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Abstract This study was performed to select potentially available biological control agent from soil
bacteria for prevention of ginseng damping off. More than five hundred strains were isolated from ginseng
rhizosphere soil. By testing antifungal activity, we have selected three soil bacteria strains and their ability to
produce antibiotics and lytic enzymes such as cellulase, protease and pectate lyase was examined. Also, the
presence of genes for biosynthesis of lipopeptide such as fengycin, bacillomycin D, surfactin, iturin A, and
zwittermicin A was investigated in selected strains. All three strains produced cellulase, protease, and
xylanase. Moreover, these strains had gene for biosynthesis of bacillomycin D, surfactin, and iturin A. ESI
and ES3 strains were identified Bacillus methylotrophucus and ES2 was confirmed Bacillus amyloliquefaciens
using phylogenetic analysis on the basis of 16S rRNA gene sequences. In field test, control value of ESI,
ES2 and ES3 treatment was 32.4%, 46.8% and 36.7%, respectively. This results indicate that antagonistic
microbes with high ability of antifungal and lytic enzyme activity can be used as a useful biological control
agent to control ginseng damping off.
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Table 1. Chracteristics of primers used for the detection of genes involve in biosynthesis of antibiotics bacillomycin D, fengycin,

iturin A, surfactin, and zwitermicin A

Antibiotic Primer Sequence (5'-3") Product (bp)

Bacillomycin D BACCIF GAA GGA CAC GGC AGA GAG TC 875
BACCIR CGC TGA TGA CTG TTC ATG CT

Fengycin FENDIF TTT GGC AGC AGG AGA AGT TT 964
FENDIR GCT GTC CGT TCT GCT TTT TC

Iturin A ITUIF GAT GCG ATC TCC TTG GAT GT 647
ITUIR ATC GTC ATG TGC TGC TTG AG

Surfactin SUR3F ACA GTA TGG AGG CAT GGT C 441
SUR3R TTC CGC CAC TTT TTC AGT TT

Zwittermicin A ZWITF2 TTG GGA GAA TAT ACA GCT CT 779
ZWITRI GAC CTT TTG AAA TGG GCG TA
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Table 2. Antifungal activity of the Bacillus spp. against damping-off pathogens

Clear zone diameter (mm)

strain R. solani CB1 R. Solani CB3 P ultimum CB3 P ultimum CB7
ES1 49 +++ ++9 ++
ES2 ++ ++ ++ +
ES3 ++ -+ ++ ++

A degree of inhibition of fungal growth by tested strains. “+, inhibition zone of 1~5 mm; ®++, 6~10 mm; ©+++, >11 mm. Measure the size of

clear zone around the 10 pl drop of the strain culture medium.

Fig. 1. Inhibition of mycelium growth of Pythium ultimum (A)
and R. solani (B) by tested strains ES1, ES2, and ES3.

Al BR1E R. solani 253} P ultimum 2301 t)sle] 343}
ATk xS Sste] FAF A A 23E AN E
3}, Table 29} 7o) FAISH ZE Wl tsty da84
< YelT}. ES1 &+ P ultimum®. T} R. solani <9
= FadS YEROH, ES3 @ P ultimum 9
tate] o =& S 7RI AJATE T3, ESL
© Wix 8] A WHE o7} A= R solani®] 714
A A5 3] Aslste 2o® gRlEUTHFig. 1).
Adket gkl A A& 30°CoIAR AQAEAE Y
2] S A9 20°CAM = =& o] ERIFATH
2AEYo gl AE M B As A2

§

INEAER ] A=A WAE fI8l EElg 4752
& o= BRIECH APl S0CHB kits o]8-3 543t
A3} st 39| #FE52 B. subtilist B. amyloliquefacies
2 7R F fl9len, ESL, ES2, ES3= B. subtilis/
amyloliquefacies 578 =A™ Z}7+ 99.6%, 98.6%, 97.6%
o] AsdE Bt olHg AHE mFo E uw, API
S50CHB kit ©|-&3to] Bacillus = €48 & 2% B
subtilis®} B. amyloliquefacies 2] 32 $lste] F714<1
Aol Ao ZoR Aokdr), Adst 759 A8t F

B. amylofiquefaciens sbusp. plantarum FZB42

amyloliguefaciens ES2
methylotrophicus CBMB205

yloliguefaciens sbusp. amyloliquefaciens DSM 7
B. siamenais PD-A10
B. subtillis subsp. sublilis NCIB3610
63 | B. valismortis DSM 11031
B. tequilensis 10b
ga| saf— B subliis subsp. spizizeni NRRL B-23049
;0{ B. mojavensis IF015T18
58 L Brevibactenum halofolerans DSM BB02
B atrophaeus JCM 9070
B. sonorensis NRRL B-23154
- T m B. senus 24K
82 LB heheniformis ATCC 14580

L B. carbomphilus JCM 9731
sa B. galliciensrs BFLP-1

B. mansflaw TF-11
%

0,005

— B. acidiceler CBD 119
— B anthracis Ames
100L— B pssudomycoides DSM 12442

Fig. 2. Neighbour joining tree based on nearly 16S rRNA gene
sequences showing the phylogenetic relationships between
strains ES1, ES2, and ES3, and the species of the genus Bacillus.
The numbers at the nodes are the percentages indicating the
level of bootstrap support based on 1,000 resampled data set.
Bar, 0.005 substitutions per nucleotide position.

