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Antagonistic Bacillus having plant growth-promoting abilities and
antifungal activity against phytopathogenic fungi
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Lately, the development of microorganism-based biocontrol
agents (BCAs) has been suggested as a remarkable alternative
to chemical pesticides. In this present study, a total of 157
bacterial strains were isolated, identified, and investigated for
availability as a biocontrol agent from farmlands in Jeollabuk-
do, Korea. Among the isolated microorganisms, six biocontrol
agent candidates that showed superior extracellular enzyme
activities (EEA) were selected for further experiments. SRCM
121380 strain was finally selected as a biocontrol agent from
additional bioactivity screening experiments such as anti-
phytopathogenic fungal, siderophore, indole-3-acetic acid (IAA),
and plant growth-promoting (PGP) activity. SRCM 121380
was identified as Bacillus sp. by 16S rRNA gene sequencing
analysis, additionally, its sugar fermentation and enzyme pro-
perties were investigated. These results suggested that Bacillus
sp. SRCM 121380 could be a promising biocontrol agent with
superior anti-phytopathogenic fungal and plant growth-pro-
moting properties.

Keywords: Bacillus sp., antagonistic bacteria, antifungal activity,
phytopathogen, plant grow-pronoting
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ol5i7t AR S Aojels ogEE BT ole)
(Ohetal., 2021). A =5H] YA A 2 AL EH = n] =252 2
= g Aol gt Rt /gt Ao 229l Yk
& o] A B et A e 2 oleid n RS 4]

= A5 &7 23 Alat(plant growth-promoting rhizobactreia,
PGPR)©o|2}al 8}, Pseudomonas, Azospirillum, Azotobacter,
Klebsiella, Enterobacter, Alcaligenes, Arthrobacter, Burkhol-
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deria, Bacillus 5-0] A& YA 22 U HFo2 BHuE 2
6 2 A& JtKim et al., 2021; Oh et al., 2021).
PGPR-& AlE o) Al 27k 1928 AHAleha Ay
o] 2] o] 3 H-al| Ehiz TAR) S} u] o] AT}
= gAY EZ o] siderophore©]| 2)3) 41 EH
A7) SRR Tl 218}k E o] EAo]
QltH(Han et al., 1999). €3], siderophore A4 4|
SSUBLI ABE o0, el 2ABAA2
SAAIA 22 A B ekt S ofl mi-f- mpE] o] thLee
et al., 2013). T3t A5 EEEol auxin, cytokinin, gib-

berellin 52 Jj/\*ﬁhﬂr Indoleacetic-3-acid (IAA)+= t3E A Q1
A A SRR RA A5 £7], Be] TolA TEol
A W 2ol o AT 9 4B A 2 L 28
ol B 5‘}% =2 o]| gk thekgt At A7t Hare| o) 2] AL
tHKim et al., 2019b).

= %l A At 5 81 Bacillus 42 AFeroll A
SF(Yang ef al, 2014), 212 H2 SUHA7) e B3
o]o]] thgt &} o A 7-E A biocontrol agent (BCA)Z 4] |
& OLgEI 00, YAl AL A TR0 ool &
Ofet BA2 71211 o] WAIA = BT A A 3
SHsoFS i AE F Q35 njYEE FERE QIri(Kim ef dl.,
2019a). AJE5H2 WA A =2 713 Wo| ¥ 1% Bacillus subilis
o] A% et ozt FAH O RE Akl SR
ek e gl o] el AbgEeiA| L glom, ultel
AgraquestA}, GustafsonA}, Becker underwoodA}e] 2J3) B.

subilis g ©]-&3+ AETH WAA|E A E of, A A FAA
Al 9 A=A T A= A A o Z-8-F] 3L QT Yoon er
al., 2012).

