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Plant Growth-Promoting Activity Characteristics of Bacillus Strains in the Rhizosphere
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This study aimed to identify plant growth-promoting activity, phytopathogenic fungi growth inhibitory
activity, mineral solubilization ability, and extracellular enzyme activity of the genus Bacillus in soil and
the rhizosphere. With regards to antifungal activity against phytopathogenic fungi, DDP257 showed anti-
fungal activity against all 10 pathogenic fungi tested. ANG20 showed the highest ability to produce indole-
3-acetic acid, a plant growth-promoting factor (70.97 pg/ml). In addition, 10 species were identified to have
l-aminocyclopropane-1-carboxylate deaminase production ability, and most isolates showed nitrogen fixa-
tion and siderophore production abilities. Thereafter, the isolated strains’ ability to solubilize minerals
such as phosphate, calcite, and zinc was identified. With extracellular enzyme activity, the activity
appeared in most enzymes. In particular, all the strains showed similar abilities for alkaline phosphatase,
esterase (C4), acid phosphatase, and naphtol-AS-BI-phosphohydrolase production. This result was
observed because the genus Bacillus secreted various organic substances, antibiotics, and extracellular
enzymes. Therefore, through the results of this study, we suggest the possibility of using strains contribut-
ing to the improvement of the soil environment as microbial agents.
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Klebsiella, Enterobacter,
Alcaligens, Arthobacter, Burkholderia, Bacilluss 233}
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5 e Aod, 1FF o2 E 7] 39 45 1A
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© 27149 37 Fatolw WA ZAE st HE
Y| FA o & 235k, Pepol= FAA, AlZ 9o a4
of #u] 59 YA EAS 7ML ofdt & = oA
717 A& T 4 o oY Bacilius o= B
amyloliquefaciens, B. subtilis, B. pasteurii, B. pumilus,
B. mycoides, B. sphaericus 52 £&°| th[6, 7]. o]t
dFEa ol&sto] F2t A, AE AF SV 24 4
T7F 25| AP HI Qloy, 3+ B4, A AT FA
24, vl E 7183 D AZ & aa8AdS FA 7HA
+ 275 e A= mmE Aol wEbA 2 A
oAl= FAL B ddiolA Fet Eda} R zRe A
55 #2519 Bacillus &0 &3t= 28 4359 A& ¥
A FFolo i FXAEAHE, 1AA AAEF, 1
aminocyclopropane-1-carboxylate (ACC) deaminase A§A
5, A4 11745, siderophore B35, 584 vlvlE 7H&-3t
R LEXEES SER U TS

lo rlu N
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>
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Bk 39 S, A8 59 £ 9 B S5
o 44 NS BT 2UW EFL AR 1g7} B
45 Ag Ag4E E% & bennet agar BA, 1%
glucose, 0.2% peptone, 0.1% beef extract, 0.1% yeast
extract, 1.5% agar), glucose minimal salts agar (GMSA,
0.2% glucose, 1% yeast extract, 0.2% KHyPO4, 0.3%
KoHPO4, 0.01% MgSO,4-7H20, 0.0002% MnSO4 1.5%
agar), potato dextrose agar (PDA, Difco™), tryptic soy
agar (TSA, Difco™) plateo]] Eate] 30°Col|A 297k vk
sto 4= EEstgih. AF T el AHS/FA Q] Tween
803} E 9 A| 2l perchloric acid (1%)S X 2|5}o] E£H u]| Y
ESAAG T EF ARG Z2 PR BUSt] &3
e steiThs]

&9 53

B #3539 5HE 959 16S rRNA SARS 45}
doo A dHo H7AE E42 Solgent Co., Ltd.
(Korea)oll <JF3tgitt. 714 22 NCBI2| BLASTO|A &
A3ttt o] F Bacillus 4 455 AWt 45 74 &
4L vlastgct

£ 479 I+ 84

FH5) PAF BHS 247 Yool A8 H 48
A Fol= Alternaria alternata KACC 40019, Botrytis
cinerea KACC 40573, Colletotrichum acutatum KACC
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40042, Corynespora cassiicola KACC 44719, Fusarium
oxysporum f.sp. lactucae KACC 42795, Fusarium solant
KACC 41092, Fusarium tricinctum KACC 42097,
Phytophthora capsici, KACC 40180, Rhizoctonia solani
AG-2-1 KACC 40124, Sclerotinia sclerotiorum KACC
1106502 % 105 Qo2 A4aslt FE B4 =
2 PDAE 0|43t well diffusionH 0|3l 21, PDA
v zof| BE#FE HFEst] A4 w52k 25T oA A Hf
Fotsith A= BYAd F%0l¢ & WA= Y AE
Z73}to] A& (inhibition rate)2 A} TH.

