Ot

[ -

= = 99X

The Korean Journal of Mycology Btttk s

Bacillus velezensis CC112 @329]

d=X x|

ORI - AR - WS’ B - UWE' - BiNlE]

'FHEGHTE SHYES, TN

Al
=

Hi

Q o

SN :

Off CH

ro

Biocontrol of Ginseng Damping-off by Bacillus velezensis

CC112

Sang Yeob Lee'*, Jaekyeong Song', Kyeong Hun Park’, Hang Yeon Weon', Jeong Jun Kim'and Ji Hee Han'

'Agricultural Microbiology Division, National Institute of Agricultural Sciences, Wanju 55365, Korea
*Mushroom Research Division, National Institute of Horticultural and Herbal Science, Fumseong 27709, Korea

ABSTRACT : Bacillus velezensis CC112 inhibited the mycelial growth of several plant pathogens, including Rhizoctonia solani,
causing damping-off on ginseng. The control efficacies of B. velezensis CC112 against R. solani by seed dipping in LB and BSM
broth diluted 10 times, soil dipping, and soil drenching with LB broth diluted 10 times were 65.8%, 67.1%, and 64.2%,
respectively. Treatment of soil drenching with the 100 times diluted prototype of B. velezensis CC112 against R. solani and
Pythium sp. by soil revealed control efficacies of 77.3% and 65.7%, respectively. These results indicate that B. velezensis CC112 is
a prospective biofungicide for the biological control of ginseng damping off.

KEYWORDS : Antifungal activity, Bacillus velezensis, Biological control, Damping-off, Ginseng
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SI7F FaA o 2 miE WA 2A2HZIT}. Pythium ultimum®|
oGk A= 59 ske o] % WAslaL 271F-9)7F S=A
] ¢ Ae S0 vERdtiar skt 3]. ol gk <l
2 A2 o] Jall= 19~30% H Al vk QATH4].

At Z2=H Ao A pentachloronitrobenzene
(PCNB)FH tolclofos-methylZ 201d7}F ARE-Eo] $fa1, &
2= fludioxinilo] S25])o] AF&3kar 9l o} [5], o] 3}
ShepA o] Q8o e ofsf, kAl R S
2] 87 QA AN 2 B 500 3
A|A| 7io] H s}ty

A=) tsl AE2 WA A= Bacillus spp, Tricho-
derma spp., Gliocladium spp., Pseudomonas spp. 5] ©]-&
HRoH [10-12], FHlA= Kim 5 [13]2 Joo 5 [14]°]
Bacillus ehimensisS 32|31 R. solani AG-42} P ultimum
of] &Jt AJAFe] BAZH, Yang 5 [15]< Bacillus stearo-
thermophilusE ©]-8-3te] o2 AAZ A x3t Qo] &=
Y83 Pythium aphanidermatumol] 2]t s}at At e}
H|S=5E WA 89 vehfjo] 7 7Fe S BTt
Jo 5 [16]2 Pl=2] AgraQuest* 7} 723} Serenade (Bac-
illus subtilis QST713) AF& 117} 2019 R. solani®} P
ultimum®l] Tk A 895 HAES v} ok

o O,



Bacillus velezensis CC112 2] 14t ZEH g AEH WA 177

2151 WA 9F B QI Bacillus 2] oA ARHE
% cyclic lipopeptides (bacillomycin D, fengycin, iturin,
surfactin), a dipeptide (bacilysin), siderophore (bacillibac-
tin), polyketides (bacillaene, difficidin, and macrolactin)
SOl A B FrARE BAskaL jlol(17], ¥ Al
o A5 Fgo] Hte] TAF AR 55 Alske] 4
T B I194H @Al 7P & dEskE o] sl &
S5 ot

uEhr] B AgellMe 73181 g Qlike Akt
7] $18ked 98t Bacillus velezensis CC112 w77} U4t
ol Wshe AEte] Aol avtel it 21l
theh Al &3t 33748 Aol

