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Plant Growth Promoting Effect and Antifungal Activity of
Bacillus subtilis S37-2

Jang-Sik Kwon, Hang-Yeon Weon, Jang-Sun Suh, Wan-Gyu Kim,
Kab-Yeul Jang, and Hyung-Jun Noh

National Institute of Agricultural Science and Technology Suin-ro 150, Seodun-dong Kweonseon-gu, Suwon-si 441-707, Korea

With a broad objective for the development of microbial based fertilizers, a total of 373 strains were isolated
from rhizoplane and rhizosphere of pepper, tomato, lettuce, pasture, and grass. The efficacy of the isolates to
augument overall plant growth was evaluated. After screening for their plant growth promotion and
antagonistic properties in vitro efficient strains were further selected. The most efficient strains was
characterized by 16S rRNA gene sequences and biochemical techniques and was designated as Bacillus
subtilis S37-2. The strains facilitated plant growth and inhibited the plant phathogenic fungi such as
Fusarium oxysporum (KACC 40037, Rhizoctonia solani (KACC 40140), and Sclerotinia sclerotiorum (KACC
40457). Pot based bioassay using lettuce as test plant was conducted by inoculating suspension (10° to 10°
cells mL™") of B. subtilis S37-2 to the rhizosphere of lettuce cultivated in soil pots. Compared with non-
inoculated pots, marked increase in leaf (42.3%) and root mass (48.7%) was observed in the inoculation
group where the S0ml of cell mixture (8.7 X 10° cells mI™") was applied to the rhizosphere of letuce either once
or twice. Antagonistic effects of B. subtilis S37-2 strain on S. sclerotiorum (KACC 40457) were tested. All the
tested lettuce plants perished after 9 days in treatment containing only S. sclerotiorum, but only 17% of
lettuce was perished in the inoculation plot. B. subtilis grew well in the TSB culture medium. The isolates
grew better in yeast extracts than peptone and tryptone as nitrogen source. The growth rate was 2~4 times
greater at 37°C as compared with 30°C incubation temperature. B. subitlis S37-2 produced 0.1 g ml" of
IAA (indole 3-acetic acid) in the TSB medium containing L-tryptophan(20 mg L") in 24 hours.

Key words : Antifungal Activity, PGPR, Biofertilizer, Phytohormone
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ATk ol A wEed B ATAEL HAEH
5 el B2 #AE 7HAA

AEWAEZA AEZA FHd FA st IFTES
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FTEEY2 £ (Dey et al, 2004: Klopper et al, 1980),
olxEHE &

(Abbass and Okon, 1993), vl & 2~ &
(Provanza et al, 2002: Park et al, 2001), o}x2~3 2
A (Fallik and Okon, 1995)%°] &9 AAS HF+
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Fusarium
oxysporum, Rhizoctonia solani, Sclerotinia sclerotiorum
I A v Fete] AT AW A A &
FE AU A EEEZME (KACC)AN A £ B2 FFE
ArEst T HEWUHS vl 2 PDA  (potato
dextrose agr)®j A Aol Al paper diskE & 2=

U] U8k F. oxysporum (KACC 40037), R.
solani (KACC 40140), S. sclerotiorum (KACC 40457)
O FARYNS 50 4N FFEE FEsel 49
T, A BYMaS AN S TEo] HE
FrAA NEHay A@e 4E B9 Aoy
N2z Aol Fg0] quoE To WEa