Inhibition rate (%) = (R — 1)/R)*100

R: AE B4 F%ol9 22 &5 Aol9 A (mm)
r: AE WU 58019 4% ¥ (mm)

ACC deaminase A5 RA}

A%, @ 2% 5 @ALEg A g@ A 71 F
2 A% ACC deaminase A5 Barnawal 5[9]2] W
2 Fajol ZASAT. $elH 2FE TS Ao BEIT
30TCoNA 2 Bt wiget & A& st FAE st
Att. 343 #A= DF salt v} %] (0.4% KHyPO,, 0.6%

NagHPO4, 0.02% MgSO4-7H20, 0.0001% FeSO4,
0.000001% Hs3BOs, 0.000001% MnSO4 Hy0, 0.000007%
ZnS0O4, 0.000005% CuSOy4, 0.000001% MoOs, 0.2%

glucose, 0.2% CgH1207, 0.2% CeHgO7, pH 7.3)2 F ¥ Al
Haln AAYOE 3 mM ACC7F H7HE DF salt iR o]
3l 30TCoAA 5Y T AT PRELLEE A4
oz ofRAE AZSA B HAE AL,
600 nmol A FHEE ZHsto] Rajgl gl AR Are
ACC deaminase®] A2 Q15T

Indole-3-acetic acid (IAA) A5 RA}

Ag4 B2 1AL AAS S 3457 skl 0.1%9)
tryptophan©| #7}E King’s B (2% proteose peptone,
0.25% KyHPO,, 0.6% MgSO0,, 1.5% glycerol, pH 7.2)
Ao & #55 FFdto] 30TColA 297t vttt ¥
AE£2(10,000 rpm, 4T, 15%) T FFHL 2},
Salkowski’s reagent (35% HCIO4 50 ml, 0.5 M FeCl3 1 ml)
of 12 (9] W& TR g, B WAHE St
F&oA 3027 FA ST WA E = AEE BFFEA
(Spectrophotometer, Multiskan GO, Thermo Scientific,
Finland)& ©]-§-3t¢] 530 nmo| A A3t FEEHE
TAAE ©]-&3to], 919 U o= AFAE 2o
A &9 F=E SibstEiTH10].



ZAHs Um 5(11]9] #of oat 339
= l";rr‘ll w35 30CoA 130 rpm 2 S 2 19 52 Auf
F & ZujoFM-E nitrogen free bromothymol blue (NFB,
0.5% (HO,CCHy;CH(OH)CO.H, 0.05% K,HPO,, 0.001%
MgSO, 7TH50, 0.002% NaCl, 0.005% FeSO,7TH0, 0.0002%
NayMoO,4, 0.001% MnSO47H20, 0.001% CaCly, 0.4%
KOH, 0.2% bromothymol blue (in 0.5% alcohol), 0.175%
agar, pH 6.8) Hjx|of] HZ35}4t}. Test tubeo] NFB Hjz| S

I AujkE 75 HETH 30T oAA 4U7E vigstEA
HHX] o] FEMOZ WY A YA HHSIIT

Siderophore A5 A}

Siderophore AJAE5E &A35}7] Y3} chrome azurol S
(CAS) blue agar plate assay ‘?3-9- o] &3t Th12l. Ad
H #3535 HE3t 3004 497 8jFSt & orange halo
zone 74 F-5° et s1der0phor A eS A
W A

QA 714315 242 Pande S[13]2) W] g2 2%
3}tk 0.5% calcium phosphate?} 7}E 14| Pikovskaya
(PVK) agar Y} X](0.05% yeast extract, 1% glucose, 0.5%
10Ca0 -3P3y05 -H50, 0.05% (NH4)2S0,4, 0.02% KCI, 0.01%

MgSO, -7TH20, 0.00001% MnSO4-5H20, 0.00001% FeSO,-

TH;0, 1.5% agar, pH 6.8)5 01%5P%‘i2f%, e 29 o
FY ASHE 10 WA FF 3 30ToIA 497 HH°*3P“4/\1
Hjz]o] clear zone?] B4 FFE XA Q4 7H8-3HeS

st

r Mok

El'*]'% 7}8-3l%5 =42 Deveze-Bruni agar (0.5% D-
glucose, 0.1% yeast extract, 0.1% peptone, 0.04% KyHPO,,
0.001% MgS04, 0.5% NaCl, 0.005% (NH4)2S0,, 0.5%