<& flsto] 168 rRNA F337F 471 L 243 5 NCBI
Blastol| X H]awgt A3}, ES13} ES3d5= B. methylotrophucus
CBMB205 (GenBank No. EU194897)3 99%2] =& AHs
A& B o, ES2 I B. amyloliquefaciens subsp.
plantarum FZB429} 99%°] =2 J6/dS HATh ES
16S rRNA 71488 vfgo = 3t Ass 4 A, A
St #FE52 B. amyloliquefaciens$t B. methylotrophucus<}
2 Fd WAE 7L de AR ERIHSeH, AlE
9] 9Fg444S YeERll= Bootstrap Ft= HlA =2 68%
9} 61% 1= th(Fig. 2). thkst A& AEH
WAA R 85= Bacillus & 752 EG 2 224 2
HollA A2]ste] A5 Bl 84 9 259 A
=108 Ao HIEStHCawoy et al, 2011). 24 &
FollAl Bt B. amyloliquefaciens B94 d=+7} thFst 4
EH YT dHaHE e I 22 Aee A
o2 RIFNOH(Yu et al, 2002), Madhaiyan et al
2010y o] oA F&lst B. methylotrophucus= 213t
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bmy D(875bp)

Itu A(549bp)

srf A(441bp)

Fig. 3. PCR detection of antifungal activating gene corresponding to bacillomycin D (bmy D), iturin A (ituA), and surfactin (srfA), M :

100 bp ladder.

Table 3. Enzyme production of the culture filtrate of the Bacillus strains

Strain

Clear zone diameter (mm)

Cellulase Pectatelyase Polygalacturonase Protease Xylanase
ES1 5.88+ 036 4.72+£0.39 - 11.37 £0.58 8.22+0.14
ES2 3411024 - - 496 +£0.32 6.73+£0.23
ES3 5.66 £0.29 4.53+£0.36 - 10.84 +0.20 8.53+0.66
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Fengycin, bacillomycin, surfactin, iturin A3} 722 321
=2 AHFAAE PCRE SFste 7ls2 ndEo] A
dehe FHEAS s oR EAMEA] ¥ A gR1E
T e WHoRE Akt v 717he dtsked
&5 AMEIRL TH(Yu et al, 2002; Khabbaz et al,
2015). A#st BE F5o0X Bacillus & d5E°] A48t
= iturin A9} surfacting AT sHs FAA7E EAl8= A
o2 3l HUeH, ES2 #FE ALt 2 FFolA
bacillomycin DE A3t Fd27F AEHNoH, BE
a5l fengycind} zwittermicin®] AT+ A&
=A] &k Ch(Fig. 3). Bacillus & d5-5°] AJ4FS= surfactin,
bacillomycin, iturin A, zwittermicin A, fengycin?} 7+ 2]
E el = AlE] =2 A e Al gk A=A
AZA BIE o]t} (Besson et al., 1977; He et al., 1994;
Horowitz et al., 1991; Kim et al., 2004; Yu et al., 2002).
53], iturin 3 fengycine TS A= dwtol diste] 7t
H3k et B ARAAEAE T e AR &
4 goHKim et al, 2004; Yu et al, 2002). =l
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Pant et al., 2015). A3to] #Hlete §3laie 2HE3 |
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AEe] ZARZ 9 A5 HANE 55 53l A5 A
Sl JIFS 7)Xe Ao E FelE 9 th(Berendsen et al.,
2012). 53], n]AE°] #HS= protease= 2]E9] Wol7]
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Fig. 4. Colony appearances showing lytic enzyme activities of Bacillus strains isolated. (A); Cellulase, (B); Pectate lyase, (C);

Protease, (D): Xylanase.

A7V} ZF2F 32.4%, 46.8%, 36.7%% BHIEJom | ook
A9l fludioxonil #2] A2 FollA 752%2] WA EGAE B
Arh(Fig. 5). HEFS HES o2 42 ST o)F
FH Fol & ol Fak AAFL7L Ao R niEHA
2= TS Bom FHo HA 9o HA k=
/42 BEATHFig. 6). FAE TN BHFE0] 47.7%,
R 2T WHFEE] 11.8%S1 AL 7Hokst wf Adkt ]

a
ab ab
b
40
30
20
10
04 . . -
E51 ES2 ES3

Fludioxonil
Fig. 5. Effect of antifungal bacteria treatment on damping off
caused by Rhizoctonia solani in the field of ginseng seedling.
Treatmets with the same letter are not significantly different at
the 5% level by Duncan's multiple range test.

g
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27 Al g A B o= I ikl
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FAAIE Bol Fasitha AZtET, 2EA A
A4 TR T Zlol7t AojAsrE RAEH e WAlo] 4
STHE Yu et al. (1990)9] Ruxd, sE7lo|E 188}
of A g3t FEolop & Aow AzbEH, &S
Agst 2 Aghge] ZAFAaY 58 e WA E
=Y F e F7HRI At FRETH R ASE W
AE st AEFFO R 88 715 107 At

#Ate| =

B Qe 22A05H TEATAIEAMSE: PI00995]
2016) Aol <Jal] T HAFHT
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