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Bacillus amyloliquefaciens LM11 was isolated from the feces of larvae of the rhino beetle and showed
strong antifungal activities against various phytopathogenic fungi by producing biosurfactants. In
this study, our overall goal was to determine relationship between biosurfactants produced from the
LM11 strain and its role in growth inhibition of phytopathogenic fungi. Production and expression
levels of B. amyloliquefaciens LM11 biosurfactants were significantly differed depending on growth
phases. Transcriptional and biochemical analysis indicated that the biosurfactants of the LM11 strain
were greatly enhanced in late log-phase to stationary phase. Inhibitions of phytopathogenic mycelial
growth and spore germination were directly correlated (P<0.001, R=0.761) with concentrations of the
LM11 cell-free culture filtrates. The minimum inhibitory surface tension of the culture filtrate of the B.
amyloliquefaciens LM11 grown in stationary phase to inhibit mycelial growth of the phytopathogenic
fungi was 38.5 mN/m (P<0.001, R=0.951-0.977). Our results indicated that the biosurfactants of
B. amyloliquefaciens LM11 act as key antifungal metabolites in biocontrol of plant diseases, and
measuring surface tension of the cell-free culture fluids can be used as an easy indicator for optimal
usage of the biocontrol agents.
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Bacillus<; <= 93} A AFE] = surfactin, iturin, fengycin
Z+2 lipopeptide biosurfactantS-2 thoFst A E38H2 &4
= U™ A B4 Al AsdEoz Aol o
g e I A4S B (Arima 5, 1968; Leifert 5, 1995;
Montesinos, 2007; Yu 5, 2002), A &Y WA sdo =2 &
A o] A= 9 thKumar 5, 2016; Mnif 5, 2016). &
3] Bacillus amyloliquefaciens FZB42+= surfactin, bacillomycin,
59 lipopeptide= 1} difficidin®} macrolactin 5 2]
polyketide 5 Z 2 FAFEHUES A AE 2 H
A =R S 5= FASte AEE FA HE 5
2 & A dthChowdhury 5, 2015). T3 Bacillusss 43
Eo] B4t biosurfactantE ol o3 A thFet 2HEH Y

<, Magnaporthe oryzae, Botrytis cinerea, Colletotrichum gloeo-

fengycin

sporioides, Fusarium oxysporum} Rhizoctonia solaniol 2] %]
A FRFEHE B Bt oheh, Y A7 ol ) 2
o 4= Al A 34 (induced systemic resistance)= 42
A 2EY BAL A Fat ATE Htn oA
31 tHChowdhury 5, 2015; Kim 5, 2010; Mochizuki 5, 2012;
Ongena®} Jacques, 2008; Ongena -, 2007; Park 5, 2016; Rah-
man -, 2015; Yamamoto -, 2015).

AP Aol A 259 F5ollA E2I3t B amyloliquefa-
ciens KB32} LM11+-53 = iturin A%} surfactin 5] lipopeptide
& A8t et AEE YA SF019 ASS 94
3} THNam 5, 2016). &3], & # 37} A A 3F+= surfactin
A8 T o wj A A Bl whet o2 T, A A WA ol
o 2 91 A &2 BHA < Bacillus subtilis QST-7133} B] 523t
292 B1st) QubE o 2 A E X uA| F Bacillus:

T 0] A1t3t= lipopeptide &t &2 2 743t biosurfac-
I ER 4B U 448 o
A gtk (Cao 5, 2009; Huszcza®} Burczyk, 2003). E3F U H
T2 A2 Pseudomonas w5 ©] Al biosurfactant
2] rhamnolipid7} EulE A H Z-3-o] 5 42l B. cinerea?} <
W ¢l Phytophthora capsici®] 53 A} Wrol @ FAF RS
B o g ARtk & A A tHAhn 5, 2009; Stang-
hellini€} Miller, 1997). 3+ A A= 2] WA+ Bacillus< 3}
Enterobacters w5 A A A 5= biosurfactantE = Al &

w5t Magnaporthe grisea, Aspergillus niger, Penicillium chrys-

tant @E-}d oy o] 11

ogenum, P. roqueforti} Sclerotinia sclerotiorum 2] A5 & A|
3} 4 TH(Chitarra -5, 2003; Souto -5, 2004; Tendulkar -, 2007).
A E A WA o] AAHSE= non-ribosomal peptide syn-
thaseo] 2J3lj A Al == &+t lipopeptideS-2 biosurfac-
tant2] EAJ AL vl ok od N surface tension2] 749} A 3 A