CaCOs, 1.5% agar, pH 6.8) H|X| & 01%5]'55‘3]'[14]. T 2
2 E 5 ASHE 10 A FF F 30T oA 4Q7H Hj

ksl Al v R of clear zone A FFE ZASIY CaCO;
s Basi

otel 7Hg3ts

oty 7}183l%s =A[15]2 Tris-minimal salt (1% D-
glucose, 0.606% Tris-HCI, 0.468% NaCl, 0.149% KClI,
0.107% NH4Cl, 0.043% NasSO4, 0.02% MgCly-2H,0,
0.003% CaCly-2H,0, 1.5% agar, pH 7.0) wjx] o Z-
0.1244% ZnO, 0.1998% Zn3(POy4)s 4H50, 0.1728% ZnCO;
< A7Vt Z} ZnO, Zng(POy); -4H20, ZnCOz0l 3t 718

Characteristics of Bacillus sp. 405

58 Bl nA oot 4 BelH 25 A5G
10 pl¥ AZE 3 30T o)A 497 vjoFstH A v R o clear
zone P §FE ZAS}Y ZnO, Zns(POy)s-4H50, ZnCO;

Az 9 a4 4

Amylase 2442 Miller?] W [16]S Y5 APt A E
2 Agstg o, vk ASHI 1% starch solution
(50 mM sodium phosphate buffer)& 1:12 E&3}o] v
Al F T}, o] & dinitrosalicylic acid (DNS) A]2F& 2 7}5}o]
100 A 15% &2 718 3 b3 F2o YA
FFEAE ol&sto] 540 nmo A FFEE 54 }951‘4
Cellulase$} xylanase &4 &7 2 Shin¥} Cho?] W [1
< o&sto A|FE Pstct. ML FedS & 1%
CMC solution (50 mM sodium phosphate buffer)-l—} 1%
xylan solution (50 mM sodium phosphate buffer)2} &3}
sto] 50TCollAl 10& 53 ¥HS-AIF T o] % DNS Alok& 3
7?’3@4 100ColA 102 F¢t A4 g th daol YAl
N5 BFFEAE 08510 540 nmo|A FFE=E S5}
%ith. Protease &4 Oh 59 W [18]% U7 HMFsto] Al
S APyt AR FFHL 0.65% casein
(50 mM sodium phosphate buffer)@} Z 33t %] 37 of A
1082 52t HF-& A F ). ©]3 0.44 M trichloroacetic acid&
A7rste] 37CoA 302 FF HEEA 7 SHA S FIA|
71 & 0.45 pm CA syringe filterS 0|83} o3ttt o
A3} 1 N Folin-Ciocalteu’s phenol reagentE 23}35}o]
37CNA 302 &< BHEAIZ ¥ 660 nmol A FFEE S
Hoheich B HAH EHS LA A APIZYM
kit (bioMérieux, France)E ©]-&35to] B A5l on A ZA}
o] vl whet A3stt
SAEA
SE pAE 39 o4 SHAA, A L LGN
(Mean £ SD)Z EA35Ich. B2 §I3t 2
(version 20.0 for Windows, SPSS Inc., USA)S 0]%?} g
Avf R BEAHE A (one-way ANOVA)2] Duncan’s multiple
range testE AMESFATH 94 AS2 A= p < 0.05
oA B,

T

An Y oy

79 2ol 54

29U EFORYE 48 RS Helsh] skl 94t
doE szt mw bt 9 S e] A W oA
EntEwY Weo Ege Astdt L@ F3Y
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Table 1. Identification of isolated strains by 16S rRNA sequencing.

Description
Isolate
Strains Identity (%) Accession
ANG20 Bacillus toyonensis strain BCT-7112 100 NR_121761.1
ANG52 Bacillus aryabhattai B8W22 99.9 NR_115953.1
ANG56 Bacillus aryabhattai BBW22 99.9 NR_115953.1
DDP254 Bacillus toyonensis strain BCT-7112 100 NR_121761.1
DDP256 Bacillus proteolyticus strain MCCC 1A00365 99.9 NR_157735.1
DDP257 Bacillus wiedmannii strain FSL W8-0169 99.8 NR_152692.1
DDP258 Bacillus wiedmannii strain FSL W8-0169 990.8 NR_152692.1
DDP269 Bacillus paranthracis strain MCCC 1A00395 99.9 NR_157728.1
DDP279 Bacillus thuringiensis strain NBRC 101235 99.9 NR_112780.1
DDP313 Bacillus proteolyticus strain MCCC 1A00365 99.9 NR_157735.1
DDP315 Bacillus aryabhattai BBW22 100 NR_115953.1
DDP337 Bacillus wiedmannii strain FSL W8-0169 99.9 NR_152692.1
DDP386 Bacillus aryabhattai B8W22 99.9 NR_115953.1
DDP426 Bacillus toyonensis strain BCT-7112 100 NR_121761.1

