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Abstract Ginseng (Panax ginseng C. A. Meyer) are cultivated in Korea, Japan, and China as major
production countries. The ginseng contains anti-aging substances, it is pretended a very important medicinal
plant. While ginseng grown for 4 — 6 years in soil and may be diseased by a variety of soil-borne pathogens.
Biological control approach has potential to suppress ginseng root rot disease. In this study, we investigated
the biocontrol agents against ginseng root rot disease, which usually occurs during high temperature and
humid periods. Fusarium sp. was isolated and characterized from more than 50% of the root rot diseased
plant. In addition, antifungal activity was verified by separating the ginseng rhizosphere microorganisms, and
8 strains of Bacillus species and one strain of Ewnsifer adhaerens presented reliable antifungal activity against
the root rot pathogen. In this study, we presented that Fusarium sp. is the major ginseng root rot pathogen
during summer season and selected microbes may consider as a sources of biological control agent for the
root rot disease.
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SV (Panax ginseng C. A. Meyer)2 thdA 2] vk 324 IEFA QIS ALtstr] flsted 4-6d7F AulEl= ol
AER g, i, F5 5 oK ol Aol FE A= L A oFeE AE ol sl dlsiE won, qte] Auy
Je FEAEoItHKim et al., 2008). 53] 914k Fao4 Z ste Halle oF 38%Fc] 4#A JtK(Cho et al,
Bol A EUL F3:0AA 24, g 2 5 gkl 7] 2007; Noh et al., 2012). F=3F BAMFE] Ao o2&
T2 AYIL Slof H2o] A AFHo R FAEHE AY A ASEA A dAsk= A4 99 (Phytophthora blight)
ol 5o o3 thed AR RE o]EHIL YW I TEER Qo= B AN Fusarium sp.3+ Cylindrocarpon
thet =71 3] 7182 ATH(Jin et al., 1982; Nah et destructans®l| £+ B2]4 S (Root roty AHA] 7| Z] <
al., 1995; Kim et al., 2008; Fan et al., 2016; Yu et al., of whe} thFslAl WAL QUth(Lee et al., 2006; Cheong
2019). ALH/NH(Panax ginseng C. A. Meyer)2] F=8. Aull et al., 2007; Lee and Park, 2009). Fusarium spi= 715
AL A7% BRAY, A& F71% S aeR o A7F FHYS B AGA HYAFow TuIAE 59
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A wof Ao oE&H ol it AW TFE A=
58FEOR O3 wWhEA FF ojdsto] £ fRE Hols
propamocarb®} ZZEH WA E |8t Pentachloronitrobenzene
(PCNB)# toclofos-methy 5°] AF&-%3 Ith(Noh et al.,
2012). 18y EGHEFe] a4 HAE S8 A&H
o2 ARgE|o]2 s}eHA WA= AREet 5o Tk o8
g0l thet A9} AtAl A W] S e &
A7F vebdel wheh a3l AESHE WAl iR AL
AH(Lee et al., 2007; Kim et al., 2012; Shim et al., 2013).

olo] & AF= Ao FikE LS dRE
A= AESH WA g5 Adstaat sl oS3
A ey Hs W] 28 2 8% 2 Wl
&t Bacillus spp.2] IX+t 58S H71sI5itt.

paa|

I o
Oy 2| WZ HAR 22| # SF

2017 8¥ HEpd® P TFF(35°24'15.9"N 126°
2828 4"E) A A1) 14t Al EANA 434S dido=
QA Bl AE WALR Hol
ool W A Hee 3070A1E
S i, SR ARSI 2ARE 32 %E BTt
sttt Hede] =7 EelE
0.5cm 37|19 AHo 7 Hudslo] z}2; 70% ethanol 30%,
1% Sodium hypochlorite (NaOCl) 30% %] s}o] 3H A
o § GaaE 23] AlFst ¥Rk 28 9em filter
paperdllA 5715 AAT & water agar (WA; 20 g of agar
per Lol X% ate] 27°C v g7ollA oF 2702 397t uf
Fetiet. Wy 2H A A FARE woju] PDA (PDA;
24 g of Potato Dextrose Broth ([BD Difco, USA], 20 g of
agar per L) HjX]ol|lA] 547} 27°Col|lA & A2 HA H)
¢ F Feietd 4 9 A= 4E APl