weba] 2 Aol A= A% ulsf §le HekEE Wl sds
7 W B *1 AEA AR = ARE- 7SR S 1A=
Eotar, AlE YA Zlstoll gt X1t 24, siderophore
e D AE S 5 oS A4 E Tl U ES vidE
O] A=A WA A = A o] 24 7He/d2 BFRlEk Tk

nlg=el 22| & uHe

b o Azt mlefrt gl d = B 25 F AR 4
% & 4°Col| A Wstdth. Yang ef al. (2014)2] ¥ o] whap
AR 1 gS0.85% Bt A H5 9 mlo] T 3]A5t 5 5] 4ol

100 pl& LB vl X|(Luria-Bertani, Difco™)o]] = 2 30°Co])
A 24 A|7E E Rt v FstaL, FefshA Zpolof whet A sto] &

T2kl o5 Eel e w9 7 5--80°Cof| Hytslo] tf
= Aol AHg-sHAT

M=o 24 2 &Y

- A3 Q] A 4~ = amylase, protease, cellulose &4 A=
2 913 well diffusion {02 ZA3FACE a4 T4 7| A=
= E0]# 0 7 Hl-3-3l= AES 0] 8315tk Amylase= 1%
soluble starch (JUNSEI chemical Co. Ltd.), protease—= 2%
skim milk (Difco™), cellulose= 1% carboxylmethyl cellulose
(CMC, JUNSEI chemical Co. Ltd.)of 1.5% agar& 4 7}3}]
B RS Al 25 B4 S-S 91 et = LB HA vy
Z|(Luria-Bertani, Difco™)o] &3+ th-& 30°Co]| 4] 24 A]7F
& A HIF 513,000 rpm O 2 AR ] F AT Y2045
wm syringe filter (Sartorius) & o] 3}-8} A T}, o 2}H-2- 100 pl ]
2174 6 mm wellof] 3= 3-30°Co]| A 24 A|7F 5 RISA| A &
ERCEEER U e

wejre] AT BAS 4B WYY BY| L 2R
ol aed 2120ch, Q4 Be 48 & el Clindro-
carpon destructans KACC 41077, ¢4} 2282 SWsh=
Rhizoctonia solani AG-2-2(IV) KACC 40123, 115 IS &
3l= Phytophthora cactorum KACC 40166, 115 w02
LWs}= Sclerotinia sclerotiorum KACC 41065, AHl3g-o]
Botrytis cinerea KACC 40573 w5=of sl 32+ FAS

Yang et al. (2014)2] Bl of] w2} potato Dextrose agar (PDA,
Difco™) v} 2] & 0] -85} well diffusion ¥ 0 2 Z43}9] 0
1, PDA H 2] o]l ] w5 4152 100 I} A= B =%
o|5 tA|ake] 25°ColA] 5UZE v = S AR (clear
zone) @] =70 whe} 7+t & 2AFSHIT

Siderophore MAMs &M

Ryu et al. (2019)9] WrHo| wa} Z£H<4= 50 mlof 60 mg
chromeazurole S (CAS, Sigma aldrich Co. Ltd.), 10 mM HCI
298 10 mlo]] 2.7 mg FeCls-6H,O (Sigma aldrich Co. Ltd.), &
== 40 mlof| 72.9 mg hexadecyltrimethylammonium bromide
(HDTMA, Sigma aldrich Co. Ltd.) 50] 1|8}t 35 A|oF
& 1lo] So]7}x] ke Es}o] blue dye 49 A% 19}

W3Sk oS =74 750 mlo]] 100 ml 10X Minimal Media 9
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salt (MM9 salt solution), 32.24 g PIPES (Sigma aldrich Co.
Ltd.), 15 g agar (Difco™) &35+ 2o (pH 6.8) S 119} H-3}
o] B 2= 2 23] 530 ml 10% casamino acid (Difco™)<}
10 m12] 20% glucose (Sigma aldrich Co. Ltd.), Z¢}5}o] CAS
Hj 2| & A %5} blue dye 8982 2 7}5}0] blue agar CAS Hl]
A& Al zskletk A3t vy =] of ot 3= v kel 20 pl & HE5}
Rom, thxat LB #ij A& FE5t0] 30°Col| A] 48 A1 71 vl QF

