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ABSTRACT : This study was conducted to evaluate five different strains of rhizobacterial isolates viz. PA1, PA2, PA4, PA5 and
PA12 for biological control against Colletotrichum acutatum, C. coccodes, C. gloeosporioides, C. dematium, Botrytis cinerea,
Rhizoctonia solani, Sclerotinia minor and Fusarium sp. In vitro inhibition assay was performed on three different growth mediums,
potato dextrose agar (PDA), tryptic soy agar (TSA), and PDA-TSA (1:1 v/v) for the selection of potential antagonistic isolates.
According to the result, isolate PA2 showed the highest inhibitory effect with 65.5% against C. coccodes on PDA and with 96.5%
against S. minor on TSA. However, the same isolate showed the highest inhibition with 58.5% against C. acutatum on PDA-TSA.
In addition, an in vivo experiment was performed to evaluate these bacterial isolates for biological control against fungal
pathogens. Plants treated with bacteria were analyzed with phytopathogens and plants inoculated with phytopathogens were
treated with isolates to determine the biological control effect against fungi. According to the result, all five isolates tested showed
inhibitory effects against phytopathogens at various levels. Mode of action of these rhizobacterial isolates was evaluated with
siderophore production, protease assay, chitinase assay and phosphate solubilizing assay. Bacterial isolates were identified by 16S
rDNA sequencing, which showed that isolates PAT and PA2 belong to Bacillus subtilis, whereas, PA4, PA5, and PA12 were
identified as Bacilus altitudinis, Paenibacillus polymyxa and Bacillus amyloliquefaciens, respectively. Results of the current study
suggest that rhizobacterial isolates can be used for the plant growth promoting rhizobacteria (PGPR) effect as well as for biological
control of various phytopathogens.
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L3 715D A A e 739 3oleke i
oM I TS HslaL . rldlES o183 71

Hole A Mg, PAE FoF Sor TRY & gt
B, o B u) wlRe] A4 Bulsis sEE,

S 2B FEAY 2E 2 Aeis o ¥ DA
= JABIAY B dH IH x5 AT BE 2
}218- (antagonism)©]2} 3}, o]= oJH s = 2714
o] FAloll 2Hg8te] M= 1 I A= 2
S dob, HddIt vEed T B4 B EkEkee
A2 AzbEn. O Wel= midEe] AR T EHlshs
hydrogen cyanide (HCN), antibiotics 5] &2} chitin-
ase, protease 57 Z-2 THIgE A40] ZRE o E UjPARE-
o] Yehdtial defA St of® vEL Xxte] Al
FQ FAAEZQ chiting #3l6k= chitinaseS #1851
gte] dARE gAY, e Ao = YA
Ztoll o3k AEHalE AIths A7) Harso] itk
(1]. B3 H]AE2] A% 5 RISk volatile compounds®]
FFoE AU e Aol AlEtE A= B
arse] Qe 2. ol#gk A8 WA A 71Fke -8
AEo] At G Al S AARTIE Tl AEA] de-
fence pathwayS E/JS}A]A pathogen related genes W&
AR o2 ol tigk A S F53hks AR A7Eo]
AT} [3]. ol2Igk &A1 HAg mAEl ek Wol71%t
S A418SAFA (induced systemic resistance, ISR)°|}
shet] H Aol i BiEY A8 31 v
£ Bacillus cereuss 21EA HEYES @ salicylate de-
pendent signaling pathway$} jasmonate/ethylene depend-
ent signaling®] Aol B/d3}E|o] g Aol e
"rjar ®Hauge] gl g YA AES TS
9 priming®|eh= ©AIE AXEA YA mIgEC] A=
o AFAE W FH w=a g AHeE =gt
A77h Hare vl loH4).

B AT YR 715l AN B 2EEE S Aed
S 838k Colletotrichum acutatum, Colletotrichum coc-
codes, Colletotrichum gloeosporioides, Colletotrichum dem-

o fo

b

antium, Botrytis cinerea, Rhizoctonia solani, Sclerotinia
minor, Fusarium sp.°ll el 21& dolA 228 vdE
o) 7RI A oAl 52e BTN, A2 oA 22

< =] A Sl Wi A3 37

=225 7] 7lEds AT A nEARE A8

staher] 2 2 20] gl

0jdEe My % SH
2 Aol ARSRE s Q1A sk, Ak, Q-

2] A A BEGS sk sAEu o fe
sto] Aol ARSI EFAEE 1071 E4sta
tryptic soy agar (TSA) BIX]e]l 20 uL £, =235 28°C
oA 3U7L vttt vl - Z47ke] EdelA colony
o] ek, A, T4 Fel, Fe] FE T FEjskr e
2 OE SAS 7R 355 &F Skl A3l AR8s)