@ dishis 28COIA 277 WFSEA AEHAY

#o ANAL Qs

Met ojd=e| 8 AL 5= 16S r(RNA
A AANLRA, e B Asked 54E 53
o ZA3ATE = DNA extraction kit (Toyobo,
Japan) 2 Hd 459 DNAE F=3 5 universal
primer?l fD1 (5-AGAGTTTGATCCTGGCTCAG-
33 rP2 (5-ACGGCTACCTTGTTACGACTT-3)
2 o] &3l 16S rRNA geneS PCRE %3 s}
Atk ol#EA dojzxl PCR AHE2 DNA sequencing
kit (BigDye terminator Cycle Sequencing Ready
Reacions v3.1: Applied Biosystem)& A}&3Fe] WS-
A7l &, 3100 Genetic Analyser (Applied Biosystems)
2 d7IMEs AR 9719 NCBI server
°] BLAST 2295 B3l & (genus)7HAl 5783t
Atk 7 FABAE A8 8] 16S rRNA
gene Y71 YL CLUSTAL W program (Thompson
et al, 1994)5 ol&ste EFHT9 A7IAEH HE
stk "HelEAY HsATF A4S MEGA
version 3.1 (Kumar et al, 2004) Z2 13 o] &3}
t}. branch®] <t A (bootstrap value)< 1,0003] 2]
resampling= £3lo] ZAFSIA Y. A s 54 =
catalase, oxidase, ¥7|A %, 7I4Eds 52 Claus
and Berkeley (1986)2} Smibert and Krieg (1994) 9]
o] wal FEdnh I 99 vAad Asts 2
A dste A1ES API 20NESH API 20E system
(bioMerieux) & ©]-&3te] A ZzALe] BFWHS wa)
FastAtt JHiets SAHCEA Ax B WAER
FE 5 MnSO: 5 mge]l H7Fe TSA wWiAoA 2
A Mg T 9dA AnA S o] &8t #HASIAT
3

o
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|

ol

Bacillus subtilis S37-2 @3 2| =E X 2|
2 2AAANA HFEAFFH ot HEH
A RKitol] thEk galgo]l 744 738k B, subtilis S37-2
475 HAF Adsty AEASEEZ] 2385 AP
o AERES AFE sIFen, XEAFCE EY

Aot EGS A s AFEFY A

2}

T
o &



Bacillus subtilis®] $A 734 2 HEHZEA 449

7

o

~10° cell mI" FFOE FAWE st 7tz F
A =

B. subtilis S37-2 T2 AZHALTTL x| &=
E9Eol A B. subtilis S37-2 ol 2%
oxysporum (KACC 40037)2] AAAA] a5 H7]¢
3l B. subtilis S37-2 #F} Fusarium #< ¢l
2 EY A & AAHoE 455 ZAFSES
vlg] wjFsted FAE F. oxysporum EAAEA (10
spore mlI')S E<kEo 1.0x10° (spore EUeg)E%

HEadth Edd Ak 749 A&S7HE Slet
o] TSB (tryptic soy broth) % PDB (potato dextrose
broth)uj A1 2] 108 s|A AL 1:12 EFste] B
O-&Fe] 456% AER 5‘47]’5‘}@‘:} A AR
of WA REHE B flete] §EAF FHHA
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ml’ FEE FAIGA L wrEo] ALEET
subtilis S37-2 5+ TSA (tryptic soy agar)ul] #] ol
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Table 1. Selection of plant growth-promoting Rhizobacteria.

B. subtilis S37-2 TF2| LN 4 A AESUIZ

ZIE=E MAM B. subtilis S37-2 w52 FA¥|A
ke $5le] TSBHIA] (tryptone 17 g, soytone 3.0
g, glucose 25 g, NaCl 5 g, KeHPOs 25 ¢ DW 1L), LB
vl A] (tryptone 10 g, yeast extract 5 g, NaCl 10 g, DW
1L), NBHJA] (beef extract 3 g, peptone 5 g, NaCl 5 g,
yeast extract 2 g, DW 1L)E o] &3l F#A=22S
ety I3 #A ] dFgaE 9 249 &
F}E H7] ¢3te] TSBHIA| o] peptone, tryptone, yeast
extract& WEUWZ 1%% FH7lsle] 30C <F 37ColA]
72 hr GFT FARAFS AEFTLE SAA

T3t B, subtilis S37-2 @79 wiFRANA Q&4
2 ANEAD F AEASSAEZD] YA E AFs
At A+ =2 L-tryptophan (20 mg L~ )-»]—
mevalonate® 3 7}ste] z}z 9841 4

A ES BASHT BAA RS xq:,L%g% %,17]-3

I

TSBH|A o N @@FE HEst] 24470 v FF vj
Ae AdRdtel AALL FEAL 045 m FEHZ
Agtg gL AU AEAKEAETE BAL

WatersAle] HPLC PADE A}£3}9d reverse phaseZ,
symmetry Cis, 5 um, 4.6 X250 mm column= A& 3}
BAs9th AE71E UV, 280 nmollA, °] A2 A
O (= AT 1%
tetrabutylammonium phosphate, pH 2.8)3 B
(acetonitrile) & 13:87 Y] &2 AFASFAIA ALE-35} T