25t

&

3 orange halo zone2- &}

Indole-3-acetic acid (I1AA) MMs =X

A& A8 52X [AA ;A5 =42 Kim ef al. (2019a)
o] "o ugt A #FE 0.1% L-tryptophane (Sigma
aldrich Co. Ltd.) 2] 7}3}t King’ B medium (MB cell) & %
30°Col| A 24 A7t gk v oFsto] 13,000 rpm .2 4] Hajgh
AN AR 2 o] 83514 T} Salkowski reagent (35% HCIO,
50 ml, 0.5M FeCl; I mD)I} AJ & 2:1(v/v) H| &2 &35+ 30
HZF W3- & UV/VIS spectrophotometer (SPECORD200,
Analytik Jena) 2 530 nmoj| 4] 24314t I+ EAZIAAE
o]-g-5teq, 919t T o2 HRAS Adsto] A7
SRS ksl
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- HlEy g gho] ekl FAE 1R 70% ogh-= |
AESHE o, 10% (viv) Fa A E3Hst= 2}
L}E-‘E"{NaOCl Daejung Chemical) .2 105-7F %1
59 A2 2] o8 FAe] 4 A B
E]{Telxelra da Silva et al., 2016). 2=% £ = Hd4
A30] 38) 2451 712 T ARE St W we
g o] LatA FAlo| A 5 ZH2 AE3HaL 0.5% agar
7} 323HH Hoagland’s No. 2 basal salt mixture ¥l Z](Sigma
aldrich Co. Ltd.)ol| 4] 237} v &F & =7](Shoot length) 2
2] (Root length) 2] A5-2 =73} t}. Hoagland 8| %] ]| 127}
o HlHYU Y o] Lt FXE v skl o, Teixeira da
Silva et al. (2016)2] ¥ ol w2} T3] H(Randomized block
design) 3WHE-© & Z} ujof Z| 0| EE ulj|X| 513125 £2°C &
= 2 18/6 h (Light/dark cycle) 27 0. & vj|of7| & 0]8-5}o]
ARE AN 5 Aol The s e go] el
82 2] 4x(Seedling vigor index, SVI) H3}=dlol&-3 =
7) 9 ) 8 ATE ol gtel ZHskgon, LH S
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M Ok oft
32

=32l A A|s8d Al4%

2o &2 v a BA3} tH(Zhao et al., 2021). HF Y < =}
o] TLek A S AThe] EAX IS 915ko] SAS 9.1 (SAS) T2
1S Ao A Yl x] EARHE A (one-way ANOVA)S 4
AlBFaL AFEFH A2 Duncan’s multiple range test (DMRT) 2]
S 0] 8510 p <0.05 F-of =l A BlaLshir.

M #F ZH 2 phylogenetic tree ZH

XM H52] 16S rRNA 974 B42 93] universal =
;o™ Q1 27F (5'-“AGAGTTTGATCCTGGCTCAG-3")2} 1492R
(5-GGTTACCTTGTTACGACTT-3)S AF&3te] SA%=
22 5 g el JFetel 974 AS BAst 24
A= national center for biotechnology information (NCBI)
o BLASTE o] galo] el YA =7} &8 HaE 259 165
IRNA 9471488 Shaskol ASEE 45t ASE &
A1.8 Tamura-Nei 2@ of 7] %3t maximum likelihood ¥+ -2
ALg-5to] EA35HS EKTamura and Nei, 1993). AlZ540] 2+ &2
Z]o]] T3l Al 2| = A2 9]5}o] bootstrap E-41-2-1,0003] |t
% seagsto] ARG Helslsict
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o) ek BAL Qe o] 84, EA T R
5 AW HE 25 F o] g4