Ba] vk 739 genomic DNAS #Z3l32} CTAB
bufferE AR8-8}5 tH(Graham et al., 2003). Bo-¥ E-tube®]
500 uL®] CTAB bufferd] #AFS ¥ ¥ 4 uL Proteinase
K (25 mg/mL)E A7ksto] 65°CollA 3087 dhg-A 17T, o]
¥ E-tubeol] 700 uLe] Phenol:Chloroform:Isoamyl alcohol
(PCL; 25:24:1) & 7t pipettee 2 S & O
12,470 x g, 4°CellA] 10327+ 94 25 ). %
HE NZE B-tubeZ 71 F 400 pLe] Isoprophanols:
7Fsted 12,470 x g, 4°CellA] 587 94 £el& sl
THE A AT DNA A 2goA ARE ol=
S AA S 700 uLe] 70% ethanolS 718l
12,470 x g, 4°CollA 587 A4 ¥ ethanols HE&
AL 23] wHEEIT}, kAo 2 20 uL TE buffer (5 mL
of 1M Tris pH 8, I mL of 0.5 M EDTA pH 8, 496 mL of
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dH,0)°l AAE DNAE 591 § $5& HAFstaat 1 uls
©]-83] Nano Drop 2000C spectrophotometer (Thermo
scientific, Waltham, MA, USA)Z =74 3}5t}.

BAAYESHE 54 8l 1TS 99: ITS1 (5-TCCGTA
GGTGAACCTGCGG-3"), ITS4 (5-TCCTCCGCTTATTGA
TATGC-3'), Long subunit for Ascomycota: F (5-AACKGC
GAGTGAAGCRGYA-3"), R (5'-CSATCACTSTACTTGTK
CGC-3"), Short subunit: F (5-TGTTACGACTTTTACTT-
3'), R (5-TTTGACTCAACACGGG-3") & 3%7 Zilo|H
HEE o]&3te] PCRS Y3} Th (White et al., 1990;
Asemaninejad et al., 2016; Zaremski et al., 2019). =3%
HHEL Expin™Gel SV kit (BIONEER, Republic of
Korea)s ©]-835l4] %A $ Macrogen (Seoul, Republic of
Korea)el M 471M<E 24& 2l=siditt. £4€ d714<L
< NCBI Nucleotide BLAST search program (https://
blast.ncbi.nlm.nih.gov/Blast.cgi)E ©]-83te] 57438190
maximum likelihood methodE AM&-3t¢] MEGA 10 pro-
gram A A5 Sl AlerE AHdsiitt

FeeHy o= iy BAEA A4S F8 2 X V8
(20% V8 broth, 4 g CaCO,, agar 20 g per L) #j#]ol] 747+
ik & H#E cheese cloth® ¥2F AglS FHs 7 &
u]7d (BX53, Olympus, Tokyo, Japan)ll4 400v]&2 2
a3t

AL7](15 mL)
£ olgalal Qate] W, 570, Wpelo] 34 e A
£ W ¥ PDA (PDA; 24 g of Potato Dextrose Broth [BD
Difco, USA], 20 g of agar per L)olA wike HI7+S
Cork bore (diam. 4-mm)Z A2 needle ©]&-3to] A}
Zzto] Aol Bs Agsiinh. Wlstol HEE <l
2 EEkaY 8714 ¥ A d@aaE AME dAAE
2 A S8l APAR F 28°C 271 Hag sl
- QUakell A o] Wik WA HF 59 Foll gl
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Mufx| ol 2 EQ0Me ZE O|¥Ee 22| %
A3re] oA PAE EEE flal el x4 EY
o7 do] ZHE T FHE EYCRNE v
Zab7] g8l EY 0.5 ¢S BT 9mLE FHO ¥
0%7} vortexerZ E3sISAth 8 1 mLS 9mLe]
ol EE T 107, 107, 1079] FE2 3453
S|4l 100 uLE 1/5 TSA (Tryptic soya broth 30 g, agar
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Ak Aol A ”]*3% L 1/5 TSAC] 449
(streakmg)_i 3 e #Ee FREY. B 45 Az
< 93l 96 well plate?] 100 uL TSB (Tryptic soy broth
30 g per LEIAE 5 & ?_‘r%‘_ TS JEsIA) o] &
27°CellA 347 X' wieRS skdch wide]l ¢kEE 96
well plated]] 50% glycerol 100 puL 37kste]  Platemax®
Pierceable Aluminum Sealing Film (Axygen, Union City,
CA, USA)Z 25ate] —20°Col BHAstqit.

