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Abstract: This study aims to select potential rhizobacteria from Neptunia natans to inhibit mycelial growth of
soil-borne pathogens such as Sclerotium rolfsii, Rhizoctonia solani, Pythium sp. and Fusarium oxysporum which
cause root and stem rot disease in lettuce. Using dual culture and volatilization by sealed plate method, the
results showed that four soil-borne phytopathogenic fungi were significantly inhibited by ten isolates of
rhizobacteria, R1016, R1029, R1033, R1036, J3002, Rr4007, Rr4053, Rr4058, Rr4082 and Rr4084 (P<0.05).
These isolates exhibited high percentage of mycelial growth inhibition at 75-100% for S. roffsii and Pythium sp.,
53-57% for R. solani, and 12% for F. oxysporum. Moreover, the volatiles produced by the rhizobacteria induced
qualitative morphological abnormalities, such as lysis and degradation of fungal structures and quantitative
effects of fungal growth on potato dextrose agar (PDA). The result suggested that antagonistic rhizobacteria had
antifungal activities against a wide spectrum of soil-borne fungal pathogens. Five rhizobacteria isolates, R1033,
Rr4053, Rr4058, Rr4082 and Rr4084, completely inhibited mycelial growth of S. roffsi. When mycelial plugs
were ftransferred to fresh PDA agar plates, the pathogen could not grow, and some rhizobacteria can also
produce secondary metabolites, suggesting their potential role in biological control. This study contributes to
understanding the use of antifungal volatiles in suppression of root and stem rot disease and promote growth of

plant.
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UNAREa: ﬂ’mﬁnmﬁyﬁffmmﬂsymﬁﬂ@ﬁmLﬁﬂm%ymmﬂﬁﬁﬂﬂﬁﬂﬂﬁﬂﬁmmmumﬂﬁﬂﬂﬁwmmﬁﬁﬁﬂmmwﬁug\imi
mmmu‘lmmmmwwmimwwwmu Taun Sc/erot/um rolfsii, Rhizoctonia solani, Pythium sp. LL@“’ Fusarium
oxysporum &R lsAsINLN tALLNLeEN AR R Lu@mma‘wmmumm'ﬁ dual culture uazransLRsdaTAWYR
A alnaasseine (volatiles) §2813T sealed plate WU31 FauuaiBe 41uau 10 1@1611@1/1 Ag R1016, R1029,
R1033, R1036, J3002, Rr4007, Rr4053 Rr4058 Rr4082 i1a¢ Rr4084 @WN’W?QEILIEI\?Lﬁ@iﬁ@ﬁmmiiﬂ‘l’l%ﬁﬂu%ﬂ 4
et LL@vN@%ﬂQ@Wi?VLﬂHﬂﬂQL"ﬂ@LL‘]_Iﬁ‘VlL?EJ‘VN 10 lelmian senmsdudeninssoyaesianaveisn wuin a1unan
dudamsasayidiiliresdenivnaiia Jwuansnsetiedidfymeain (P<0.05) Tmﬂmﬂmmummmummﬂ
7S rolfsii uaz Pythium sp. gegaeglugaq 75-100 ile5iud sevasnnie den R so/an/mﬂmlfnummmum
quamaslugag 53-57 wesidus waziden F. oxysporum fliefiduinsdudeléiqege 12 wefidud wananil ua
sansrmvefinanandeuuaiaandlelnan il dnunizining uardawmansznusie Sy
aauduleuuetmng potato dextrose agar (PDA) W 5 lalzan 1&un R1033, Rr4053, Rr4058, Rr4082 Laz Rr4084
anunandudanadodileresden S. rofsi ethaiszananm detidilafinglaneuenns PDA delsi
anansnisseyld Snvdeunaidelindndeananansndineanmanils nenaldn avsszmauazanmie
nfunumdAnylunsaunulsalpe@ais ﬂ’1j‘ﬁm:r']ﬁ”l,ﬂuLLu'Wl’Nﬂ’]isL%@’]?i?.;mﬂﬁNam@ﬂﬂﬁ”’mmﬂﬁG‘Eﬂﬁﬂmﬁ?
Lﬁfamuau‘tmmmﬁﬂmum WAL ANLABNNILAT IR

