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Efficacy of Endophytic Bacteria on Growth Inhibition of Important Plant Pathogenic Fungi
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Abstract

Endophytic bacteria are one type of microorganism that can be used to effectively control plant-pathogenic
fungi. However, the use of these microorganisms in plant production improvement is still limited because of
problems with levels of efficacy and maintenance or stability of efficacy. In order to study efficacy, experiments were
conducted to test the viability of endophytic bacteria isolated from tomato (SURW02, SURWO01 and LbRWO03) and
rice (Su2S217, SuR317, BaS417 and BaR917), isolates which were previously reported to be able to control
Fusarium sp. and Pyricularia sp. We also studied the ability of the bacterial isolates to maintain their efficiency as
antagonist microorganisms after long-time storage. Included was a dual culture test with other plant pathogenic
microorganisms, performed in order to observe additional antagonistic activity. The results showed that all isolates
survived, and some isolates were able to inhibit the growth of other fungal pathogens. The isolates LbRWO03,
SURWO1 and SURWO2 isolated from tomato not only showed the ability to inhibit Fusarium oxysporum sp. growth;
they also were able to inhibit Pyricularia sp. and C. capsici. With regard to rice endophytic bacteria, it was found
that some isolates had inhibitory effects on specific hosts; however, SUR317 was able to inhibit C. capsici,
F. oxysporum and Pythium sp. Two isolates, BaR917 and SuRWO02, were selected for 16s rRNA gene sequence

studies. The results indicated that the isolates belonged to Bacillus and Sphingobacterium, respectively.
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Tunsnseiunsasguesiie uazAauaxlsrigls AsindnsiuuafiGanguainanaunldenuasiunsaaiaanatiin
(Wang et al., 2009; Zhao et al., 2010) lagluilaqiiu wwaliunisslnasmsiuingeauanluese (FAO, 2009;
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Agneng  nnsuueiiFaeula s Aadudnuilannadenfildnaninuinneazinlddneuauesaniufednig
AINATD DL 789112 Changmuang et al. (2017) ANn19ageul s ansninaewuAnEeewnin s lunng
m‘vmumimmmm LM@ﬁwuﬁﬂJ’nLL@ ﬂQUﬂNL‘*ﬁ'ﬂ Pyricularia oryzae mmm‘im”l,m 1789121971084 Prasom et al. (2017)
mmmmuﬂaymmmwmmu:umnLimﬂu‘Emin“Lummmmmmwuﬁm s@amaiedasfulspannida Fusarium oxysporum
s mm@mu‘umimmmmﬂmmenL@EL@u‘Emiﬂ/\Im”L@%ﬁmwmmmm’m\mmmﬂimmmwlumimmum Pyricularia
sp. WAz Fusarium sp. (Changmuang et al., 2017; Prasom et al., 2017) u1szifiuainuidinsen nadeudss@nanin
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mLme’a‘m@u‘EmMmmawuﬁwLmﬂimumaﬁﬁﬂmum ’Lml,m 1@T%L@W%LLﬂﬂ1®@Wﬂ‘HWQ (Changmuang et al., 2017)
LL@‘VT@M@WLmﬂ"l,mmnu.,,m@mﬁ (Prasom et al., 2017) svnnssedendafuinmlunaimeses 10% Ngnmni -4°C
Theminnssieidetues  NA ngnmnies mﬂuumwmaﬂmuummummmmLmvﬁﬂwmﬂwmvmmmﬁ’]m‘wm
wWreuauiusesunaumin
mavasaulsrans mwrasuafidmeulaifamaiugindlunsauaudassualsadeisiasadason