HEE 2 =S A e A3 Wl oA
FE B A =S Adsisith tiA] v 3 B
Z AYHYeH 1 HAZ tray plated] PDK (Potato
dextrose broth 10 g, Peptone 10 g, agar 20 g per L) HIA| &
A28 3 replicas ©]&3t] 96 welll e BH FFE
e 5 27°ColA 297F wjgslSitt. ©]F PDA iAol A
Hjeko] kR E WAFS tray plateol] HE3t] 27°CollA o
2wl etk 1 DA clean zoneS H W
colonyE 2etA|¢} 3GA9| A= PDK broth ¥A] 5 mLell
Sttt 297 X" vk T ODg 740l 0.89] H=% =
gstod PDK agar HiA|9] SAC2HE 3cm Holzl $14]
o $AMT Ao] HEE 3emE FAHE HAlEAL 1T
A%t L 202 wjaiint. LElE =] wieke]
45d F WHAFS FAT FEs] 27°ColA] 59T o
Z] Wi F clean zone®] Aol& 574351 — no inhibition;
+ (low inhibition), 0.1-0.5cm; ++ (medium inhibition),
0.5-1 cm; +++ (strong inhibition), 1-1.5 cm; ++++ (the
highest inhibition), >1.5 cm& 7|22 FFTEHS HAS
&t
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P e M3Y o D|YE 2XYE8HY &Y

uhe A v A ES TSB #lA] SmLell &3l 3
28wt ¥ 2 mLe E-tubeR &7 AA1EE]7]0)
A 12470 x g ZASZ 3ETE W3St pelletE: S8
o Pellete] F4E E-ubold AEde w2 F CTAB
buffer 500 uLE ¥3., CTAB 7§22 DNAE AAsIATh
(Graham et al., 2003). ©] & Ex} AETZH T4 93|

e

16S rRNA 998 SZ3192m PCR #4114 Genomic
DNA 1pL (100 ng/uL), Primer (10 pmol) 1pL, dNTP
(10mM) 1 pL, 10 x reaction buffer 2 uL, Taq polymeraes
0.2 uL (500 unit), ddH,O 12.8 pLE #HZ 20 uL WH-ES
ZAIZE & PCS It AREE ZElolw= 27 F (5°-
AGAGTTTGATCMTGGCTCAG-3’) 1492 R (5’-TACGGY
TACCTTGTTACGACTT-3’)S AM&3i9lon F28 A&
< 1% agarose geldll Z17] F&2 sl °F 1400 b9 SZH
DNA A% Expin™Gel SV kit (BIONEER, Republic of
Korea)Z A 3 Macrogen (Seoul, Republic of Korea)Oﬂ
A 71D E4E AFgsisith BAE f7149S NCBI
Nucleotide BLAST search program (https: //blast ncbin]m
nih.gov/Blast.cgi)Z ©]&38td 54 3 maximum likelihood
methodE ARE-3l] MEGA 10 program frAMY A5 &
& AlerE VRl AT
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t At 7Hxﬂ%‘~§ %}‘%E& gl éﬂr AF AR A of] 4]
42%~67%7t SRA=ATE. A4t B A= BA ] FARA 7}
v 2 FAEHFig. 10). HAS YelE AEAe
At allF BAdS FEekaL, Fee S8 £
T3 A4S ﬁﬁﬁo}‘x‘t} Aste] 2 A4k Wk
TR A 1, B FEelA o7le] #AE et
U:] .»P‘g]—zﬂu]ﬁ o EOH _,_Z]—~ 0].9.6’]— ‘6:11;]]61— A =8
Sk A 37FA] FE7E HFEUTE A typeSE Gl
s 71 22 FE 2 29 AuS TR, 25"
S JeERHE 3.5~5.5x25~30 um 712 FEATHYI,
Y4, Y5, Y6, Y7, Y8, Y9, Y10, Y11, Y12, Y13, Y17, Y18,
Y19). B type 239 FEE W= ZE(Y16, Y20,
Y21), C type EAFE &S 5 glE L& (Y2, Y3, Y14)
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Fig. 1. Root rot symptom of disease on P. ginseng caused by Fusarium sp. (A): Panax ginseng cultivated field for 4 years, (B): Root
rot disease symptom on above ground leaf, (C): Symptom of root disease symptom and white hyphae on root.



o7 A 7 FHE AFHAT o|F 37HA] {2 @
92l Internal transcribed spacer (ITS), small-subunit (SSU)
tRNA, large-subunit (LSU) rRNA 2 ExAE82 574 4
3} A type NCBI BLAST 2412 53l 242} F oxysporum,
F. solani®t 100% YA3to] EAAEH £ dAf &
&b A8 ERIESITH(Fig. 2 and Fig. 3). B type2 Kim
et al. (2020a)°l &8 2R Phytophthora cinnamomi=. <