Tl dEN 58 43
A ] AR el sk el
Brretaat A=A dd dApElgS Al
TSA, potato dextrose agar (PDA) 12]3L TSA, PDA
2717} 112 Ede A AHSaIgen, AEEe
T2 YA AT (Korean Agricultural Culture Col-
lection, KACC)oN A E-L- Colletotrichum acutatum, C.
coccodes, C. gloeosporioides, C. dematium, Botrytis cinerea,
Rhizoctonia solani, Sclerotinia minor, Fusarium sp.& A&
SFATH(Table 1). AEHYAd IS 27 3 mm9| agar
plug FENZ, F-81AE-2 paper disk o2 33Tt
1% 28°ColAM FlatRt AHFE Atz A4 90
mm HEE W T AREYY A9 58 0 7
9] AYE =A3ke] A& (inhibition rate)Z SHFSFITE.
Z¥zte] AL 10 plate® 3HHE S 2 S=3j3}9]r).

Inhibition rate (%) = (R_};r) x 100

Where, R is the maximum radius of the fungal colony
away from the bacterial colony; r is the radius of the
fungal colony opposite the bacterial colony.

Chitinase ¥4 ZA}
BgidEo] 23 IARMEE chitinased] #H] oH= 3}
o15l7] 93t A AAIFHATH. AFEE colloidal chitin®]

Table 1. Identification of bacterial isolates to species level by means of 16S rDNA sequences

Bacterial isolates GenBank accession No. Closest Gen Bank library strain Similarity (%) Isolate location
PA1 HQ851067.1 Bacillus subtilis 99.0 Sobaeksan
PA2 CP002468.1 Bacillus subtilis 99.0 Ogabsan
PA4 HM582688.1 Bacillus altitudinis 99.0 Kangwhado
PA5 AMO062684.1 Paenibacillus polymyxa 99.0 Kangwhado
PA12 GU191913.1 Bacillus amyloliquefaciens 99.0 Ogabsan
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A|ZE crab-shell chitin (Sigma-Aldrich, St. Louis, MO,
USA) 20 g& HCI 350 mLol| 350]aL 4°Ce] Waro) A 24
AIZE B FA] F AZZ filtering 311 2 L] 2R
ethanol (20°C)°ll ML= E&35I9 . Lo17 chitin AEY
< 10,000 rpmOE 2057 YAREISIATE A A2 HE]
31 pellet> pH 7.00] 2 W7kx] BetrE AHsidt. 1
Z pelletS 52 7%3}9] colloidal chitin A %31t}
|73} colloidal chitin 20°CollA] H3PHA ARE-SIIT
Chitinase®] #HIE FRI5}17] 913l TSA Al colloidal
chitin 2% (w/v)E 718to] B ELPHS- ©]4, dear zone
< 5793} chitinased] #H] oJH-= I} 5].

Protease 244 XA}

2elrre] 22 A HEZ proteased] FHIE ER1517] 9
Sk AHS AAIBFATE 2% skim milk agar BIA] T4l A
& 8 mmY] well& THE0] BA| vt 5 HE F 30
*CollA] 443t HiBIAT). Protease] HH|= MAES 7
3 well T7HF-9] clear zone A4 HF-=Z 1T

Q47128 (phosphate solubilizing) Z=A}

Q7183 71 o F-= Pikovskaya (PVK) agar [6] HI
A& o]-g3te] HAFH3IATE PVK HIA] (yeast extract 0.5 g,
dextrose 10 g, Ca,(PO,), 5 g, (NH,),SO, 0.5 g, KC1 0.2 g,
MgSO, 0.1 g, MnSO, 0.0001 g, FeSO, 0.0001 g, agar 15 g,
distilled water 1 L)oll EollA £&] w55 4 HE3}
Ak AE $F 28°CAllA 109 B vigSHAt. PIA=ES]
84 Q1% 71838} 9 B= halo zoned] SH-E FRIEIA
o}

Siderophore 4 ZA}

Siderophore2] A/ 4%+= chrome azurole S (CAS) Hl
A2 o]g-5to] A3} [7]. CAS MjRlol] Ee)HS HE
3 & 28°ColA 7~1097F Ml AEIAT). siderophore®] A4
& ¥-= halo zoned] oJH-Z 2RIt}

