa 1 aAw A o ax
ns =LILANANIVISEDRA * =upnAsAuNNadRegltedAiTEAUAmNERIY P=0.05 1neds
Duncan’s Multiple Range Test (DMRT)

4.3.3.3 Han15naaauANlTINTaAvae endophytic bacteria
NHANISANYINUI1 endophytic - bacteria mmeluaaiugdnmendainnisnszduwaniinng
ansnuanfisadntesdusEuimsvaasaious 0 Sufeud 4 lnefinisanasan 4.56log cfu/ml Wy
4.25l0g cfu/ml ioanasluiiies 0.31 log cf/mUand 4.5) wanslififiuin endophytic bacteria a13nsad]
Finegldmeludmiusinaevdinmsnssiusdnedieesigaidustezna 4 fou

= 5
."-"- e T
£ B o 1 S
w4
1
a
g 3
T
8
o
e 2
I}
S 1
I
[
=
0
0 1 2 3 =
na {1tou)

= ° . . Y o @ o v I
2N 4.5 97U endophytic bacteria NMENEINTITNTTAUNITIDAVOANGANUTUI AT UTEYLLIAN
4 \flou

4.4 nMsadauaNuasnsalumsaanisiialsaludidnalusseznaivdnisvin seed bio-priming
NNMsAnNUINTIAB MmN szduseansedmsuuaEa (Osmo priming)iawusi
mstgnidiesn P. oryzae flsgfuanuguussaslsatosfignagiissdu 3 sesaaunldun nesuis
n3zRAUAIY endophytic bacteria (Bio-priming) fiauﬁflmiﬂqm%aif] P. oryzae waznIsuiad
Tdn1snszduiudnsie endophytic bacteria $auiun1s@anunisly (Bio-priming+spray) neu
yhnsugnidest P. oryzae lagseiuanusunssaglusgdud 4 dunssdsiilinssdusde
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(No priming) ﬂauﬂamﬂja P. oryzae LLﬁuﬂiu(ﬁUﬂ’Jﬁlu’]ﬂau%%%a (Hydro-priming) ﬂauﬂaﬂ
de P oryzae mum‘uﬂfnmuuiwaﬂﬁﬂawamaaiuﬁmw 6 dunaldainamd 4.6
LGU‘IJLG]EJ’Jﬂ‘LJﬂUL‘tJE)’iL‘(mﬁ]@G]ﬁ’lﬂ’]iLﬂﬂIiﬂ‘Vl‘W‘U’J’]ﬂiiu’sﬁﬂ/l‘l/l’]ﬂ’]iﬂiuﬁ!ﬂﬂﬁ\‘laﬂﬂ’wﬁ’]imm
(Osmo priming) dauﬁ'\miﬂgméﬁam P. oryzae ﬁé’mwnmﬁmiﬁﬂﬁﬂﬁqmﬁa 11 Wesidud
sesaanlfunnssuAsilinisnseduindnsne  endophytic bacteria  $aufun1sanniunsly
dauﬁﬂmiﬂqﬂﬁaﬁ P. oryzaewaynssuionsesunlg endophytic bacteria (Bio priming)
ﬁauﬁﬂﬂ’l‘iﬂam‘ﬁ@i’l P. oryzae Tnedanlesidudsnsnnisiialsawindy 15 way  15.67
Wesidud audidiu (msneit 4.7)

ﬂ'TW‘I/I 4.6 ﬂ’l‘iLﬂﬂiﬁﬂlﬁu%ﬂ’ﬂUﬂiiﬂJ’JﬁGﬂﬂ‘] ﬂ?&lﬁadﬂﬂiﬂaﬂlfdai’l P. oryzae LUL!L’Jm 7
(A=control; B= No priming; C=Hydro priming; D=Osmo priming E=Bio priming Wag F=

Bio priming+spray)

dl LY a L4 aa | @ o dy
M0 4.7 E)G]’i’]ﬂ’ﬁLﬂ@Iﬁﬂlﬁuﬂ?’ﬂUﬂiiﬂﬂﬁﬁN‘] ﬂ']EJVaQVHﬂ’ﬁTJQﬂL"UEJT] P. oryzae

n35375 AnRRESIIINSIALIA (%)
No priming 21.33a
Hydro priming 20.60a
Osmo priming 11c
Bio priming 15b
Bio priming+spray 15.67b
F-test */
C.V. (%) 0.89
Yx cumnenstunmnsadfedneiiteddaiissduanudesiu P=0.05 1ng33 Duncan’s Multiple range test

(DMRT)
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unil 5
Asalna 83UNaNUAITY uasdalauauug

5.1 33alNaNINAaDY

MNMSANASIE BTNNsLenEas Pyricularia oryzae 9 ndmfiuansmsiislsaluiie
35 single spore isolation nudilelmandiuenlddulaud BTN600L uarlelmanitléSuny
aynTwinnTonfanislaaiy ansmalulaBnsnus dea. e 3 leluan 1éun RBR55001
UBN195171 uagBKK55003 Wleumeaeulsanuit Telean RBR55001 Hszdumnuguussvedlsn
aefign egluseiu 6 sesamnldudleluan BKK55003 egfiszsiu 5 lelelanUBN195171 waw
BTN6001 egilszsiu 4 wayr 3 leluiavRBRS5001 Wulelwiandifiusuusilumsiinlsngaian
donpdosiull Wil wavene (2557) TenulivaiSadenelelaandluldlunmmasenis
nszfuiLdnmeismstnmlagld endophytic bacteria ilopunslsalndidnlunismaassield