ARNATY: TALLANEHLIENNNELIINIG HNNIzan A199se IT03AWMALSANTINNAY AnInFand

AN nINaERUaNA2e (UAUSU LATTIUINIUE, 2550;
Burr et al., 1988; Ekman et al., 2014; Richard, 2004)
TeasanidnlaAuLyn (root and stem rot faqiiuasinisaouaNAngNTlnadais
disease) 189dnvanagila fa1mgiaainidam  (biological control) &aannslidaq Aunidufing
Pythium spp., Phytophthora spp., Fusarium spp., (antagonistic microorganism) Lﬁﬂ@ﬂﬂdﬁ?ﬂwmmuﬂw
Rhizoctonia solani uaz Sclerotium roffsii lulsafisl  Marsad dnllgnisaaunuisaatnedadusalillu
ANANATYuAZNaANRETNAaNanA AT uesing AUIAR ImﬂL@lW’]Zﬂ’Wﬂ%L%DELLUﬂﬁLdﬁ?ﬂﬁ’ﬂ’lﬁﬂ'ﬂﬂ‘]ﬁwm
un esannanursadininanefadnlfadiig a@‘umﬂwmm@m%ﬂmﬂumﬂwm (plant growth-
8191919 MaundszLnmmaslsa e fadnamadauay  promoting hizobacteria: PGPR) i auLl Al deiiaelu
quus lnefigazuanserninduunadinanai®one n g & PGPRLA w i Bacilus, Pseudomonas,
Tﬂuﬁu'lumﬁmﬁmmm'w Sbuunszuniudedes  Azotobacter, Burkholderia, Enterobacter, Rhizobium
awmBpanansndinnang lifusszasfiundnauie  uas Seratia Wudu deuuafiBasinadninalnduds
svezfuie vl mnidanmeunulianld  nastyresdenamnlalEsnatiy gu nisang
uaeds Ieannznisliansaiinianisnemnsi wazdaianlad NIIATANLEIANBINT AU NTAT
nwasnsianldtuadenn fesanliinglunts @19 siderophore nnsa31eanstjaous nezuling
pauanlsalfintemage winislfarseianniin - Aaecufiunu uesdaduniassoiulaaesivasn
ANNANTIUUBNANATAINAFBAUNUNIINERUAY €9 Adgl Tmﬂﬁyml,mﬁﬁm@ju PGPR pingaiinuassnegne
anasiaganInuesy 1 fi3lna uazilunaniozsie Wuﬁﬁuﬁﬁn@inmm@mmnﬁLLmnﬁiNrTu (Kai et al.,
dauanden sandenszduliidearmnlsafiaifin - 2007; van Loon et al. 1998)
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PGPR ’Lumiﬁufqmmﬁmmmﬁy@mmmrﬁﬂm’oﬁwﬁ%
dual culture WUl 1e9uin anansdudadaname
Tspialduaaaiin 1 Phytophthora megasperma,
Pythium ultimum, Fusarium sp., Fusarium oxysporum,
Macrophomina phaseolina \. @4 £ Rhizoctonia solani.
(Antoun et al., 1998; Deshwal et a/ 2003; Harman
et al, 2004; Homma et al, 1989) fi i1 aula @ o
AsA N aLLAT Bafignunsonanansleyney
Buyirdavime (volatile organic compounds: VOCs) 14
> Taqiiugaiideyanisdnmiiasninuaznimegey
ansszETARANEauLAT R sdussdadvg
Taieadianineg Ineninddadaulun)liirainaula
AeuupTFafienfuegluAuBnusaunniiesig
vannvaneeie lurusd Hafiedauasss oy dulaly
yanuRuuazIuRatn fnnflanansnaeeiauazaing
tndaelunmsssalulngauld deluldsumnuaulauas
fuilafiinnsfnuned9ddniude dnnszien
(Neptun/a natans (L.f.) Druce) 91897917 AN9TLAE
fuanann@auuaiiGadl dAnannlunisiiuges
(Alstrom, 2001; Wheatley, 2002) wazinisei ugudn
mai”mwﬂmﬂ@@ﬂmmnlm'al,l,mmLiﬂﬂgﬂﬂwum@
FlaNUIN9AITYI8ATas R. solani @winlaAd
nanuldadnalidsz@nsnin (Kai et al, 2007) waz
Fiddaman and Rossall (1994) Na1991 @199% L'VIF;I‘V]
mmﬁmﬁmmﬂwL?Elmmm'ﬁmmmmammLauiﬂ
LT@@"]ZQ’]LMMIﬁ‘ﬂ mlmmu‘lﬂmmmmmam UWANAANE
LL@”ﬂummwaﬂmmﬂfaimmﬁmLumiimfaﬂmfm
(Nelson et al., 1986) UANANNT A1NNNIANEIT04
Astrom and Gerhardson (1988) L & £ Kurze et al.
(2001) WUTNEN ST METiNERA T aLLAT Fuana
Bacillus, Serratia, Pseudomonas W @ &£ Rhizobium
anunsadudedesanmglsaianeaulivanesin
Vi W Fusarium culmorum, Pythium spp., R. solani,
Sclerotinia sclerotiorum Wwa 2 Verticilium dahliae 1114