22272 1 ml min oYt}

acetic acid/1 mM

Saol4ge JSEM ¥ RSTARY MY

o
2004 ~20063 7} %] 2] &

o 37373, 7]
El 156759 EF 388755 vt BT
TAol, B, ASEH T AEALZI TS
Brtetdek I8 AERAEFN7 TS /M #FE
gom AEHAAL Aol tigk g4 adE FA
of A@rtetAtt I A3 ATl &S 1045 &
A ZEAFo] FIEt AEHAA] MAdF A&
7} ©€¥€3t B. subtilis S37-2 #FE FH= AWt
(Table 1).
o2& BRG] %53 B osubtilis S37-2 #F 2
AEHAA FFel g JATS Ve @ PDA HiA

Strai Seed Rooting Growth Phosphate- Antagonistic activity on
ains
germination promotion phase solubilization ability phythogenic fungi
B. subtilis
++ ++ ++ - +++
S37-2

++; good, +++; very good, -; none
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Table 2. Antagonistic effects of B. subtilis S37-2 on phytopathogenic fungi.
. . Antagonistic inhibition on phythogenic fungi(@: mm)
Strains Medium - .
F. oxysporum R. solani S. sclerotiorum
B. subtilis V8 8.3+0.6 11.0+1.0 230400
S37-2 PDA 102408 9.0+0.7 18.0+0.7

<PDA medium>

F. oxysporum(KACC40037) R. solani(KACC40140) S. sclerotiorum(KACC 40457)

Fig. 1. Antagonistic effects of B. subtilis S37-2 strain on phytopathogenic fungi.

el B Aot B, subtilis S37-2 @57t F. MeE RE87|sTe ERSE  S37-2 459 168
oxysporum (KACC 40037), R. solani (KACC 40140), rRNA gene sequences= NCBI BLAST A}, 7} 7}
S. sclerotiorum (KACC 40457)¢] Al#eo] gl A= 7 FAIREE VMR BEFEdFE B subtilis (NCDO
S B8 AR Y A7) Table 2, Fig. 13+ 7o), 1769") o™ 99%9] FAIE=S Yehigit AEER

Slell A ek ZFol B. subtilis S37-2 #FE F. st RAAFE Fig. 2014 UERA wiel 7] B,
oxysporum (KACC 40037), R. solani (KACC 40140), mojavensis, B. amyloliquefaciens®} F+AFA 7} =%
S. sclerotiorum (KACC 40457) 5ol a4l 7F&stA o HEAHoE Pt B At 545 Reva
AR stz Aol G ATt 5(2001) 8] ERAME wet AES A3} S37-2 +F

78 _ Bacillus subtilis NCDO 17697 (X60646)
% ]J[: Bacillus mojavensis IFO15718T (AB021191)
" | Bacillus vallismortis DSM 110317(AB021198)
98 Bacillus amyloliquefaciens ATCC 23350T (X60605)
ol_S37-2
Bacillus atrophaeus JCM 90707 (AB021181)
L Bacillus pumilus NCDO 17667 (X60637)
Brevibacillus agri NRRLNRS-1219T (D78454)

—

0.01

Fig. 2. Phylogenetic tree of S37-2 based on 16S rRNA sequence similarity. Branching values determined using 1000 bootstraps. Bar,
1 substitution per 100 nucleotides.

Table 3. Phenotypic characteristics of strain B. subtilis S37-2.

Characteristic Results

Nitrate reduction, activity of catalase, arginine dihydrolase, ornithine decarboxylase, hydrolysis of starch, casein, gelatin,
esculin, urea and CM-cellulose, acetoin production, assimilation of glucose, arabinose, mannose, mannitol, maltose, +
N-acetyl-glucosamine, gluconate, malate and citrate