Hydrogen Cynide (HCN) 244 =A}

HON®] A4 o Eoolln] $e)3 v T7E gy
cine (4.4 g/L)°] 71 TSA HIhAo] HES 5 0.5%
(w/v) picric acid®} 1% Na,CO, 5 &3t solution®ll Bt
St 100 mm filter paperS FHAIAZ] ¥, petridish®] F-74ol
FZAA sealing SFATE. L Tha 28°CollA 797t vt
o] F7ol F2E filter paper®] 2] yellowolA] red-
brown® 2 W3lel= 2102 HCNO| A4 o7& gRls)
At

Scanning Electron Microscope Assay
Bl 2elE vigEe] ate] AL Felell vAl=
Y& Lohr] ffsl FARIARENE 29E sidit. A

Wk Al PA29} 212D Tt Colletotrichum acutatum
= RIS Skt w5 F8E ASAANS FAHL
2 AP} AR agar plugE 2t AE 73] 10919 gluta-
raldehyde solution (25% glutaraldehyde, 0.1 M sodium
phosphate buffer (SPB), tween 80)= o] IGAAY. 1
% SpBell 2087k FAEt 28 AH3HATE AF £ 30% /
50% / 70% / 95% ethanol= 717} 13]4], 100% ethanol=
23) GEAZA B A7) F Azl WEe 2007 Sl
AAH 7139 (critical point drying method; CPD)2.2 71
207 F FARIARR e 2 Tl Fehs Bt
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, =71 S YO 7)= Rhizoctonia solanis THEOE
Ashsic). el RS WA AR AR
AE Ajse A0 4ERAY AEE B Held
I o yES AEsle T 7R 2@ et Rn aaele
T2 e 47k AEHAA e 2x 101
spores/mLe] EAISEIN-S- MHEo] HFEI o, AAIH
2 2 x 10" spores/mL2] FE=Z 21EA I A2

2 1

ojd=e M A S

TEBES LS flste] 2wt s}, Q4N
TR EGo 2 RE] vAES 5 #2131 colony F
oz N2 g 548 Zte aa5E st
(Table 2). 12} £2] AFE 3o AP 58<
zhs llES Addsiaat AEAel A2 At AlEA]
S 9 A A EW} 9% st s AT
Aukslolom, Zk2E PAL, PA2, PA4, PA5, PA12E ®H3}
Aot o] 5TFE 165 IDNAR A7XES 43 23
Bacillus subtilis, Bacillus altitudinis, Paenibacillus polymyxa,
Bacillus amyloliquefaciens 9-S 18} TH(Table 1).

ojd=e AEEaly dr &M 58 HF

ElM 22t sat7t 7Rl e8] el A
 JA a3= &RIsH] 98t 2 === Colletotrichum
acutatum, C. gloeosporioides, C. coccodes, C. dematium,
Botrytis cinerea, Rhizoctonia solani, Sclerotinia minor, Fu-
sarium sp.2} PDA, TSA, PDAS} TSA EFHIA] (v/v, 1:1)0]]
A iR Fale] AR/de Uit 1 A3} PDA HiA]
M= 5 dEF BT BAE 1o dAMIES =2 7
A AAIBFE AL 18T (Fig. 1). 71 T 53] PA1S C.
coccodes®] TAMEES 58% JAIste] H2 JAI&S B
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Table 2. Bacterial isolates from plant rhizosphere and their plant growth promotion effect

Isolates bacteria PGPR effect Isolate location Isolates bacteria PGPR effect Isolate location
MK I-A + Kangwha-do TS II-D +++ Sobaeksan
MK I-B ++ Kangwha-do TY-A +++ Ogabsan
MK I-C ++ Kangwha-do TY-B + Ogabsan
MK I-D + Kangwha-do TY-C ++ Ogabsan
MS I-A e+ Sobaeksan TY-E ++ Ogabsan
MS I-B + Sobaeksan TY-F +++ Ogabsan
MS II-A + Sobaeksan TY-G +++ Ogabsan
MS 1I-B - Sobaeksan TK I-A + Kangwha-do
MY-A + Ogabsan TK I-B + Kangwha-do
MY-B +++ Ogabsan TK I-C + Kangwha-do
TS I-A +++ Sobaeksan TK I-D + Kangwha-do
TS I-B ++ Sobaeksan TK I-E + Kangwha-do
TS I-C +++ Sobaeksan TK I-F 4+ Kangwha-do
TS I-D +++ Sobaeksan TK I-G + Kangwha-do
TS I-E + Sobaeksan TK I-H +++++ Kangwha-do
TS I-F + Sobaeksan TK I + Kangwha-do
TS I-G +++ Sobaeksan TK II-B +++ Kangwha-do
TS I-H ++++ Sobaeksan TK II-C +++++ Kangwha-do
TS II-A + Sobaeksan TK 1I-D + Kangwha-do
TS 1I-B ++ Sobaeksan TK II-E + Kangwha-do
TS II-C ++ Sobaeksan Control -