16SrRNA XA H7]4ES BLASTO|A] &As}do,
Bacillus & 3= += 4355 AEsdt. A8E 45
£ Bacillus aryabhattai 433 (ANG52, ANG56, DDP315,
DDP386), Bacillus paranthracts 14-3(DDP269),
Bacillus proteolyticus 2 w3 (DDP256, DDP313), Bacillus
thuringiensis 14-3=(DDP279), Bacillus toyonensis 3 w3
(ANG20, DDP254, DDP426), Bacillus wiedmannii 3 o3
(DDP257, DDP258, DDP337)2 (Table 1) 99.8% ©]A+] A
FAS 7HAY. HITAY dAF wEW Bacillus

aryabhattai, Bacillus paranthracis, Bacillus proteolyticus,

Bacillus thuringiensis, Bacillus toyonensis, Bactllus
wiedmanniiZ FHE dF50| AE AF S 7193t
= B 7} Qlths, 15, 19-22). waEkA 2 A Lo N = Bacillus
So &34 FHE0 4% A% FH 24, nldE 143

Lo N2 FABAHL 2AFTA} G

229 #F9 FH+4 A
2 dFol X Bacillus & B d59 A4 242 &

Table 2. Antifungal activity of isolated strains against phytopathogenic fungi.

Strains Alternaria Botrytis rogg;f&m Corynespora  Fusarium Fusarium Fusarium  Phytophthora Rhizoctonia  Sclerotinia
alternata cinerea J— cassiicola solani tricinctum  oxysporum capsici solani sclerotiorum
ANG20  22.39+10.80° - 424242.62° - 27.59+7.40° - - 14.49+2.51° - -
ANG52 - - - - - 49.90+4.35° - - - -
ANG56 - - - - - 15.07+2.68° - - - -
DDP254  3833%7.649 - 35.1545.84° 11.114£3.07% 2551+3.92° 24244694 19.14+166° 25.51+3.92° - -
DDP256 34444385 11.59+251% 2870+3.02% 33.31+1.48% - 4138+3.17¢ 23.77+4.38% 38.09+1.81¢ 3500+0.00° 20.16+3.63
DDP257  19.22+2.79%° 19.13+1.51° 34.96+4.11° 14.81+1.56° 30.00+8.66> 34.03+6.62° 2528+321% 19.13+1.51° 34.90+1.52° 12.53+3.46"
DDP258  25.91+3.72%¢ 4833+1041° - 28.97+4.18%4 - 3376+242° 2046+6.01° 49.14+589° 54.05+3.66° 70.54+25.66°
DDP269  16.06+1.84% - - 22.73+4.55° - - - 21.86+2.50* - -
DDP279 - - 280245307 37.04+4.39° - - - - - 30.55+2.212
DDP313  3248+9.79% 17.85+0.33° 31.97+1.29%° 3594+4.09° - 18.26+848%° 1562+7.26° 37.26+349% 29.75+7.88* 34.14+3.22
DDP315 - - - - - - - - - -
DDP337  26.51+1.31%¢ - - 4841+587° 29.65+1.88% 2558+6.45° - 46.02+140° 43.89+1.92 -
DDP386 - - - - - - 22.37+0.58° - - -
DDP426  74.01+10.52¢ - 79.1242.39¢ 26.53+5.69° 49.92+2.51° - 65.70+24.51° 79.67+4.51 - -

Data are mean + SD of at least three replicates. Means with different letter (a-f) in the same column indicate significant differences at p < 0.05.
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obm 117 SHUTHTable 2). 2el8 F7 Fo4 1059 ¥
A FEoldA FHF 4L 25 UEhd #5+= DDP257
oll=d £3] C. acutatum, F. solani, F. tricinctum 2 R.
solaniell THSAE 30% ol4pe] G BAL Uiy, o
£ 02X DDP2563} DDP3132 2 & 9% HYA THo]
o Al 11.59-37.26%9 A AL eyt E
DDP426°] -0l & 659 A& ¥4 FF0ld st
o R GHS Hel=d &

oA 637t UE %S FUF BHS UehhoTh iee

Bacillus 4 w3+ 22 QAMHEZ S B3l A& HUA
o)A E0] &S JA St HAFLEZHN Fa% TS 3}

7] g &olH, 3t MZHE E3fst= L2l chitinase,
glucanase, protease 5 A3}, o} sl lipopeptide
dEZAS EH|5to] AE P47 ASE JAlst= Ae=
A A 7] Wgo & AFME o3 E-ef A &
A Aol Yehd Aoz A7, 23].