Y o o a0 A= Ao e A o A e
1 ANUL QWHQQEUQ\?NQWQﬂjza\ﬂﬂLW@V’]@L@@ﬂm@
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AT B R nnseLsnEnnsseaREidn e WEARANT
ixmmmzmmﬁﬂqﬁﬁlu | (secondary metabolites) 1
ﬂfm‘ﬂ”mfmqm?ﬂﬂmlﬁu‘lﬂ L%yﬂmml,wﬁmﬁmmqau
IeNNINAGELIARERT dual culture LAZNNIAENENTTVE
fintis sealed plate Tuanwitesfjiiminng

L4 aa
AUnsluazIaNg

WU r;f'a'az'mLm:musfam%ymﬁmm@%ﬂﬁﬁjmaﬁu
VLFRDE9ENdan (lettuce: Lactuca sativa
Linn) Anansannistansniirlauinannls Goutlgn
dnadn luszuunisdgnivalaela1%@u (hydroponics)
HanndaentelfindesqanssAluuy stereo
microscope AR ANHUEIANATN waaesueaide
sawmn lsanielsindesqanssmiiuy compound
microscope LL@&LLﬂﬂlﬁiﬁL‘dﬂ”’aﬁ"li_l?‘qw%rgﬁ')ﬂa% hyphal
tip isolation U U ® 11117 potato dextrose agar (PDA)
anunadeLALEnnInlunsAnlsARNLAE 0
Koch's postulate (Agrios, 2005) LAZLN UL{‘ﬂﬁyfa TIRLUG)
Tmﬁqw?;lﬁ@l?nwmmﬂulu%um@uﬁi@”lﬂ

A UA281ILATFILTINE AULAT (B EANNTaUIN
NNNSZLRA

duiiusaae19sInueddnnIzian (water
mimosa: Neptunia natans (L.f.) Druce) 11N ﬁyu‘ﬁl 3
wia Tugneuldn uazenaulang Sadmidess i
vanApuanndeueiiBelnednenniasiiuinlua
Wuan 5w Lﬁfaé’wﬁmmﬂﬁy@@auﬁﬁLm”aﬁn
Wmm‘uumu 1 eenllneu anniudnadaeinndu
%’ﬂL“Tjﬂ 3 Ak mmmnmumimammﬂﬂummum
e 1fluiaan 10 1w L‘W’ﬂﬂﬂLLﬂﬂLﬁﬂ"g@uVﬁﬂV}ﬂmﬂﬁz
Rosnlaneanun wdainly spread Uua g nutrient
agar (NA) 1iu L%”@‘ﬁlfqmuqﬁ 28-30 BAANLIA LT &1 &
luaan 33u wazidenifiulaladiiielnasenly
Sumausiol]
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UszAninmaandauuniiFaainsausndn
n'a‘xmﬂﬁ'mmié'uégqn'mm%tymm&r@mmm@%ﬂ
NEN9AY

NAFAUA2EAT dual culture

NAGOLIA BULIAT BEIsLTINENNILIRATILEN
”Lr%ﬁifama‘ffuéfqum?ﬂﬂmL%”@mmLmiimqmﬁﬂﬂu
Binesnadn F2eE dual culture Inenin@ auLIATI e
NAZAUUUBINIT nutrient agar (NA) U 1 spot
inoculum H4ANTBLANLAWNIIRLIAE 2 [TALIAT
an1iuld cork borer 111A e 1uANEINANS 0.5
VIR LNAT L@’]‘;’ﬂz‘\]’mLﬁulﬁﬂ@\iﬁyﬂj"m’]mai?ﬂﬁL‘ﬁﬁy
U817 PDA 111981 5 T1 24ATNA19AURMNT
Aeadaiaaiu Unilgniugil 28-30 asAngaiden
Torwmsailalatasdemanvnlsaiiin

