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Comparison of Antifungal Activity, Plant Growth Promoting Activity, and Mineral-Solubilizing Ability of Bacillus sp.
Isolated from Rhizosphere Soil and Root
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The purpose of this study was to evaluate the antifungal activity, plant-growth-promoting activity, and
mineral solubilization ability of 10 species of phytopathogenic fungi to select a Bacillus sp. from rhizo-
sphere soils and roots that can be used as a microbial agent. The antifungal activity for phytopathogenic
fungi varied based on the Bacillus sp. Among the selected strains, DDP4, DDP16, DDP148, SN56, and SN95
exhibited antifungal activity for nine or more species of phytopathogenic fungi. Regarding nitrogen-fixation
ability, all Bacillus sp. showed similar levels of activity, and siderophore production ability was relatively
high in ANG42 and DDP427. The indole-3-acetic acid production abilities were in the range of 1.83-67.91 pg/
ml, with variations in activity based on the Bacillus sp. One strain with a high activity was selected from
each species, and their mineral solubilization abilities were examined. Most Bacillus sp. could solubilize
phosphoric acid and calcium carbonate, and DDP148 and SN56 could solubilize silicon and zinc, respec-
tively. These results suggested that Bacillus sp. can be considered potential multi-purpose microbial
agents for plant growth promotion and disease prevention.
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FAR7HA Bacillus sp.2 Alternaria solani, Botrytis cinerea,
Magnaporthe oryzae, Phytophthora capsici, Fusarium
oxysporum, Fusarium solani, Sclerotinia sclerotiorum 5
chere A% W4 Bgolol tal $ALHE ek A
o2 geA 9lon([7-10], L At=ol 28, Bacillus
sp.©] Alternaria sp.3} F. oxysporum®|| 9J3f 4% = vint
U AR ohel, EokEc) AWE Aeslt Botryis
cinereas AIA O Z Aottty HuEAcH11, 12].

ABo YA BoF Az, dB 7] Watel 7L 37
@ oot o] o) MBI AEd| A0 HAETE A
EYAE Wr=rh13]. A& A o] dEde MY 5
Q3 AE TEE FIUERE B2 FEAAE AEY AT
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2 g7ol QA ET]. A7 LA dAYZo 2L
PGPRY] 9l AJAE+E= ACC deaminaseS 3 A& HE
ZH 9] FAA L SAA O BN AEHAS ZHAATE A
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ot iﬂ%i EFE AR 1 g %-&% A gl A &
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% KyHPO4, 0.01% MgSO,47H50, 0.0002%
MnSO,, 1.5% agar), potato dextrose agar (PDA, Difco™),
tryptic soy agar (TSA, Difco™) plateo] =3l #& &
Zlskch AT el AHLHAQ Tween 80T EHA]
?l perchloric acid (1%)E A3t 9 oY== AA
¥ BA, GMSA, PDA, TSA9| 3074 24zt vjgste] <=
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ots2 AT
&2 53

23 FF9 AL 93t9 universal primer¢l 27F,
1492RE o|&3lgon, Z=Z5 S AX TtH o g7|AE &
A& Solgent Co., Ltd. (Korea)ol 2J&3}4th. Phylogenetic
tree A2+ MEGA T2 13 (version 7.0, MEGA software)

& olgsteict.
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Ay FZSo] A2 WA Zupolo] tat g T4
L ZAEH7] Y38te] Alternaria alternata KACC 40019,
Botrytis cinerea KACC 40573, Colletotrichum acutatum
KACC 40042, Corynespora cassiicola KACC 44719,
KACC 42795,
Fusarium solani KACC 41092, Fusarium tricinctum
KACC 42097, Phytophthora capsicc KACC 40180,
Rhizoctonia solani AG-2-1 KACC 40124, Sclerotinia
sclerotiorum KACC 41065 522 F 105 Ao AR
staich A& WHAY TFolo tig 2352 PDA =] o
A well diffusionH& o] &3] Ea| F32E HAZE3dlo] AA
w79 25T oA thA] wigstETt. A8 ¥ FFol9t 1|
BE 7t AYE A5t A &= AbsHGiTh

Fusarium oxysporum f.sp. lactucae

A& (%) = (R - 1)/R)*100
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W28 19T 50| Yk 2T AR 4 Yk 4
H 2] €1 nitrogen free bromothymol blue (NFB) Hj X & ©]
£310] aTA%5E SHUI5A e, NFB #21o] loop
= o] &steo] HujFE +5 HF6ho] 30TolA 47t Hl
oFstuA B4 M| FEMOZ W ASE PHO2 B
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azurol S (CAS) blue agar plate assay WS o] &35}¢ich
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shalsisnt.

