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Antifungal Activity of Benzoic Acid from Bacillus subtilis GDYA-1
against Fungal Phytopathogens
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A bacterial strain antagonistic to some fungal phytopathogens was isolated from the stem of a Persimmon
tree in Yeongam, Korea. This bacterium was identified as Bacillus subtilis by 16S rRNA gene sequencing and
designated as B. subtilis GDYA-1. In in vivo experiment, the fermentation broth exhibited antifungal activities
against Magnaporthe oryzae on rice plants, Phytophthora infestans on tomato plants, and Puccinia recondita
on wheat plants. We isolated one antifungal compound and its chemical structure was determined by mass
and 'H-NMR spectral data. The antifungal substance was identified as benzoic acid. It inhibited mycelial
growth of M. oryzae, Rhizoctonia solani, Sclerotinia sclerotiorum, and P. capsici with minimum inhibition
concentration (MIC) values, ranging from 62.5 to 125 pg/ml. Moreover, the substance effectively suppressed
Phytophthora blight of red pepper caused by P. capsici in a pot experiment. To the author’s knowledge, this is
the first report on the antifungal activity of benzoic acid against phytopathogenic fungi. Benzoic acid and B.
subtilis GDYA-1 may contribute to environmental-friendly protect crops from phytopathogenic fungi.
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83k Aol AATFOEH HAA] AF H F4S o

Aehs 734 Agago] e (Jung 5, 2006; Neilands,
1984; Paulitz2} Loper, 1991; Scher} Baker, 1982), ©| %
oﬂ/ﬂ HFo AL z124 Ho=g o%;q] 01_1_ A EZ o
/Kg{‘\l-oﬂ _/]§l— 7‘3161-%1_9_0] /Kg 6}-7(-1 HT—;{{]]:H o= 7}—X]— L"E]
o] &= dtHKatze} Demain, 1977; Omura, 1992).

E o] /\1 EHo 3 AWEZH H]—zﬂ;{-ﬂi o /\]__Q_o]._,“
AT Bacillus < @552 AZlA v Aol a, WA
FAE 7HAL A= Gram ¥ AlFLE FHF 224po]
7hssh ko]l &olgk EAS 7EAAL k. EE ofy

2} protease, amylase, glucanase ¥ cellulase 52| 75 &
2 ohekst PRE AU g EZ a8l ofn| At
o QAEHE Zo3 BE] glo] AdHo s Zg3
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£0 7 A oM sFdo R ghis] o & 3t
(Schallmey 5, 2004). 2] EH] tjgt =4 WAA|=Z B.
thuringiensis, B. licheniformis, B. brevis, B. cereus, B. subtilis
5ol ol &= glom, B subtliso #e A7t 7Y B
o] B Ut} Thu Hang(2005)S B. subtilis S1-0210
S ©o]&3t Botrytis cinerea®] At S A S F<l
33, Lee 5(2006)> B. subtilis 1229} Trichoderma
harzianum 23 T3HAE ©]-&8to] whs SAA 53 9
AESA YAEHRE RIS Nam (2009 B
subtilis KB-40125-8 7 H-2HF W2 Diaporthe citri
o] #AME A Aol A S-S g1k, Nam &
(2010)2 B. subtilis KB-401 F3}AE o] &3t Qo] 3
7 A a9 81T Lee 5(2011)S B. subtilis
S54 5 o] &3 A5 AW @A Y= A
of sl Birstitt.

B. subtilis®l] &J& AiEE dAELE
o] wa} ribosomal peptide antlblotlcsg} nonribosomal
Z BFT F d2H, subtilin,
subtilosin A, sublancin ribosomal peptide antibioticoll 4
st SAlEAd o] HarES]
plipastatin, bacilysin, phosphono-oligopeptide, rhizocticin
52 nonribosomal peptide antibiotics®ll 431+ Ao L
G g o] HIALE A T(Stein, 2005). B. subtiliss ©]v]
QoA 150l thgh kA e] iFE o] BESHA WA
Az de ol &= om, AA B subtilisE ©] &3
Serenade(AgraQuest, Davis, CA, USA), Kodiak (Gustafson,
Plano, TX, USA), Subtilex(Beker Underwood, Ames, IA.
USAye P& AAlZ /e o] S A GHdd
ZAZA A=W WAl Z&F 5 th(Lange 5, 1993;
Powel3} Jutsum, 1993).