50 pm

Fig. 2. Mycelium and conidia of pathogens isolated from P,
ginseng root. (A): Colony of F. oxysporum, (B): Macroconidia
of F. oxysporum (C): Colony of F solani (D): Macroconidia of
F solani. Pathogen was incubated at 28°C for 5 days at PDA
media and macroconidia as seen through the microscope with

400x.
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HT

A=At WA o= RE F2E 20709 FF-2Fusarium sp.
7F 10%= s ARSI P cinnamomiZt 15%=
ol HATHKim et al., 2020a).

A4kl BEY Aol a7 HUFLZE Cylindro-
carpon destructans, F. solani, Rhizoctonia solani, Sclerotinia
59 oy WAdFEo] HiHo] Urh(Lee et al,
2018). °|& om}f EF Wl 717 A2lshaA Be] 2
& Afstng 371 AAA Wale] 52l Wnlde &
g quz A5 JAE A ke A 7:1%” o] W&
#TH(Lee et al., 2018). 214t F3|=
£ T A1 R el g wg

nivalis

Qp MEIX|ZRE 22 E ol HF HaFe HaM
H=

WAL F oxysporum, F. solani= 7178 3d <14t
AEstd HLE AFS AASIT. AT Hel
ulELA] QEATH(Fig, 4A) F solani HLd el FolMe
BE THE SHCE 24 Wuks =y Hof Sofrke A
S B 7 SleH Qe #Ho] Mo AL #ES
ATk, g o= QA ARl AFE HAA AL
|50l Bl Glon AdroA Hi REg 2o
Zhdo] gR1=lt} (Fig. 4B). F oxysporum A 2|7olx<
HEFLAoIMT A5 2 = "_54’2}‘3] #HFEQom R
solani®t ¥|aLste] /o] oFgk Z1& SlkithFig. 4C).
olf g Qi He|RTH 59 7 Pé% AFstaat Mt
A7t XY Az gD WA L Fusarium
sp/F Al HoATh ol& Bl AakAulAllA By A
W o] AAAZE Fusarium sp. 9 SLHT & A=
AE gHsI.
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Fig. 3. Phylogenetic tree obtained through the maximum-likelihood of MEGA 10 program using the ITS, SSU rRNA, LSU rRNA
sequence of other isolates and that of other isolates of GenBank. (A): Phylogenetic tree of F. oxysporum, (B): Phylogenetic tree of F

solani
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Fig. 4. Pathogenicity test of P. ginseng (A): Control treated,
which had wound with syringe and no inoculated pathogen,
(B): E solani treatment, (C): F oxysporum treatment. All
treatments are inoculated treated at 28°C, 90~95% relative
humidity for 7 days (n = 3).
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Ell
Fol
]

A 2@ B mAEe & 150870011, o] F
491 F solani strain Y92} 194 tx] vl B3l 4
FuAE YIS Adsigon 2 ©Al dixu]gelA] 1771,
3 A A gl 13707 AEEH AT 2 5 4-1 C4, 4-1
C6, 4-1 D6, 4-1 E6, 4-1 F6, 4-1 H6, 4-1 H11, 4-3 F4, 5-1
G75 Y7t AgdA gz A=y Add oo 5
% F oxysporumdl| HJs|X= 4-1D6, 4-1C4, 4-1C6, 4-1E6,
4-1F6, 4-1H6, 5-1GT#F7} & a+t A4S Ueiit
(Table 1; Fig. 5A). 5-1G7= E solanidl thal] $-573F St
S0l FRIEATHFig. 5B). E oxysporums AA|THA| H
I 4-3F4 dFE F solanil W3 S E4S WL 4-
1C4, 4-1C6, 4-1D6, 4-1E6, 4-1F6, 4-1H6, 4-1HI1E F

solani®ll 3l 27 A 585 AL &S AFsIAH

-~

oI WIS YT 75 0|48 S
Hold FAEHAS U o] IR 168

Table 1. Antifungal activity of rhizosphere bacteria isolated
from ginseng

Strain ~ Fusarium oxysporum Fusarium solani

4-1C4 ++ +
4-1C6 ++ +
4-1D6 ++ +
4-1E6 ++ +
4-1F6 ++ +
4-1H6 ++ +
4-1H11 + +
4-3F4 - +
5-1G7 ++ ++

* — no inhibition; + (low inhibition), 0.1 — 0.5 cm; ++ (medium
inhibition), 0.5 —1 cm; +++ (strong inhibition), 1 — 1.5 cm

Control

Fig. 5. Antifungal activity test using isolated bacteria (A):
Antifungal assay against to F. oxysporum, (B): Antifungal
assay toward to F. solani. Bacteria (ODy 0.8) was streak on
PDK media and incubated for 2 days. After 2 days, a pathogen
(0.4-cm diam.) was inoculated at the center of the plate and
incubated at 28°C for 5 days (n = 3).

