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Plant Growth Promoting and Disease Controlling Activities of Pseudomonas geniculata ANG3, Exiguobacterium acetylicum
ANGA40 and Burkholderia stabilis ANG51 Isolated from Soil
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This study was conducted to investigate both plant growth-promoting and plant disease- controlling activi-
ties of bacterial strains isolated from soil. All the isolated strains were able to grow at various tempera-
tures. All the strains, except ANG40, showed antagonistic effects against various phytopathogenic fungi.
This antagonism can be ascribed to the production of siderophores and antibiotic substances. In addition,
all the strains showed abilities such as nitrogen fixation, phosphate solubilization, and siderophore pro-
duction. These results suggest that nitrogen, phosphorus, and iron can be converted into forms that can be
easily absorbed by the plants for their growth. Analysis of the growth-promoting properties revealed that
ANG51 produced 1-aminocyclopropane-1-carboxylic acid (ACC) deaminase and indole-3-acetic acid (IAA)
both of which are related to ethylene production. In contrast, the other strains were found to have only
IAA-producing ability. Therefore, this study suggests that Pseudomonas geniculata ANG3, Exiguobacte-
rium acetylicum ANG40, and Burkholderia stabilis ANG51, which were selected through analysis of com-
parative advantages for both plant growth promotion and disease-controlling activity, may be used as
biological agents.
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(Mean + SD)2 @3}t B3t 9% Ao]= SPSS
(version 20.0 for Windows, SPSS Inc., USA)E o] &3t ¢
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EFH AT 98.6% 4543S 7H ANG32E ANGIE A2l +
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koreensis ANG2, Pseudomonas geniculata ANG3, Pantoea
ANGS8, Kluyvera intermedia ANGY,
Exiguobactertum  acetylicum  ANG40, Burkholderia
stabilis ANG51E2 P9t B3 FF 250 o2 A%
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Table 1. Identification of isolated strains by 16S rRNA
sequencing.

Similarity
(%)
NR_025228 99.6
NR_024708 98.6
NR_111998 99.6
NR_028802 98.6
NR_043479 99.6
NR_114522 99.8

Isolate Species Accession No.

ANG2 Pseudomonas koreensis
ANG3
ANG8 Pantoea agglomerans

Pseudomonas geniculata

ANG9 Kluyvera intermedia
ANG40 Exiguobacterium acetylicum
ANG51 Burkholderia stabilis
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Fig. 1. Growth curves of isolated strains at various temperature. Data are mean + SD of at least three replicates.
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Table 2. Antifungal ability of isolated strains against phytopathogenic fungi.”

Inhibition rate (%)

Strain
ANG2 ANG3 ANGS ANG9 ANG40 ANG51

B. cinerea 455+9.12 201 +7.7° 409 +6.4%° - - 82.1 +4.1¢
C. acutatum 76.1 £9.1¢ 344+75¢ 50.0 + 10.12>° 50.0 + 6.4° - 62.3 +16.5°
C. cassiicola 437415 36.6 + 8.8 582 + 13.3 633 +4.7° - 762 +1.9%
Fusarium sp. 50.0 £9.1% 383+87° 545+ 1.1% 446+7.7° - 455 + 4.6

P. capsici 486+ 4.5 6.1 2.9 - 14.0 £ 0.5 - 70.9 + 4.6
R. solani 56.8 +3.2° 21.0+40° 364+64° - - 553+11.2%
S. sclerotiorum - - - - - 73.1+0.7¢

1

icant differences among samples.

ANG2 ANG3 ANGS

- : no activity. Data are mean + SD of at least three replicates and significantly different at p < 0.05; different letters indicate signif-

ANGY ANG40

ANGS51

Fig. 2. Confirmation of orange halo zone on CAS medium by production of siderophore from the strains. The strains were

cultured on CAS agar medium at 30 C for 4 days.

TEEE dan R0 o] Z7hEo] A 5o &
fox] =
= az

"o go] 2AHT e, webAl, N, Beje] W22 HEA)
7ol 8% 4 9 Wid W A2AL ATHFE A
DRSS 2 VRS Beskug sterkee, 23], A

1% dejeiobt 7] 9 Aot 1AW GuiolE Fu
S7oz Bk B4 AT o Aot Aa 1RE
b @) o8 grmuelrt oA ol Z453, a2
Q3 B2 e R SE7E F7Hgel uhet pH ¥akh o
ofLbmz yejux| o] Azo] Hae] FEAOR Wahi
232 shA eeh24). webA, 1%k Fo NFB Aeex|e] A
Zo| ZEMOE WYL W) FHO2 BYRGAL o=

(Table 4), o]= F
= HAAZHN BHeAS £ & AL2 7|dgitt

EZF e AEY A Y U] Aot o LR
M 583 84 F st Iy FIHHIR R o] §HE
7HE 771 QA RELS wWEA DY 7| w2 AE0]
o] g&3t=tl 9o oH&E FH=rh2s]. ol whaf 2d vl
E2 EY &o 245t= 1S 7H83 9 v HEste &
7R FUIEERREH adFoer Qg WESH, 2
HPO,* T+ HoPO, FEIZ 80| o] 88 ¢ =S =9}
TOH1]. whebA, QA 7HE3HeS 7H -8 mAES Al

=)

il

st

i)

B

)
N

lo &

Table 3. Production of extracellular enzymes by isolated strains."

Strains
Activity
ANG2 ANG3 ANG8 ANG9 ANG40 ANG51
Amylase? - - - - 239.9+25.0 -
Ul Cellulase® - - - - 739402 -
m
Protease” - - - - - -
Xylanase® - - - - 2238+ 143 -

- : no activity. Data are mean = SD of at least three replicates.
25

) One unit of activity was defined as the quantity of enzyme that liberates the equivalent of 1 ug of product per min under the

assay condition. In each assay, the product is maltose, glucose, tyrosine and D-xylose, respectively.
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Table 4. Activity of nitrogen fixation, phosphate solubiliza-
tion, ACC deaminase from isolated strains.

Strains N.itro.ger?) Pho§ !:)ha.t N 2) A.CC 3)
fixation solubilization” deaminase
ANG2 + + -
ANG3 + ++ -
ANG8 + + -
ANG9 + ++ -
ANG40 + ++ -
ANG51 + ++ +

D31 activity, ++: strong activity, - no activity.

3}31Z}F PVK LA X| & 0|83} clear zone?| FAGEE
gelstgl o, 1 A3 6359 2T BRoA A4 7HE
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Table 5. Confirmation of biochemical characterization of
isolated strains by APl ZYM kit."

Characateristics ANG3 ANG40 ANGS51
Alkaline phosphatase + ++ +
Esterase (C4) ++ + +
Esterase (C8) ++ ++ 4
Lipase (C14) - 4+ -
Leucine arylamidase +++ +++ w
Trypsin - - +
Acid phosphatase - +++ +
Naphtol-AS-Bl-phosphohydrolase + +++ +
o-galactosidase + - -
B-glucuronidase w - -
a-glucosidase +++ - W
B-glucosidase +++ - w
N-acetyl-B-glucosaminidase - ++ -

" : negative, W: weakly positive, +: positive, ++: moderate pos-
itive, +++: strong positive.
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