IAA ¥ ACC deaminase A5

AE A T2E F d728 Sl (auxiny A Z ] A%
I 23}, o] Ao 7|lsiH, AR Alitso] A& 2
N FAlE BT A Eo] FFTFoEH A =&
Hrh24]. SA AG FolA EAQ Ao TAA°H, TAA=
£ Fotol APET O Sl & AREA HE
o o] A& EYERo|Y 22 BApEo] A5 o]
EAEE A EC] o &5t TAAZF A=, AAFHE

Table 3. Plant growth-promoting activities of isolated strains.

Characteristics of Bacillus sp. 407

IAAE 459 g4 4 AFst=E ZHg-3tr}25]. o
2hi 2 Ao s AE AT TEE AE 1AAY B 5
& etz skgth(Table 3). £28 73 FollA] IAA &
Aol foldoz 7MY £& #FE ANG202.2 70.97 pg/ml
o 4S5 Ueldew, I t52=2E DDP3139]
60.75 ug/ml®] A& et ltt. Contreras-Pérez 5[22]
o] Ao W= 24.08 pg/mle TAA 452 713 B.
toyonensisE 0|83l EFH| 2] (Vaccinium spp. var.
Biloxi) ZHEof 23t 21} controlol] ®])3}e B. toyonensis
£ AES A F9 shoot length (cm)Q}t chlorophyll
content (U)ol A 1.248] L 1.958) {oF o2 Z7lst= A
= G2 2ZH B. toyonensis7t A& 47 FH o =<
T AL skt o] A E & AFAE IAA AP 5=
H2 #F50] AE AF F3) 719 = Y A= &
oEth 248 vjdEo] A4t ACC deaminaseo] 9|34
ACCE 7lE385t9 ammonia®} o-ketobutyrate® 3 &+
o 2H e £ES FAaAE F U4 o] FA #E3E
AEES AE AFete F¢ BaYdd AAYPORE o]
=, o] B oA ACCY FE7t RotxL AEHA T2
23 gAY F4E AsfstA EHrh2e6]. o]2d ACC
deaminaseE Atst= ZHUBES &, 71, B, 25,
HYA nAE S 22 2EH A factorso]| Wt 74453} g
€ ogd AS AT 2H[26], oA HFA % ACC
£ 2ofigte] A2l tigt AEHAE FaAA AEY A
o =&o] Hth27]. & AolAl= ACC deaminase?] &4

™

N

Strains IAA production (ug/ml)"”  ACC deaminase production? Nitrogen fixation®  Siderophore production®
ANG20 70.97+1.56% + ++ +++
ANG52 7.27+0.05° - + "
ANG56 3.18+0.03° - n +
DDP254 31.17£1.05¢ + + n
DDP256 29.89+0.85¢ - n "
DDP257 33.380.58° + + +
DDP258 30.71+0.73¢ + + n
DDP269 31.61+0.90¢ - + .
DDP279 38.05+0.65 + n +
DDP313 60.75+1.64 + T+ +
DDP315 54.73+£2.87" + ++ ++
DDP337 57.960.57' + + +
DDP386 51.01+1.869 + + n
DDP426 22.73+0.57¢ + + +

"Data are mean + SD of at least three replicates. Means with different letter (a-k) indicate significant differences at p < 0.05.

24: positive (absorbance at 600 nm = 0.1), -: negative.

3Nitrogen fixation activity determined by color change of NFB broth, ++: strong positive, +: positive, : negative.

4)

+++: strong positive (> 20 mm), ++: positive (10-20 mm), +: weakly positive (< 10 mm), -: negative.

September 2021 | Vol. 49 | No. 3
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W

Joto] 37 AEHAREE A5 4T o
FFe Yot 1A} st¢ich(Table 3). £2|€ +5 & 14
= 7185 ANG20, DDP254, DDP257, DDP258, DDP279,
DDP313, DDP315, DDP337, DDP386, DDP426°]| 4] ACC
deaminase AL el 9t A7 F oz JAALL ACC
deaminaseE AAsh= A ES o83t oEd %
< AT RN AEY T AEHAE Adfsto HFFH
Ao =Fo] H 5 Qe Aoz et

N2 o
N rlr _[l)l.