NAFAUNTAS9RNTTENE

NARBUNNTAS19E1T92 W A287T sealed
plate Ia B 8913 UL AT 341101113 nutrient broth
(NB) 311517 10 Naaans g BnenAiaqisig
paumndties unan 24 9alue dsadusauaes
(cell suspension) 2184 de3unms 200 lulAsans
41 spread plate UUB11A1T NAﬂuﬁ’qm‘mqﬁﬁm
1980 24 Falig antiuiinantanus PDA A
\3 021 S. rolfsii, R. solani, Pythium sp. @ & F.
oxysporum ntlsEnUR LA SIREN T B uLIAT B
Uunguunidies iunan 72 F214 279UHUNNS
NAABILLL CRD 41191 391 TA111ALELE 1Y
Audnanslalafizeadesannlsaiiaiy iteld
negeLludunousell

nATRENsTEIETiRARLAE T auuAT Fadalia
anualsAsINUN AL

anaRnndrauduladasnaunnlsa

mq%@um’mﬁmﬂnﬁbﬂmlﬁﬂﬂﬁ”ﬂiﬂmm&l
Tspfiam19Aiu B2837 sealed plate Maan 72 Falus
TmﬁmﬂmﬂLz’ﬁu”me\ﬂL%”m’m"nwﬂaﬁﬁqﬂgmf\i uaT
nnmaaeuntlsindesqanssrliluy compound
microscope HuinaneaizaNiaUnivaadule
Wi ARILAN
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massiugadasanuglsn

psageLAAAALNAve TR E MR lsATe
N9AU B8R sealed plate Aan 72 $aTua AuAd
999 Chaurasia et al. (2005) Iae'ld cork borer 2111/
WURUARENATY 0.5 R WAT IztFnailanadu
lureaidanamnlsaignduds diiuiureaden
mmsﬂmmmqqmu £ serial dilution AAAT
wuauaee U3N1ms 10 lulAsamns 11 spread plate
LWemn3 PDA Linid e igningiies mmariuialail
°]J’ﬂ\‘1L%”’BT']ZQ’]L‘Mﬁﬂi‘ﬁLLazﬁﬁuQMLﬂ@‘gLsﬁuﬁﬂ’]‘igUﬂZ\i
colony forming units (cfus) aMngm7 (C1-C2/C1)x100
Tnef c1Ae Talaillugaraunu waz c2 Aa Taladl
lugpnagay

a a

NISNARALAMANL A LUNITAS AN RENNUD
\FauunaiiGelfindg

NNSA519ENS siderophore

AIIRAALNIAT AT siderophore U1214N?
chrome azurol S (CAS) agar A3 U4 Bhatia ef al.
(2005) Y@ euyuad Gﬁﬂﬂﬁﬁﬂﬁ@”mumm@ﬁm? CAS
LL@ZﬂNL%”@ﬁI’qmﬂQﬁ 28 aeAtaded 1unan 3 9u
Tufinaunnadlaserlalatlidaunedide

nsazananasinm

wmm@ummvmwl@mwxlmm’m%%mm Bhatia
et al. (2005) u’lefaLLUﬂwLiﬂﬂ{]ﬁﬂmmmuummi
Pikovskaya's medium W& £ 1 8 Ve f 7 ) 28
asATaEea 1unan 59U duiinauiadaelasey
Tnlatlidauuatice

nstasaaEtaglag

pIradaun1sasaeulmlinag lnauueIis
carboxymethyl cellulose (CMC) B 1 § 3 R
Khianngam et al. (2014) Tneindauu A Gefing
B E9UUANUANYNT OMC LLmﬂm%”@ﬁI@qmuqﬁ 30
paA AT fwaan 3 i arnitutingnsazans
congo red 0.1 tasifus mmuummﬂwmﬂumi
Houd Wluinan 20 ur7 udamiia aantiugnadae
gnsazanelnifanaaelss mnudndu 1 Tua Wunan
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U