M= 3 S8

MY DjdE 22

Bacillus velezensis CC112 o~ 31| BEvlE ZHESYS
of| A 2]t trypticase soy agar (TSA, Bacto Tryptone
15 g, Bacto Soytone 5 g, NaCl 5 g, agar 15 g/L) H|X]ol| A
28°CollA] 23T wj Rt - HAIE Be STAIE 20%Y
of YaL -20°Cell sl Aleh vieksio] A8k,
THEDISA 7|Eete] KACC2129P eSS
At

Hw 2t

ol W3S 7FR= Rhizoctonia solani€t Pythium sp.
T potato dextrose agar (PDA, glucose 20 g, potato
extract 4 g, agar 15 g/L) AFABX]|A] gt £ 10°C
710l Hashax ALS-sint.

O] 4= byt

Bacillus velezensis CC112 772 Luria-Bertani (LB, tryp-
tone 10 g, yeast extract 5 g, NaCl 10 g), trypticase soy
broth (TSB, Bacto Tryptone 15 g, Bacto Soytone 5 g, NaCl
5 g), King's B agar (KB, Peptone 20 g, K,HPO, 1.5 g, MgSO,-
7H,0 1.5 g, Glycerol 15 ml), Bacillus-soytone medium
(BSM, Soytone 0.5%, Sucrose 2%) AR8-5ted Z}2}o] ujj=]of]
v|g] vt 5 2% (viv)SZ FE3H 25°C, 180 rpm
o2 2% AN 4817 T AL A185H9

o,

B. velezensis CC112 2| AlZHUT0| CHE &7ed
P2 S|
RHo

212 Y3t Rhizoctonia solani, Pythium sp. Phytophth-
pora sp. Sclerotium cepivorum, Sclerotinia sclerotiorum,
Botrytis cinerea W5 PDARIA|o| ©]2] & Rhizoctonia
solani, Pythium sp. Phytophthpora sp. Tt 25°C, Scler-
otium cepivorum, Sclerotinia sclerotiorum, Botrytis cinerea

T 20°CollA] 22t 5~797 v st 27 5 mm F2
ARHE o83t HWUTY #FS PDA wjA7} EH
A3)E- FE T4 Tl 2dstdth. CCli2 ¥+ TSA
Aol wjekste] FZE o]&3ste] WS wofujo]
PDA HjZ|7} 58 434 HEZ| )40l 37)400 X733}
o] HYATER 25°C9} 20°C F27]o|A 7~1047F viS &
AA QL] AHE AR

B. velezensis CC112 752 384 B4l 2|3} R. solani
o} Pythium sp. T2] &AL 1 FHO|EE o83}
TSA HjZ|¢} PDA HIA|E 31 CCl127+E TSA Hj|
Ael] ste] 197F 28°CollA] gt T PDA =]
A wljeFst R. solani®t Pythium sp. %= 217 5 mm 2
2IKHBE o] 8g3lo] WYl 7F-S PDA HIAZ} 5
B 1 ZYo|Eol| X3k 25°CollA] 5U7E st ZAL
st
Mol 58