IAA (indole acetic acid) 45

IAA A4%5% 1571 91814 0.1%9) EYEw] H7h
H King’s B ¥} X (2% proteose peptone, 0.25% K,HPO,,
6% MgS0y,, 1.5% glycerol, pH 7.2)0| Aujt= #55 3
sto] 30T oA 297t viFS it Mg A S dAEE F
ZHe B 3o], Salkowski’s reagent (35% HClO,
ml, 0.5 M FeCl; 1 ml)2} 1:2 (v/v)Q] H][&2 Z313t T}
WA B = FoF Ad2oA 3087 FA AT T Hx=
£330 & A (Spectrophotometer, Multiskan GO, Thermo
Scientific, Finland)E ©]€3}4 530 nmo|A SF=E &3
St REEARA L IAAS ol gato] AFHS 44T
5 AR FEE SAFsHATH 23]

=]

& o ol

ACC (1-aminocyclopropane-1-carboxylate) deaminase
s

ACC deaminase &4 &23}7] Y& A Barnawal 5
[15]9] W& §-&sto] S5kt AdE +5E TSB Hi
Ao 30T A 2U7F wjeket F AHEE S #AE I
ST}, 843 FAL= DF salt ¥](0.4% KH,PO,, 0.6%
NagHPO,, 0.02% MgSO47H20, 0.0001% FeSO, 0.000001%
H3BO3;, 0.000001% MnSO4H0, 0.000007% ZnSOy,
0.000005% CuS0Oy4, 0.000001% MoO3, 0.2% glucose, 0.2%
CeH1207, 0.2% CeHgO7, pH 7.3)2 F X AFT & A4
o2 3 mM ACC7F A7}E DF salt vjA| o] AZE3k] 30T
oA 5U7E vkttt o] % BFF=AE 0|85t 600 nm
NN FFEE SAsIeH, £ 4579 A% =5 &l
ACC deaminase AL 3213}

QA e 7183
QAT eratdr g 71835 E2lstr] Y3llA calcium
phosphate”} 27} Pikovskaya (0.05% yeast extract, 1%

glucose, 0.5% 10030'3]?205'1‘120, 0.05% (NH4)st4,
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0.02% KCI, 0.01% MgS0O4 7H20, 0.00001% MnSO,-
5H0, 0.00001% FeSO,4-7H50, agar 1.5%, pH 6.8) v} A
[24]9} Deveze-Bruni agar (0.5% D-glucose, 0.1% yeast
extract, 0.1% peptone, 0.04% KoHPO,4 0.001% MgSOy,
0.5% NaCl, 0.005% (NH4)2SO,4, 0.5% CaCOs, 1.5% agar,
pH 6.8) v | [25] ©]-&3} STt viA] Sl cork borerE o]
g3tel Zehdl ¥, A8 FR A5AL 10 0¥ WEH
o] 30CNA 497t wiFsHA] clear zone?| B4 F75 &
st

otd ¢ & 7H83ks

ol 71835S A YA tris-minimal salt (1%
D-glucose, 0.606% Tris-HCI, 0.468 % NaCl, 0.149% KCl,
0.107% NH4CI, 0.043% NaySO, 0.02% MgCly2H,0,
0.003% CaCly2H50, 0.1998% Zn3(POy4)94H0, 1.5%
agar, pH 7.005 ©]-&3}9] Zny(POyq0ll 3t 71H8-3ts= &
stz stATH26]. F4& 7HEEHeS 2ASE] flEiA
silicate agar (1% D-glucose, 0.25% magnesium trisilicate,
1.5% agar, pH 6.8) WA & o|&3 ¢t TA IR Sl
cork borerg ©]§sto] Zapdl F, AHE 439 45HE
10 p& HFsto] 30Tl A 447 wjgstAA #A 99
lear zone B4 $5E ZARIA F4 7HEE5S 2Ha3

oH27].