CHB kit (BioMerieux) & ¢]-&3}0] =3

>~1 o

diumof| @gfste] ZF H-Zof| 5= 53 °C°1W *1 7J, 48AI17F
ok ujorstol 2h7h e o} 84S Selaloirh, i TS API
ZYM kit (BioMerieux)E ©|-&3lo] 43|tk #5355 ml

suspension medium (BioMerieux) o] € &= 5~6 mcfarland (Bio-
Merieux) & 245}, AEFM-L ZYM kit 8] Z} F-Zof H=35}
o] 30°Col 4 44171 vjeyal ol 24 A7} 8el S 915 ZYM
A, B A|OFS 717} o ol m e SHT LS T F 4 BHA] A
=2 243k
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01—
Zdt 3 7

olg=2l 22| 3 o

e}(¥eo et 2009). el & Ao el o 14
5317} g e, W EOPA R OF 1552 S sto] 2t Feyst
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Table 1. Extracellular enzyme activities of the isolated strains A Zao]of 3t & 280 &2 AL Ao 50| JS A
— T T ) o gtk 1EA} BAS A8 B Kol F3
Amylase Protease Cellulase AE A =5-& & Z 02 AARETG
SRCM 121380 12 26 15
SRCM 122352 15 19 9 il.lx_'l_ ia}g ,Ec;

SRCM 122353 15 18 14
SROM 122354 . % ) A0S G AR LelA Qs B BHOI 55
SRCM 122355 9 19 8 = o2 et S SASHITE AlE e 530]9
SRCM 122356 18 19 A9 QA B M- WS RS = Cylindrocarpon destructans
-, no formation of clear zone or no activity. KACC 41077, Q4 ZE 12 -39S |= Rhizoctonia solani AG-
2-2(IV) KACC 40123, 3113 9¥-& §13s}= Phytophthora
A 2pel7t Qs nAE 15758 e 2elskalnt. 2] d e cactorum KACC 40166, 11 #F-HHE 9-95}= Sclerotinia
LB A|uljz]ofl 24 A|ZF ulj G & T3 A-of] ARE-sFAT- sclerotiorum KACC 41065, AU-58-0] Botrytis cinerea KACC
40573 5 o|-&sto] X+ S SA5FUTE SRCM
MiEZe| 24 B8 58 121380, 122353, 122353, 122355 #5-0] A0 A= W14 7
Bacillus )4 AASHE fal A2 MUy Baolo] 4 ol %o tfal FRFE AL AWS selstgon, 24
A o A|of] Frosh= 2 0 & LA 9).oH, protease 2] -5- 4] SRCM 121380 w#7= RE A& WA 330] I3t 24
& Y Fgolof tiet = A 2 om, s S o] -3} tHTable 2). Chung et al. (2006) ] 152 7}o]| wh
A3} cellulose £-3]|51= cellulase & Q13F 87 2Fg- 0 & 2] 2 B. subtilisv5-5 S-§5t Q4 e/ #3012l Cylin-
2 oA Z3o] o] S-S A= aE AUty g8 A drocarpon destructans w52} Rhizoctonia solani w20\ 4| Zt
QtHKim et al., 2019a). webA] AH F 1572 oz Z} 6 mm, 3 mmu] 2] o] FALS B o, Kim et al. (2012)2]
amylase, protease, cellulase©]] T3t A|3£Q] a4 BHAJS HA AL\ A= Bacillius amyloilquefaciens 157} Rhizoctonia
3} th amylase, protease, cellulase 5 2% o)A G4 TS solani o) 3] 10 mm o] L] JRAHF S Zr=Ao 2 H
WOl 6% A2 13 AHaIrhTable 1), A F226% % }%ICh T3 Yangeral. (2014)2] A7 A4S B B. subrilis
SRCM 121380, 122352, 122353, 122355 4%-2 amylase, pro- F59] A% oAk By WSl Cylindrocarpon de-
tease, cellulase AL Ho|, £3| SRCM 121380 #52] 743 structans, 1 —ir -8 §-W8)= Phytophthora cactorum, 115
9 protease, cellulase & 4 E4Jo] 714 Q4p51o] Al EA] Bl NS GRS 1= Sclerotinia sclerotiorum, ET20| Botrytis

Table 2. Activity of antifungal against the phytopathogens, siderophore, and IAA of collected bacterial isolates