wmfauﬁqmwcﬁ]ﬁmgﬂqé@éw (Changmuang et al., 2017) dsunneiBeeulnlnaRaainnsseaui
mmmmmmmmmmiimmﬂwmmumummum Fusarium oxysporum, Pyth/um sp. WAz Colletotrichum capsici
”Lumm”mvl,@‘[m@wLmﬂmwmmmmmmmumuLmﬂmmm‘iimluwm@L%MWM@ULWNL@NMlm Pyricularia  sp.,
Pythium sp. wag C. capsici yinlflag inssezuingannaeta s At Tesaaading 2.5 wuRmas anturiing
mmm‘lﬁmi@ummmmuﬂmwLiﬂ"l,@‘l}nL@'vmmmmammmuumu@wum@mlﬁjfa PDPA (Potato Dextrose Peptone Agar)
fnwmummm@mmm‘lﬁammmmmﬂmmm@mmmmmLfﬁfa Iﬂmﬂ]ﬂﬂQUﬂNLﬂu@’]uﬂ’]M’]iL@ﬂdL‘ﬁﬂLﬂ@’]LLZ\]"’@’]“L&@’]W]‘Q‘
mmm@wmm@mmmwmamqmm AUHLNITNAGBIULL CRD ¥NMIMaaedaT 4 91 uwfammummqmmm
AILLS139% (ANOVA) A=A LAT1Z AN tLANANIANLRE #9833 DMRT (Duncan's Multiple Range Test) tiefiugiu
ﬂizam%mwlumaﬁmﬁL?E@mmLwﬁmﬁ‘nﬁzﬁﬂﬁm
nsssuaEnug laliandIAsy (BaR917 WAz SURW02) AaeitnATANINamT 3NN

afimeAlufinAl@we (Genomic DNA) 184 2 VLfaIsnL@mmﬂmmuﬂivmmﬁmwmnmmmmmmun@wm
(Changmuang et al., 2017; Prasom et al., 2017) mmfnﬁmiwmmmmmmm Wilson (modified Wilson, 1990) mu
Lﬁum@@imﬂﬁ Beiaasluams NB wiy 24 $alua & mmmsuuumqmwmmmmifau 13,000 sausau# el 2 i
@Wﬂuumu TE buffer ‘Jﬁmm 567 ul, TE 10% SDS 3 pl ae protinase K 20 mg/ml 3 pl N@ﬂmﬂnﬂmmwu’ﬂﬂumw 37°C
iTaan 1 $alua ndsanniiuFa 5M NaCl 100 pl wanlfid i musaaRnansazane CTAB/NaCI 80 ul (azang 4.1 g
NaCl uaz 10 g CTAB Tinduiissinge 80 ml) naalidnAy sl 65°C Wuiean 10 Wi wdsANLiniESa
LA chloroform/isoamy! alcohol fitBums equal volume thuseafliagn 5 107t desdadnedouladuuamaes il
LA3 equal volume 284 phenol/chloroform/isoamyl alcohol LL@:‘]jum%mLﬂuL')m 517 fﬁ"]ﬁl@'quﬂl@@\ma@mimﬁﬂﬂ%ﬂLmt
\Aid 0.6 vol isopropanol anutuResEnasufionnnznen DNA ¥in1sdanzneusanaiadag 70% ethanol 1 A% uas
ﬁﬂﬁuﬁﬁmﬁu i DNA 7l ltifanFanniilusioums 16s rRNA daeinafia polymerase chain reaction (13 lwlfj3en
mu 10x Taq buffer 2 ul, 256 mM MgCl, 1 ul, dNTPs (2.5 mM each) 0.2 forward LL&, reverse primer (5 uM) asi9ay
0.5 ul, Taq DNA polymerase 0.2 ul (5 U), DNA template (10 ng) 5 ul LL@vu’m@ummﬁlﬂm 10.6 ul mu‘w\mm 20 pl)
A primer 714 Aa 27F uay 1492R (Aslam et al., 2013) Welfid FunnundainNTen s uwmaEi 165 rRNA fanmaz
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|uns=191nNs Aa: initial denaturation A 94°C IaN 5 117 denaturation A 94°C 1hunan 30 3unTl annealing # 55°C
D 30 3unfl extension 71 72°C 1luiaan 1wt waz final extension 7 72°C ifluiaan 5 17t vviawan 35 sautlfen
ARSI dh lUnaaausunadaamafin gel electrophoresis #at 0.5% agarose gel UaT@dFating
TAwmanzianau ns 13 Bionics mﬂﬁuuﬁﬂmﬁﬂuéwﬁuﬁqﬂﬁi@iwm”lugm%’@g@ EzBioCloud A5 19UNUnRATmuINNG
pnaililsunan Mega X (Neighbor-joining method, NJ) TaefiAn bootstrap‘ﬁ 1000 replication