Tunsvanesiiazld endophytic bacteriabacteria fisenuiiiusyAnsamlunseuey
@olsedmann wevnne wavetam, (2558) 15 lelwawléun BEAStUTIOO1, BEAStUTIO02,
BEAStUTIO03, BEAStUTIO04, BEdStUTIO06, BEdStRBROO1, BEJStRBR0O0Z2, BEJStRBRO03,
BEAStRBRO05, BEAStSPB001, BEAStSPB002, BEAStSPB003, BEAStSPBO04, BEAStSPBOO5 ey
BEASTPBOO1_ r uagflanunsauen endophytic bacteria lglyi 31 lelaian dud SnR117, Sns217,
SnS317, Snd17, SNR517, SnR617, SnS717, SnR817, SnS917, SnS1017, SuR117, SuS217, SuR317,
SusS417, SuR517, SuS617, SUR7T17, SuZ2R117, Su25217, Su2R317, Suz2lL.417, SuS2R517, Su2R617,
BaR217, BaR517, BalL517, BaS417, BaR617, BaL717, BaR917, ey BaR1017 i’JiJ‘VlgWiJJG] 46 1o
Toianwudnawluidunnsuuin 39 lolsan wasiluinsuaudies 7 Telsan lnefianveylalail
weWnTAeNTe A wagUTvesaiuanaiulumuudazlolyian FansusnuazAniden
endophytic bacteria unisvnaeaiiefigfndenuuaiiSefiiusslemidmiunisduasuns
Wil wasmusudeaivglseiy  Wuldrndnddeluiutdsununnluae  Aud
(Hardoimet al., 2008; Yang et al,, 2008 Muthukumar and Venkatesh, 2013; Koohakan and
Konrangdee, 2015) asifuléinnisdndan endophytic bacteria #on1siasayvesiinduizodisl
anudfey WowmnuuafiBefuennlgiuesssnduldiuuaiiGefidudsylon viaidulnudeiy
(Lynch, 1990) safuiwesdinmsdndonlelaniidulnueenly  eldvdodiedlolsaniidu
Usdwflﬁiamm‘%m@u‘lmmﬁmﬁwﬁu waziiloth endophytic bacteria lUANwWasaMIWTves
Fundrimifiefndeniuanvasemuin Sy waemsseatisvesiundndrilunnlelaavla
wanssfunsaRRdlaiURsusutunsaismuny dawmnugs dmdndu dmdnen uasdwiin
sulunlelsavdanuunnsnstuneada uasdetundwanudu %svi wudidivomn 43 loluan
7151 %svi gandnsnidSemunu Tngleloian BarI17 fid %svi gefignde 128.90 Wesidust daganin
n3sIBAILAN 289 Wasldus sesasunliun lolwan BaR217 waz SUR61T leedlen %svi Wiy
128.42 upz128.03 muasu lolwian BaR917 Fsanuuaulalunisianlglusmunisdaaiunis
Waiiulavedm andwslet endophytic bacteriatts 46 lolmammageunsilulfiindse
o P. oryzae awelsalviidmieds dual culture test Tuesuftmnuin & 5 leluawiia
LU@%L“?juﬁﬂﬁgUgﬁﬁjﬂﬂjﬂ 50 Wasua oA SuS217, BarR917, BaSA17, SUR317 way Su2s217 Teed
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Wosifuinsdudarinty 58.74, 61.11, 64.86, 66.66 unz 66.80 Wosidud muddy aeilsh
mullelowan suq Adwedannsadudadon P, oyzae ié’ﬂmsﬁLU@%LSTjw?mié’Ué"’qagizwm 9.72 -
49.02 Wesduaenpdasiunuiteves Ji et al. (2013) Al§vinisuenile endophytic bacteria 91
4m 10 aeusldiamn 576 leluan FuvefiGeiiuonnléddul 12 loluon fannsoduadums
Wayivlmeddnly  wedliinudeluimsiddidesudade  Fusaium  oxysporum  uae
Rhizoctonia solani @iy lsndniid iy Wudusmanemiddeiildsenuinge  endophytic
bacteria asnsoAuasuMSyRuln uarsudateavnlsafield (vavaane uazetinn, 2558; Nejad
and Johnson, 2002; Pageniet al., 2013) %Qﬁnﬂmimwaawaﬁﬂﬁ’h endophytic bacteria lolyian
fuhadlaldun Baro17 Feiwedidudsuinisasuiulnvessiund seedling vigour index 138
Ysvigefian wardiriediduinesudaten A, onzae aglus ToluaniifiiuUedidudnssudigs
fign lelwanBaro17 Ieflmmimmnzaniiazdadonlultlumsnsziundasmeismsnmlagly
endophytic bacteria Wilemuaulsalmidnuazdadunmaasyiduladely

manszfudnasdosdidanafivnyasomanssduiieliudadinispardn Ul
famifieliAnnszuiunsuuwmuedtarie, Twsiniuluinmgaivesluszesd 1 was 2
LATMYANTEUILNTIANNY aeroumdaten Wetiluugnagdieliudainisieni§itu uasdiau
avhuaue Wasanantisssegiaisienas (Bray, 1995; McDonald, 2000) Tnsmnmisfnenadail
wuimansedusdnioamgl 18 esrniwadea Fasasaud 0 83 12 Faluadainsgeinisdy
og19790L57 uduTudadludalud 24 wovasitludlas?l dgdeuaziintsgeinfingsdudnasly
st 72 FamagarnfifisgetusandifiuidnFudngsresnmssenvesufauda fuui 48
Halus Faduszoznariiomnzaudenisnsefundniugineaeisnisdanmlngld endophytic
bacteria iiostniudniimagaiiiaiiuda Sasdeiugiveastiotu videasiitanldlunisnssdui
inefufagliszaznatlumsnssduupndnilise fMegraduluinmassesnaniivunzaude
nsnsefuAnIzogfignmndl 20 esmwadea 24 dalus (Shahzadet  al,2000) Fatiunasm
srpvnavangauionIsnssdusdaiielfivsyansnmlunsnssfumdngeiian annduidlels
srpvnafimnzaudensnszfudandiiu Sudufesnssssnarfmngaulunisanauiy
dudenfulasanmsfinvmui sseznaitumsaneuiusdeiuginilunnsnssfundadeis
ysTanlagld endophytic bacteria fivanzaudod 10 Falus Togaaraiiuogil 132 Wesidus
FelndiRsstumautilussduifuieuinisnssfunisonvesdaiusimiogd 13 Wosidusd
Fafumanszdusidadeismedannlagld endophytic bacteria lumsnwedstiagnszsilasnis
utideluasuuIuaey endophytic bacteria \usresian 48 Halas uaranarutuiigungd 35
ssrnwadeadunan 10 $2lu