A4 31A5T} siderophore A5

Aies BEAE T4 20| dhuld A g
ohFet A EA} (biomolecules)©] -4 8. 40| t}H[28]. E o]
EAst= Aae 90% ool 718 Aaxoln o]dt {7]
AL AEo] F457] o foh28]. A &Y Bt E5
st A4 F8 P AAE FANOs-N)2 ¢y of
B AAWNH,-N)QI 718 A2 d8A 9lom29], & ¢
T A3 (Table 3), 2E w7} NFB vj | o| 4] A7sto], vj
A Aol F2M0 2 WHIEE= A IAT = U 1 F
o= ANG20, DDP313 ¥ DDP3157} =2 &4& Ve
ok 2 SALE 2t AR A, A A A7
A3} SHARES-of] osty] wZol nED A5 thAre}
370 HFEA] a3t Yao|th29]. EFol= A= 4
9 Aol o] & == H FFo] ¥y fEo A& FH
o AAshk= ZAUYEL AEAH400-1000 Da)?l siderophore
£ et ndET 429 H o]&ES EoETH30]. °]
23l siderophore AA5S ZAFSH 21} DDP269E A 2%t
BE #3304 4ol UEkth(Table 3). 1 FolA=

Table 4. Mineral solubilization of isolated strains.”

ANG20°] 20 mm ©]49] orange halo zone& WUEY o] 71
& =& siderophore A 5< E At Kamaruzzaman 5
[31]0] W2 W, E9F LA B. proteolyticus 4D2] TAA XY
s, A4 1A%, ACC deaminase, siderophore A5
At A1} o] #5+= ACC deaminase 453} siderophore
AeollAe 4ol UBUA 42 Aes Hug vk 2
TolA &2E DDP3132 & A& A% 53 &4 53
oA FRE B Eth

g
il

Qi M3

APy Aol o]of AZ| AT W] T4 Qo)
[32]. E o A5t A4t FHl= E84 AHA
CaHPO,, Cas(PO,)s, FePO,, AIPO,Z £A|5}o] nj &0
Al Eo] o] &5t7| o= o2 &0l AUth33]. AL 7HE3F F2
EY Y E8402 243k 4 HPO, E+ HyPO,”
o 22 P E 71835t QA L =E F7HA7| L, ©]
B BEF FEY <2 2 AEY FEY FFE =94
E A 309 uj» Fag 93-S grh[30, 34]. HE
% 719 ANG522} ANGE6S A|9la b7 2304 ol
A 74-8H50] LekRTHTable 4). 1 Fo] 4% ANG203H
DDP256°] &2 &AS YEMYTH Osman 5[5]7 Raddadi
53519 Aol WEW E2E Bacillus & FoA B
wiedmannii® 58 4 9+ ON-49} SP-70] QAL 7}&-3}
52 eI T E15tH 2 W, B. thuringiensis @32
AL o] #Fo)| A WA =L phytase = acid phosphatase
o 93f 1At 7Hg-3HEo] Uehd Aolzta B ashglet. gt
Raddadi 5[35]9] Ao W2 Bacillus <) 23iA A4

Strains Phosphate Zn0O Zn3(P0O4),-4H,0 ZnCOs CaCOs
ANG20 ++ - ++ - +
ANG52 - - - - +
ANG56 - - - - +
DDP254 + - - - -
DDP256 ++ - - - -
DDP257 + - + - -
DDP258 + - + - -
DDP269 + - - - +
DDP279 + - - - -
DDP313 + - - - -
DDP315 + - + - +
DDP337 + - ++ - -
DDP386 + - - - -
DDP426 + - - - +

V44 positive (10-15 mm), +: weakly positive (<10 mm), = negative.
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3 i’\-ﬂ- succinic acid, glutamic acid S-3}
Qlate] Qlate] 7143; & ACE B
HE 2o 2270 AT Boo fo40
29 0]AL 0] & o o3k & QA
o.

v

)
o
o2

0
tlo 1o rlr .

ol

2~
T

r[r

Q=290
EEE] =

il

She Aol A AT AT HES 9] £ Baz o
£ goaolth ABolH Y ofdd BEL B 28, 2
7h% g4, Bo o el JaFS vA Tt Gl o] ol