Aitae] T8 918l Yubd o2 ARE= 16S rRNA
FAAe] A7IMES AMESER O, F7EE Bacillus spp.]
el 83k Ao= U# %l DNA gyrasefrA A} (gyrB
221 ] A7IMES o] 8ate] Aite] £/ SIAE
23819 TH18]. CCl12 T TSB (Difco, Detroit, MI,
USA)Oll HE31] 30°CollA] 244]7F o4t vl okal & QAR
sl TS 351990} Genomic DNATE Genomic Plus
DNA Prep kit (Inclone, Yongin, Korea)E ©]-83} F=3}
ATk 16S rRNA 2] S-S5 9J8f W8 Zefo]ml
27F9} 1492RE AHE-3FIAL, gyrB A 3-8 913l |
& zejo]w] UP-17} UP-2r& AME3le] PCREE & 217}
FAARe] FEAE-S AATH19, 20]. 3702] e}l (518F;
CCAGCAGCCGCGGTAATACG, 800R; TACCAGGGTA
TCTAATCC, 984F; ACGCGARGAACCTTAC)E ©|-8-3}
16S rRNA f+3121e] @71 ES o83kl gyrB F-3A =
T 709 97 E B48- Zelo|r] (UP-1S; GAA GTC ATC
ATG ACC GTT CTG CA, UP-25r; AGC AGG GTA CGG
ATG TGC GAG CC)E o83} 443} %== A'=H] (Geno-
Tech, Daejeon, Korea)oll &Z|3}5 ). foizl A7 g
SeqMan (DNASTAR, Madison, WI, USA)S ©]-8-5}] 2]
A O/E ARt AFstAnt. 7F kY] vlantAS
#1814 16S rRNA 32k G714 E B w771 3
EzTaxon (http://www.ezbiocloud.net/eztaxon)< Sl A
Ao 21], gyrB FHAY] 271482 GenBank (www.
ncbi.nlm.nih/genbank)E F3t] AUt AlFES] 23S
$13l MEGA 5.0 2 1319] Clustal W T2 130 & 7]
MEE FEslal 97IME dolgs Ut ATEE
’d3}7] 213l neighbor-joining ¥i12]5S ARSIHCH, A
Ero] AFAS 1] Y8 1,0008] HHE bootstrap-
pings B 3HATH22].
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Table 1. Antifungal activity of Bacillus velezensis CC112 on fungal pathogens of ginseng incubated at 28°C for 6 days on PDA agar

Inhibition zone of mycelial growth (mm)

Rhizoctonia solani Pythium sp. Sclerotium cepivorum

Sclerotinia sclerotiorum  Phytophthora sp. Botrytis cinerea

17.0 0 12.2

13.0 15.1 5.6

PDA, potato dextrose agar.

Fig. 1. Inhibition effect of mycelial growth of Rhizoctonia solani (A), Pythium sp. (B), Sclerotium cepivorum (C), Sclerotinia scle-
rotiorum (D), Phytophthora sp. (E) and Botrytis cinerea (F) by Bacillus velezensis CC112.

Mol Qlat EEY x| 53t HA

FAF(500 x 300 x 150 mm)©ll VAR AE (Shinsung
Mineral, Goesan, Korea)S AF&3le] 712} <lat 2= A+
A 5494 3HkE o 7 ISk, WY R, solani2}
Pythium sp. 75-2] B PDA Hlj=|ol] ulj et & Haju)
Aol TZ-5 o]2lat 25°ColA] 1597 vdste] HEAL
2 ARgsTh

CC112mF2| HiX|ZR/E HHAHO| R. solani2t Pythium
sp. =30l CHSH WS HAA

FTARAA = CCl12759] LB, KB, BSM B X]¢]] 28°C
oA 2971 180 rpm O E FIRl St ZHzte] wj Y-S 10
v gAsted it Azt FAE 1217 JASE T 9559
. a8la #AEE Qi NSRS AAAsk 9t
3 o T el 10MlE A4Sk 10 mL
A 79 144 63] TFA AT e AgolA] swkEo s
stom, W] HE2 WU R solani®} Pythium sp.
TE 212wt BelE A1 0.5 grdAk HEsta,
FHZ 63] 2] 7d F TS AT

CC1122F AMIE2| R. solani®t Pythium sp. 50 L
g WN S AH

CC112TF AAIFES HIEUOIES SFAIR ALS-}]
9.2 x 10'/g2 A|Z3 AAF-S THHSt 2R E Hopa A
A3t T4 AAAE T AIAFS 50019} 10081 = 2}
7} B8t NAFAE 1AIRE AEEA Aol 9583l
o}, B3 wAETe QNSRS 3l B o
= AAIES 50e 2k 100802 ZF2t B Aeke] = 10 mLA]
ABlAaL, 7 714 33] Bkl dFA2siaint. Mt
o] HF2 HATS A et Helg T4 v 29 §
o A 874 HEtint. Q1A Holg-2 9 20
A3 ARSI O H, Qi A= S 9 40Y Fof] ©]
BTFE AT