Imam'amtﬁaﬁwLuﬁmﬁmumimzﬁué’aaiﬁma%amwimi%’ endophytic bacteria 31
yadpUAAMYBLEATLS MenuATITy warnssonmuT Aedidudmnnturesmnnyads
mendinsnszdundaluiend 0 f1 3 ldfieruuandatunsadd dududediiudautiuly
Foudl ansasfinseduseanaad (Osmopriming) frlefifuiarutugeian dunssuis
duqsmiansnszdusidnieismainmilagld endophytic bacteria (Bio-priming) laiflaan
uaneeiun19Edn wazdlonageurenvesudaiusin wandleduannsmanedudioudl 4
wudmsau%%mﬁﬂﬁmzéjuﬁw endophytic bacteria (Bio-priming) ﬁLUas‘L%uﬁﬂ'maﬂqqﬁqm
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wihiu 955 wWesifus sesasnlann Lué‘mﬁﬂszﬁué’aaﬁ’lﬂé"uéziﬂﬁa (Hydro-priming) 1911
94.25 \Wasidud uansliiuinnisnszdumanieidnadanmlagld endophytic bacteria 'l
dwarensfiuaruturessdndlonisuiunmaiiug uardnsdamuengsiianiiofuganis
noaeslufoudl 4 denndesiu Raj et al (2008) AlFseruhnmsnssduadadninghede
Pseudomonas fluorescens tuilndadieiodidudnseen LAEANULDINIVBIFUNATG
ninssAsmuauililsvhmsnssdundn  wasdlefnuselusiuii¥insenves  endophytic
bacteria  Meluwdsiudtnnend@inmnsziudn  nansAnwInuIlinsanduaLies
EndessaudBuvihnsveaeasioudt 0 duieud 4 Tnefinsanasan 4.56 log cfu/ml 1y 4.25l0g
cfu/ml v3e wandliiiuin endophytic bacteria anunsafdineglinelumdaiugdnaendnis
nsvdumidatsnamsinuidululufiemadeatufuniidores Besum (2010) #ldvinnsnswdu
winduvdewne P. aerusinosa aeiug UPM13B8laenuidn P. aeruginosa anunsniasaylamiu
windvdes wisdeeiedidudinimend waedinsiiussdvnnlunismunuidoavelsaui
vosiuvdesmevdasdnsenliesndiussansnm

ydsnifiudadiiunsnseiundameismeanmlagld endophytic bacteria (Bio-
priming) lalwan BaR917 lathlunageudssansamlumsaivpulsaluivesrnluanimlsasou
nansvRaBINUINTIAR N snEdumAaRusd1a%e endophytic bacteria ewinmsUgnide
51 P. oryzae(Bio-priming) LL@%ﬂiifJ%‘ﬁI‘é’fﬂ’ﬁﬂizﬁumﬁm@h‘&l endophytic bacteria $21AUN132A
Wu%’]ﬂUﬁ@Uﬁ’]m’iUQﬂL‘?}I@i’] P. oryzae (Bio-priming+spray) 1AIUTULIIUBINITAALIALANGATS
mﬂﬂssﬁ%ﬁﬁwmsmzﬁué’aamimﬁdauﬁwmﬁﬂgﬂ o P oryzae (Osmo priming) i adntios
Tneflenusuussagiiseduil 4 dwnsadiiviinsnssdussasedideuhnsgniden P
oryzae (Osmo priming) Hszfuausuusseslsafisziu 3 Tunenssisilinsysusdnnon
Uaﬂm%@ P. ‘oryzae (No priming) LLazﬂixéjul,mé‘ﬂé’wﬁmé"wzj’]Ls?jyafiauﬂqmsﬁua P. oryzae
(Hydro-priming). flsgfuannuguLseslsngeiigaiasziun 6 WwAeafusasninislsaiinig
nszfuanse endophytic bacteria Ssaslldnsnisiinlsamnin nssuAslinszduinda uas
nszfusdnfetndusinde uandlidiuiinsnssfumdadae  endophytic  bacteria  (Bio-
priming) ﬁ?ummsaammmquu,maﬂiﬂiwﬁ%’wﬂé’a&hqﬁﬂiz%w%mmﬁaLU‘%EJULﬁsmﬁ’umiﬁ%ﬁ
linseuidn uaznssiuidadethndusinie aenndosiuanidbves Callan et al., 1991
lmﬁmﬁﬂizﬁuwgﬂﬁ’lﬂwﬁwL%ua Pseudomonas - fluorescens\Usguliigufiunislaasiadl
MetalaxyLLLazmimzéjul,uﬁmé"mﬁﬂLﬁaaaeiwﬁmwudﬁﬂ'ﬁmzéjul,ué‘mﬁw P.fluorescens
annsnanninialsauinefuldfngauaziinnansanideilisieaiuin endophytic bacteria
anunsamueplsafivduglfdnnaneviadnee (Chen et al, 1995; Adhiket al., 2012 Pageniet
al., 2014)
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5.2 #3UNansIvY

1) M3uenidos P. oryzae anvlsaludivastnwuin lolsanfifianuguuss wagiinanld
Tunsvnassléun lolsan RBR55001 wavmsvnaasiansnsauen endophytic bacteria lilval 31
Tolatan loun SNR117, SnS217, SnS317, Snd17, SnR517, SnR617, SNS717, SnR817, SnS917,
SnS1017, SuR117, SuS217, SuR317, SuS417, SuR517, SuS617, SuR717, Su2R117, Su25217,
SuZR317, Su2L417, SuS2R517, Su2R617, BaR217, BaR517, BaL517, BaS417, BaR617, BaL717,
BaR917, war BaR1017 wuinduunsuuin 26 lelan uazsiluunsuau 5 lolwan lneaziidnwas
sUsuanaaiulluusiaglolaan

2) msfinden endophytic bacteria siemsiasgyuesiiviiannnisnaaeneillaldse
Aoty %SVl Wisuitsuiunsnitauaudmiunsdnidenlelavilanunsodaaiunisiaty
vasiiale Tnganmisnaassmuiidiendophytic bacteria ngnlviaivionunds 23 lolaian 75l %svi
geninsnisaugy dmidulelnanifauhauladoleloan - BaRO17 NT%sviganigniyiniu
128.90 Wosidus lneganinnssismuay 28.90 wWeswunadslivinnis@nusaluiianisaaunums
§7331ne1h endophytic bacteria fiaviaia 46 Taleian mmmaaummﬁ]uﬂﬁﬂﬂéﬁiaﬁa P. oryzae lu
vesufuRnmewuimnlelmanaansaduiade P, onzae I8 Fdlolmaniliiian 5 susuusnldun
SuS217, BarR917, BaSa17, SuR317 wag Su2s217 Tneflemlesifusimstudaviniy 58.74, 61.11,
60.86,  66.66 Uay 66.80 % FuEU NansAnwASsduansliifiuinlelnanBar1?  flau
mmzauﬁ%ﬁwmﬁﬂ@ﬁ@iaiuﬂﬂiﬂszﬁuLuﬁmé’aa endophytic bacteria (Bio-priming)