2 Avolat Aehdn JgHele] b
B &3 B subtilis GDYA-1 dF5 ©]&3}
2l EW ol gk B. subtilis GDYA-19] in vivo
AL T, RS S dede 2S£ 58
SRt TSk 543k dE32 benzoic acid®] in vitro
in vivo FFEE ZABIA B, subtilis GDYA-1 &9
nAE A28 7S Bkl

= A 71

peptide antibiotics®] F &

27, iturin, surfactin, fengycin,

W2 Yy
Ag FF. ADEE GYAGe) iy F/12 Y

E2]3%t B. subtilis GDYA- le AHE-5H9 T GDYA-1 o5
= 20% glycerolol] &Ersle] —80°Col] HA3IHA Ao
o] &3t Tk

opdd - A - A - H83

N

A - 0

¢

Al¢F.  Benzoic acid %32 Sigma Chemical Co.(St.
Louis, MO, USA) A& FH3tAth FF8& ] =4
9 A5 FZ8)(methanol, ethyl acetate, acetonitril, »-
butanol, chloroform):= MerckAH(Darmstadt, Germany)<]
HPLCH S A}F&3F%1 3, phenylacetic acid, streptomycin
sulfate, trifluoroacetic acid= Sigmarle] SHA]FS ARE-
sttt

452 4.
qog sk g 9 2 P4 HES Foke] YAH
2 #FE F88I e, 16S rRNA 32 H714d 4
b A Al EH ] Xk 248 Microbial Identification
System(MIS, HP6890 GC, Microbial ID, USA)S ©]-&3}
of BA% & HEH o= BT 8-S Al
ZlF9] 16S rRNA 7374} sequencinge th23} 7+-&
Ho g FPAt. B2 752 chromosomal DNAS]

= benzyl chloride WS HEdt 3Y51%1 2™ (Heng

%, 1993), 16S rRNA %12} 97|14 E #4& Universal
PCR primer 27F('5-AGAGTTTGATCCTGGCTCAG-3")<}
1492R('5-GGTTACCTTGTTACGACTT-3)2 A 35te] &
2]7+2] 16S rRNA 32 &S PCRE FZ3 & PCR
2HE2 PCR product purification kit(Qiagen, USA)E A&
st G A5t 2, ABI PRISM 310 Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA)=S ©]-8-3}]
H7IMES AH3IATE 16S tRNA FAF A7 8-S
DDBJ/NCBI/Genebank 2} Ribosomal Database Project II
(RDP I1)2] databaseol| A 35S AAsI] E48159 0

In vive F7874 AA. e 4 Dtﬂoﬂ o 15 0}
F A B. subtilis GDYA-1 459
WaHE AT B E9H, H C_’%d—r-J ]'u g,
ntE Aulgsgoly, EntE AW, ¥ F25H
Tﬂé, 57—‘7|“ E}xi o’e— ig’?ﬂ' 77]'Z] —1€ o’—
sttt 4, B. subtilis 75 tryptic soy broth(TSB;
Beckton Dickinson and Co., MD, USA)ol| %3 t}&

30°COllA 3€7F 150 rpm O 2 X vl kst vl k&

ﬂ F—lE o HE

ZHFE 3R 343 40 mle] 324 Ao Tween 20
250 pgml®] =2 H7HgE &, i A EQ1 ot EntE,
4, By —7—174_’ _’ioﬂ zyz} 7‘%’43}1 T v A2

AN 19 5 PRSI, Wl A AE T

ml®] &g mg Axgh E}% 2o Azt A9
o Abgdl Hel EvlE, W HE I8 3 IFE AE
45cme] LT XEO| FEg HE T ddg FE

£ 70% A= AL ¥, TAE sFste] 25+5°Ce 24
ANA 15 WA 457 AvistATh. wiFd X2 FF
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A28 Z4zte] AEA HARS FED F 39 UK
8y Fof WHEE 2SI THCho 5, 2006; Kim 5
o ANFAL, A¥e T