AL 3, BEA YA Ao &= o] -&-H thBodour
9} Miller-Maier, 1998; Nam 5, 2016). thoFat A &2 uHA|
o] A AFS}H= biosurfactantso]] T gt A 7= F 2 v X7 0]
- uf Ao o8l ALE = oFolu F=of 9%t A= U
O] ghat T of| gt AF7F F= o] F oA et 5HA| Rt A
S A 379 ASEAE = A == biosurfactants 9]
surface tension activity e} @&/ 7+ o] E4J of tf gt g =gt
HAE U= = AY girh metA 2 dFoA+=
ohoFst A2 Aol =2 FAEAS B2l B amylolique-
faciens LM11-55 0| 8-3}9] 739 lipopeptides7} A4 =
= AS7|E 2ASL, ol A BES TR A=Al
3 9] /-5 N 9 surface tension¥} TFFRE 4] &1 Ut 1] &
T84 9] spectrum O] A BHA & A4 5FL A SFA T

MEX Hiy| ZF=

FolA ALEE ARBA A2 FEYo] §39] Hu)
A ZoA B . 543t amylo//quefaaens LM112 AFE-3}
%A tHNam 5, 2016). LM11#3+= tryptic soy broth (TSB; Bec-
ton Dickinson GmbH, Heldelberg, Germany) B} Z] o] 4| 28°C,
120 rpm o2 59 =oF X & ujokslo] AFESIGTH B o
of AHSH AEHAY BHIYFEL ENE A 5L
o F. oxysporum f. sp. lycopersici KACC 40032, 11.5= B A ¥ o C.
gloeosporioides KACC 40003, ¥ ¥ & F4] D]—Eﬂi At R. solani
AG-1 KACC 401012 0| & #FEL =233 2 =4Y
T5H 57 &L Al E (National Agrobiodiversity Center)
o] A =23 (Korean Agricultural Culture Collection, KACC)©]|
A B0 drotl AE-sL it A1 & W Y &2 potato dextrose
agar (PDA; Becton Dickinson GmbH) il &] of) A vl &3} o}

et
>
]
0F
10
X
oH
oKl
[=)
=
2

o

ol MM BM M117FF9Y S

b|osurfactant54 L SHRE
FSE quantltatlve real time RT-PCR (QRT-PCR)3} thin-
layer chromatography (TLC) #4]-& 3} ¢ t}. Total RNA=TSB
Hj) 2] 9| 4] ODgy, ,,,,=0.6 (Mid-log phase), 1.8 (late-log phase),
2.2 o] A (stationary phase) ¥ %FA] 71 3~ NucleoZOL reagent
(Macherey-Nagel, Diiren, Germany) & ©]-8-3}9] 3] A+9] pro-
tocolo] e} £ 2] 5} o} 22 RNAXZ-2 DNase | (Qiagen
Inc., Hilden, Germany)< ©]-&3}o| A 4|3} % t}. qRT-PCR
QuantiTect SYBR Green RT-PCR (Qiagen)< ©]-&-3} Rt} ¥H-&-

A E-2 moloney murine leukemia virus reverse transcriptase
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(MMLV-RT; Enzynomics, Daejeon, Korea) & ©]-8-3} ] 42°C9]
A 3087 HF-3- A1 A cDNAE A St T RT-PCRES 4335}
%t} AF8-E ituD primers (forward, 5'-TTGAAYGTCAGYGC-
SCCTTT-3; reverse, 5-TTGAAYGTCAGYGCSCCTTT-3, 482 bp),
ituC (forward, 5'-CCCCCTCGGTCAAGTGAATA-3'; reverse, 5-TTG-
GTTAAGCCCTGATGCTC-3; 594 bp), srfA (forward, 5'-TCGGGA-
CAGGAAGACATCAT-3'; reverse 5'-CCACTCAAACGGATAATCCT-
GA-3, 201 bp)E AF&3} ¥ tHChung 5, 2008). 16S rDNA
primer= £2] 54 ¥ B. amyloliquefaciens LM112] intergenic
species region (ITS) & 7] A &€ ol A program primer3E- ©]-&3}
& 249 bp 2] forward, 5-GAGGAACACCAGTGGCGAAG-3'%} re-
verse, 5“TAAACCACATGCTCCACCGC-3'E A 23} % thHRozen
T} Skaletsky, 2000). 5= 552 cDNA”} Z3HH QuantiTect
RT Mix2} Z+ primer (10 pM) & £33 20 ulE 2 % 95°C 10
B2 HH-S-A17] 32, 95°CO) Al 30%, 60°COl A 55, 72°CO| Al

30279 cyces 403] FEA|A 7} 33] vHE o 2 AA[5HS
t}. Stratagene Mx3000P qPCR System (Agilent Technoloogies
Inc., Santa Clara, CA, USA) T} A E Qo] & o] 83l of 45}
T} 7t AR ] AT M Q) S R4S 9jate] 24T}
ML A5} thLivakd}; Schmittgen, 2001).