Citrate utilization, activity of oxidase, -galactosidase, lysine decarboxylase and tryptophane deaminase, H2S production,
indol production, anaerobic growth, assimilation of caprate, adipate and phenyl-acetate
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B. subtilis® FHEJLH B subtilis S37-2F
B. subtilis S37-2 #F% TSAH| Ao A
VA A Ak AlEe] A7]= 21~52X1L1
R elw xAE FAskdth Astetd 542
Table 33 7ol EA 7|4 olH, catalase AlH> %4
. oxidase A|@olAME SAWNSTS EHAoh =T
starch, casein, gelatin, esculin, urea, CM-celluloseE 7}
FEAT F AJgT. @i

adipate, phenyl-acetateE #| 2]} glucose, arabinose,

o] 84 & caprate,

mannose, mannitol, maltose, N-acetyl- glucosamine,
gluconate, malate, citrate 2] @< o] &3tk 17
I AeE Aol tsiAE 10% NaCle H7hst uj

A M= st A UMk

B. subtilis S37-2 #F2| =EXE| 7
ABEE| 2~ S37-2 #59 gAEYgY S TR

Fo 2o #F AAF AKER
PN

Table 49} o] HFd57F 71 F&
Z7rer9.0M, 10° cell mI'A ] FolA 71 B =7}

FS Btk EFERAdA 87x10° cell ml'AH A

=

BT ws) gEe] APAF) 487%, PAEF
o) 423% # A7 AKFL ZANNE BAE U
Wit

B. subtilis S37-2 #Fo| AlEwolM ZlReo| ofx|
. AFFE Y F(S. sclerotiorum) 2] A
= Table 5914 HEntel o] HFF 9do]
Wik AE3 X2 FE 100% olHE&S Ho 74}
wrHo) FE W +B. subtilis S37-2 @F < dAE Y
A gk FoAAME 167%9 olHE&ES Ho] F3g o
s Bon, AF FABAAME 17t 389%,
B. subtilis S37-2 #5F2 AP FoAAE 56%2 o]
WEES Ho g7 vjs] 43s dAsHE B
A tH(Table 6).

Egx Ao A B. subtilis S37-2 I <3 F.
oxysporum (KACC 40037)2] A &3+= Table 791 Y
ER 2T} B subtilis S37-2 #FE A8k oF 2 s}
A g2 HETE vas A3 M$ 9ddl S37-2 o
F5 A3 F7F 158(x10" cfu g'), APsA B
ET7F 367(x10" cfu gh)o® A e o Hs)

2 o % & foi fob

Table 4. Effects of concentraion of B. subtilis S37-2 cell supernatnant on growth of lettuce.

Inoculum density Shoot fresh Rate of Root dry Rate of
(cell ml") wt.(g) increase(%) wt.(g) increase(%)
0 78404 - 0.300+0.015 -

10° 8.1x1.0 38 0.319+0.099 63
10° 8.5+0.6 89 0.367+0.072 223

107 9.0+0.7 154 0.377+0.062 25.7

10° 11.6+0.7 48.7 0.427+0.089 423

Table 5. Antagonistic effects of B. subtilis S37-2 on growth of lettuce contaminated with S. sclerotiorum(normal leaf 1~2).

Rate of diseased plant(%)

Strain

3 6 9 days
Control 00 750 100
B. subtilis S 37-2 00 83 16.7

Table 6. Antagonistic effects of B. subtilis S37-2 on growth of lettuce contaminated with S. sclerotiorum(normal leaf 4~5).

Rate of diseased plant(%)

Strain

7 21 28 days
Control 2.8 305 389
B. subtilis S 37-2 28 28 56

Table 7. Antagonistic effects of B. subtilis S37-2 on F. oxysporum in soil.

Numbers of F. oxysporum (X 10* cfu g

Strain

0 6 9 days
Control 104+12 292+15 324+12 367£16
B. subtilis S 37-2 102+6 127+16 145+7 158+17
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Fusarium w©°] 28] o] =7}

Aol AHLFE AA

A9} o] EFFAME B, subtilis S37-2 #Fol 28l
Fusarium #°] A3 JdAHE 342 2

B. subtilis S37-2 @F2| Ut EM
TEE MU4ME vy AMEde]s S37-2
9lste] Hj=A|
kS Hlwd A3} Table 804 HiEnpel 7o)
ey 2EEEE

N:

A
)

4 HAuA A
=

olN M
>

TSBu A7} g2 std o,

vl 37°C7F 4] o]} Al Aol

SRSESTEES
#3e)