= = 4
HANITANEHILAZIATO
namMsAnEANNRTInsanrasuuAfiaaula lWsaawugifa
a1nN"9 subculture kuARFeeula s lalman LbRWO3, Surwo1, Surwo?2, Su2S217, BaR917, BaS417 uay
SuR317 Alatfiudnenluanms NB naniunaases 10% nenmni -4°C Wiseazinan 2 T Aeusil 2016-2018 wudn
ynleloandad@iney uazdinaasoyiuladulng @nmmm@m‘wLmviﬂmqﬁlmﬁmmmwmmmmmnmqLm
(Table 1) #0AAR@ITUINENUIAY Feltham et al. (1978) wmmimmnwmmLmemmmmwuﬁmmm bead uaz
naaseangun) -76°C uszazioan 14 ey wa.mLsnmwmemLaémlmmm:mmmwmmmmqmmwuwmmn
o . X — 2
wnnsede Tnelifianiazle - ilasuudasly

Table 1 Survival of endophytic bacteria after a long-time storage.

Colony characteristic

Isolate Viability™ Cell shape
Color Shape Margin Surface
LbRWO03 o White Circular Entire Smooth Bacilli
SURWO1 s White Circular Entire Mucoid Bacilli
SURW02 + White Circular Entire Mucoid Bacilli
Su2S217 + White Circular Entire Mucoid Bacilli
BaR917 3+ White Circular Undulate Smooth Bacilli
BaS417 sk White Circular Entire Mucoid Bacilli
SuR317 4 White Circular Entire Smooth Bacilli

* + indicated the growth of bacterial colony on NA media; — indicated no growth of bacterial colony on NA media.

namsnasaullszAnanwrasuafiGaeulnlismeRugidulumsauaudansmalsaniedsiasaiasan

lerinlalmanviansia A LORWO3, SURWO1, SURWO2, Su25217, BaR917, BaS417 Waz Sur317 lunnaey
fue Pythium sp. Wudﬁmma\mﬁu&mm’?ﬁmmmL%@mmcoﬂﬁﬁ 0.00, 0.00, 0.00, 46.11, 0.00, 38.89 uaz 0.00%
ANNANAU (Figure 1) lalaian Su25217, BaR917, BaS417 uay SUR317 mmmﬁu&qmﬂﬂ?mmm F. oxysporum &
47.63, 0.70, 2.45 uaz 0.00% mA1NAYGL (Figure 2) e lelnaniamanagauiu C. capsici WUINLLATIFE
L@uT,m"LWmfmma\mfué?qmm?miﬁﬁ 66.60, 65.13, 68.70, 65.97, 65.97, 69.75 WAz 23.32% mINAa1AU (Figure 3)
uananntiu ietiletian LoRWO3, SURWOT uax SuRWO2 i nadeviuie P. oryzae anansadfusadeldT 59.46, 63.29
UaY 63.67% MNAIAL (F|gure 4) Imﬂ“l.@‘l}nmwuﬂimwﬁmwmﬂmmiummum Pythium sp WAL F. oxysporum
AB Su2S217 dquiﬂiﬁﬁmwmmwn@ C. capsici Wag P. oryzae "me‘vlmﬂ@ SURWO1 1az SURWO2 ANuansL (Table 2)
Tngaziinldinlelnaninenldanniszdemauazdnn anunsadudsde Pyricularia sp. awwnlsnda uay C. capsici
’&"IL%MI?WLL‘ﬂuLLVI?ﬂTu@VLmNWﬂﬂ'M 50% (anidu SUR317 Aldanmnsndudta C. capsici 18) ninllanansaguda Pythium sp.
THae venantiy ﬂ@NVL?JI"I]L@VWILLEIﬂVLWMﬂﬂW"J (Su2S217, BaR917, BaS417 uar SuR317) Alalanunsaduds
F. oxysporum o (Table 3)