PGPR Index: +, 5~20%; ++, 20~35%; +++, 35~50%; ++++, 50~65%; +++++, > 65%. PGPR, plant growth promoting rhizobacteria.

Table 3. Plant pathogens used in this study and their host plants

Pathogen Host plants Symptoms KACC accession No.
Colletotrichum acutatum Strawberry, Pepper Anthracnose KACC 40042
Colletotrichum gloeosporioides Pepper Anthracnose KACC 40003
Colletotrichum coccodes Tomato, Potato, Pepper Anthracnose, Black-dot KACC 40802
Colletotrichum dematium Pepper, Boxthorn Anthracnose KACC 40013
Botrytis cinerea Tomato, Pepper Gray mold KACC 40574
Rhizoctonia solani Chinese cabbage, Radish Damping off KACC 40111
Sclerotinia minor Chinese cabbage, Radish Sclerotinia rot KACC 41066
Fusarium sp. Potato, Pepper, Tomato Fusarium wilt KACC 40050

31, PA2E= C. dematium®l] 60%, PA4 GA] C. coccodes®] T
APYEE 48.5% AlSH= AS I8, B3 PASE B.
cinerea®} Fusarium sp.2] TAMIZS 48% A8 IL, PA
12% C. coccodes®] TAMIFS 64% AAISH= A ER13s)
Aok (Fig. 1). =3+ F-8HA8E 575 27} R. solani, B.
cinerea, S. minor, Fusarium sp.2] TARIZS AAs= A
< 151 (Fig. 1). TSA vl Aol A= PDA Xt} AMY
A a3 Ekom, kst A=A atellA &
o =2 A RIS R AUH(Fig. 2). PA1, PA2, PA4,
PA5 1831 PA12E A& d3ES YOI S. minore]

Z}Z} 94.5%, 96.5%, 95%, 67.5%, 91.5%% = TAMIZ
AAE-S HATH(Fig. 2). 1 Boll= B st 78
| E- st 3= 2V} R. solani, B. cinerea, S. minor, Fusa-
rium sp.2] WAL A A 582 PDA vl R x] T x|ulj ¢k
At TSA vix]el A Al RS of o &2 A&
< Hole A& gRIE = ATt PDAS} TSA HIAE 1:1
2 Z313H ulj Ao A= PALLS C. acutatum®l] TSI 52%2]
ARG AAES BA0H, PA2 GA] 22 A4
21t 58.5%2] TAMEY JAlE&-S BTt PA4E B. cin-
erea®] TAMIAS 43% HAISIA L, PASE C. acutatumS
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Fig. 1. Dual culture assay on potato dextrose agar medium for in vitro inhibition of mycelial growth of various plant fungal
pathogens by selected bacterial isolates. C.a, Colletotrichum acutatum; C.g, C. gloeosporioides; C.c, C. coccodes; C.d, C. dematium;
R.s, Rhizoctonia solani; B.c, Botrytis cinerea; S.m, Sclerotinia minor; Esp, Fusarium sp.

53%, PA12%= C. coccodesE 58% AT} (Fig. 3). Chitinase 244 &M
o] AlEY FAEQ chiting E33l= chitinase?]



Control PA1l PA2 PA4 PAS PA12

Fig. 2. Dual culture assay in tryptic soy agar medium for in vitro inhibition of mycelial growth of various plant fungal
pathogens by selected bacterial isolates. C.a, Colletotrichum acutatum; C.g, C. gloeosporioides; C.c, C. coccodes; C.d, C. dematium;
R.s, Rhizoctonia solani; B.c, Botrytis cinerea; S.m, Sclerotinia minor; Esp, Fusarium sp.