THEE #A

30°C ol
ottt 18

A o] HFAAAS A3 A4 G35 Table 90 A

HEnkel 7o) peptone, tryptones
yeast extract& F7bet 37t FA YA ol

o

B. subtilis S37-2 w39
phytohormoneg& #2413 A3} JAAE

ARFS AE2T F AUOoU GAE

HEHA

GA°| 93 AMEZ=7a3 (Probanza et al.,

Frankenberger and Arshad, 1995)+

n A Eoll o3 AAPHE
phytohormones(Frankenberger and Arshad , 1995) €]
o] .= siderophore, 4,5-dihydroxy-6-phenylhexanoic

acid, 183 3 AH-7]E 2 (Farag et al,

el HuHn 9o

A& xg ix]

H7re g

FE 59

oo}

2002
e 4 gk

jm (e}
=4

2006) =
SEECEIMESE)

Table 9. Effects of nitrogen sources on B. subtilis S37-2 strain.

Culture temperature

Yield of S37-2 strain

Medium ) :
(C) (d.wmg 100 ml")

30 58.024.7
TSB

37 268.04.7
TSB+Peptone 1% 30 43.8+8.3

37 1913170
TSB+Tryptone 1% 30 710£119

37 27344416
TSB+Yeast extract 1% 30 153.9+16.1

37 3479+38.7

Table 8. Selection of optimal medium for B. subtilis S37-2 strain.

o8 FrEHE AHFIEHAE FF ¢ HEJ I8
g AR AdEHNG
=~ o

ZEAFA fFEe HAES Adste AEHER
o] &3tz AF, EwE, AFF, Qo] HX, i,

o ZUEY 9 PR AFS 37375 st
Atk Ztzhe] #FE FAFE JTE FEAS HA
T S AFEAT I F FEASS SN E
TTE Ao A28 SFH A=8dd d 9A
TS Hute & 9% 14585 AEEdn. a8y
Adrst #5790 wMYdy 54 B HEIEE QMG S
EASAT AdE FF5 16S IRNA A7 G54,
AsetA 54 5o BAHCE & - FTHE 45k
AEASEZ B AERAAY JAds EFHE A
3l Bacillus subtilis S37-2 @55 A3 Ald
of Atgd AEWHYA It Fusarium oxysporum

(KACC 40037), Rhizoctonia solani (KACC 40140),
Sclerotinia sclerotiorum (KACC 40457)9] 3 #5952

o, o]E #Fol k] EF &ARHoITh Eko]
225 EEJ AFE Aviste] B. subtilis S37-2
Fo FHPGA G 10°~10" cell mI'BH ] FE 5=
M2 2hd ADFE R A8Fe 2ASAT A
Fd4U BEFE AF ASFS FUSAT 87X

9

A
10° cell ml' & 9 50 mI® 1~23] HEA] 29
mal AEe] @ AAZo] 487%, Welo AEFO|
423% A 77k A& ol F7tste AHE UERAS
o} A f80 AEHUA R S sclerotiorum
(KACC 40457) A 8] §- B. subtilis S37-2 475 J& e
Do EHA BE HETE Wa AF EF O
doll HFTE 167%, =T 100% o= o] LA
HAct WA FHFEE B, subtilis S37-2 @72 A
ZA%e NI 23 TSBUA FEaen, Wz
Y-S #H71E 79 peptone, tryptoneH T} yeast extract
b 7b A el Yestth 1Eal wf
30°Coll W&l 37C7F <k 2~4wu) o]/\l— Eiy
o}, L-tryptophang 20 mg L A7}t

ge rir
2w

Yield of S37-2 strain

Medium Culture temperature ('C) (dw mg 100 ml") Composition of medium
TSB 30 58.0+4.7 Tryptone 17 g, Soytone 3.0 g,
37 268.0+4.7 Glucose 2.5 g, NaCl 5 g, K:HPO42.5 g DW 1L
IB 30 20.1+43 Tryptone 10 g, Yeast extract 5 g,
37 120.2£15.3 NaCl 10 gDW 1L
NB 30 283422 Beef extact 3 g, Peptone 5 g,
37 112.0+18.9 NaCl 5 g, Yeast extract 2 g, DW 1L
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3k TSB HlXo| B, subtilis S37-2 @52 HE3slo] 24
Al7F BiSF3 TAA(indole 3-acetic acid) ABAI &2 0.1

wg ml' o] P& A
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