e e He. k=
B. subtilis GDYA-1 &TETH ?ﬂ';FEXW %ﬂ% AA
3ttt B. subtilis GDYA-1 ++5-5 TSB HjA|ol|A] 347k
30°C, 150 pmO2. 5 1= Wi}, wikH (5 1)S 8,000 rpm,
10 min, 4°C2 A4Z2st] Ao FAAE £k
o} 218 A NS ethyl acetate, n-butanol =42 z}z}t
23] F& 2 B335 ethyl acetate F+E=3} n-butanol F
55 492, °1E methanolZ 100 mg/mlz}t 300 mg/ml
FER2 galg e v =Wl diste] AEdgS 4
Alatdnt B =@ o] digk AEAAH S 797 25°C,
150 rppm 2.2 potato dextrose broth(PDB: Beckton Dickinson
and Co.) W]l Hj<Fs =B FS blenders ©]-8-31
1027 RIS O3, vl S potato dextrose agar(Beckton
Dickinson and Co.) ¥lA° 1% HFEF & SEo|& ¢+
48 well plateel] 990 u1¥ £ ZO}OiE‘r Z+ A EE HF
=7} 1,0003} 3,000 pg/mle] ==5 x|, 25°C
oﬂf‘i 34947 Wi v HoAE s EE AT
1 A ethyl acetate F==°] S-S Yell= AL
RN, o|ZHE FHEHS FEoH] flsto

|

rﬂ{

methanol:water=30:9:1, V/V/V)i ANk & e HIEE
Z YUFAL, oA A7IA AAIS in viro AW
< B3l ARS AT o A% gle] EYEF 2|
HQ%OHH et o] el AE ERlskia HE
S 2 compound Azt B EHE Tk EEIEH
183 52 compound A2 SRS FAVE] $Ehe]
e 728 A0 E HPLC 418 2A18t59 T} column:
Symmetry C;5(250 mmx4.6 mm), -8Z-87: 10% acetonitrile+
0.1% trifluoroacetic acid: acetonitrile+0.1% trifluoroacetic
acid, =41Z7: 10% BollA 50% BZ 15%7} gradient ¥
A 3 100% B=Z 537} gradient +4, % 1 ml/min, 5
A= 10ml, AE37: 272 nm.

717184, 2% B2 228 s3] St 2
A 9 A gEEAS ARSIt A A electron
impact(EI)¢} chemical ionization(CT) modeZ 2 Fi-2] 7]
(JEOL JMS-DX303; JEOL Ltd., Tokyo, Japan)E ©]-& 3}
o A3 o, 'H-NMR spectrum< Bruker AMX-
500(500 MHz) NMR spectrometer(Bruker Analytische
Messtechnik Gmbh, Rheinstetten, Germany)Z =7 5} 2,
tetramethylsilane(TMS)Z- internal standard= ©]-&3}31 T}

XL-PJ

In vitro 3334 A, W =<9 A (Magnaporthe
oryzae), ¥ YHFHulEH ;F(Rhizoctonia solani), EFIE
AU FFO|HH(B. cinerea), L5 ©A W (Colletotrichum

coccodes), 2-°] W (Sclerotinia sclerotiorum), 5 $
St (Fusarium oxysporum f. sp. raphani), 25 W+
(Phytophthora capsici) & 771l 2 =LA 3ol oy
g A A e S ARk 788 v == PDBHY
A& /\F&o}m_ 48-well platel] PDB HI A S 990 ul &
g T 10pe] AEE At & 747be] AE B
ol agar plugs HEsHATH EH}B} AeEdde] A
<o wat 39 WA 55U Mg o HaAEE
MIC)E =743t er, 3atEo2 HA3 tH(Yoon &5,

S Fﬂ o UH —1N

I3 99 A 53 AR 25 g9l tig AR
7} 28L& 20°C2] oatmeal(oatmeal 60 g, agar 12.5 g, D.W.
A oA wljFst 2 AW (P capsici)d] &% dAF

=1 11]74 Fz, 250C°ﬂ"ﬂ 24/‘]7L FFEE 2o FFA
<3 Sk a3 AWt fFAbd
jr 4ol 1417+

_4

E% X 104 sporangla/m 2 Z2HE3%

A 50%Y AE 3, 50% 01”0‘ lﬂ%e 42 AA 3T
FUe AYS sytEo 7 23] AAEA

EAA=. ZE ZIE= PROC GLM procedure(SAS
institute, Cary, NO)& A3t A A st 7+ &
o wel Mgy HFA + HFHSD)E EAIEA