3) PINNEANKINISASYAUIAAFY endophytic bacteria lelaanBaR917 wuindaaani
mmuamiamimuﬁumﬁmﬁw endophytic bacteria asjﬁ 48 4l 9auviQdl 18 BIATATYE Uaz
yhmsaneatuiigamgd 35 ssnwadsaduie 10 szj'ﬂmLuauﬂﬂmaaﬂumuﬂmmwLuam
wuilidswanszvudonNiu uaznssentesEat ImaLmamwmumim“mumammmmsmaﬂ
I¥gaits 9550 wosidufluoud 4 uardmnuuuafiGedinisenanfivadntosvinduannends
nnszfuSnuauannimeens wosdladlunageunsavasiseludivluanmmudamaaos
U1 N13nsEfuLARde endophytic bacteria leleianBaRo17vidlunssuiBatinsdnvivluuay
lailedanwuly famsuussedsafsesaunainnssisiihmsnsequsdameasiadl Tnofisgdu
ausuusdlumsiAalsaeglusesiud 4 luvauefinsaAsiliinisnsedusdn wagnsnAsivhng
navfudndeinnduiendelsydummuguussradlsnoglussduil 6 Wudetuiusasnnie
Tsnfinsnisivihnsnsedudameasiadifidasnaielsadifigade 11 wWesidud sesaqun
I$urinssuABfinszduiuingae endophytic bacteria Saufumsdanumdludeuwinisgnide
31 P, oryzaewdsnssuIsnszauLuanaIe endophytic  bacteria fiauﬁwmiﬂquﬁaiﬂ P.
oryzae lngilanuasidudsnsinisiialsasindu 15 way 15.67 auaidu

5.3 JoLauBLuY

1) @Anwwisnsiiusnen endophytic bacteria  Tidsnsiiusz@vsnmsenisinluldlunis
duasunmsiasaivlnuaztesiumdnlsaluitng

2 Anwwiisnmsasmuiulusdaiuidndmnnisnssdusdeiuslaeduiifinumsnsaunso

ilulgle
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This study aimed for isolation endophytic bacteria from leaves, stems and roots of healthy rice
and screening their potential to promote plant growth and inhibit Pyricularia oryzae caused rice
blast disease. Forty-six isolates were obtained from this experiment. Initially, the effect on rice
seedling were tested. It was found that 41 isolates showed their ability to promote plant growth
that was referred to benefit isolates. Isolate Bar917 had the highest seedling vigor index that
was 128.42 %, following by isolate sus617 at 128.03%. Then the benefit isolates were also
tested their efficiency to inhibit P. oryzae by dual culture technique. It was found that all
benefit isolates could inhibit P. oryzae. The group of isolates that was 60% inhibition higher
than control including sus217, sur317, Bas417 and Bar917, which was 66.80, 66.66, 64.86 and
61.11% respectively. Characterization of benefit isolates by gram staining and 3% KOH test,
found that most of them were gram-positive bacteria. From this experiment, we selected some
benefit isolate for further study on seed bio-priming to improve its efficiency for rice
production in the future.

Keywords: endophytic bacteria, rice blast, Pyricularia oryzae

Introduction

Rice is one of the most important economic crops particularly in Asia
where almost half of the population relies on it as the main food (Hegde and
Hedge, 2013), but rice production encountered a major problem in the field of
plant disease that is rice blast disease. Rice blast disease is caused by the
Ascomycetous fungus Pyricularia oryzae (Couch and Kohn, 2002) Rice blast
symptoms can occur on all aboveground parts of the plant and is observed at
earlier growing stages until the final grain production, percentage of seeds
decreased causing economic damage. (Yorionori and Thurston 1974) This
disease has been controlled with fungicides, though this method is the most
effective control but the use of chemical frequently may affect on environment
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and chemical residues that harmful to both farmers and consumers. Leading to
some researcher have focused their efforts on developing alternative inputs to
synthetic chemicals for controlling diseases, and biological control is an
interesting alternative

Currently, biological control methods used for disease control has been
more interesting. For example using of antagonistic microorganisms such as
Trichoderma hazianum or Bacillus subtilis. There is also the attractions for
endophytic bacteria, which are bacteria live inside the plant tissue but it does
not cause plant disease. (Hallman et al., 1997) de Matos Nogueira et al., (2001)
reported that endophytic bacteria could have the capacity to control plant
pathogen and plant growth promotion. The purpose of this study was isolation
and screening of endophytic bacteria against rice blast pathogen and growth
promotion to rice and selected some benefit isolate for further study on seed
bio-priming to improve its efficiency for rice production in the future.

Obijectives: Isolation and screening of endophytic bacteria against rice
blast pathogen and growth promotion for further study on seed bio-priming.

Materials and methods
Isolation of Pyricularia oryzae and pathogenicity tests

Cultures of P. oryzae used in this study were isolated from infected rice
by single spore isolation and recieved from Plant Pathology Laboratory, faculty
of Agricultural KMITL. The isolates were transferred to petri dishes containing
rice flour agar (RFA) and incubated at 37 °C for 14 days. After 14 days,
sporulations were induced by adding 2 ml of sterile distilled water into the petri
dishes of P. oryzae then using L-Shape glass rod to scrap on the surface of
culture media, and prepared to spore suspension at concentration of 10° spore /
ml. Then 80 ml of the suspension was mixed with 20 ml of 2 % gelatin solution
and sprayed on seedling rice. Disease severity was evaluated by scoring based
on 0-9 ordinal scale (IRRI 1996) where: 0= No of lesions, 1= Small brown
speaks of pin point size or large brown speak, 2= Small round dish to slightly
elongated necrotic grey spots about 1-2 (mm) in diameter with distinct brown
margin lesions are mostly found on lower leaves, 3= Lesion type is same in
scale 2 but significant number of lesion are one on upper leaves, 4= Typical
susceptible blast lesion, 3 mm or longer infecting lesions than 2% of leaf area,
5= Typical blast lesion infecting 2-10 % of the leaf area, 6= Typical blast lesion
infecting 11-25 % of the leaf area, 7= Typical blast lesion infecting 26-50% of
the leaf area, 8= Typical blast lesion infecting 51-75% of the leaf area many
leaves are dead, and 9= More than 75% leaf are affected. The most violent
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isolate was chose for next experiments. The experimental design was
completely randomized design (CRD) with 4 replications.