ir8Y &3

Amylase 42 Miller [28]9] W& &30, vk
A5 T 1% starch solutione 1:12 HFEA]Zl & DNS
(dinitrosalicylic acid)?} sttt o]Z 100ColA EA 2
gk 5§ I3l $AAZ & BFFEAE 0|85t 540 nm
A TFE=E A3} Cellulase?} xylanase?] A2
Shin¥} Cho [29]9] HHE S-&35tGon, i A5 7}
Z} 1% CMC (carboxymethyl cellulose) solutioni} 1% xylan
solutiong E¥3te] 50CA 1023 BFEAFTh o] %
DNSE #7}sto] 100CoA EA8 & 5§ g3 ¥ZAIxl
T EFFEAE o] &3t 540 nmo A FHEE S
t}. Protease 4% Oh 5[30]9] WS -8t AASHSA
ot v AFS L 0.65% caseindt E3H F 37°CoA 1087
HES- AT o] & 0.44 M trichloroacetic acidE & 7}35t4
37CAA 1027 S AE SAIZ] F 0.45 pm filterE ©]
43} g & o 7}A 7} 1 N Folin-Ciocaltew’s phenol
reagentE E3sto] 37TCoA 3087t BESAIALH SHEE
660 nmoJ A St TH £ A aH E4E E4517] 9
3] A API ZYM kit (bioMérieux, France)S ©]-&3}o] 4
st ow A 2ALY v Yol wheh sttt
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AEA

(Mean + SD)Z F &35}t HHZEe
(version 20.0 for Windows, SPSS Inc., USA)E o] &3 ¢
Az EAHE A (one-way ANOVA)2] Duncan’s multiple
range testE AHESIETH 7o A2 AT p < 0.05
RN
U Nk
& uAES £ 2 53

AL A Ao BEof Y Ry iy
% 16S rRNA 47 A7|AEE £4
Bacillus sp. 2.2 2% 1374FE A
F9] 718 B4t 23}, B. drentensis, B. firmus, B.
licheniformis, B. marisflavi, B. pumilus, B. subterraneus
FET 99% o) =2 AEAe YEHH U TH(Table 1). £
3 16S rRNA @71 M E& Hig e g AF =S &A% 21,
A FFEL Z+Z B. drentensis, B. firmus, B.
licheniformis, B. marisflavi, B. pumilus, B. subterraneus
o & FATAE 7= AL E Ao (Fig. 1),
Bootstrap #E 62-100%2 &2 £ & Uetd Ao2 B
o} Z}Z} Bacillus sp.ol &3t= A2 2 R H o|F |4
2 AA=Z A% Bacillus sp.& AE37] 84 A& 4
A FFolof tiet X+t B4, AE A U &4 4 7
ug 435 BTt

AE WA S0l g FAHF A4

w23 Bacillus sp& tHet ZHE0] WA= A3 «
FE Adsty] gaiA A& MY T80] 105 °]8353
o, 1 A= Table 29 YeEFY T B. drentensis
SNO95, B. licheniformis DDP16, B. marisflavi SN56, B.
subterraneus DDP4 452 A& HYA F%50] 105 of
sto] R S 2 e A Fstgen, 1 Fo
M B. licheniformis DDP16 @32 659 A& WA &
Folof tisf 70% o] HAEE Mo RN £ 43
T 7H & 3 BA4SE UHHAY 2 228 B
pumilus DDP148 57} A& YA F30] 95 dial 3
At Se 23 de AS FAsth. 22U, B. firmus
DDP296, B. firmus SN215, B. licheniformis DDP17, B.
pumilus DDP427, B. subterraneus DDP3 #5E| + &
A B4S AT + dsled, 285 33 &4
Bacillus sp.o|| wtet 2t &/ o] Zol7t = AL &<
sttt 2y o g, & A4 B2 E Bacillus sp. 50l
A SN95, DDP16, SN56, DDP4 #F52 A& HYA &%
o] 1050l tia] Fxo L /Mo =N F2FHY, A
| o], A, dntEd, AlEE, 9, #

FUshe Bl okt A= A48 15T 7

g

it
o

ek o 1ok
olDI'FUOEruH

Ao

A2 1753} siderophore B
B3 Bacillus sp.8) AATAHEL 3Helst Aa}

A=
FolA AaiAsol U LT (Table 3), Kim 5[31]9

Table 1. Identification of isolated strains abilities 16S rRNA sequencing.