3, 5AE o4 AP ¢

A Al %] F-AREA] (one-way
analysis of variance)2 ¥+ ¥ F 2 3} Duncan's
multiple range test(P=0.05)% °©]&3to] tix+3 7+ +7¢

o frel4 Aels AEAT.
4 o

AFuAE FH. HF A8 7 S e
@20 GDYA-1E nutrient broth agar(Beckton Dickinson
and Co.) WIA| & o]&3}o] 30°CollA] 2Y97F =4 w3k
F Aslsty 548 2Akeld. o 24, WAEAE ¢
J8}+= Gram positive2] 7HFo]$ 2™, 16S rRNA A}
G7IM G 7128 EAAFTH A A3, Bacillus sp.
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o] F& x3ete A aFdl &t 4FEA, B o thated in vivo 384 AL HAASAT 2 A+,
subtilis DSM 10T(AJ276351)$} 99.56%2] 545 Vel B subtilis GDYA-1 o5 vjF o] Qoo 13k 771X
Wtk o)de] WHog 4%t A3} B subtilisZ 57 21 EH Fo] U By thef 87%<] HAEAHS BHA
H7] W Eol B AFE] o&) B subrilis GDYA-12 oW, W TdH, EulE Ao el 75%, 1T
v = A tH(Fig. 1). Ao el 65%2] WAEAS BTk wgAS 1/3

In vivo 3734 AA. B subtilis GDYA-1 #52] Hj 2 35t Axdt A9 d F258 2 25 8F

S-S AN, 173, 193 1272 A ko] B =dH, B ol il A1 e 65% olde] 84S B, e AEH
AAFHvEY, BErfE 98, EvtE Aoy, U o UEiME vy e WAEAHS HtK(Table 1).
Ho=w wy 3718y 9 33 x|y 7714 25 e 2 FA. B subtilis GDYA-1 #52] ethyl

100 Bacillus axarquiensis CR-1197 (AY603657)

Brevibacterium halotolerans LMG 216607 (AJ620368)
100 | 99— Bacillus mojavensis IFO 157187 (AB021191)

100 —————— Bacillus malacitensis CR-957 (AY503656)
100 ——— Bacillus amyloliquefaciens ATCC 233507 (X60605)
82| = Bacillus vallismortis DSM11031T (AB021198)

Bacillus subtilis DSMG 10T (AJ276351)
70 —Strain GDYA-1

70 — Bacillus atrophaeus JCM 90707 (AB021181)

Bacillus sonorensis NRRLB-23154T (AF302118)
100 — Bacillus licheniformis DSM 13T (X68416)

Bacillus pumilus DSMZ 277 (AY456263)
100
Bacillus sonorensis NRRLB-23154T (AF302118)
— Bacillus licheniformis DSM 13T (X68416)
0.005

—

Fig. 1. Phylogenetic tree for strain GDYA-1 and related organisms based on 16S rRNA sequences. The distances were calculated using
the neighbor-joining method. Bootstrap values based on 1,000 replications are indicated above the branches and the scale bar represents
0.05 nucleotide substitutions per site.

Table 1. In vivo antifungal activities of the fermentation broth of Bacillus subtilis GDYA-1 against seven phytopathogens®

Control value (%)

Dilution
RCB* RSB TGM TLB WLR BPM RPA
Fermentation broth 75a 3la 45a 75a 87a 0a 65a
3-fold 25b 19b 36b 21b 67b 0a 65a
9-fold Oc Oc 45a 21b 20c Oa 25b
27-fold Oc Oc 45a Tc 0d Oa Oc

*Seedlings were inoculated with spores or mycelial suspensions of the test organism 1 day after various dilutions of the fermentation broth from
Bacillus subtilis GDYA-1 were sprayed on the leaves to run off.

°Control value (%) =100 x (disease severity of untreated plants — disease severity of treated plants)/disease severity of untreated plants. Each value
represents the meantstandard deviation of two runs with three replicates each. Control values with the same lower case letter's are not
significantly different (P=0.05) in each column, according to the Duncan's multiple range test.

‘RCB: rice blast, RSB: rice sheath blight, TGM: tomato grey mold, TLB: tomato late blight, WLR: wheat leaf rust, BPM: barley powdery
mildew, RPA: red pepper anthracnose.
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o

acetate FE==Z5E w2|$ compound AS] +XE FF
a}7] flsted El 248 AAsEATE 2 23 molecular
ion [M]e] m/z 1220014 Yebsow, 54 #Q1 Edol&
o] m/z 105([M-17]", base peak), 77(M-45), 51(M-71)°1A4]
YR Th(Fig. 2). CI A4S AAg 23 [M+H] ©]
0] 123014 yebge] met EAbge] 1228 24 H U
o] FA=H FEE gst] flste CDCLE &M E
ARE-3e] 'TH-NMR 2415 AAg A3, 84 8.10Q2H, d, J=7.5
Hz, H-3,5), 7.58QH, 1, J=7.5 Hz, H-2,6), 7.34(1H, 1,
J=12.5, 7.5 Hz, H-1), 3.48(1H, 5, -OH)°ll 4] proton®]
ZHE AT, o]/de] AR AT A3 e
Sk compound A= A4 0] CH,0,0] 2, EA#Fo] 12291
benzoic acidZ &7 = A Th(Fig. 2).