FEHIE 8Q15}17] 93] colloidal chitin medium= THE©] T chitinaseS F-H|3}A] = AL 15T
HPSFA B AP A FE08E sEFE 2



Control PA1 PA2 PA4 PAS PA12
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Fig. 3. Dual culture assay in potato dextrose agar and tryptic soy agar combination medium for in vitro inhibition of mycelial
growth of various plant fungal pathogens by selected bacterial isolates. C.a, Colletotrichum acutatum; C.g, C. gloeosporioides; C.c,
C. coccodes; C.d, C. dematium; R.s, Rhizoctonia solani; B.c, Botrytis cinerea; S.m, Sclerotinia minor; Esp, Fusarium sp.

Protease 244 £HM gRI317] $13F] 2% skim milk agar B =|ol] ZF3}] halo
oA Fefgt 57t dE EHEAE HHISEA] zone®| AFE AT A 575 BT proteases HIS}



Fig. 4. Proteinase activity by the bacterial isolates on tryptic soy agar and 5% of skim milk agar. A, Control; B, PA1; C, PA2; D
PA4; E, PA5; E PA12.

Fig. 5. Phosphate solubilizing activity by the bacterial isolates on Pikovskaya (PVK) agar medium. The bacterial isolates were
cultured on PVK medium at 28, for 7 days. A, Control; B, PA1; C, PA2; D, PA4; E, PA5; E, PA12.

= A& FRISIATH(Fig. 4). S;f‘—r B colony ]| halo zone¢| ¥HE]o] W84 <l
FS 7RSI e A2 Bt TH(Fig. 5).
Q141712 5} (phosphate solubilizing) &

Eokol|A] Balst s57o] Aliro] YA QAkS: 7183} Siderophore 44

 SEA) #R151) $151] PVK agar WAl RPE - = 2R Alke) Siderophore 84 oS 219)
sl AFS AAlEIATE QRREE ARS AAISH Axp 3F Ay} 5 10 F PAL, PA2, PA4, PA127} siderophoreS

o ngt



Fig. 6. Siderophore production by bcteria isolates on chrome
azurol S agar plates. A, PA1; B, PA2; C, PA4; D, PA5; E, PA12.

= A8 BT (Fig. 6).

Hydrogen cynide (HCN) 2444

ol F2lgt 5757} hydrogen cyanideS /5=
A ZRls7] flal AAS LS. HON B4 oF-=
SIS A3} 0.5% picric acid®} 1% NaCl solution®] 4]
A7l filter paper®] 2o] brown-red colorZ H3t Fo=

Ly

Ho} PA1, PA2, PA127} HCNS AAsH= Aoz F0ls)
Ath(Fig. 7).

e X2|of mHE ExEno| HElX et

EollA 23 -80AE PA29F BT Colletotri-
chum acutatum-g HAPFSIAS o) FPH= AXD F
9] A} EE scanning electron microscope (SEM)Z
w21 A9 FAY] wAReE PA29k thA] Hi
sto] FAE AR 2] dARE HludE W AT
AP FARE TR g2 dAPE AR dAkekE o
2 FEid AL sk (Fig. 8).

nore} 710 73t A3 S UERN= PA4, PAS w5 thY
o2 2SIt Hels BT AE F 23S 45}
= WY deats AE $ HYTs JEshe oA W
Hog ATt 1 A3 Foxe 2asHo] wgs)
o F-8rEe] a5 31T 4= AT} R. solaniE 3
3 tIETollA= 66.5% WS HIH, T3] tizrellA
= BASo] W EX] giokth, 1HEE R. solaniZt B3}
o2 HFHAtar FAE Tt F-8H|AE PA4, PASS
223k A B5 R solani AF UZTHEY SR WSS
Boow, RasE A 8= PASYL ] F2 31s 991

Fig. 7. Production of hydrogen cyanide (HCN) by bacterial isolates in filter paper with 0.5% picric acid and 1% NaCl solution.

A, Control; B, PA1; C, PA2; D, PA4; E, PA5; F, PAI2.
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Fig. 8. Scanning electron micrographs of mycelia of Colletotrichum acutatum in dual culture plate. A, Control with no treatment;
B, Mycelia with PA2 treatment.

Fig. 9. Inhibitory effect of bacterial isolates PA4 and PA5 on radish against damping off disease caused by Rhizoctonia solani. A,
water treated only; B, R. solani inoculated only; C, treated with PA4 and then inoculated R. solani; D, inoculated R. solani and
then treated with PA4; E, treated with PA5 and then inoculated R. solani; E, inoculated R. solani and then treated with PA5.