B. velezensis CC112 #52| AZEHUT0 e ey
2= Y3t Rhizoctonia solani, Pythium sp., Phytophth-
pora sp., Sclerotium cepivorum, Sclerotinia sclerotiorum,
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Botrytis cinerea®| WISt B. velezensis CC112 T2 A}
A AAE ZAKE Ad, R solani®ll ] 17.0 mm,
Pythium sp.ol| tiate] Z7]ell= AR &7} AN Pyt-
hium sp.2] TAP}F AAYEte] M=ol A gl 1
2|3l Phytophthpora sp.olli= 15.1 mm, Sclerotium cepivo-
rumOl= 12.2 mm, Sclerotinia sclerotiorum®|= 13.0 mm,
Botrytis cinerea 7o U138} 5.6 mme] AR &S Y¥E}
WATH(Table 1, Fig. 1). =3+ B. velezensis CC112 1--2]
kg B2l 2SR solani®t Pythium sp.2] AL A
5 oA 29= ZARRE A Ae ZEH ] tisk ¢
A G3-= U}, B. velezensis CC112 =7} R. solani 5
o] AEHUTl tiste] S UER AL A=
g OAS} Bdo] e vHdel 2 w5 o P F
cyclic lipopeptides (bacillomycin D, fengycin, iturin, sur-
factin), a dipeptide (bacilysin), siderophore (bacillibactin),
polyketides (bacillaene, difficidin, and macrolactin) So|
A I RS BAslal e A (17)102 A=
o|F gRlal7| st F3A| Alo] Hasitt

64

vy #3Fo 33

16S rRNA®} gyrB -34S RO 2 MEGAS5 X213
S olg3te] EAHEA ) AT TS AMdstar A i
o] 27814 9132 15T (Eig. 2). 165 rRNA RS
HIErS 2 23t AlFEolA CC112 ¥~ Bacillus velez
2Aensis BCRC 17467(T) 2 B. methylotrophicus KACC
13105(T) 59} =2 2543 (100%)S R ATH(Fig. 2A). Al
Fro] 2FE FH3}7] 213 bootstrap FHE 89% = HI
A =2 3E AT CCl12 ¥ gyrB RS vlgr
o2 A3 AFZ=olA B. amyloliquefaciens subsp. plan-
tarum TN =& 54 (100%)2 B 2H, 99%2] Boot-
strap $hs Ho|H =2 1559 AlE)4d-& B HTH(Fig. 2B).
HT AFFAAEE v O 2 3t Bacillus spp.2] BH<AT
of] o3t AFQ Bacillus 4%, 5 B. amyloliquefaciens
subsp. plantarum, B. methylotrophicus, B. oryzicola, 2 B.
velezensisS B B. velezensis® -5 ook 3Tty H 115
Ach23]. & A7) A 721 CC112 75 16S rRNA
221} gyrB 4= o8-8l 418k 27} Dunlap &
[23]9] Barof] whe} B. velezensis= 53 U}

Bacillus amyloliquefaciens subsp. plantarum FZB42(T) CP000560

Bacillus velezensis BCRC 17467T EF433407
Bacillus methylotrophicus KACC 13105(T) JTKJ01000077
Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 7(T) FN597644
Bacillus subtilis subsp. subtilis NCIB 3610(T) ABQL01000001
Bacillus vallismortis DV1-F-3(T) JH600273
Bacillus mojavensis RO-H-1(T) JH600280
Bacillus subtilis subsp. spizizenii NRRL B-23049(T) CP002905
Bacillus atrophaeus JCM 9070(T) AB021181
— Bacillus licheniformis ATCC 14580(T) AE017333

ol Bagillus sonorensis NBRC 101234(T) AYTNO01000016

0,002

93 CC112

gg| 'B. amyloliquefaciens subsp. plantarum FZB42(T) JN575339

100

B. velezensis BCRC 17467(T) DQ903176
51— B. methylotrophicus KACC13105(T) JTKJ02000014

9N —— B. amyloliquefaciens BCRC 11601(T) DQ309294

100

100

B. mojavensis BCRC 17124(T) DQ309297
B. vallismortis BCRC 17183(T) DQ309298

a9 B. subtilis subsp. subtilis BCRC 10255(T) DQ309293
ﬂsubhlis subsp. spizizenii BCRC 17366(T) DQ309299