Liang(1998)° 21814 Bacillus%: a2} Lactobacillus%;
TZHE benzoic acid®] Aol gk HivF AL W

2 A=l 28I Bacillusg 45l 2]+ benzoic acid
Aobel] digk A4t AEg Aol

Benzoic acid AJAF o % 22l.  F2]3t benzoic acid7t
B. subtilis GDYA-1 #5238 A2tE EZQIXE &l
sH7] st EEEZA R benzoic acids ARE-sH] 237 U}
Bl H o HPLC B4% A8ttt 2 43, B
subtilis GDYA-1 45E 83171 A wjA] o= benzoic
acid7l AZHA k= A AR, B subtilis
GDYA-1 455 s $9] X)X = benzoic acid’}
Az AS ZR1T & Aok 53 o] v FA S ethyl

benzoic acid’} AEF = A

[e3

>
!
2
x
H

=
acetate® £33}

100 ~ 105
A 122[M]*
80

77
60 -

e

20 4

o [ | ——
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100 - 123[M+1]*
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Fig. 2. EI- (A) and CI- mass spectra (B) of an antifungal
compound isolated from Bacillus subtilis GDYA-1.

< Rl o] A#E v SR B subiilis GDYA-1
T benzoic acidg Aitste AS & & AT

Sieber 5(1995)°] K 3238 njo| o]t A EA|FFQ]
carboxylic acidE-& tAFHY & €A 82 &+ e &
AER A= ofg ARIHER AP T Svkal B
23}t Hwang 52001y Streptomyces humidus=5-F
benzoic acid =A< phenylacetic acid®} sodium
phenylacetate®] A2 <1519 2™, Kim 5(2004) %
o 2 RE B2|¥ B. licheniformis?t AAFS= phenylacetic
acid®] FF 4L BTG E3 Yang 5(2011)
Bacillus sp. BS107 €57} =433 0Ak2A] 2-aminobenzoic
acidE Aqhetthal Baekgich

Benzoic acid®] in vitro &84 AA. B subtilis
GDYA-1 v o 2 BE E2]3F benzoic acide] THESH
22U wgold dg A A adE Fx27}
fFAAA e EZE LGE R phenylacetic acid2} H]
watAtt. 7bzhe]l B3-S methanoldl 6.25, 12.5, 259}
50 mg/ml TEOE &S § HFTEFEET} 62.5, 125, 250
Z 500 pg/mle] HEE At 2 A3, AAH o=
benzoic acidi= phenylacetic acid®l] B3} ¥ A} A3
5 A SA4& BAK(Table 2). 7 BF dad#<
P capsiciol ste] 718 Zde AAMISA S S A
2, MICE 62.5 ug/mlIth. Benzoic acids= M. oryzae, R.
solani 12 3L S. sclervotiorum®l] W8] zZ+z} 125, 125 2
250 pg/mle] MICE Bt o2 WA FFolo] i3l
A= 500 pg/ml o] MICE ®$ITh. Nascimento 5(2000)
£ benzoic acid”} Klebsiella pneumoniae} Escherichia
colill 3l g FFEdS YERdTi Basiglon,
Amborabé 5(2002):= benzoic acidll 2|8 Eutypa lata]
FAHE A A @3= B skt ¥k ol 2} benzoic

Table 2. Minimum inhibitory concentrations (MIC) of benzoic
acid from Bacillus subtilis GDYA-1 and phenylacetic acid against
the mycelial growth of plant pathogens in liquid culture

MIC (ug/mly

Pathogen — .
Benzoicacid  Phenylacetic acid
Magnaporthe oryzae 125 250
Rhizoctonia solani 125 >500
Botrytis cinerea >500 >500
Colletotrichum coccodes >500 >500
Sclerotinia sclerotiorum 250 >500
Fusarium oxysporum >500 >500
Phytophthora capsici 62.5 62.5