LM1137} R A 5+ lipopeptides= TLC B ¥ o] &
% tHArrebola 5, 2010). TSB HJj %] ]| 4] 28°C vl ¥} H A A=
7]’ 2 n-butanol ©]-&-Fo] &3tk 718 mf o &J %t
BIZ2S AL A2 4A 523519 methanol 2 =<1
B-TLC plate (silica gel 60; Merck, Darmstadt, Germany)©f| 71 7}
Al 71 Z(mobile phase; chloroform:methanol:H,0=65:25:4, v/
viv) 52 T A A &2l 5} 9 tHRazafindralambo 5, 1993).
Reference &2 2 AF&3F surfactin (CAS 24730-31-2)2 Sig-
ma-Aldrich (St. Louis, MO, USA) 2 F-§] JLufj 5} o] AH8-3} 4T}
E S iturin A2} fengycine 7]& 2] B 115 Rfgkol ol AA
31 % S ™ (Arrebola 5, 2010), & SHH S 2 33| =314 1L
o8 A 39HE-E Sy}

ol
-

(¢]

MIZH{2FO{oHO| surface tension} SFREMM M B
amyloliquefaciens LM11w3=+= TSB vl ] o] 4] 28°C, 120 rpm
o 2 1547t v %3+ R tHODgy, n=0.6 [mid-log phase], 1.8
[late-log phase], 2.2 ©]A}[stationary phase]). LM112] AJ A2
E33% 3T A|(UV-1601; Shimadzu, Kyoto, Japan)E ©]-&3}¢
ZF = 600 nmoj A St Th WA ZAtet G A=z
= HI = 100°Co A 1523 B A 2] F-eF 3 2ol A
Azt S ST 5 ZA YYE Atk v dd
9] A t4>(colony forming unit)+= 8l 22 104} serial dilu-

El

rl

o

tion YH O 2 HF4-2 3] A3 5 TSB agar (Becton Dickin-
son GmbH) Hj 2] of] =Hstof ST At S-S F
Y202 33 s, 3 Al 3RHES 35t T

ZF AL-7) 8 vl 9F 8-S 0.22 um Z E (Millipore Filter Corp.,
Bedford, MA, USA) & ©]-&-5tof |25 A AT & 45dS
AHE SR TE i AT ol 759 L B gelstr] 8l
TSB agar H| ] o] =@ 8} 3t 5=2] EA o -5 &7t £ A
&5t sk H ] FAI Al FHAE W 3= Surface
Tensiometer (K6; KRUSS GmbH, Hamburg, Germany)& o|-&
3t ring method S ©|-&3}o] 33] vhE 243511, & 33 =
4383} A th(Chopineau 5, 1988). EHAH O] 212 =
W @59} ) 2] & ALS SR,

M1t 8l o &4 9] surface tension} oA A=

=5 TSB Hlj 2] o]l 4] 28°C, 120 rppm ©. 2 5 7h v 3k 3w
FoA AT A7) o W o2 B sto] £AFSETH(Yang,
2015). B. amyloliquefaciens LM114-5 ¥l %FAF5-2H €] surface
tension 572 i F o] A o] 0%-40%7} A F-H B+t
% TSB vl Z] 40%2} potato dextrose broth (PDB)7} 60%7} =
A B A5te] 7+ RHAE 0 S =H AT FFIAH L
27457] 91514 = vhoFel oo 0%-40%7 S TH4-E B
% TSB v ] 40%2} B+ ¥ PDAS} &3154] PDB7} 60%
¢} agare= 1.5%7} plates < A 3 R t}. Full length PDAY] 5
A 7F wj kst Al W ¥t F oxysporum, C. gloeosporioides, R.
solani®] et AL Aol A A7 5 mme] FAF 2ZH-E 1 o W of
Aol T EE A H PDA 3 A Yol A 5Y &
dA S Dol E ST A B A &%)+
&s Yol ZE A ¢k-2 PDACY A dAHES-Z o of T3t 2t
A5 3G v S 2 Z3HE PDAY A Q] FAL A Lol =
e FA AR AAE%)=( =T #F Zol-A g+
wF Aol 2T wF A0Ix100. 4 A Y= ZHAH LR 3
8] SRR, S A 3RS STt