Screening and selection the potential isolate

Promotion activities on rice seedling

The former isolate of endophytic bacteria that was reported on the
ability to control rice disease (Koohakan and Konrangdee, 2015) and new one
isolated from healthy rice were tested. All isolates were subcultured on nutrient
agar (NA) and incubated for 48 hours. Then they were transferred to nutrient
broth (NB) and incubated on ratary shaker for 48 hours. The culture was
centrifuged at 5000 rpm for 10 minute, cell culture pellet was diluted with
normal saline and adjusted the concentration by compared the turbidity with
McFarland standard No. 0.5. Then the suspension was inoculated to rice
seedling followed by Koohakarn and Konrangdee (2015). After 7 days of
inoculation with endophytic bacteria, the growth parameter of seedlings such as
seed germination, seedling height, stem weight, root weight, number of leaves
and total weight were collected. Data were calculated for growth index of
seedling vigor index (svi) as following formular

svi = Average germination percentage x Average weight per plants
svi of teatment
svi of control X 100

Which isolate has % SVI > 100% indicated the ability to promote plant growth
and referred to benficial isolates for further tested.

% svi =

Inhibitory activity against rice blast pathogen

The beneficial isolates of endophytic bacteria were grown on NA medium
and incubated at room temperature for 24 hours. The pathogen, P. oryzae, was
cultured on RFA for 14 days. Inhibition effect was evaluated by using dual
culture test on petri dish containing PDA media. The pathogen agar plug was
placed on the center of culture medium for 4 days before endophytic bacteria
was streaked. Then the tested isolates were streaked 2 cm. length form the edge
pararell on the left and right sides of the pathogen and incubated at room
temperature. Evaluation of the mycelial growth inhibition was done when the
pathogen in control grown full in the petri dish. 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 inhibition plate. The experimental design was
completely randomized design (CRD) with 4 replications.
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Data analysis

The results data were subjected to analysis of variance and treatment
means were separated by Duncan’s multiple range test to assesssignificant (P <
0.05) differences among means (Duncan, 1955)

Results

Isolation of Pyricularia oryzae and pathogenicity tests

BTNG6001 isolated from infected rice was morphological study to confirm
as P. oryzae and pathogenicity test compared with 3 former isolates RBR55001,
UBN195271 and BKK55003 obtained from Plant Pathology Laboratory,
KMITL. The results found that RBR55001 had the highest disease severity at
level 8, followed by isolate BKK55003 at level 6 isolates, UBN195271 and
BTNG6001 at levels 5 and 4, respectively. (Figure 1) Therefor, RBR55001was
chose for further test.

Figure 1. Rice leaves inoculated with isolated of P. oryzae (A=control;
B=BKK55003; C=UBN195271; D=RBR55001E= BTN6001)
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Screening and selection the potential isolate

Promotion activities on rice seedling

Endophytic bacteria tested in this experiment consist of the 15 previous
isolates reported by Koohakan and Konrangdee (2015) for their ability to
promote rice growth and inhibit rice blast pathopgen (BEdStUTIOO0L,
BEdStUTI002, BEdStUTI003, BEdStUTI004, BEdStUTI006, BEdStRBRO0O01,
BEdStRBR002, BEdStRBR003, BEdStRBR005, BEdStSPB001, BEdStSPB002,
BEdStSPB003, BEdStSPB004, BEdStSPB005, BEASTPB001) and 31 recent
islolates that were isolated from healthy rice (SnR117, SnS217, SnS317, Sn417,
SnR517, SnR617, SnS717, SnR817, SnS917, SnS1017, SUR117, SuS217, SUR317,
SuS417, SuR517, SuS617, SuR717, Su2R117, Su2S217, Su2R317, Su2lL417,
SuS2R517, SU2R617, BaR217, BaR517, BalL517, BaS417, BaR617, BalL717,
BaR917, BaR1017). Their characteristics were observed under microscope,
gram staining and 3% KOH were also tested. The results showed that there were
39 isolates of Gram-positive and 7 isolates of Gram-negative and showed
different colony characteristics according to Table 1 and Figure 2