Strai SRCM SRCM SRCM SRCM SRCM SRCM
raims 121380 121352 121353 121354 121355 121356
Cylindrocarpon destructans
et o+ o+ +++ +++ ++
KACC 41077
Rhizoctonia solani
AG-2-2(1V) ++ ++ +H+ ++ +++ -
KACC 40123
Antifungal activity® Phytophathora cactorum
++ ++ +H+ ++ +++ -
KACC 40166
Sclerotinia sclerotiorum
++ ++ ++ - +++ -
KACC 41065
Botrytis cinerea
et ++ ++ - ++ -
KACC 40573
Production of siderophore” + - + + - -
IAA production (pg/ml) 17.01 7.07 8.45 7.23 8.61 8.61

A degree of inhibition of fungal growth by tested strains: +, inhibition zone of 1-10 mm; ++, 11-20 mm; +++, > 20 mm.
°+, production of siderophore.
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cinerea®] W3t At E/dS A'd-& stk whebA A
T 552 A5
o] ks skl on 7HAQ AE Bl et

A AN 2 & 7Hsd A& AR T
Siderophore MMs =X

=
A B4 3l B wBole e AAATIE

Siderophore ] 79 | B4 AAL B3] o] 2 B
o
ol o
siderophore AJ/d'5-5 CAS Hi %5 &3l &elshict 1 A}
SRCM 121380, 122353, 122354 #29] 79 =0 214 & 3}
Q15FtHTable 2). Lee et al. (2021)2] A+t Z1}& X Bacillus
£:9] 7-%- siderophore 5 /st o] & Fall WU/ Aol
ek et S4d-E vebdtta B uskgich webs] SRCM
121380, 122353, 122354 #52] 7-<- siderophore = A 4 3}0]
Fe(OH)y 2 Fe¥' 2 7188 510 12 4182 =90 el 41
FARE A AYAEOR AT S U AOR 7Y

SFeH(Kim et al., 2019a).

Indole-3-acetic acid (l1AA) MMs =X

A Q) A B TE2EQIAAL Aol A thefet A=
£ Bl A E o] AE S S0 TAdts AR dHA
AHKim and Song, 2012). IAA /5 578 27 A o5
5 pg/ml 0]AFe] A S-2 W 9l o], SRCM 121380 w5
o] 7% 17.01 pgml P55 vehlle 2AS gelskaict
(Table 2). whehA] Eeltof|A] 2] SRCM 121380 +5-2] 7%
IAA A/ 50] =32 glstylom o5 ol A E XS &

Aol 7)ok 4= 9 A0 ke,

1z
0>
1o
I
I
oz

N oz
e

20

(E Ry e

& sto] 2527k vl estaL FA ol 7], B

= S |-&5to] FrHeE A
= AR £7] S Aa 24t 5.99 cm, SRCM
121380-27.36 cm, SRCM 1223522 7.1 ecm, SRCM 1223532
6.85 cm, SRCM 122354-2-6.33 cm, SRCM 1223552 7.25 cm,
SRCM 1223562 7.04 cm 2 A1H o5 L5 tfj 27of| v] )| AY
o] ZZI=| A ThFig. 1). 3, #e] A5 22t 2514.93 cm,
SRCM 121380-25.99 cm, SRCM 122352-2 6.58 cm, SRCM
12235325.71 cm, SRCM 122354-2-4.9 cm, SRCM 1223552
5.6 cm, SRCM 1223562 6.03 cm 2 SRCM 1223542 7 9 3F

N
o o
ol
o
i {
=
i
ox,
i)
-
£
o o

Ay
i o nE >~ M0

il
ol
£

=32l A A|s8d Al4%

B shoot legth
[ Root length
a,b 4
a,b b

= c ab

Lolium perenne length(cm)
—
—

0 T

T T T T T T
~ SRCM SRCM SRCM SRCM SRCM SRCM
Control

121380 122352 122353 122354 122355 122356

Fig. 1. Influence of inoculation with selected strains on Lolium perenne
shoot length (A) and root length (B). Bars represent standard deviations;
means followed by the same letter are not different according to the
Duncan’s multiple range test (p < 0.05, n = 12).