A AelF A WA
) = Aol W ke 23
28 Ao] mA=H Aol o FHA

1oz

B ATellM AR 78 WIBE F PASSE PAIZVE AE
B Je] AgA a3t g w2 S ERI8
o} A A=) AER AN 2] A SAlSkE 24
QAR J3o R, 1 F 53] e Alxd 74=4
Q1 chiting #3l8= chitinase, TFSH Alit 2 30
M-S oJA|S= antibiotics ~18]a1 TFFSE G2} volatile
compounds 5 22} UAHEC] AEH YA Fte] S
AAehe 7Rk ' AHgehe 2o R oItk [2, 5] &
TN AREE A Alte] A= X 28 w7
YES 93171 9130 volatile compounds®] F3t 237 A
Y oS APSIAAR & AP0 AREH 7Y
volatile compounds®l] °Jgt X A7 AA| &= F2ls}
2] koot Bk o Aol W= Bacillus spp.t 21
= chitinase2] J3FO T 159 WA IHS o=
Phytophthora capsici, Rhizoctonia solanis A= A+
7} B3 vl QAA|9H[8] A ol A= chitinaseE 4
317 o= A RIS sHARE B Ul vt o1&
£ AT T e a4 SS AP Ay su B

W TR BAE BHlshs S A1 & A0 HA

z

20| A 5 g B PHIE B 1715S P
shodl F8 9B S0 1718 Rohe 4% 4% F o

£ F Qe i B2 o8 e ARAe] =4
2 st S87E o7t vtk BEg ke BE4F
ol A&o] o] &g I Qe A Qakez A W3lst
<, AE 7 EFoA A Lk 7HEEE A=
0] ASS RIS ole EGlA QI 725
HSAZ o2 Ao /N FES STMIA A A
= A & 5 S A= AZETH9]. 1EaL PAL,
PA2, PA4, PA12 T15~= siderophoreE AJ/J3tL2 <13l
87921 Fe(OH),9] 725 Fe'9] o] FHIZ WHIAIA 2]
Bo] AFTd  J=F 51, 2 F99] Fe"9 o] 2%
2= 2 el F5o2 Qe A= vdE
o] A3l A AT  AS FOE FFHT [10]. V]
AJE-2] hydrogen cyanide (HCN) wHI= 21E 9] B
g PAES] S AT = vkl EuEATH11, 12].
B AFeA ARE F-87AE PAL, PA2, PAL2 TFE
o] &2 AT} US A o7 FHEH

T AgtellMe fudESo] 23 =] A3
AT DRSS FRlske Al tigk A7 o] Fo1A]
of & Zlo|t}. Bk f-8u|AEC] A& W A3 i
el Wl vx= & rAEAA L] AY AT7E

3l PAEAA] REVRMS Selal O a9E AR
TAAE = s A7} A E ook & Aol

H

E A7e AE T 2% +8TIAE PAL PA2,
PA4, PA5, PA12 9] 212 A £X05837 A& HdAd X
%1 Colletotrichum acutatum, C. coccodes, C. gloeospori-
oides, C. dematium, Botrytis cinerea, Rhizoctonia solani,
Sclerotinia minor ZL2]3L Fusarium sp.ol thgt A A)5
88 Wrlsh=d 1 E&o] At} In vitro AN F-8-7]
AE0] A5 B I A w8 FRIsH] 9
3l AlHlAIQ] TSA wiA| 9} F3go] ui=]Q] PDARIA], 12
31 TSAS} PDAHRAIE 242t 50%%] &gt viA] (viv, 1:1)01
A il S AAIBITE 71 A} PDABIR|IAME PA2Z}
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), TSARIA|| A= PA27} S. minoroll T3l 96.5%= 71
2 AAES BT T3 PDAS} TSAS E§3H A4
= PA27} C. acutatum®l] 3l 58.5%= 71 =& A
ES Bt 23 sut ErollA AEr e Xl
tete] AEH A A7} s GRS At B AE
A £X5ES ke JAEES 25 A8 sid-

erophore, protease, chitinase, hydrogen cyanide (HCN) A3

d -5 FRISIAAL, phosphate solubilizing 23S AA|
SFATE 2 AollM ARSE -8RI E 53FE 165 DNA
sequencing Z¥} PA1, PA2% Bacillus subtilis, PA4, PAS5,
PA12 Z}Z} Bacillus altitudinis, Paenibacillus polymyxa,
Bacillus amyloliquefaciens%. 573%| AT}
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