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Abstract In this study, to select strains suitable as microbial
agent from among rhizosphere microorganisms present in rhizosphere
soil and roots, the mineral solubilization ability, antifungal activity
against 10 types of plant pathogenic fungi, and plant growth-
promoting activity of rhizosphere microorganisms were evaluated.
As a result, DDP346 was selected because it has solubilization
ability of phosphoric acid, calcium carbonate, silicon, and zinc;
nitrogen fixing ability; production ability of siderophore, indole-3-
acetic acid, and aminocyclopropane-1-carboxylate deaminase; and
antifungal activity against seven types of plant pathogenic fungi.
DDP346 showed a 99.9% homology with Acinetobacter pittii
DSM 21653 (NR_117621.1); phylogenetic analysis also revealed
a close relationship with Acinetobacter pittii based on the 16S
rRNA base sequence. The growth conditions of DDP346 were
identified as temperatures in the range of 10-40 °C, pH in the
range of 5-11, and salt concentrations in the range of 0-5%. In
addition, a negative correlation coefficient (> = —-0.913, p <0.01)
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was shown between pH change and the solubilized phosphoric
acid content of Acinetobacter sp. DDP346, and this is assumed to
be due to the organic acid generated during culture. Consequently,
through the evaluation of its mineral solubilization ability,
antifungal activity against plant pathogenic fungi, and plant
growth-promoting activity, the potential for the utilization of
Acinetobacter sp. DDP346 as a multi-purpose microbial agent is
presented.
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agar 15g/L), tryptic soy agar (TSA, Difco™), humic-vitamin
(HV) agar (humic acid 1 g/L, KCl 0.5 g/L, Na,HPO, 0.5 g/L,
MgSO, 0.5¢g/L, CaCO; 0.02 g/L, FeSO, 0.02g/L, Vg stock
solution 1g/L, agar 15 g/L) platecl] =238l #& H2)8t}.
A R 2d vAdEe s SlsiA AEEEA
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0.5g/L, KCl 0.02g/L, MgSO,7H,0 0.1 g/L, MnSO,-5H,0
0.0001 g/L, FeSO,7H,O 0.0001 g/L, agar 15 ¢g/L, pH 6.8) Hll
A][10], Deveze-Bruni agar (D-glucose 5 g/L, yeast extract
1.0 g/L, peptone 1.0 g/L, K,HPO, 0.4 g/L, MgSO, 0.01 g/L,
NaCl 5g/L, (NH4),SO4 0.05g/L, CaCO; 5¢g/L, agar 15g/L,
pH 6.8) HIA|[11], silicate agar (D-glucose 10 g/L, magnesium
trisilicate 2.5 g/L, agar 15g/L, pH 6.8) WiA|[12] % Tris-
minimal salt (D-glucose 10 g/L, tris-HCI 6.06 g/L, NaCl
468 g/L, KCl 1.49g/L, NH,Cl 1.07 g/L, Na,SO, 0.43g/L,
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AA3I7A%, siderophore A%
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Table 1 Summary of information on isolates, samples of soil, and root

Isolates Isolation location Isolation source pH NaCl co(r;/((:)c):ntration le(;?itlil(r)::
ANG5 Jeju, around the beach Wild herb root 7.0 0.060 BA
ANG37 Busan, tomato Soil 6.8 0.221 HV
DDP68 Busan, around the beach Soil 6.8 0.182 BA
DDP77 Busan, around the beach Soil 32 0.985 HV
DDP304 Busan, around the beach Wild herb root 32 0.985 BA
DDP346 Busan, around the beach Wild herb root 6.8 0.245 TSA
DDP390 Busan, around the beach Wild herb root 6.8 0.245 HV
DDP398 Busan, around the beach Wild herb root 7.0 0.084 TSA
DDP406 Busan, around the beach Wild herb root 5.8 0.497 TSA
DDP458 Busan, around the beach Wild herb root 7.0 0.084 HV
DDP469 Busan, around the beach Wild herb root 7.0 0.084 HV
SN74 Busan, park Soil 6.8 0.142 HV
SN128 Busan, park Reed root 5.8 0.598 BA

A3 9 g
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Table 2 Activities of mineral solubilization from isolated strains

Mineral solubilization"

Strains

Phosphate CaCoO; Mg,Si;04 ZHZ(IE?O“)Z '
ANGS + + + -
ANG37 + +—+ +—+ +
DDP68 + - - -
DDP77 + + + +
DDP304 - + -
DDP346 ++ + ++ +
DDP390 + + + -
DDP398 ++ + +
DDP406 ++ + +
DDP458 + + + -
DDP469 + - - -
SN74 + - -
SN128 - + ++ -

D4+ strongly positive (>15 mm), +: positive (<15 mm), -: negative

Ao, ANG37 d5= Fusarium tricinctum>} Pseudomonas
syringae pv. sesami, Xanthomonas campestriso|x <FstA| €43
o] B3ith. DDP346 w5 752 A& WL #golol tial
A qRF G4 BYorm, a1 FAAME Colletotrichum
acutatum®F Corynespora cassiicola®] T3A =& X &4
S YeEMISSE. TS, P osyringaed] WEIME o & S-S
ERATE. olelgt Azl S v &2 < A E
o3 AA=EE FANEH, 3 E4, siderophore, AIX ¢ &
& Tl o3k Ao d#fA SIvh27]. wEbA, DDP3462 7%
o] A& WA FEold tal] FXw AH et S Tt
oA HeFud, Aglggo], B, dukgi, A, 9