*Minimum concentration causing complete inhibition of mycelial
growth.
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acid =A<l lanceaefolic acid methyl ester= Candida
albicans®| 3l FE2AHFE7F 100 ngmlE YEFSEL
(2002), 5258 F¥ st benzoic acid F=AE
2 Cladosporium cladosporioides®} C. sphaerospermum®
sl etEgo]l Bad vk Qltk(Lago &, 2004). 12t
benzoic acid®] 2|=® FFold gt FH4LdS 2 A
TolA A5 o2 Bish= vlolth. A, Hwang 5(2001)
2 Streptomyces humidus=F-E] 2] §+ phenylacetic acid
7t 23 g ol ke in vitro L in vivooll Al E43 0]
g3t R AR B, subtilis GDYA-1Z25-E £
% benzoic acid= phenylacetic acid®} 27} FAFSH] o
woll 5 Aol thete] 3 5 B ZoR o
&= ATt

Benzoic acid®] 25 9W WAla3}. Benzoic acide
23 9o el 1,000 pg/mlz 3,000 pg/ml Fa=ol A

= 74%F 77%2] BAISdS EAth A2]E benzoic acid
o Fx7F vl A FRAN a5 WS wA|Er] fE)
AREE izl o Ao frAKeE B44E Y=
T UATH(Table 3). & A2, L5 9ol thsho]
benzoic acid”’} phenylacetic acid® T & 37} $-3lth=
AL e

Lee 5(2005)S B. subtilis HITZ5E] At A5
2} £2<1 3-methylbutyric acid, 2-methylbutyric acid 2 2-
hydroxy-3-phenylpropanoateE 2|32, F2ld =2
E8 ol&ste] a5 e digh wAEAE gl vt
AT #uk olUz}l Lee 5(2007)S IF IH o] Tt

(e}
RnE &

Table 3. Suppression of Phytophthora blight disease in red pepper
by benzoic acid and phenylacetic acid

Sample Conc. (Lg/ml) Control value (%)°
. 1,000 60a
Benzoic acid
3,000 65a
. 1,000 11b
Phenylacetic acid
3,000 74a
. 1,000 65a
Streptomycin sulfate
3,000 77a

*Seedlings were inoculated with spores of the test organism 1 day
after spraying with solutions of the each samples.

°Control value (%)=100x (disease severity of untreated plants —
disease severity of treated plants)/disease severity of untreated plants.
Each value represents the mean = standard deviation of two runs with
five replicates each. Control values with the same lower case letter's
are not significantly different (P=0.05), according to the Duncan's
multiple range test.

ARG - Ags - 27 - AR
AR F2 o] 93 Bacillus sp. AM-651S E2]3lo] &3
o4 A 22 S 93 FHxAL FHaN L,

Park 5(2009)2 B. subtilis AH183} B. licheniformis K11
o] EGAE AH PXe 9T AL, F o
Azel A7t 15 9 WAl a4 Y-S BT

Lee 5(2011)2 B. subtilis S54 455 ©|43t4 in vitro
oF in vivo ZZA 31F Aol g FHSHS 2l
stdom HEHoR vF WS WAY F e A=
4 WAA 2] 7S AlAIEIT

o] &} 2ol Bacillus sp. #75 ©]-&gt 35 W WA
2 g A+= Bol T YUARE AF A8
o dial A48 Yehlls B2 #3 A= A AF

3l Aol B AxLAANE E8 B subtilis GDYA-1 -

F7F FX#28 EEEA benzoic acidE AYHgteE A

S oI, 2F 9ol 3k benzoic acide]

S gelatdtt. dAl benzoic acid= AAl 2ol A 2

Foll 28] AFg-3h= WAl (preservative) A3 E O EA], 2

4 557, 3PEE Tol 95 e 3] AR elst
o)

A ol &¥ 2 Uth wWeEbA benzoic acidE A Aksl= B

. Benzoic acidel] 9|3 2|2 YA
oo 3t FFEAH L E AFoA o2 B}

ok
=24

A A T 271258 odd 4
el dial WA &35 Hole Al#S EElskith &
TFE 16S rRNA sequencing®] WH-S ©]-&35to] 574
A3 B subtilis= FE 0™, B. subtilis GDYA-1%
HalATh In vivo BEHA A GDYA-1 HA] v
H =g, EvtE o8 9 9 F25ol 3+t &4
Btk AA A o2 RE g o] FHEES &
Row, AFEA T A7) TS Bl g
< benzoic acidZ 574 = T Benzoic acid= M. oryzae,
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