ABHE AL ghp3lET Al E T 2R FAYS TAAA &g
o e AdAY. AE2 oS 84 FHE &

sEA|GE Eofo] EA 5= otdS EEA FHE 245t 4 ’“
0] F5F 5 ¢7] W&o ot 7&%%01 WAy gt} ol g
o EAAE A6ty Aste e 2H Al F ot 7HE
350l Y FAEL ot 7HEEst Aol o83
U= oot ot 7HE3 B EL f7]4H2-ketogluconic
acid ¥ gluconic acid), o}9| =4k Al & T 22 9] BEu|e} A
A3tE Z3A% g WAYES 5519 ofdE 7HE-3kgt
th36, 37). & Ao AL Zn0, Znsy(POy); 4H,0, ZnCO;

of thet 7M835S SAsHH th(Table 4). 1 23t ZnO,
ZnCOz9| tist B2 BE FFoA YetYR &AL,
ANG20, DDP257, DDP258, DDP315, DDP337¢]A]

Zn3(POy), -4H,00) gt 7H8-8Fs0] UERGTh Rameshe]
T[54 2" #F Fol|A B. aryabhatiai® SAE

Table 5. Extracellular enzyme activities of isolated strains."
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MDSR7, MDSR11, MDSR147} ZnO, Zns(PO,)s-4H,0,
ZnCOs0| th3fl 7He-3te H3loH, o] #3550 et o
Bl $ae ANTTLL RSt 2HS A8 A
e A2 RS AT A 2A5) o
of WHEA] Bas GFaolth[3s]. ol B T TS
9] &3] HAYZL acetic acid, lactic acid, propionic acid,
succinic acid¢t Z2 F714L F714E Lo E EF,
phosphatase®t Z-2 723 a4 5o 9ste 7M83tE =
Ao g &#A SloH14]. B & 7HEsS 4% A
(Table 4), ANG20, ANG52, ANG56, DDP269, DDP315,
DDP426 FFoIA FH4S FAT & ALt ol Ake

Hzol BEoM Foot7] ol §FLE ZduA =]
7HEEst A2 YL Fol FFE Fol HFHLR
e AR =52 & AR gddn.

AlZ 9] 33-__1,\_%/“

A Wddd S Adjste A2 HiuHL gl
Bacillus % 35S AZ% BHELE BT 4B
Aol AEHS Soot 282 s Aew ¥R Ao
[39]. mehd, ¥ ATl HE BeE 25 145 e
amylase, cellulase, protease, xylanase &4 &4t}

(Table 5). 71 A3} DDP426¢] amylase ¥ xylanaseol|A]
JHo 7 & B4 Uetoh Kim 54019 A5 23
of W29 Bacillus £22 FHE 459 AE 9 484
2 =A%t 23 cellulase®} protease A AZA S EQ13 9

Extracellular enzyme activities (mg/ml)

Strains Amylase Cellulase Protease Xylanase
ANG20 0.05+0.02° 0.1420.00" 0.55+0.022% 0.1620.03%°
ANG52 0.24+0.,08°<de 0.15+0.00°4 0.58+0.022% 0.14+0.01%°
ANG56 0.11+0.04%%¢ 0.15+0.03°d 0.61+0.0124 0.19+0.03
DDP254 0.3120.15% 0.1620.05°4 0.54+0.21%¢ 0.22+0.09%°
DDP256 0.39+0.04° 0.12+0.01° 0.46+0.14%° 0.25+0.12°
DDP257 0.27+0.04°% 0.1620.08°4 0.39+0.14° 0.16+0.02%°
DDP258 0.08+0.01%° 0.01+0.00° 0.74+0.28°% 0.13+0.04°
DDP269 0.24+0.06°% 0.12+0.05° 0.86+0.24% 0.25+0.09°
DDP279 0.29+0.18% 0.60+0.252b< 0.15+0.04%°
DDP313 0.20+0.06°° 0.21+0.01% 0.76+0.03°% 0.15+0.04%°
DDP315 0.18+0.032b< 0.29+0.03 0.69+0.04°°¢ 0.17+0.02%°
DDP337 0.1940.022b< 0.21+0.02% 0.91+0.01¢ 0.13+0.02°
DDP386 0.24+0.01° 0.20+0.05< 0.79+0.10°% 0.24+0.06°
DDP426 1.00+0.16 0.26+0.01¢f 0.38+0.012 0.70+0.05°

Data are mean + SD of at least three replicates. Means with different letter (a-c) indicate significant differences at p < 0.05.

IND: not detected.