andeyadandn  andiuldinlunndlalnanliawnsndudinnasoaedalaideamnld  wmauaivlsy
AouuafiGeliisnansadudslsnld  esudeldlusedutunansanunsaialdanmanensdl  §19Baannmeeaes
Rosenblueth and Martinez-Romero (2006) wudwmmamu@wmﬁﬁﬁﬁi@LL‘umﬁL’?ﬂLﬂuimvlvxlmr&uﬁmmﬂmmwﬁ
wnzan  duffetuediuaiulniuedia | uaeiugimiuaians iddsslsninnnenazfumsesyeesdeld
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uiusesirazuanseenisedlegnnszgulnemsiledueuuaiiGaaeiugiisumnanzasiuiau 1 Fapnudinng
mmqﬁm@mmmﬁmirﬁ?@ﬁﬂ%\im’mLﬁ'mi@qmqﬁuqﬂa‘?w?‘faﬁm“ﬂ%ju U n ANA IRl Le lasueTiin
wreasAlsznaunieiumiltas sy andayad1esiu AsenanuigaudiaNLAn 19 TasRg T aua 1T
fuuafidueulaiuandneiull  uarlwinenfisnts  deawvnlsaiafienadinansuazegenduluiiedan
wAmaiRzaiu A liAansursusdudsiuneluftssiiod 1 diuldannieilelnaniien|dannieen fasiiamie 1
azanansadudedeanvaiinelsaluirendiiuriuldfuazaraaansadudadenaiingu 1 & (Senthilkumar et al.,
2008) ilesannideunaiGeenaiineairaeulnllumstesaaemiisasrasdeniidndlunudarlszneudanlafiu
Turniideunnlelnianlianansaduds Pythium sp. emlnaaddanilunjusznetduaniumnguanuaziaglaglé
(Clavaud etal, 2009) aeiglsimN mnma‘ﬁma‘mﬁﬂmﬁwm V’fwuﬁfﬁ“ﬁﬁﬂwﬁﬁLmvmuﬁﬁﬂﬂmﬁu wuqnlalaan
fusnldandrniidss@vanmuniign Ae BaRo17 Lu@\‘mnmeiﬂmmumvmumimmmewuﬁm A
lelmandanannluadnsTiafigaluansilelaaniu - lunduidaaiuazfissananwdonnds wfnansiduadesas
ﬂﬂmﬂmﬂuﬂm’m (Changmuang et al., 2017) soudefllsy ZWIﬁﬂWWSLuﬂ’]‘;‘ﬂum C. Ca,OS/CI w”LuLmnmqnumﬂwuﬁfau
Aausaediud Pythium sp. uaz F. oxysporum Té’lumﬂfﬂmmﬂuﬂ@mmmnu Tanedlalnavinenldanuzidema
muﬂsmmmwmﬂmm AR SurW02 Iﬁmmeamﬂmmmmﬂumm@ F. oxysporum (Prasom et al., 2017), C. capsici
uaz P. oryzae Wunfign dlefiansnndeyasing 9 Tazsan Awevananlddn BaR917 HszAvaningegeludnn
LummﬂmmmﬂummsmmmmLﬂmmmm’l,mﬂmwﬂ@”m'ﬁmwium\mu’l,@‘iﬁmw@u 7 wazdadianaNisnung
nsvdumsiadnyzasdnnanniign Tuensiidelunguieati e Su2S217, BaS417 waz SUR317 1ee AdszAndnm
é’ffaﬂﬂdﬂuﬁmmimvﬁumﬂﬂ?m (Changmuang et al., 2017) 5\3LLﬁdf}”L'aImw&T\mmfgm%”ﬁmmmmm‘mmi
dudadeay 1 uslunmwesidatensiidszdvanmen luanisil SURWO2 frrwanansnlumsiudede Pyrucularia,
F. oxysporum Wwaz C. capsici 8940 Adldinia 2 ”Lfa‘llmmmmumimmLmﬂiﬂiyumﬂwuﬁmmﬁma‘mq@mmqum
sl athdlsfinia sudugesiinnsdnelelnanau 1 fvRefuAngaeiamsmidiersnasenaaudila
ludszAvBnmiuiese fethadulelnan Su2s217 Adudedeldnnain faudesdudedeueiialdlite 50%
wifianaazdfnanmannne deeadmnsai ildidusarauaun@ananiidpaananunsalunisaauauisaLLL

broad spectrum o

Table 2 Dual culture results of all isolates against plant pathogenic fungi.