15117 uEamansaranefia tufinauinaslasew
Talatdouuniide

NsAE19Eas TN IAA (indole-3-acetic acid)

NARALINNIATIEDFINU IAA MNATUBINUY
LATADLY (2556) TheBead aun A Fadjdne
a1 NB U3uams 10 Hadans unldwenfoe
Lﬂd"ulfmmjﬂﬁfqmmﬁﬁm flunan 24 dataa Ay
Fewuniizeufindfiaads Buns 100 lulasans
NEIARILUNTZANT nitrocellulose INLURINTNR WS
[Aea1Ta NA 13u7ms 100 TAART AHANENT L-TRP
(PN Nd1 5 mM) 151159 5 Hadans Ualuiiled
anuinfities iuaan 48 Falis AInageLNNIHAR IAA
TnanemnanT Salkowski reagent a4 U WNTT A
nitrocellulose 117 415 1 ui9an 15 w17t 113 e
uuANFuaunsauas 1AA IHavifindnumy (+) uaziin
Fouuatizelisnanmnan 1AA EazAnduaes ()

NANISYIARDILAZIANTIL

\usadnuazsusndanauunlsafianediu

anmsfiuaetdnagaiiuanenislse
mnuhilaus nuuaasemsluidien WUGIAY LTI
Tauduilunadtinnadiaden 41 ani ez wazsun
3INYNNAE Lﬁ"aLmnL%”'ammsﬂm‘lﬁu?qw%um
nIvananmnrineasa l,mmﬂfa%mmL%ymwmm&ﬂiﬂ

mulAndesqanssAdiiLil compound microscope W
Aasanmnlsn 4 1iin Ao Wen S. roffsi, R. solan,
Pythium sp. Wa < F. oxysporum (N ’1W‘171| 1A, B) Lfi f
NARALANNATNNID lNTAAleA Wud1 TAuFAULEN 0
poAugNdmNaTE waiFrinma et uaswudule
m@qﬁy@mw’?ﬂﬂuﬁmmﬁ LAAIAINNS (mw*ﬁl 1C) i
A9AARAINLNITI1891UTaY Richard (2004) WAy
Ekman et al. (2014) 37897197 I?ﬂﬁﬁﬁﬁﬁg“ﬂ@d 6N
AR AMBLAAAIN @831 Pythium spp., R. solan,

S. rolfsii, F. oxysporum Was Fusarium spp.

RusagnuazsusNEaLuaiiGaarnsausn
NNNSZLRR

AN LRIRETINENI e 3
wia lusansaEeslva anunsousn@euuadi Gosey
nlEana s 142 lelnian Telusneusss
A9 54 lol1an wazanNeLN9ng 911U 88
lalman

UszAninmaaudauuniiFaainsausindn
ﬂ‘izlﬂﬂﬁiﬂﬂﬁiguﬂsdnﬂiLQ?tgﬁlﬂﬂL%y@ﬁ"]ﬂﬁl,‘viliﬁ‘iﬂ
NEN9AY
NARALAIEAE dual culture
HARINNTAN L 89U WLAY a1nid e
wuAR Begeusndnnszian anuau 142 lalaan

0 J :
= g°

Natural infection of root and stem rot disease of lettuce (A), Colony of pathogens on PDA and

Figure 1.

O S )
\7E ‘!_/ s

morphological characteristic of pathogens under compound microscope (B): A) Sclerotium rolffsii,

B) Rhizoctonia solani, C) Pythium sp. and D) Fusarium oxysporum, and the pathogenicity test of

fungal pathogens causing root and stem rot disease (C): A) Sclerotium rolfsii B) Rhizoctonia solani