1800

1600 be b.e

1400 A 4 T I“
a,b
1200 A Id

1000 -

800 A

Seedging vigor index

600 A

400 -

200

0 T T T T T T
SRCM SRCM SRCM SRCM SRCM SRCM

Conrol 171380 122352 122353 122354 122355 122336

Fig. 2. Vigor index for Lolium perenne growth as affected by inoculation
with selected strains. Values followed by the same superscripted letters are
not significantly different (p < 0.05) according to the Duncan’s Multiple
Range test.

T d2Tol BlE) ASo] A= YthFig. 1). £7] S
©] -2 SRCM 121380, SRCM 122355 4+522] < | =710
H] 3] 22.94%, 21% o]/ 8-S B gl om, FejgS50] 7 -
SRCM 121380, SRCM 122352, SRCM 122356 F-322] 7t
Z31o] B3] 21.45%, 33.44%, 22.29% 0| AFo] A& Wt

onste R BA Abfo A% R 1092.5, SRCM
1213802 1335.83, SRCM 1223522 1369.16, SRCM 122353
£ 1257.5, SRCM 122354-2 1123.33, SRCM 122355-2 1285.83
SRCM 1223562 1307.5 2 5% B tj 2tof| v]3) 2713+
3}ol 519 tHFig. 2). £3], SRCM 121380, SRCM 122352 o5
O] 74-9- v o] ¥] 8l 22.27%, 25.32% = = F-H G X
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_Bacillus subtilis IAM 12118 (NR112116)T

| Bacillus subtilis SRCM 122355

Bacillus subtilis DSM 10 (NR027552)T
Bacillus subtilis SRCM 122352

Bacillus subtilis NBRC 13719(NR112629)T

99

Bacillus subtilis SRCM 122356
Bacillus subtilis SRCM 122354
Bacillus subtilis SRCM 122353

L Bacillus sp. SRCM 121380
Bacillus atrophaeus NBRC 15539 (AB363731)T

i Bacillus sonorensis NBRC 101234 (AB681416)!

Bacillus aerophilus 28K (AJ831844)"
100 | Bacillus altitudinis 41 KF2b (AJ831842)T

Bacillus anthracis ATCC 14578 (KC020169)T

Pseudomonas aeruginosa ATCC 10145 (NR114471)

0.020

Fig. 3. Phylogenetic tree based on neighbor-joining method showing relationships between strain SRCM 121380 and members of the genus Bacillus. The
percentage numbers at the nodes are the levels of bootstrap support (> 60%) based on maximum-likelihood analyses of 1,000 resampled data sets. Bar, 0.0005

nucleotide substitution per position.

Table 3. Carbohydrates assimilation test of SRCM 121380 using API 50 CHB kit

Enzyme®

Control
Glycerol
Erythritol
D-Arabinose
L-Arabinose
D-Ribose
D-Xylose
L-Xylose
D-Adonitol
B-Methyl-D-xyloside
D-Galactose
D-Glucose
D-Fructose
D-Mannose
L-Sorbose
L-Rhamnose
Dulcitol
Inositol
D-Mannitol
D-Sorbitol

o-Methyl-D-mannoside
a-Methyl-D-glucosamine

N-Acetyl glucosamine
Amygdalin
Arbutin

SRCM 121380

+ o+ o+

Enzyme SRCM 121380
Esculin +
Salicin -
D-Cellobiose +
D-Maltose +
D-Lactose +
D-Melibiose -
D-Saccharose +
D-Trehalose -
Inulin -
D-Melezitose -
D-Raffinose +
Starch -
Glycogen +
Xylitol -
Gentiobiose -
D-Turanose -
D-Lyxose -
D-Tagatose -
D-Fucose -
L-Fucose -
D-Arabitol -
L-Arabitol -
Potassium gluconate -
Potassium 2 keto-gluconate -

Potassium 5 keto-gluconate -

4+, utilized; -, not utilized.