Table 1. Characterization of endophytic bacteria

(sotaes Colony on NA 3%KOH Gram  Shape
Colors ~ Shape  Margin Surface test staining  style
1.BEdStUTI001 white circular  entire mucoid + + bacillus
2.BEAStUTI1002 yellow circular  entire mucoid + + bacillus
3.BEdStUTI003 yellow circular  entire mucoid - - coccus
4 BEdStUTI1004 white circular  entire mucoid - 1 coccus
5.BEdStUTI006 CVIV?,U.?g circular  entire smooth t A bacillus
6.BEStRBR001 .~ 1ont [ circular . Tentire. oy : * ' badillus
yellow
7.BEAStRBRO02 ‘;'V%L:Sg L UARE rough ~ ' badillus
8.BEdStRBR0O03 egg  circular  entire mucoid + + bacillus
9.BEdStRBR005 white circular  entire mucoid + +  coccobacilli
10.BEdStSPB001  yellow circular  entire mucoid + +  coccobacilli
11.BEAStSPB002 ‘;'V‘;]“I?ey g T + +  badillus
12.BEdStSPB003  yellow circular  entire rough + + bacillus
13. BEdStSPB004  white circular  entire mucoid + +  coccobacilli
14 BEAStSPBOO5 light circular  entire mucoid - - coccus
yellow
15.BEASTPB001 r egg circular  entire rough + + bacillus
16.SnR117 white circular  entire mucoid - - coceus
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Isolates Colony on NA 3%KOH Gram  Shape
Colors Shape  Margin Surface test staining  style
17.5n8217 ‘i,'v%“lfg’ Irregular yngulate  SMtN 4 +  ballus
18.5nS317 cloudy circular entire smooth + + bacillus
white .
19.SnS417 egg  Circular  entire mucoid + + ‘bacillus
20.SnR517 white circular  entire mucoid + + ‘bacillus
21.SnR617 white circular  entire mucoid - - 'COCCUS
22.5nS717 white circular  entire mucoid + + ‘bacillus
23.SnR817 white circular  entire mucoid + + “bacillus
24.SnS917 egg  circular  entire mucoid + + ‘bacillus
25.5nS1017 ylellczjw c!rcu:ar ent!re muco!g + + bacillus
26.SURL17 cloudy circular entire mucoi + + bacillus
white
27 SUS217 cloydy circular  entire mucoid N 3 bacillus
white
28.SuR317 \C/\Ilﬁﬁ(:y Sk undulate ~ smooth + + bacillus
29 SUSA17 \(/:\I/r?lijt(:y circular - entire mucoid Q + bacillus
30.SuR517 white circular  entire mucoid + + bacillus
31.SuR617 white circular ~ entire mucoid + + bacillus
32.SuR717 white  circular  entire mucoid + + bacillus
33.Su2R117 egg  circular  entire mucoid + + bacillus
34.5u2S217 S\'/ﬁlijt(:y Cirefilap undulate rough + + bacillus
35.Su2R317 white  circular  entire mucoid - - coccus
36.Su2L.417 white  circular  entire mucoid + + bacillus
37.Su2R517 \(;\Ilﬁlilt(:y circular - dulate rough + + bacillus
38.Su2R617 white circular  entire mucoid - - coccus
39.BaR217 white circular  entire mucoid + +  coccobacilli
40.BaR317 cloudy  circular —entire  rough 4 +  coccobacilli
white
41.BaS417 \%ﬁ‘l‘t‘;y circular o gulate U9 + +  badillus
42.Bal517 egg  circular  entire smooth + + bacillus
43.BaR617 white  circular  entire mucoid + + coccobacilli
44.BalL717 S\iﬁﬂgy B undulate rough + +  coccobacilli
45.BaR917 S\iﬁﬂgy circular entire smooth + + bacillus
46.BaR1017 brown circular undulate mucoid + + bacillus

The 46 isolatees of endophytic bacteria were tested their effects on the
growth of rice seedling. It was found that the number of leaves and survival of
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seedlings in all isolates were not significant difference compared with control,
but stem height, shoot weight, root weight and total weight of seedling were
significant difference. Acording to %SVI, we found that there were 43 isolates
with %SVI higher than control, which referred to beneficial isolates to promote
rice growth. Among the beneficial isolates, Bar917 had the highest %SVI that
was 128.90 % compared with control (Table2).

colony on NA, Middle = colony at 6.7X and Under = gram staining)
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Figure 2(continue). Morphology of endophytic bacteria from healthy rice plant
(Above = colony on NA, Middle = colony at 6.7X and Under = gram staining)
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Figure 2 (continue). Morphology of endophytic bacteria from healthy rice plant
(Above = colony on NA, Middle = colony at 6.7X and Under = gram staining)

Table 2. Effects of endophytic bacterie on the growth of rice seedlings.

numbe

r Survival Shoot Root Total .

Isolates Ir of Kieight of seedling weight weight weight Yosvi
eave

1.control 2.2ab” 13.05¢ 92.50ab 0.21abhc 0.36¢d 0.57bcd 100
2.BEAStUTI001 2.1ab 14.37abc 100a 0.19ahc 0.36¢d 0.56¢d 107.74
3.BEAStUTI002 2.2a 13.25abc 97.50ab 0.20ahc 0.38abcd 0.59abcd 111.61
4.BEAStUTI003 2b 13.00c 100a 0.18bc 0.36¢d 0.54d 104.37
5.BEdStUTI004 2.15ab 13.12bc 97.50ab 0.17c 0.36¢d 0.54d 101.76
6.BEdStUTI006 2.2a 13.07¢c 95.00ab 0.19abc 0.35cd 0.55¢cd 100.98
7.BEdStRBR001 2b 13.82abc 100a 0.19abc 0.38bcd 0.58abcd 111.59
8.BEdStRBR002 2b 13.90abc 100a 0.18bc 0.38abcd 0.57abcd 110.14
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numbe

. Survival Shoot Root Total .

Isolates Iga?;ce Height of seedling weight weight weight osvi

9.BEdStRBR003 2.15ab 13.10c 100a 0.18hc 0.36¢d 0.55¢cd 105.82
10.BEdStRBR005 2b 14.68abc 92.50ab 0.23ab 0.37cd 0.60abcd 116.40
11.BEdStSPB001 2b 14.52abc 97.50ab 0.19abc 0.35d 0.54cd 105.33
12.BEdStSPB002 2.05ab 15.37a 97.50ab 0.19abc 0.35cd 0.54cd 105.33
13.BEdStSPB003 2.05ab 14.11abc 100a 0.23ab 0.40abcd 0.63abcd 121.21
14. BEdStSPB004 2.05ab 14.45abc 100a 0.21abc 0.38hcd 0.59abcd 114.47
15.BEdStSPB005 2.05ab 14.60abc 100a 0.18bc 0.39abcd 0.57abcd 111.11
16.BEdSTPB001 r  2.15ab 13.76abc 97.50ab 0.19abc 0.38bcd 0.57abc 107.86
17.5nR117 2.1ab 13.01c 92.50ab 0.18hc 0.35cd 0.54d 96.54
18.SnS217 2b 15.22abc 100a 0.19abc 0.35d 0.55cd 106.30
19.SnS317 2.05ab 13.15hc 100a 0.18hc 0.36¢d 0.54d 104.37
20.SnS417 2b 14.09abc 95.00ab 0.18hc 0.38abcd 0.57bcd 104.18
21.SnR517 2.05ab 14.85abc 97.50ab 0.17c 0.35cd 0.54d 104.37
22.5nR617 2.05ab 14.80abc 100a 0.20abc 0.41abcd 0.62abcd 119.76
23.5nS717 2.05ab 13.15bc 100a 0.18bc 0.35d 0.53d 102.93
24.S5nR817 2b 14.43abc 100a 0.18bc 0.35d 0.53d 102.45
25.SnS917 2.05ab 13.42abc 97.50ab 0.22abc 0.39abcd 0.61abcd 114.89
26.5nS1017 2b 13.02c 95.00ab 0.19abc 0.35d 0.53d 98.24
27.SuR117 2b 13.00c 97.50ab 0.18bc 0.35cd 0.54cd 102.23
28.SuS217 2.1ab 15.12abc 97.50ab 0.19ahc 0.35d 0.55cd 97.07