Isolate . Description . .
Strains Identity (%) Accession

SN95 Bacillus drentensis strain NBRC 102427 99.9 NR_114085.1
DDP296 Bacillus firmus strain NBRC 15306 99.6 NR_112635.1
SN215 Bacillus firmus strain NBRC 15306 99.6 NR_112635.1
DDP16 Bacillus licheniformis strain DSM 13 99.6 NR_118996.1
DDP17 Bacillus licheniformis strain DSM 13 99.5 NR_118996.1
ANG42 Bacillus marisflavi strain TF-11 99.9 NR_118437.1
DDP343 Bacillus marisflavi strain TF-11 99.9 NR_118437.1
SN56 Bacillus marisflavi strain TF-11 99.9 NR_118437.1
DDP148 Bacillus pumilus strain ATCC 7061 99.9 NR_043242.1
DDP416 Bacillus pumilus strain ATCC 7061 99.9 NR_043242.1
DDP427 Bacillus pumilus strain ATCC 7061 99.9 NR_043242.1
DDP3 Bacillus subterraneus strain COOI3B 994 NR_104749.1
DDP4 Bacillus subterraneus strain COOI3B 99.4 NR_104749.1

http://dx.doi.org/10.48022/mbl.2106.06003
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100 | SN95
99 Bacillus drentensis NBRC 102427

83 Bacillus bataviensis NBRC 102449
Bacillus subterraneus COOI3B
9 100 _|— DDP4
991/ DDP3
Bacillus infantis SMC 4352-1
> Bacillus oceanisediminis H2
” SN215
. DDP296
Bacillus firmus NBRC 15306
100 [~ Bacillus wiedmannii FSL W8-0169
| Bacillus cereus JCM 2152
7 Bacillus haikouensis C-89
SN56
% DDP343
100 | Bacillus marisflavi TF-11
ANG42
gg | DDP17
93 DDP16
1001 I Bacillus licheniformis DSM 13
4 Bacillus haynesii NRRL B-41327
Bacillus velezensis FZB42
99 — Bacillus altitudinis 41KF2b
Bacillus safensis FO-36b

100

—
0.002

Bacillus australimaris MCCC 1A05787
DDP427
DDP416
62 DDP148
Bacillus pumilus ATCC 7061

52

Fig. 1. Phylogenetic tree based on nearly 16S rRNA gene sequences. Numbers at the nodes are percentage bootstrap values (1,000

replicates). Bar, 0.002 substitutions per nucleotide position.

T A= Tt Bacillus sp.olA Aa1A%S Uehdth
u8tgict ol5 Fol EHFEA 2 AA FAP T 2
3 EAE dovle AAu R AES 2 5 9
Ho|o, o] E7Hs3 Aan| R0 ZAHE 3
2 Oi gorgch w3 2F3 B st
£ @elst 231} B. firmus SN215, B.

ul

2% 5 e

siderophore A%

pumilus DDP416, B. subterraneus DDP3 @52 A 9|8t
2 #FEA siderophore A5 gltﬂ?‘g 29190
o, 3 FMNZ B. marisflavi ANG429} B. pumilus
DDP427 #FoA ¥ ZA4E U dth(Table 3).
Bacillus sp.°l 23] A4 == siderophore= &5 o]0l 93|
A E|L siderophore th Hito] Astgo] = Aoz &
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Table 2. Antifungal activity of isolated strains against phytopathogenic fungi.

Antifungal activities (%)