C) Pythium sp. and D) Fusarium oxysporum at 5 days after inoculation
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Fies 10 lalaan 1Hun lalaian R1016, R1029,
R1033, R1036, J3002, Rr4007, Rr4053, Rr4058,
RrA082 uay Rr4084 7iitlsravsniwluntsdudanig
\rnyedasmanwnlen S. rolfsi, R solani, Pythium
sp. baE F. oxysporum $2¢35 dual culture UNBNUNT
NA'LER (13797 1) annaniAseaes Tenorio-Salgado
et al. (2013) Wul L%y'a wU A 38 Burkholderia tropica
aNeWUg MT0293 mmmﬂ"mjz\imm?ﬁyLﬁusl,wm
{031 S. roffsii uay F. oxysporum 1% @91 Calvo et al.
(2010) 1241190 mmmmmm BaC///us Spp. A1UIU
63 AneWug mmmumﬂWimmmmm@m R. solani
agflugag 69-91 Ladidus uLarse11IdeYed Bardin
ef &l (2004) NAFOULE 8 UL AT (38 Rhizobium
/egum/nosarum bv. wceae 1w 10 Telman sanns
ﬂummimimmmm@m Pythium sp. WUH 1A &19 1
lalman Aanunsagiesld Sapnuanansaluniseiss
L%”‘ﬂi"]z‘i’]LMﬁﬂj‘ﬂImﬂm?\i@’WﬁL']J'ﬂﬁ(‘lfrﬁuﬁﬂ’]?{l/uéi‘m’m
M?@ﬁ@ﬂifuvl,ﬂZQWQJ’lﬁ‘ﬂV]i’WUﬂ@VLﬂVLEﬁ WA ANENINNIT
ﬂummammumi@ﬂm Arduenaiiiesannnisasauas
MAIENTFN | msmmm?mmmmmmwmmmiiﬂm
NNANUALNNERN LavaadaaddiunsaroA s
2RINTANAE ATNTILITUNITANHIAINA D

X2 Y o A dy aal dld a a o :// d’j
adlFAnRenmanuan e nlszAns nandusamas
awnlanléna 4 18n UnnmegeUnsaseEN Tz
sl

NARAUNNSHEIIATTELUE

Hdeuuad 3e 41uau 10 Telnan 11
‘1/1mmuﬂaxﬁw%mw‘lum?ﬁufqmm‘é‘m Ellemeside
918106 l9IANN9AY 4 TA FaEdD sealed plate flian
72 alud (NN 2 wazAnI9T 2) WU BLLAT B
ﬂ,ﬁﬂﬂﬁmmmﬁuﬂ%ﬂm@?ﬁgLéﬁfu‘lmmﬁy@mmma
TsnlEunnsnsad NN dud 1Aty nNala (P<0.05) 1 7
laldian Aa R1016, R1033, J3002, Rr4053, Rr4058,
Rr4082 uaz Rr4084 Zﬁ’]ﬁJ’]‘iﬂﬁﬂﬂ%ﬂﬁ?L’ﬁWwL?ﬁiﬂmj’m
e S. rolfsii IARgaeeudas 71.43-100 wlesidud
Tuamzit 5leTnian Ae R1033, Rr4053, Rr4058,
Rr4082 uaz Rr4084 Zﬁ’]ﬁJ’]‘iﬂﬁﬂﬂ%ﬂﬁiL’ﬁﬁJﬂlﬂﬂLéﬁlﬂ,ﬁl
A5 R solani 167 qnegludag 46.67-57.78
wafidus uazd 7 lalmian Aa R1016, R1033, J3002,
Rr4053, Rr4058, Rr4082 LA Rr4084 d1x13081e
nnisyraduledas Pythium sp. AR qaet
Tuaa4 45.18-85.93 ilafidus Uies 1 laloian Aa
J3002 #1uN 90 ﬂ::\‘iﬂﬁi‘m?mw veadiuly @as

Table 1. The efficacy of 10 antagonistic rhizobacteria isolates against 4 soil-borne pathogens by dual

culture method on PDA

Inhibition mycerial growth/fungal pathogens

Isolates Sclerotium rolfsii  Rhizoctonia solani Pythium sp. Fusarium oxysporum
R1016 +++ 4+ e+ +++
R1029 +++ +++ +++ +++
R1033 Tt Tt I o
R1036 +++ + +++ +
J3002 +++ +4++ +++ +
Rr4007 et T e o
Rr4053 +++ +4++ +++ +
Rr4058 +++ + +++ +
Rr4082 et + e o
Rr4084 - + ++ e

" Four ratings were used: —; no inhibition zone (0%), +; inhibition zone and on growth of fungal on the bacteria (26-50%),

++; 1-5 mm inhibition zone (51-75%), +++; more than5 mm inhibition zone (76-100%)
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control

control

Rr4053

Figure 2. The efficacy of antagonistic rhizobacteria isolates Rr4053 and J3002 for suppression the mycelial

growth of 4 soil-borne pathogens by sealed plate method at 72 hours: A) Sclerotium rolfsii,