IRNA 97148 245 &3 7 2 5780] JP =Y. 4-
3F4 dF= Ensifer adhaerensZ 73R YH=] 87



(A)

4-1H11

4-1C6

Bacillus velezensis strain SM 061
Bacillus velezensis strain XC1

4-1H6

4-1C4
5-1G7
Bacillus velezensis strain 3594

Streptomyces glebosus strain JCM 4954

Streptomyces glebosus strain NRRL B-3248
Streptomyces glebosus strain CIAD-CA68

Pseudomonas syringae JCM 14317

Pseudomonas syringae JCM 14315

Pseudomonas syringae JCM 14314

0.020
(B) 4-1E6
4-1F6

Bacillus subtilis subsp. subtilis strain HZMJW 1-10

Bacillus subtilis subsp. subtilis strain HZMJW 1-5

f— 4-1D6

Bacillus subtilis subsp. subtilis strain JM12

Streptomyces glebosus strain CIAD-CA68

Streptomyces glebosus strain NRRL B-3248

Streptomyces glebosus strain JCM 4954

Pseudomonas syringae JCM 14317

Pseudomonas syringae JCM 14315

Pseudomonas syringae JCM 14314

0.020

(C)

4-3F4
Ensifer adhaerens strain Ng22-2

Ensifer adhaerens strain Com53

Ensifer adhaerens strain 125W

Ensifer adhaerens strain NK22

Ensifer adhaerens strain NB2

Pseudomonas syringae JCM 14317

Pseudomonas syringae JCM 14315
Pseudomonas syringae JCM 14314

Streptomyces glebosus strain NRRL B-3248

ptomy glebosus strain JCM 4954

Streptomyces glebosus strain CIAD-CA68

—_—
0.020

Fig 6. Phylogenic tree for Bacillus spp. from a Maximum
likehood analysis. Phylogenic tree analysis with 16S rRNA
region and Megal0 alignment.

danMz 22 2 54 301
o] #F= ESF Genbank® ZHZ} Bacillus subtilis, B.

velezensis?t 100%= Ax5o] RIS FAA S £
A A FHAIME A S-S & AATH(Fig. 6A and
B). Bacillus % &3h= #F &2 4] ] A
#o3sl= F oxysporum F solaniol] Tt Holdt & g
898 Uelle AS gelsisitt 71E9] B wEd

o 1=
olito A HEE 5’3% wWol A4l Fusarium=} C.
destructans N3 SR F58HS AL U= Bacillus7t HiL

Hu}l th(Jang et al., 2011; Song et al., 2014) 71Ee] A
Tl Barg vpe} FARSH 14t Bl At 5
S el TSt Bacillus 48 Ads }04 A& A A
o S gre s ACE ALRHT
A olite] AEEA WA= oAk
3k Bacillus velezensis CC1129} ¥2] #S-Ho) R4S
< YelE Bacillus sp. 7} B32E v} ATtHKim et al.,
2012; Kim et al., 2020b). Bacillus o-F+ =M= A&
SH2 A QAkEA gFdt Byl o]RojHon cyclic
lipopeptides (bacillomycin D, fengycin, iturin, surfactin), a

I A2

am=

ol o

dipeptide (bacilysin), siderophore (bacillibactin), polyketides
(bacillaene, difficidin, and macrolactin) 53} 72 T3t
ORI AT B FAAE BAFT o] HUA
At B 7t tigh 21303 AR dEsiE o] S85 3
ATh(Lee et al., 2012). ¥ A+E B3 ALE Bacillus sp.
e T3 S0 WAsls Qlak Big] Ao vl
A AU o BEA WA mEEA AY g

oA a3 AA 59 ATE A AgA 0] §lo]5h;]_
BFS o]Ako] oFA A AfAtel 7o 98 Aoz Ft

o

2~
T

i g Fkl ro, rlr

ZtAbo| 2

o] A= ARHI A REAR )Y Aoz T
TAEe] A PS wol FE AFY(No. 2020RA2C2004
177).
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