29.SuR317 2.1ab 15.32ab 100a 0.21ahc 0.42abcd 0.63abcd 121.21
30.SuS417 2.15ab 13.38abc 95.00ab 0.22abhc 0.42abcd 0.64ahc 117.89
31.SuR517 2.15ab 13.15bc 95.00ab 0.19ahc 0.37cd 0.56¢d 103.72
32.SuR617 2.05ab 14.18abc 97.50ab 0.22ahc 0.45a 0.66ab 128.03
33.SuR717 2.15ab 13.00c 100a 0.18hc 0.35d 0.53d 102.93
34.Su2R117 2.15ab 13.03c 97.50ab 0.20ahc 0.36¢d 0.56¢d 105.51
35.5u2S8217 2.1ab 13.90abc 92.50ab 0.23ab 0.38abcd 0.61abcd 109.89
36.Su2R317 2.1ab 14.33abc 90.00b 0.21ahc 0.38abcd 0.60abcd 103.89
37.Su2L.417 2b 13.78abc 100a 0.24a 0.37cd 0.61abcd 117.84
38.Su2R517 2b 13.62abc 100a 0.20ahc 0.36¢d 0.57bcd 109.66
39.Su2R617 2.05ab 14.07abc 100a 0.20ahc 0.37cd 0.57bcd 109.66
40.BaR217 2.05ab 14.75abc 97.50ab 0.21ahc 0.45ab 0.66ab 128.42
41.BaR317 2.1ab 13.24abc 100a 0.19ahc 0.35cd 0.55cd 105.82
42.BaS417 2.15ab 13.64ahc 97.50ab 0.19abc 0.35cd 0.55cd 103.17
43.BalL517 2b 13.82abc 100a 0.19ahc 0.40abcd 0.60abcd 115.92
44,BaR617 2b 14.47abc 95.00ab 0.21ahc 0.36¢d 0.58abcd 106.01
45.BalL717 2.1ab 14.70abc 100a 0.20ahc 0.40abcd 0.62abcd 119.28
46.BaR917 2.1ab 13.73abc 100a 0.24a 0.43ahc 0.67a 128.90
47.BaR1017 2.1ab 13.24abc 97.50ab 0.19ahc 0.43ahc 0.62abcd 116.30

“Means in the same column with different letters are singnificant different at P =0.05 , according to
Duncan’s Multiple range test (DMRT)
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Inhibitory activity against rice blast pathogen

All isolates of endophytic bacteria in this experiment was also tested for
their efficiency to inhibit P.oryzae by dual culture technique. There were 5
isolates could inhibit more than 50%, those were SuS217, BarR917, BaS417,
SuR317 and Su2S217, which referred to antagonistic isolates. Their percentage
of inhibition was 58.74, 61.11, 64.86, 66.66 and 66.80, respectively. The rest of
isolates had percentage of inhibition between 9.72-49.02%. (Figure 3 and
Table 3)

Table 3. Effects of endophytic bacterie on growth of rice seedlings.

Inhibitory against P.oryzae

|solaggé Diameter of colony (cm.) Growth inhibition (%)
1.BEdStUTI1001 7.53 16.25
2.BEdStUTI002 7.52 16.38
3.BEdStUTI003 6.88 23.47
4.BEdStUTI004 7.15 20.55
5.BEdStUTI006 7.25 19.44
6.BEdStRBR001 5.71 36.52
7.BEdStRBR002 7.75 13.88
8.BEdStRBR003 571 36.52
9.BEdStRBR005 7.41 17.63
10.BEdStSPB001 8.12 9.72
11.BEdStSPB002 5.40 40.00
12.BEdStSPB003 5.18 42.36
13. BEdStSPB004 6.5 27.77
14 .BEdStSPB005 4.58 49.02
15.BEASTPBO001_r 6.85 23.88
16.SnR117 5.50 38.88
17.SnS217 5.50 38.88
18.SnS317 6.18 31.25
19.5nS417 7.15 20.48
20.SnR517 5.87 34.72
21.SnR617 6.42 28.61
22.SnS717 5.35 40.55
23.SnR817 6.28 30.13
24.SnS917 6.21 30.97
25.5nS1017 7.00 22.22
26.SuR117 5.77 35.83
27.SuS217 3.73 58.47
28.SuR317 3.00 66.66
29.5uS417 571 36.52
30.SuR517 6.08 32.36
31.SuR617 7.78 13.47
32.SuR717 5.91 34.30
33.Su2R117 7.61 15.41
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Inhibitory against P.oryzae

Isolates

Diameter of colony (cm.) Growth inhibition (%)
34.5u2S5217 2.98 66.80
35.Su2R317 6.55 27.22
36.5u2L417 5.77 35.83
37.Su2R517 5.90 34.44
38.Su2R617 6.96 22.63
39.BaR217 6.30 30.00
40.BaR317 6.61 26.52
41.BaS417 3.16 64.86
42.Bal517 6.82 24.16
43.BaR617 8.03 10.69
44.Bal717 5.23 41.80
45.BaR917 3.50 61.11
46.BaR1017 6.60 26.66

“Diameter of colonyP.oryzae at 14 day

Figure 3 Dual-culture of five isolates inhibit more than 50 percentage (A=control,

B = BarR917, C=BaS417, D=SuR317, E= SuS217 and F= Su2S217

Therefore, the screening of endophytic bacteria that promote plant geowth
and inhibit rice blast pathogen was considered among beneficial isolates and
antagonistic isolates.The most interesting isolates were BaR917 because of the
highest %SVI and the highest percentage of inhibition of rice blast disease.
Therefor, BaR917 has been selected as a potential isolate for further study on

seed bio-priming.
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Discussion

Isolation and screening of endophytic bacteria to select beneficial bacteria for
growth promotion and control plant pathogens is an interesting topic, because there
are a lot of research in several areas. (Hardoim et. al., 2008; Yang et. al., 2008;
Muthukumar and Venkatesh, 2013; Koohakan and Konrangdee, 2015). In this studly,
we obtained 31 recent isolate from healthy rice, those were SnR117, SnS177,
SnS177, Sndl7, SnR1717, SnR177, SnS717, SnR817, SnS917, SnS1017, SuR117,
SuS217, SuR317, SuS417, SuR517, SuS617, SuR717, Su2R117. Su2S217,
Su2R317, Su2L417, SuS2R517, Su2R617, BaR217, BaR517, BalL517, BaS417,
BaR617, BaL717, BaR917, and BaR1017. Base on ordinary study, most isolates
were gram-positive (27 isolates) and the other was gram-negative (4 isolates) and
showed different in morphological characteristics.