WA Ay FEEE 5 fadske 33 2 Algel #HeF
st z2hgol A8 e Aoz AEch
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Table 3 Antifungal activity of isolated strains against phytopathogenic fungi and bacteria

Strains ANG37 DDP77 DDP346 DDP398 DDP406

Alternaria alternata - - 19.80+2.01 - -

Botrytis cinerea - - 22.93£2.61 - -

Colletotrichum acutatum - - 43.67+3.02 - -

Corynespora cassiicola - - 53.1743.48 - -

Antifungal Fusarium oxysporum - - - - -

activities (%) Fusarium solani - - 22.17+1.96 - -

Fusarium tricinctum 10.37£1.86 - 27.40+2.08 - -

Phytophthora capsici - - 9.67+0.29 - -

Rhizoctonia solani - - - - -

Sclerotinia sclerotiorum - - - - -

Pectobacterium carotovorum - - - - -

Pseudomonas syringae pv. sesami 1.12+0.06 - 0.94+0.04 - -

Al.m.b a cterial Pseudomonas syringae pv. syringae - - - - -
activities (cm)

Xanthomonas campestris 0.82+0.04 - - - -

Xanthomonas euvesicatoria -

"Data are mean = SD of at least three replicates

A2 3A3%F siderophore "3)§"6"

4 A5 siderophore B5S 9% A, SHolA B
37353} siderophore ‘g*é‘c?g gelgk & e 2
Zo| X% DDP346S 7F4 =& AAh 14%S VERNITH Table
). A H]EE ARR3E BIRO] 50% o3t 28] gipHos
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3 W] AT Wafol] FEE vXE ASR dEA o
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e

o
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T =
PA—
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™
Az WA Folol i i S Uehlie ol 47
Y& "Rl Zes F4dEn.

IAA A%, ACC deaminase A5 A}
2 Ate $HE 2] AWYS AW fEiA 1AAS
ACC deaminase /35S Z43Ith WA, A& Y =22
o2 4 1AA 273 A5, 5.80-64.15 pgmLe] 1AA A%
o sl 4 golon, 1 %oﬂxit DDP346, DDP398 2
DDP406 dFolA Hlwd %o IAA AASS RIS 5 U
t}. ACC deaminase *3"3'6‘—: Sl W=t o Ut
WATHTable 4). Danish S[291& A% AE#HA 2AHA
ACC deaminase 842 71 55 HE3l] S55E5 Auigt
A3}, shoot length?} shoot dry we1ght7]- Z4zy Ao 1.5419F
L47EA] F7kek Ao Rusigity. gl | 2EgHE 270
oAl 2]&°| PGPR #FE A Pe o, A= W] Na" o]
TS =9 Na+/K+-°4 &S 24802 4 2EYXE &
SWA F= Ao OLEV% °1E} 30 W}E}"ﬂ, 2 AFA 1AA
¢} ACC deamlnase |5 3 2EFX
ZRE o]29 IS -"F’rzlgﬂ FTOEMN A& Al =

1_\__

Table 4 Activities of nitrogen fixation, siderophore production, IAA
production, and ACC deaminase production from isolated strains

. . 1AA ACC
Strai Nitrogen Siderophore . X
trains fixation"  production? production  deaminase
(ug/mL)®  production®
ANG37 + + 12.10£0.81° +
DDP77 + + 5.80+0.18° +
DDP346 ++ + 59.10+1.42° +
DDP398 + + 57.63+1.98° +
DDP406 + + 64.15+0.52¢ +

DNitrogen fixation activity was determined by color change of NFB broth
ISiderophore production was confirmed by orange halo zone. +: positive
(>15 mm)

9Data are mean =+ SD of at least three replicates. Means with different let-
ter (a-d) indicate significant differences at p <0.05

YACC deaminase production was determined by growth on medium with
ACC as sole nitrogen source. +: positive (absorbance at 600 nm >0.1)

Table 5 Enzyme activity of DDP 346"

Characteristics DDP346
Amylase? 16.91£2.51

Extracellular — cejylase? 10.49+1.97

enzyme 5

(mg/100 mL)" Protease 19.70£1.75
Xylanase” 49.85+3.51
Esterase (C4) ++
Esterase (C8) +

API ZYM® Leucine arylamidase +++

Valine arylamidase +
Naphtol-AS-Bl-phosphohydrolase +

YData are mean+SD of at least three replicates. In each assay, the stan-
dard substances are maltose”, glucose”, tyrosine® and D-xylose”, respec-
tively

-4+ strongly positive, ++: positive, +: weakly positive
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DDP346

61| ! Acinetobacter pittii DSM 21653

8

[ec]

Acinetobacter oleivorans DR1

59 L Acinetobacter seifertii LUH 1472

36

Acinetobacter antiviralis KNF2022

Acinetobacter halotolerans R160

Acinetobacter brisouii 5YN5-8

Acinetobacter calcoaceticus ATCC 23055

59

95

Acinetobacter tjernbergiae DSM 14971

0.002

Acinetobacter haemolyticus ATCC 17906

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
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g 7Sk, Al A £ 24 2 XA 24E 3
slo] HFHoE UEA 7l5S 7K vAE AAEA 71 A
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Fig. 2 Growth characteristics of DDP346. In order to confirm the growth
characteristics, DDP346 strain was cultured in TSB medium at various
condition of temperature (°C), pH, NaCl concentration (%).Value are
mean £ SD (N =3)
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