Korean Journal of Microbiology, Vol. 58, No. 4
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Table 4. Enzymatic activities test of SRCM 121380 using API ZYM kit

Enzyme® SRCM 121380
Alkaline phosphatase -

Esterase (C4)
Esterase (C8)
Lipase (C14)

Leucine arylamidase

o+ o+

Valine arylamidase -
Crystine arylamidase -
Trypsin +
o~chymotrypsin +
Acid phosphatase -
Naphtol-AS-BI-phosphohydrolase +
a-galactosidase -
B-galactosidase -
B-glucuronidase -
a-glucosidase +
B-glucosidase -
N-acetyl-B-glucosaminase -
a-mannosidase -

a-fucosidase -

4+, utilized; -, not utilized.

£ 2k

Yeo ez al. (2009)2] A+ A} ¥ B. subtilis 455 53]
T T EHE QSR AE S S AT AT 60% P
ZAA A0, Lee et al. (2020)9] Ao A= 1322 E351 ¢
T AT ol 14 2 7 A} o 210 75 47.2%0]| vl el
96.3%5 °F 49% J = BH-S ZAA S Ikt A&
&2 Alato] /g 1AAF -2 4]

=
g Al 2 B BE £A05 o] & S5l Aol =u=

al.,2007). wrEbA] AlE S £3] gk Bl A o 5%
F X3t B/, siderophore A/d5, IAA A/d5 2 A& A&

ZZ0]| £4-3F SRCM 121380 5= 2| Adsgic)

ZE M #F S H phylogenetic tree 2
HE A

¥ 37229] SRCM 1213802] 16S rRNA E-41-8 £
SR 97142 BAjelglon], 7] H S-S Eoj 2 maximum
likelihood method & A8-3}9 phylogenetic tree S 21433}
tHFig. 3). Ale9] A# =5 2H5}7] 9]3) bootstrap =4
= 1,0003] AAJsto] A=) dS ST A o2 B
o] 2423} Bacillus sp. SRCM 121380 (NCBI Accession No.
0Q079996) 2 AEF5}4

=32l A A|s8d Al4%

x|
SRCM 121380 w-5=2] & 0]-8-4-3 3F215}17] 3l API 50
CHB kitE |83t 4% Ay} L

D-xylose, D-glucose 5 1752] @& o|-8351= A& &2lst3
tHTable 3). 3L, APl ZYM kitS o] £5}0] G4 EAS =
A5t A1} esterase, lipase, leucine arylamidase, trypsin, a-
chymotrypsin, naphtol-AS-BI-phosphohydrolase, a-glucosidase
3145 31013} tH(Table 4). Esterase, lipase @] 749 13 &
3, F ot ZAol| T a7 TR A AT glew,
leucine arylamidase @] 7 ¢ Tt 2 =3} 7} of| JgFS F=
Aoz AdHA thKim ef al., 2020). w2hA SRCM 121380
0] A Tlael] e BAS B9 A8 F2A B0
O S-S A& B8l AESH UAA= &8d AR 7|

ek

sl sFet4] gofe tiAlshr] Hsf vl
d s hajo] s H L gk
whebA] 2 Atoll A= AEH ’AIA| = A 0] 7hs gt v A
AP ) 5 e 2okl A] 15752 5}

=
2 AT AEE 65 S Ao A1 U Bl
tfj 3t &4t siderophore, indole-3-acetic acid (IAA), 41&
% Z2%0] 714 £33 SRCM 121380472 H & #5F
2 AWt} 2% 730 Uil 16S rRNA 974 Ha
23l Bacillus sp. SRCM 1213800 & 3}l o, of wF
9 m4 B4 AR ofelst ATkE EYj2 SRCM
1213802 7-9- A& /g Xatoll theh et &4 2 A&
2 B AR 2 ) A 747

N

i o

AT 20220 AR5 S A B O] A0
AFAE pho| 3 2rtol & B4} Hho] & = % ALgle] A19)
wol 4945 ATqlU k.
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