September 2021 | Vol. 49 | No. 3



410 Oh et al.

on, o]= £ AFA 23 FFE°] o Tt Al 9
2L UeY= A2 E BdE Y Osman F[5]19 A
FolA B. wiedmannii2 A E= ON-47} starch 753
52 AT Qo8 1 Slol Tk BstEe] o85S
SASHOH, 271402 pea plante] BETHel 48 4%
22 FALS &2l A plant G shoot fresh 4| (g), root
fresh #A|(9)E Bl gt 42 & Hut 3 2o 2447}
3.1680 9 3.558) =4 UEbgth 2 Aol A B. wiedmanniiE
7 == DDP257-2 0.27 mg/ml®] amylase &4 H it}
F7tH o8 fed #3259 a4 A4S el st
of API ZYM kit °| 83t SH3tdled, $84o=
alkaline phosphatase, esterase (C4), acid phosphatase,
naphtol-AS-BI-phosphohydrolaseo| /] &4 &4& el
9lom, E3| acid phosphatase| A= &£28 #+5F BF =
< &4< Usiith(Table 6). £2E «F Fol4 ANG20
7 DDP4262 5 107}A] & thfe AaoA 245 Ye
Wt

2 A3 AFN FAHE Bacillus & #4559 &4
AR A £ 24, v 7183 2 A2
S SHATOEN HAE AARY o874 2
Aot ol #F FolA DDP2572 1059 thgFset 4
A FFolo diet FX+# A4S YEW I, DDP256,
DDP313& 9% tfsto] gt &4& Yetlet. 12
ANG202 A2 A% &7 @47 mulE 7H835olA =
< S Uetlloh B3 AlZ 9 a4 &A= DDP426
o] amylase®} xylanase®|4], DDP315, DDP337¢] Z+z+
cellulase, proteaseo|A] §2]d oz =2 &AL e

a
}

et o

S~
oF S b

—;iL =
=
=

o

o 5 w22 A A FAEE U 55019 A
AL olrt Bl & Aol 7193t 5
®3l7] st o5 wF5o) Eu g A2
F3 Ae AT Y STl 9FE WA=A] o
4 d77 28 Aoz wekdh

(rt
o
Hob mlu fok o

re

:F_

=

o OF
L =

2 dtollAe B 9 2d £A8k= Bacillus £9] 4
A% 21 24, AE HY4 F73019 A% A, vl
U 71835 2 AEZ & aa8dS g s stgl
ok A& HYA 3ol tigt X+ E4olA DDP257
1039 B FFololA FHF Aol BF YN 4]
E A A A2 indole-3-acetic acid YA SolA=
ANG200] 70.97 pg/ml2 7} =7 Uephgth 271"oz 1.
aminocyclopropane-1-carboxylate deaminase A% A}
AL F 105004 ARSE SAAD, A4 2553
siderophore 45 EAP| AL B HelREdA B
A& Fdstgt o] £ E #3o Hske] phosphate,
calcite, zinc} 22 vl E 74835 st on] Al
9] Ao gAE gREEY BaoA o] Ut &
3] alkaline phosphatase, esterase (C4), acid phosphatase,
naphtol-AS-Bl-phosphohydrolasedl| A A¥HH #+F ZF &
At @& BYTt. ol Bacillus £0] ©HFet 47183 &
AED DAZ 9 a5 BH[FoEHN o2t 217t Y
B Zo® wotdEt gabA, 2 A A94E s EYY
7 Al 71dste FFE EE35H HAAE AAEHN

Table 6. Biochemical characterization of isolated strains by APl ZYM kit.

Characteristics ANG ANG ANG DDP DDP DDP DDP DDP DDP DDP DDP DDP DDP DDP
20 52 56 254 256 257 258 269 279 313 315 337 386 426
Alkaline phosphatase +++ + + + + + + + ++ + + + + +
Esterase (C4) + + + + + + + ++ + + ++ + + +
Esterase (C8) + + + + + + + + + + + + + -
Lipase (C14) - - - - - - - - - +
Leucine arylamidase ++ - - - - - + - - 4+
Valine arylamidase - - - - - - - - - +
Trypsin - - - - - - + - - - -
a-Chymotrypsin - + + + - - - - - -
Acid phosphatase +++ ++ +++ ++ +++ ++ 4+ A A ++ ++
Naphtol-AS-Bl-phosphohydrolase  + + + + + + + + + + + + + +
a-Galactosidase + ++ - - - - - + R
B-Glucuronidase + ++ - - - - - + +
a-Glucosidase + + + + + + + + + + + + -
B-Glucosidase ++ - - - - - ++ - - ot
N-Acetyl-B-glucosaminidase - - - - + - - - - - - - - 4

+++: strong positive (>40 nanomoles), ++: positive (20-40 nanomoles), +: weakly positive (< 20 nanomoles), -: negative.
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