Strains Alternaria  Botrytis  Colletotrichum Corynespora Fusarium  Fusarium Fusarium Phytophthora Rhizoctonia Sclerotinia
alternata  cinerea acutatum cassiicola  oxysporum  solani tricinctum capsici solani  sclerotiorum
Bacillus ~ SN95 6203+ 5690+ 65.70 + 70.00 + 4553+ 4530+ 5387+ 52.20 + 4197+ 4263+
drentensis 1.84¢ 6.80¢ 0.87¢ 0.30% 2.05¢ 456% 3.59¢ 2.11¢ 3.39° 451°
Bacillus DDP296 - - - - - - - - - -
firmus — sN215 - - - - - - - - - -
Bacillus ~ DDP16 7717+ 7513+ 7320 + 72,07 + 6823+ 4970+ 5563+ 66.23 + 7040+  73.00+
licheniformis 5.29° 421° 420¢ 6.35° 5.12¢ 6.03° 3.92¢ 243° 6.36¢ 2.77¢
DDP17 - - - - - - - - - -
Bacillus ~ ANG42 3500+ 1607 + 4430 + 4040 + 26,67 + i i i i i
marisflavi 6.15° 1.852 5.14° 4.70° 3.51°
DDP343 i i 33.70 + i i i i i i i
4.96°
SN56 5150+ 4147 + 65.10 + 65.00 + 4283+ 4213+ 4913+ 4590 + 4770+ 2940+
2.60° 5.55¢ 3.15¢ 2.30¢ 415° 2952 5.85° 1.73¢ 2.25¢ 1.40°
Bacillus ~ DDP148 1550+  23.60 + 1733 + 26.50 + 1937 + 36.83 + 31.60 + 2737+ 3223+
pumilus 219 3.34° 409° 4172 217 ) 2,08 5.72° 5.16° 479
DDP416 i i i i i i i 1353 i i
273
DDP427 - - - - - - - - - -
Bacillus DDP3 - - - - - - - - - -
subterraneus  pppg4 6463+ 5623+ 65.00 = 6723 + 4603+ 4373+ 5160+ 5533 + 3777 + 3540 +
1.79¢ 1.50¢ 5.834 393 1.38¢ 4.99% 3.745¢ 343 497° 0.87°

Data are mean * SD of at least three replicates. Means with different letter (a-e) in the same column indicate significant differences at p < 0.05.

24 o, 3 FFET oy} gt FEESS, F5,
g S)olA Hed A el e A ARt HuE G
tH32]. webA, & A+ 7534”“"1 29 #5=00 YA 4B
*451 s1der0ph0re7]- WA FFolete d S5 FAANA H
S =UoEN H %"T}% oty 105 FFold
o A dEME FFE & AL wdEh

IAA (Indole-3-acetic aicd) A5 U ACC deaminase
B
AL QA F2H0] TAA PSS =
sp.2 oF 1.83-67.91 pg/mlo] TAAS AJAstQ o, Be) &
F F9 A& B. pumilus DDP427 457} 67.91 pg/mlQ
E BATLEN 7Y 2 S-S UEHSitH(Table 3).
Kumar 5[33]2 £&|3t B. pumilus JPVS117} 64.52 pg/
mlo] TAAE A= ACE HuFon B oA B
3t B. pumilus DDP4273} GAFSE &A1 UehU gt E3&L
Bhutani 5[34]2 Vigna radiata®] IAA 5L 71A
Bacillus 435 3£ 23, T4+ H]3) root length
(cm)”7} 9F 2.6-4.14}, shoot length (cm)7} 2F 1.2-1.34j,
lateral roots<= 9F 1.4-2.28] 713t 202 Hu3stgon,
ol TAA Aol A& AL AN 5= US55 UEH

ZA3st A3}, Bacillus
!

9o
=
AAE A
=
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At whebA, 2 At EE & Bacillus sp.o| A& &
FHA AASHA B A4EES 3l IAAS TS
BH A AR I E2E & 4 e AeE ud

A,

ACC deaminase /5 &let 23, £22€ ¢35 5 B.
drentensis, B. firmus, B. licheniformis, B. marisflavi <+
SolX= 2+ ACC deaminase /450l A= omH,
B. subterraneus®| A]+= ACC deaminase A5 &3
2= 99t 3 B. pumzlus—— DDP4163} DDP427 49|
A ACC deaminase RASS 3218 4= Q1 9ith(Table 3).
Zahir 5[35]9 Aol ¢ 01' g 244 ACC
deaminase ¥4 7} 435 °]£°P°“l TS At
Aa} B3 2o ¥ A root length:= 2F 20-80%, shoot
length= 9F 7-41%, fresh weight= °F 16-72% A= =2 &
AeiA F7Kigen, Ee Bol RET ARINE BT
O EZTE TS F USE LUt} watA, B A3
o] A TAAS} ACC deaminase /352 7}4 Bacillus sp.©]
0“%—"“ FES RATCEN AEY A =85S E AL
FHE, B 974 AEdL 20 BEANE 5
i} 3 iEEﬂ/\E—,—H AlE A £3 4 vA = G
g $& Jd7 2aF Ao Adkd) HFHOR AE

AR O



Table 3. Plant growth promoting activities of isolated strains.