HfQfo{ete| nx EtXHF ZX} ot x| C gloeo-
sporioides KACC 400032 PDA ulj ] of] 7 &3}¢] 25°Co| A 7
Zrujeket F20ml B8 Yol RAEZAE #7514
# 2] 44 cheese closeS 0|-83F0] A EH-S 3|43}
&t} Z A= hemacytometer (Paul Marienfield GmbH & Co.,
Lauda-Konigshofen, Germany) & At-8-3l¢] 32} @&t 5=
£ 2450} ARSI Z A} Whobs A= 12 well plate
(SPL Life Sciences, Pocheon, Korea) ]| Hlj %] 2} o] 0%-40%7}
A g5 B F TSB vl %] 40%2t PDB7} 60%7+ =] Al
A5t 1 mlE 2A sk th 24 H Hij ko] Hofl 200 pl ¢ 3=
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A& e (1x10* spores/ml)S & EH5lo] 25°Co]| A 20417 5
oF 120 rpm & 2 uj oFa}H 4] Wrol-&-S 2 Ae gt 45H
] 73 3H(Leica Microsystems, Wetzlar, Germany)oj| 4] gto}3t2]
do|7k AL A7 o] do| o]l A Holdt A= ALt
atof 7t whEE 10071 &) Ao gk ol f- 75 SR
ouf 3ukE o 2ASHYL BT R E 5B v x| 9}
60% PDB H 2| & AH-8-3} i Tt

EARM. ZH A7 FF 719 Aol o5 {94 A4
& EA| B AL IBM SPSS Statistics 23.0 software (IBM Co., Ar-

monk, NY, USA)E A-&-3to] & Q2] EAHE A (ANOVA) S
Y3 o whoF Ffo] 93 -9l 9t Duncan 9] o5

A B
Surfactin
Rf 0.7
c
Ke}
9]
%]
o
Qo
x
o
(0]
c
Iturin S
Rf0.3 g
©
4
Fengycin
Rf 0.08-0.2

Midlog Late-log

Stationary

Colletotrichum gloeosporioides

" (Duncan’s multiple range test) 3 A& 3] {2402
el 00514 BAA 942 A g stk

2

o+ lipopeptide Mgt STX} disd
o} o] TLC &4 A3}, Rf 0.08-0.2¢! fengy-
cin 15, Rf 0.3¢2] iturin L&} Rf 0.7-0.75¢] surfactin 15
S°| IM139] v Fo Ao A T2 Aot o] 23t &+
lipopeptide S 2] A L late log2t A #] 7] 9] Hlj oF o o o)
A diFez AEEUAT A 5=7] 9 v FoA Ao A= &
Zo| A& 5 A thFig. 1A).
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Fig. 1. Transcriptional and biochemical analysis of Bacillus amyloliquefaciens LM11 biosurfactant productions. (A) Lipopeptide fractions
from B. amyloliquefaciens LM11 were separated on thin-layer chromatography plate (silica gel 60) and the relative distance (Rf) of each
lipopeptide are indicated. (B) Quantitative real time RT-PCR analysis was performed twice using primers specific to ituC, ituD, and sfrA
genes, and the expression levels were normalized against 16s rRNA gene levels. Relative transcript quantification was performed us-
ing the 27**" method. The values represent meanzstandard error of triplicates of three independent experiments. Data were analyzed
through one-way ANOVA (P<0.05), and if the F test was significant, differences were further elucidated through Duncan’s multiple range
test. Different letters indicate significant different at P<0.05. (C) Antifungal activities of biosurfactant fractions extracted from different
growth phases of B. amyloliquefaciens LM11 against phytopathogenic fungal pathogens. The cell-free supernatants were acidified and
extracted into n-butanol, and dissolved with methanol. The paper discs were loaded with a partial purified from LM11 grown different
growth phases. The image is represented three independent experiments with similar results. Bacterial cells were grown in tryptic soy
broth (TSB) broth at 28°C with shaking at 120 rpm. Total RNAs and lipopeptides were extracted at defined growth.
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3}t lipopeptides?] A A7) ¢} o] 5 B2 o] AHFA &