solate Pythium sp. F. oxysporum C. capsica P. oryzae
CD (cm) *  %Inhibition* CD (cm) *  Inhibition%* CD (cm) * Inhibition%* CD (cm) * Inhibition%*

Control 9.00a ND ** 7.14ab ND** 5.95a ND 6.52a ND
LbRWO03 9.00a 0.00c 68.19*** 1.99¢c 66.60a 2.66b 59.46b
SuRWO1 9.00a 0.00c 68.33*** 2.07¢c 65.13a 2.40c 63.29a
SuRW02 9.00a 0.00c 71.94%*+ 1.86¢ 68.70a 2.37c 63.67a
Su2S8217 4.85¢ 46.11a 3.74c 47.63a 2.02¢c 65.97a 66.80****
BaR917 9.00a 0.00c 7.09ab 0.70b 2.02¢c 65.97a 61.11%**
BaS417 5.50b 38.89b 6.96b 2.45p 1.80c 69.75a 64.86****
SuR317 9.00a 0.00c 7.30a 0.00b 4.56b 23.32b 66.66****

* Different letters in the same column represent statistical different; P=0.05, ** Not determined, *** Results of these isolates have already
reported by Prasom et al. (2017), **** Results of these isolates have already reported by Changmuang et al. (2017), CD: Colony diameter.
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Table 3 Conclusion of dual culture result.

Isolate Pythium sp. inhibition F. oxysporum inhibition C. capsici inhibition P. oryzae inhibition
LbRWO03 - + + +
Surwo1 - + + +
Surwo2 - + + +
Sus217 - - + +
BaR917 - - + +
BaS417 - - + +
SuR317 - - - +

* + indicated the inhibition of pathogen growth more than 50%; - indicated no inhibition or inhibition percent lower than 50%.

Figure 1 Effect of endophytic bacteria on Pythium sp. growth; A: Control; B: LbRWO03; C: SuURWO01; D: SURWO02;
E: Su2S217; F: BaR917; G: SuR317 and H: BaS417.
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Figure 2 Effect of endophytic bacteria on Fusarium sp. growth. A: Control; B: BaR917; C: Su25217; D: BaS417 and
E: SuR317.

Figure 3 Effect of endophytic bacteria on Colletotrichum capsici growth. A: Control; B: SuR317; C: SURWO01;
D: SURWO2; E: LbRWO03; F: BaS417; G: Su2S217 and H: BaR917.
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Figure 4 Effect of endophytic bacteria on Pyricularia oryzae growth. A: Control; B: LbRWO03; C: SuRW01and
D: SURWO02.

naMsszyanaRus laldiandnAty (BaR917 Uaz SURW02) AdENATAVNIanTANe

mﬂmimfmmu@mmwmﬂﬁiuﬁﬂﬁLﬁuL@ﬁmﬁmiﬁmﬂﬁﬁaxnﬁiiﬂm%Lﬁﬂ‘llm‘llvﬁ?m U1 0.5% agarose gel
A mufin B SR mATaRTen s ﬁﬁiﬁ’u‘?qwﬁm:mwmuammw%nﬂézq nuALBueaUNALTZNN01500 bp
(Figure 5) wdsaniiudeliAassignduiiisem Bionics IngmasanniinnisiBenifendnfuianale lnsuusiums
16s rRNA Tugnudeya EzBioCloud WAZHIUMNUDHULAANANEAIMUINIG WUAY BaR917 SendLiafipdnandeiy
wuafiGeluana Bacillus sp. Tnafianulnathesiu Bacillus altitudinis @sﬁi 99.85% (Table 4, Figure 6) ‘mevﬁ
SuRw02 NmmlL'LI'&‘V]ﬂmaﬂmﬂmmﬂmiﬂumﬂ@ Sphingobacterium InePAEARIRL S. thalpophilum mnmmw
99.88% (Table 4, Figure 7) Faeilifeaudii 2 anailuuuaiFaenia s uaziinauaunsalunispaunulsaie
(Figure 6) (Patel et al., 2018) Faad1eluana Bacillus spp. 1 B. stratosphericus ‘wmmmmmu‘hﬂLuﬂu‘ﬂmwmm
@’mlﬁjﬂ Cladosporium was Fusarium (Durairaj et al., 2018) B. altitudinis wmmmmmwﬁfa Thanatephorus cucumer/s
(teleomorph A8S  Rhizoctonia - solani) sluf%‘ﬁm (Sunar et al., 2013) B. aerius w34mmmmmmiﬂgmuwum
Botrytis cinerea (Shafi et al., 2017) s vizeana Sphingobacterium iafi LﬂﬂﬁmmmdﬁmmmmmuL%mﬂum@
Fusarium sp. Tse AU (Sturz et al., 1999)