Mineral Solubilizing Bacillus sp. 582

Strains Nitrogen Siderophore IAA production ACC deaminase
fixation" production? (ug/ml)® production®
Bacillus drentensis SN95 + + 19.75 + 0.84¢ +
Bacillus firmus DDP296 + + 4283 +3.17 +
SN215 + - 18.44 + 1.76¢ +
Bacillus licheniformis DDP16 + + 8.19 £ 0.12¢ +
DDP17 + + 5.40 + 0.01° +
Bacillus marisflavi ANG42 + ++ 46.46 + 1.119 +
DDP343 + + 24.20 + 1.91¢ +
SN56 + + 3.85 +0.79%° +
Bacillus pumilus DDP148 + + 2.67 + 0.08% -
DDP416 + - 24.22 + 2.67¢ +
DDP427 + ++ 67.91 +3.94" +
Bacillus subterraneus DDP3 + - 7.20 + 1.57¢ -
DDP4 + + 1.83 +0.03?

UNitrogen fixation activity determined by color change of NFB broth.

Jsiderophore production confirmed by orange halo zone. ++: strong positive (> 15 mm), +: positive (< 15 mm), -: negative.

3Data are mean =+ SD of at least three replicates. Means with different letter (a-h) indicate significant differences at p < 0.05.

YACC deaminase production determined by growth on medium with only ACC as nitrogen source. +: positive (absorbance at

600 nm > 0.1), -: negative.

MAA ol WA BT 4B A 21 27 vas
o] speciest}t EAlo] =& 1 #F8 =, B. drentensis
SN95, B. firmus DDP296, B. licheniformis DDP16, B.
marisflavi SN56, B. pumilus DDP148, B. subterraneus

DDP4 ¢35 #F A48t

A L A 7He 3

QAL 7155 &It A3}, DDP4 55 A¢J3t SN95,
DDP296, DDP16, SN56, DDP1489] A 84S Uheb gl
(Table 4). Prakash®} Arora [36]2 Mentha arvensis®] <1
4t 74885 7H2 Bacillus sp.& JE3 A3, FA YL
o H]3) total fresh weight®} total dry weight= Z+Z+
46.27%, 49.57% 27151921, shoot length®} root length
= 747} 51.11%, 63.66%= 3 A Z7}3t Ao 2 H1dR

Table 4. Mineral solubilization abilities of isolated strains.”

o}, E3H, Alemneh 5[37]2 TAA 45 14t 7H8-3k 7t
o Aol thaf A4t 7483+ A7t TAA =9 H
SITh BasgE, & A7 AT AA BRSSP B
o) 23 TR QL HEEES 2 RS Blsgon 4
A 7H83 A=TFTAA FEo v Fsto] YyEtUA = &%
ot ol 23t A A4k 7HEIHE0l TAA 5E9] FFETt=
v F oA BAE= R714EY 9% o ol 7] o
2ol Aoz 2AHY,

EoF Zof Zrr TS oF 0.1-5.0% FEES A 54A| 4 o}
E | E3 7 2 17 o] &5t7] oL FHE &
Afstol, olAbE O] oJg BAH hsto] it AT o}
oo gk A7 ol tH17, 25]. BAMZ & 7H83He & EIg A
B. firmus DDP296, B. marisflavi SN56, B. pumilus
DDP148, B. subterraneus DDP4 #F S04 AL Z =

Strains Phosphate CaCO3 Zn3(PO4),-4H,0 Mg,SisOg
Bacillus drentensis SN95 + - - -
Bacillus firmus DDP296 + + - -
Bacillus licheniformis DDP16 + - - -
Bacillus marisflavi SN56 + + - +
Bacillus pumilus DDP148 + + + -
Bacillus subterraneus DDP4 - + - -