B. atrophaeus BCRC 17123(T) DQ309296

—— B. sonorensis BCRC 17416(T) DQ309300

0,02

B. licheniformis BCRC 11702(T) DQ309295

Fig. 2. Neighbor-joining phylogenetic tree based on partial 16S rRNA (A) and gyrB (B) gene sequences (1,416 bp and 1,065 bp,
respectively) of Bacillus strains. Numbers above branches indicate bootstrap values (> 50%) from 1,000 replicates. Strain or
culture collection and accession numbers are indicated next to species name. T means type strain.
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CCl112aF2| HiX[E7H HlijfoHo| R. solani®t Pythium
sp. T30l CHEH 2xIZ 2t

LB, KB} BSM Hl| Aol A v FEE CC112 T5-9] MY
< 10812 3] Aste] FAPIAA 2o} SARA + EddTA]
23 Av= 1B B)X|9} BSM i) Hjokelo] KB Hj =] )
JA T Al B} =g FAF FAHY FSol= LB
HIA]7} 65.8%, KB A= 26.7%, BSM WA= 67.1%, A4
A} EGHTE o] AEtdS W LB ¥iA7}F 64.2%,
KBHI A7} 24.4%, BSM HIAI7} 53.7% WA &= 2kt 1}
ERHSITH(Table 2). ©] AHE EAehd A 953 o
18] AR & 77 SA3A 1319 EYRE 63) A2
3 TRoE AT i 5o =o Aow
UERstT)

CC1122F AIMEQ| R. solani®} Pythium sp. 50| L}
st WX E 2t

CC1127F2] AJAIES 5082} 10082 ZH2} 8)2d3}e]

R. solaniol| Tfsted 22|t A}, ESATT) SAR A A
oAl aap7) o, 5ol F2ke] HAA 27} 30.7%,
100818 S] ZAHA7} 47.2%2 e WA GHES B o)
EFTA g FollA soul )48 52.3%2} 1008)
Ao 77.3% WA EFE YERNTH(Table 3, Fig. 3).

Pythium sp.oll HIBIAE R. solanioll T3t 2] ZAzpe}
o] EYATTL SARAA G B} A A7} =T A4
HAA 7} 38.3~39.1% WA S K vhde)] B
= 508 27} 56.5%, EFHT 10081 2] 7} 65.7%2] W
A &37E JEPATH(Table 4, Fig. 4).

olde] Ael|A] 13k AEHT R. solani®} Pythium sp.
o disle] CC112 F52] AlAIE-S SARA Rk B
FA2)7t &40l o, 1008 BEIE)7} s
FAY R} T 65.7~77.3% HABIATE

Yang ‘5 [15]< B. stearothermophiluss ©]-8-5t4 &, A
QPE HEUO|E HEU|E 8T BT 4|0 80|E,|
HEUO|E +A| Q0| E AAE THEoir] Qo] ZAZHt

Table 2. Control effect of cultured broth of Bacillus velezensis CC112 at several media for ginseng damping-off caused by Rhizoc-

tonia solani

Treatment Dilution (x) Infected plant (%) Control efficacy (%)
Seed dipping in LB broth 10 10.5 ab” 65.8

Seed dipping in KB broth 10 225 b-f 26.7

Seed dipping in BSM broth 10 10.1 a 67.1

Seed dipping and drenching in LB broth 10+10 11.0 a-d 64.2

Seed dipping and drenching in KB broth 10+10 232 d-e 244

Seed dipping and drenching in BSM broth 10+10 14.2 a-e 53.7
Untreated check - 30.7 f

LB, Luria-Bertani; KB, King's B agar; BSM, Bacillus-soytone medium.

“In a column, means followed by a common letter are not significantly different at the 5% level by Duncan’s multiple range test.