Selection of endophytic bacteria for plant growth promotion is important,
because associated bacteria could be interact to plant either positive or negative.
Therefore, we have to select only the positive isolate that benefit to plant in the
category of growth promotion to plant and suppression to the pathogen. This
experiment used %SVI to screen the growth promotion isolates and found that it had
23 recent isolates that was highest % SVI, which higher than control between 2.23-
28.90% they were includings; SnS217, SnS317, Sn417, SnR517, SnR617, SnS717,
SnR817, SnS917, SuR117, SUR317, SuS417, SuR517, SuS617, SuR717, Su2R117,
Su2S217, Su2R317, Su2L417, SuS2R517, Su2R617, BaR217, BaR517, Bal517,
BaS417, BaR617, BalL.717, BaR917 and BaR1017. According to Ji et al. (2014)
reported 576 isolates of endophytic bacteria from 10 rice cultivars were isolated.The
athor found that it has 12 isolates that can promote the growth of rice and inhibited
Fusarium oxysporum and Rhizoctonia solani, a major rice pathogen. It can be seen
that endophytic bacteria are not only useful in promoting plant growth. Some isolates
may also have the ability to control plant pathogens.

Therefore, this study was conducted to study the bio-activity of 46 endophytic
bacteria examined for growth promotion on rice that mentioned above and
antagonist against P. oryzae. This results found that all isolates could be inhibit the
growth of pathogen. The best 5 isolates were SuS217, BarR917, BaS417, SUR317
and Su2S217, which the percentage of inhibition was 58.74, 61.11, 64.86, 66.66 and
66.80%, respectively. Several studies have reported that the use of endophytic
bacteria can inhibit pathogens. (Nejad and Johnson, 2002; Pageni et al., 2014,
Koohakan and Konrangdee, 2015) In conclusion, the results of this study show that
endophytic bacteria are interesting for use in biological control and promote plant
growth and could be possible for study on seed bio-priming to develop rice
production in the future.

1243



Acknowledgement

This research was supported by Geduate Research Fund from Faculty of Agricultural
Technology, King Mongut's Institute of Technology Ladkrabang, Bangkok, Thailand.

References

Couch, B. C., and Kohn, L. M. (2002). A multilocus gene genealogy concordant with host
preference indicates segregation of a new species, Magnaporthe oryzae, from
M. grisea. Mycologia, 94(4), 683-693.

Duncan, D. B. (1955). Multiple range and multiple F tests. Biometrics. 11(1): 1-42.

De Matos Nogueira, E., F. Vinagre, H.P. Masuda, C. Vargas, V.L.M. de P&lua, F.R. da Silva,
R.V. dos Santos, J.1. Baldani, P.C.G. Ferreira, and A.S. Hemerley. (2001). Expression of
sugarcane genes induced by inoculation with Gluconacetobacter diazotrophicus and
Herbaspirillum rubrisubalbicans. Genetics and Molecular Biology. 24: 199-206.

Hallmann J., Quadt-Hallmann A., Mahaffe W.F. and Kloepper JW. (1997). Bacterial
endophytes in agricultural crops. Canadian Journal of Microbiology. 43: 895-914.

Hardoim, P. R., van Overbeek, L. S., and van Elsas, J. D. (2008). Properties of bacterial
endophytes and their proposed role in plant growth. Trends in microbiology, 16(10):
463-471.

Hegde, S., and Hegde, V. (2013). Assessment of global rice production and export opportunity
for economic development in Ethiopia. International Journal of Science and Research
(NSR). 2:257-260.

IRRI. (1996) Standard Evaluation System for Rice. Ed. 4. International Rice Research Institute.
Manila, Philippines

Ji, S. H., Gururani, M. A., & Chun, S. C. (2014). Isolation and characterization of plant growth
promoting endophytic diazotrophic bacteria from Korean rice cultivars. Microbiological
research. 169(1): 83-98.

Koohakan, P. and Konrangdee, A. (2015). Isolation and screening of phyllosphere bacteria and
endophxtic bacteria from leaf and stem of rice for controlling certain plant pathogen.
The 10" National Plant Protection Conference. 697-706.

Muthukumar, A., Annamalainagar, C., and Venkatesh, A. (2015). Exploitation of Fungal and
Endophytic Bacteria for the Management of Leaf Blight of Ribbon Plant. Journal of
Plant Pathology and Microbiology. 4:2009.

Pageni, B. B., Lupwayi, N. Z., Akter, Z., Larney, F. J., Kawchuk, L. M., and Gan, Y. (2014).
Plant growth-promoting and phytopathogen-antagonistic properties of bacterial
endophytes from potato (Solanum tuberosum L.) cropping systems. Canadian Journal of
Plant Science. 94(5): 835-844.

Nejad, P., and Johnson, P. A. (2000). Endophytic bacteria induce growth promotion and wilt
disease suppression in oilseed rape and tomato. Biological control. 18(3): 208-215.

Yang J-H, Liu H-X, Zhu G-M, Pan Y-L, Xu L-P & Guo J-H (2008). Diversity analysis of
antagonists from rice-associated bacteria and their application in biocontrol of rice
diseases. Journal Appl Microbiol 104: 91.

Yorionori, J.T. and Thurston, H.D. (1974). Fitopathologia 9:24-27.

(Received: 24 October 2017; accepted: 25 November 2017)

1244



	titlepage
	abstract
	acknowledge
	contents
	chapter1
	chapter2
	chapter3
	chapter4
	chapter5
	chapter6
	reference
	appendix