4 positive (= 15 mm), -: negative.
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S 2 Yeiith(Table 4). @474 21 vjdj& 7183}
o] WlAYZo ostH |714k F714L, A olE & 9
3 7}&3tn, 2 acetic acid, lactic acid, propionic acid,
pyruvic acid, succinic acid?} Z+2 §-7]4k, phosphatase2} 2
< A4 &l e kol &) 7HEEtEE AoE dEA
ATH25]. webA, & AFolA A K s 7183
v Soll AAtE= 714k o3 7H83HE Ao s Hojm
nEs 7HER e 2 AEo] It Zed 45t Ul
T3S € 5 S AeE gud.

old 9 & 7H83ts
of<d 7]—%§]—‘—5——‘l 013t A3}, B. pumilus DDP1489j A
9ot 7HE3heS BT 4 U tH(Table 4). E3F, ot
o2 9¥H EYoJME PGPR £A] ol o] utel 4 EA Y
25 ofdsHE 9] FHolA Afel7t Yeht=tl, PGPR
o] gl ZAAE 2F U o}H9| oxalate T2 sulfate
2 S50 POPRO) TAT A3AE S 4
2 ofgl Aol Yoz 27 o] HH 5 Arkzs). olst
Z& A= PGPRo] ot A o] E 33tE FA o 71938t
of 540 AL Pz SHHE= AR HuEy, & AF
oA E2]3t B. pumilus DDP1487} o} A 59| o] 8%
T e FHE 7HESA A 22N oA S TSt el
g 9 8o B33 £ AR gddt v|Fg gL F
FAGDE gdutd o2 Al Mg, Ca, Na, K ¥ Fe&} 235
TAA Y] FEIE A5t o] &Fo] R} whabA, 2 A
ANMe HF4a 7HEHeS 7H #+E st shglen,
B. marisflavi SN56o| AT F4 71832 3Held 4= 9%l
t}. AE-L monosilicic acid 2 F4F 453513 thokst

HAUES T3 A2HE Fatets, Fohd AlEd2 29

r I

ui

é

[o2

I 2 29 gt 71 % 2ol dste AFAdE S
A71= AoE 4HA Ath[39]. wetA, Bacillus sp.©] A
She #71 So1is 2dol= Bl o 71T oY

— 'l'l'
o tort HAYES B9 A8 S FANIAL ¥

Table 5. Extracellular enzyme activity of isolated strains.”

ol B3l AGHS S7HA7I= AeR 2T
2 & dF0A meE 7HEeksol A
1059 A= Hed F7oldf A ¥AZd °ﬂ
£ Ao R wed

5224 3%

2 0 ES o) gato] 4 34 BHolo] Weyety
o2 Y33t HAYH F SUE amylase, cellulase,
protease, xylanase 5 4 A= o3 EH|EHE= AXE 9
EAES AZ 994 Bl AEYS BagoEA &
&Q%(degradatwe parasitism)2 $338t}[40]. wakA, Z
Z AYEE 674 FE YA S 2 amylase, cellulase, protease,
xylanase &4 & Az} skt 1 A7 E: AEd

T3 = A 2% amylase, cellulase, protease, xylanase 2]

zzL e 2Hol3k 2= 91tH(Table 5). 3], cellulasel A& H
AA Fo] o A EHo| celluloseZ T4 0] 9l-2of uhat

AlZHE Eafisto] A& MUY T30l AFE JAsHH,
protease= A &9 Wo| 7|2& 2Este] A& ¥ %
olo] tia f= A #A stz AR dfA Uh41].

AnHo g, A g Y3f 2ujEe AE ¢ 8450
AE HYAd FFolY Ao 9FS vA= ALE FAH
o, 3 EF U A& A= ZasiANt o] 8T 4 gle
AEAY] B o] & 7Hed ARAY EEE WAL
2N AE AL 23S E§ AR gtEn. o] 9=
FF AEE 4559 54 A4S 5] a4 API
ZYM kitS o] §3te] 2o 62X TEHOE
esterase (C8)%¢} naphtol-AS-Bl-phosphohydrolase &4 <
e 1, esterase (C4)2} acid phosphatase &4 ZA
9] A folls 1275 A3 HFEE #5004 42 U
EF Sith(Table 6). A FH o2 A¥E 452 gt &
2 S Mo 2N HAA nEe] g HA 24 2
FEE sEole FFS v Ao R woHth