B) Rhizoctonia solani, C) Pythium sp. and D) Fusarium oxysporum

Table 2. Antagonistic activity of 10 rhizobacteria volatiles against the mycelial growth of 4 soil borne

pathogens at 72 hours

Percent inhibition of radial growth

isolates Sclerotium rolfsii Rhizoctonia solani Pythium sp. Fusarium oxysporum
R1016 76.198' 35.56D 45.18D 4.00C
R1029 7.62E 21.11E 3.70F 4.00C
R1033 100.00A 46.67C 48.15D 0.00D
R1036 28.57D 17.78E 20.74E 8.67B
J3002 71.43C 34.44D 85.93A 12.00A
Rr4007 1.91F 6.67F 3.70F 4.00C
Rr4053 100.00A 57.78A 58.52C 0.00D
Rr4058 100.00A 57.78A 61.48C 0.00D
Rr4082 100.00A 53.33B 75.56B 4.00C
Rr4084 100.00A 55.55AB 85.18A 0.00D
LSDy s, 1.54 4.15 5.86 0.62
CV (%) 1.32 6.30 7.05 9.96

' Means within the same column followed by the same letter are not significantly different at the 0.05 level by LSD test
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Figure 3. Morphological effects of 3 rhizobacteria volatiles on Sclerotium rolfsii: (A) control hyphae,
(B) irregular of hyphal (R1036), (C) swelling of hyphal tip (Rr4053) and (D) lysis of fungal

hyphae (Rr4084) (bar = 20 ym)

Figure 4.

Morphological effects of 3 rhizobacteria volatiles on Rhizoctonia solani: (A) control hyphae,

(B) swelling and to irregular of hyphal (R1033) and (C-D) lysis of fungal hyphae (Rr4053 and

Rr4058) (bar = 20 uym)
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Figure 5.

Morphological effects of 3 rhizobacteria volatiles on Pythium sp.:

(A) control hyphae and

(B-D) swelling and to irregular of hyphal (J3002, Rr4058 and Rr4084) (bar = 20 um)

Figure 6.

Morphological effects of 3 rhizobacteria volatiles on Fusarium oxysporum: (A) control hyphae

and (B-D) swelling and to irregular of hyphal (R1036, J3002 and Rr4082) (bar = 20 um)
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Table 3. Five isolates of antagonistic rhizobacteria colony forming units developed from the control and

antagonized pathogenic fungi

Control Volatiles
Isolates cfu'/control plates cfu/antagonised plates  Percent inhibition of radial growth2
Py Fu Py Fu Py Fu
J3002 11 23 3 2 72.73 91.30
Rr4053 2 21 0 0 100.00 100.00
Rr4058 6 25 0 2 100.00 92.00
Rr4082 8 22 1 5 87.50 77.27
Rr4084 3 28 0 0 100.00 100.00

' cfu=nx10° cells/ml; in all other cases cfu = nx10" cells/ml

% Percent inhibition at 72 hour: Pythium sp. (Py) and Fusarium oxysporum (Fu)

Figure 7. Beneficial properties of antagonistic rhizobacteria 4 isolates: (A) Cellulase production
(Rr4053), (B) Phosphate solubilization (Rr4082), (C) Siderophore production (Rr4082) and
(D) IAA production (J3002)

Table 4. Potential antagonistic rhizobacteria 10 isolates from Neptunia natans with some secondary

metabolites in vitro

Isolates Cellulase production Phosphate solubilization  Siderophore production  IAA production
R1016 - - + -

R1029 - -
R1033 - -
R1036 - -
J3002
Rr4007
Rr4053
Rr4058
Rr4082

Rr4084
ur; Positive, —; Negative

+

+ o+ o+ o+
+ o+ o+
| + o+ o+ o+
| |

Calvo et al,, 2010) @ ¢inels AH Deshwal et al. bl a319a19UTaus n19a19819 HON wazng
(2003) N81291 mjmw piiGufiaaunmnatneans  6%19917 siderophore a1un sl uFaAILANNAY
phytohormones memmmmqu VT N19A309 danmilagnstugniaasyiuinecdasanive s
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