AALe] v A7) 7t F L3t thFig. 1B). LM11#5 9] &
at lipopeptidesS 2] AR} L& L mid-log7] 2] LM114-5

o H] 3} late-log2}t F A 7| A A A 2= Fo5HA =S8k
Th(Fig. 1B). Iturin} surfactin®] AJgHA of] 3+ & ituC, ituDL}
sfrA - A A5 2] 2HE I late-log phase 2} A A] 7] of| A 3-2] 4]
© 2 E=3thFig. 1B). 0] A iturin % X 7] 2.t} late-log
710l A EAA 22 28t A =3tk

LM11w-5= A5 718 wj Fof o] Al =44 F3olol o

3t Ft B/ = late-loget A | 7] of| A S5 3 Hlf oo A of A
= 0g AEH LAY 3019 FAE A A E B
AT, A 4=7] v Fof -2 AAHY S A A TS HolA
ek tH(Fig. 10).

l

HY2FO0{2H Q| surface tensionil} SFm&tAdmio| Abmat
A, M1 vl o] o 9 surface tension mid-log7] (%3
7+ 34 mN/m) 2.t} late-log 7] &} 7 2] 7] (38 7 30 mN/m)of| Al
o etA 2k th(Table 1). th 2= AR D42} TSB
Hlj 2] 9] surface tensionZt< 73 mMN/m &tk LM11¢-5+ 2] A #]
7] vl 9F ] 2 (30 mN/m) C. gloeosporioides, F. oxysporum} R.
solani®] o+ AHY S A A| 58 o] B 24% A tHFig. 1C).

LM11<E5=9] A 2] 7] vfj oF o] A &f Thefet A & e tof| o
3t FAA L oI R Lo ujoFo o] =w ol A H A A
ol Itk & v o] 40% -5 PDA Bl X] o]l A 5-A]
T UA o9 FA AL AL 753%-89.7%F 73t
w2/ UEHthFig. 2). Bl o] H 20%= A= dt

TAF R EE 50% ©14F AR AT, 20% o] 3ol A =
FAYG A A 5ol A 3] AT
LM11F5=2] AR 7] v o]l geFo] =2

_\20211

= C gloeo-

sporioides A} Hrobg 3} F o] A iA 71 3l A THR=0.761,
P<0.001; Fig. 2D). Bl %Fod & 30% B8 A 2] ol Al = 10%
2 7Hg 22 doteS UErith

LM11t3 A A 7] v ko] Y surface tension} 2] &1
A4 BolFF o] FAUL A ) ABEA £42
3}, C. gloeosporioides, F. oxysporum} R. solaniol] W3l Z+Z+
R=0.973** 0.951%*, 0.977** % 0.01% +~F oA L= 2 J9
3} % tHFig. 3). C. gloeosporioides®} R. solani®] 73 -$- surface
tension©] 42.0 mN/m£} 51.8 mN/m<l & 2] 7] ulj 9F o 2} 10%
o A4 oF 50% ol 4] FA S A 52 & e AT, A
oxysporum-2-37.1 mN/m (30%) 91| A] 50% ©]A} 2] 24 %
g2 e

=}
=

!

NEZ WA 58S 2+ Bacillus% 5+ ribosome]|
]3| A == Y E A (Kolter2t Moreno, 1992)3 non-
ribosomal peptide synthase7} 3+of st A == FAEZ
& Ao AAFETE L el Qo] there Al Ao
AE A WA A 2 A5 2 Q) thHKatz2F Demain, 1977; Kolter
2} Moreno, 1992; Sieber2} Marahiel, 2003; Stein, 2005). ©| &
3} Bacillus%s w57+ A AFSH= surfactin, fengycin, iturin 22
lipopeptide=-2 non-ribosomal peptide synthase®] 2] 3} Al
A HE g E 2 2 FAHEZ 2 A biosurfactant 2 A] target
et o] AlZutS whste At AeS JATH
I 4HA fth(Peypoux 5, 1999; Romero &, 2007; Touré
5, 2004). ©] 213+ &t lipopeptide S 2] A A Fo] a4
3 214 2 ¢l B o] ok &2 A Qleh. B subtilis CMB32
9] ufj ko] Y of] AJALH iturin A, fengycinT} surfactin A9} 2

Table 1. Cell density and biosurfactant activity of lipopeptides at different growth phase of Bacillus amyloliquefaciens LM11

Growth phase Vegetative cell (log cfu/ml)*  Endospore (log cfu/ml)* Surface tension of culture fluids (mN/m)*
Mid logarithmic 4.12+0.77 a - 34.2+0.52 b
Late logarithmic 8.33+031b 1.12+1.33a 30.0+0.12a
Stationary 9.66%1.09 ¢ 2.95+6.60 a 30.2+0.06 a

The values represent meanzstandard error of triplicates of three independent experiments.