[e]
2 ATE SR Y ok Ao R BHS 4

Extracellular enzyme (mg/100 ml)

Strains

Amylase? Cellulase® Protease® Xylanase®
Bacillus drentensis SN95 53.28 + 1.67¢ 12.70 + 0.97° 60.02 + 3.93? 125.16 + 4.92°
Bacillus firmus DDP296 2430 + 1.34° 11.80 + 0.68° 76.44 + 3.93° 1867 + 1.92°
Bacillus licheniformis DDP16 29.34 +291° 17.63 + 2.60° 94.96 + 0.25° 21.23 +£3.75°
Bacillus marisflavi SN56 22.60 + 2.82%° 16.37 + 0.69° 57.76 + 4.33? 15.16 + 0.52°
Bacillus pumilus DDP148 18.97 + 2.36° 6.56 + 0.51° 79.50 + 3.61° 6.72 + 0.07°
Bacillus subterraneus DDP4 86.04 + 4.17° 29.67 + 1.69¢ 67.84 + 0.30° 185.76 + 5.98°

"Data are mean + SD of at least three replicates. Means with different letter (a-e) indicate significant differences at p < 0.05.
2"9)n each assay, the standard substances are maltose, glucose, tyrosine and D-xylose, respectively.
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Table 6. Enzyme activity of isolated strains by API kit."

Mineral Solubilizing Bacillus sp. 584

Characteristics B. drentensis B. firmus B. licheniformis  B. marisflavi B. pumilus  B. subterraneus
SN95 DDP296 DDP16 SN56 DDP148 DDP4
Alkaline phosphatase - + ++ - + -
Esterase(C4) + + - + +
Esterase (C8) + + + + + +
Leucine arylamidase + - - - - +
Valine arylamidase - - - - - +
a-Chymotrypsin - - - - + -
Acid phosphatase + +++ +++ - ++ -
Naphtol-AS-Bl-phosphohydrolase + + + + + +
a-Galactosidase + - - - - -
B-Glucuronidase + - - - - -
a-Glucosidase - + + - - ++

".: negative, +: weakly positive, ++: positive, +++: strong positive.

£ A BEAE slEsy] $g HHo 2 uAYE AA o
&3t Bacillus sp.& A83t7] JallA =3t ch £ A+
A3}, ookt Bk B2 5 E A Bacillus sp.2| ¥
A B4, AE AF 2 €4 2 odE 71836 B
ato] 955t GAS 2 FFES AEstged, viE A
AEZHN Y &8 7S YeEt gl FF u|E AAZH
g83t7] YelME HE AdE FF g8 95 B 5
el AFol W2 A 3 & SH L AE AW 5
< 39 AE AR S G4 vX = dFl e & A
7t das Aog woHr

OF
=

ko

S [

29 B U R EAE o4E F o4
928t Bacillus sp-& AH3}17] Y5t 1059 4]
Folof tiet A &4, AE A 3 24
FB5-2 Boesic AE Be Bl o
32 Bacillus sp.°f] W& o] & BFon, A
[e)

ol o

Eoﬂérlﬁ

e T R
Ml oo X e
AN Lol oox HUy
N

i

ki3
% DDP4, DDP16, DDP148, SN56, SN95+= 9%
1ol 4% Wely Bl dal B2 BAL dehis
tt. AA 37453 1-aminocyclopropane-1-carboxylic acid
deaminase A A5 A= Bacillus sp. =5 H|L3F =590
2 ZAE el o, siderophore A 5L ANG429}+
DDP4279| A v|nA =A vEbgt}. Indole-3-acetic acid A3
A5L 1.83-67.91 pg/mle 2 Q=9 o, Bacillus sp.ol
o2 &4 ZolE UE it o] F 7} speciesttth 24 0]
E2 1 74 At vl 7H83keS s 20, o
FE29] Bacillus sp.ol A 4tat g4tz 7H8-3Hs2 8¢l
g 4 %len, DDP1487} SN562 2H2t 4 7143153

o]
=

ot 7H&-3te = et Gt whaka, & dAtoA £
Bacillus sp.2] 33t S4, A& A% 21 €4 € g
7He3hs 218 S8 tHEE 7|5S 7HE nAE AAEHN
ggo] 7t Ao g woH
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