Table 3. Control effect of the prototypes of Bacillus velezensis CC112 for ginseng damping-oft caused by Rhizoctonia solani

Treatment Dilution (x) No. of seed germination Infected plant (%) Control efficacy (%)
50 49.0 ab” 12.2 ab” 30.7
Seed dipping
100 46.0 b 9.3 ab 47.2
50 49.0 ab 8.4 ab 52.3
Drenching on the soil
100 52.7 a 4.0a 77.3
Untreated check 51.3 ab 17.6 b

“In a column, means followed by a common letter are not significantly different at the 5% level by Duncan’s multiple range test.

Table 4. Control effect of the prototype of Bacillus velezensis CC112 for ginseng damping-off caused by Pythium sp.

Treatment Dilution (time) No. of seed germination Infected plant (%) Control efficacy (%)
50 453" 14.0 ab” 39.1
Seed dipping
100 443 a 14.2 ab 38.3
50 473 a 10.0 ab 56.5
Drenching on the soil
100 50.7 a 7.9 ab 65.7
Untreated check 450 a 23.0b

“In a column, means followed by a common letter are not significantly different at the 5% level by Duncan’s multiple range test.
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Fig. 3. Control effect of treatments of the prototype of Bacillus velezensis CC112 for ginseng damping-off caused by Rhizoctonia
solani. A, Seed dipping (50 times); B, Seed dipping (100 times); C, Soil drenching (50 times); D, Soil drenching (100 times); E,

Untreated check.

Fig. 4. Control effect of treatments of the prototype of Bacillus velezensis CC112 for ginseng damping-off caused by Pythium sp.
A, Seed dipping (50 times); B, Seed dipping (100 times); C, Soil drenching (50 times); D, Soil drenching (100 times); E,

Untreated check.

(Pythium aphanidermatum)©] A2|¥ A& EspAe)st 2
Sol ] B, ALTIE, HIEIE Z12}e] WA 45-
55%, 7 HXAS S35 IEUo|E4+ea, g +4] 2 2o]
E, HIEYO]E +4| e} E A= AR =& 58~70%
o] WA EHE YeRSloH, slelatA| e} vlnlA o= H]
535 A B9 VERIITRAL s CCl12 T HlE
HolE Al vlashd EGTT 100818 A2)7} 77.3%
2 VEeRY B. stearothermophilus TFXTF =2 WA &3}

£ HoA AFo =2 g 7Fs S RolFint. 18]al v
AYEA|ZF Serenade (B. subtilis QST713)S 98l 3]AJs}] 34
FA2letA R. solani®ll oJgh 11536} @ 0]o] =S 58%
o} 549% A EAE 22 e on, 22 WO = Pyl
timumol| 2Jg+ 11536} Q@ 0]9] H=of| 57%2} 7.7% A
IS JERITH16], CCL12 7] AJAIFE 100819 #5
#]2]7} Serenade® T} =2 ZEHIT R. solani®} Pythium
sp.oll =2 AR HE VERfo] A=W WA 955 o
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o

2} gz,

o]9} o] CC112 5= Rhizoctonia solani®} Pythium
sp.oll tidte] tdado] SlojA] WAZF 2ekst B3
Sht ol Wl B Uelo] Saisers vide
4 Sl 287 Q1 2 BAARA AT Dot )
th Az,

A o
b | L

Bacillusvelezensis CC112 T+ QA AEHS do7|=
Rhizoctonia solanis VI5EgH o8] 21 Awte] AR A7
S AR At IS R. solaniol] WIS B. velez-
ensis CC112 775 Luria-Bertani (LB)2} Bacillus-soytone
medium Wi A]l] HiFEE 108] AN e] TR A 2|2} LB
HiAlel] wjFet 108 A NS ESHTAH S 65.8%,
67.1%%} 64.2% FAEHE YERITE. B.velezensis CC112
0] AAES 10002 BAse] EakEEAse] R
solani®l 77.3%, Pythium sp.°ll 65.7% dA &S 22t v
ERIC}. o] & A3l A B. velezensis CC112 T+ <14t
Zr=w o] WiA|of] Fek mAEE A 2 5 A
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