Table 4 Percent similarity of referenced species in this study.

Isolate Ascension number Species Percent similarity
BaR917 ASJC01000029 Bacillus altitudinis 99.85
SuRWO02 AJ438177 Sphingobacterium thalpophilum 99.88
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Lane 1 2 3

1500 bp —»

Figure 5 The primer pair 27F and 1492R were used to amplify a 1500 bp DNA product that is characteristic of
bacterial 16s rRNA gene. Lane 1: 1 kb DNA ladder; Lane 2: PCR product from BaR917; Lane 3: PCR
product from SuRWO02.

AJVF01000043 Bacillus siamensis
FNBATE44 Bacillus amyloliquefaciens
AYE03658 Bacillus velezensis
AY820954 Bacillus nematocida
AB021181 Bacillus atrophaeus
LSAZ0D1000028 Bacillus nakamurai
JHB002T3 Bacillus vallismortis
MK462260 Bacillus cabrialesii
LPVF01000003 Bacillus halotolerans
JHB00280 Bacillus mojavensis
AYTOO01000043 Bacillus tequilensis
JHCAD1000027 Bacillus subtilis
MRBKO1000098 Bacillus swezeyi
AYTNO1000016 Bacillus sonerensis
AE017333 Bacillus licheniformis

E1 AJ831843 Bacillus aerius
77 1 ASJC01000029 Bacillus altitudinis

95

a8

ASJD01000027 Bacillus safensis
JX680098 Bacillus australimaris
ABRX01000007 Bacillus pumilus
JOTPO1000061 Bacillus zhangzhouensis

AY904033 Bacillus idriensis
33 HGO74242 Bacillus mangrovi

CP017703 Aeribacillus pallidus

oo1o
Figure 6 Phylogenetic tree of BaR917 using Neighbor-joining method based on 16s rRNA sequences with boostraps
values at 1000. A number on each branch indicated bootstrap percentage. Aeribacillus pallidus was used

as outgroup.
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96 FJ868219 Sphingobacterium cladoniae

EU046272 Sphingobacterium siyangense
JX046042 Sphingobacterium caeni
RAPY01000012 Sphingobacterium detergens
AB 100738 Sphingobacterium multivorum
KU201960 Sphingobacterium zeae

KME98234 Sphingobacterium mucilaginosum
MGE96220 Sphingobacterium athyrii

ABB10802 Sphingobacterium pakistanense
GU138378 Sphingobacterium ginsenosidimutans

43

1018 AYT787820 Sphingobacterium canadense

KC843944 Sphingobacterium changzhouense
AJ438177 Sphingobacterium thalpophilum

SuRW02
IMH447269 Sphingobacterium puteale

AJ438176 Sphingobacterium faecium
100 AB361248 Sphingobacterium kitahiroshimense
93 EU364817 Sphingobacterium anhuiense

KR261600 Sphingobacterium suaedae
KF735812 Sphingobacterium yanglingense
KC904977 Sphingobacterium yamdrokense
KX129934 Sphingobacterium tabacisoli
FJ156081 Sphingobacterium psychroaquaticum
JFT31241 Sphingobacterium nematocida
KX265579 Sphingobacterium alkalisoli
KJ150588 Sphingobacterium paludis
FJB59899 Sphingobacterium hetanense
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Figure 7 Phylogenetic tree of SuRWO02 using Neighbor-joining method based on 16s rRNA sequences with
boostraps values at 1000. A number on each branch indicated bootstrap percentage. Anseongella

ginsenosidimutans was used as outgroup.
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