Data were analyzed through one-way ANOVA (P<0.05), and if the F test was significant, the differences were further elucidated through
Duncan’s multiple range test. Different letters indicate significant different at P<0.05.

*Cells of B. amyloliquefaciens LM11 were grown in tryptic soy broth (TSB) to mid log-phase (ODgq, ,w=0.8), late log-phase (0D, ,=1.8), and
stationary-phase (ODgq, ,n>2.2) at 28°C. Colony forming unts of B. amyloliquefaciens LM11 were determined by preparing 10-fold serial di-
lutions and 0.1 ml from each dilution was inoculated into TSB agar plates.

'Colony forming units of the endospore were determined by preparing 10-fold serial dilutions of the bacteial cultures which were boiled
at 100°C for 15 min, and then 0.1 ml of each dilution was spreaded onto TSB agar plates.

*Surface tension of the cell-free supernatant was determined with a surface tensiometer (K6; KRUSS GmbH, Germany) employing the prin-
ciples of ring method.
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Fig. 2. Effects of the cell-free supernatant of Bacillus amyloliquefaciens LM11 grown on inhibition mycelial growth or spore germina-
tion of phytopathogenic fungi. (A—C) Cell-free supernatants from B. amyloliquefaciens LM1 grown stationary phase showing antifungal
activity against phytopathogenic fungi. The fungal mycelial growth inhibitions of the LM11 strain were determined on potato dextrose
agar amended with different concentrations of cell-free stationary phase culture supernatants of LM11. (A) Fo, Fusarium oxysporum f. sp.
lycopersici KACC 40032, (B) Cg, Colletotrichum gloeosporioides KACC 40003, (C) Rs, Rhizoctonia solani AG-1 KACC 40101. (D) Conidia ger-
mination were determined in 1/3 potato dextrose broth (PDB) medium in different concentration of cell-free supernatant of LM11. The
spore germination was determined under light microscope after 24 h of incubation with at least 100 spore/experiment. Spores which
produced germ tubes longer than their diameter were considered to have germinated. Error bars presented are meanz+standard error of
triplicates of three independent experiments. Data were analyzed through ANOVA (P<0.05), and if the F test was significant, differences
were further elucidated through Duncan’s multiple range test. Different letters indicate significant different at P<0.05. Linear regressions
where X is the independent variable concentration of cell-free supernatant of the LM11 stationary phase culture and Y is the dependent
variable spore germination inhibition of C. gloeosporioides were obtained. We calculated the Spearman correlation coefficient (R-value)
and its corresponding P-value.
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Fig. 3. Correlation between the levels of surface tension and the antifungal activity of the Bacillus amyloliquefaciens LM11 bacterial cul-
tures grown in stationary phase. (A) Fo, Fusarium oxysporum f. sp. lycopersici KACC 40032, (B) Cg, Colletotrichum gloeosporioides KACC
40003, (C) Rs, Rhizoctonia solani AG-1 KACC 40101. The cell-free culture of stationary phase was serially diluted (0%-40%) with sterile
tryptic soy broth (TSB) broth and the surface tension was measured. Mycelium growth inhibitions of the different concentrations of the
LM11 culture filtrates against phytopathogenic fungal pathogens were examined by placing 5 mm mycelium agar disc (taken from 5
days old potato dextrose agar [PDA] plates) at the center of PDA plates containing different concentrations of the cell-free culture super-
natants of LM11 grown stationary phase. All plates were incubated at 28°C for 5 days. Fungal growth was observed as an increase in col-
ony diameter. Three replicate plates were used per assay. Percentage mycelium inhibition rate of the LM11 culture filtrate was calculated
by the formula: Mycelium growth inhibition (%)=(A-B)/Ax100, where A is mycelial growth in the control PDA and B is mycelia growth in
the amended PDA plates. Each point represents the means of different diluted cell-free supernatants of B. amyloliquefaciens LM11 grown
in TSB until stationary phase shown with three to five replicates. Data from three independent replicate trials were subjected to statisti-
cal analysis. Linear regressions where X is the independent variable surface tension and Y is the dependent variable mycelium growth
inhibition were obtained. We calculated the Spearman correlation coefficient (R-value) and its corresponding P-value.
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