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many pathogens.

This is an open access article

Methods and Results: We investigated the disease severity of ginseng root rot in 27 harvest fields.
The highest disease severity was Hongcheon 1 (2.92) and the lowest was Ansung 1 (0.04). Ginseng
lesions were collected and the pathogens were identified by the color of the fungus. A total of 587

distributed under the terms of the ~ pathogen strains were isolated from the ginseng root rot. Of these strains, the internal transcribed
Creative Commons Attribution  spacer (ITS) region was sequenced for 141 isolates. The sequence of the ITS region revealed 7/y-
Non-Commercial License (http://  onectria radicicola, as the main disease of ginseng root rot in 45 isolates. Fusarium solani occurred
creativecommons.org/licenses/ iy 44 jsolates, F. oxysporum was in 45 isolates, and 7 other fungi also existed. The fungi isolated

by-nc/3.0/) which permits unrestricted
non-commercial use, distribution,
and reproduction in any medium,
provided the original work is properly

from six years old ginseng harvest fields were grouped into I mors-panacis, I cyclaminicola, I
robusta and I. liriodendri in the 1. radicicola complex. F. solani, was divided into two groups.
Conclusions: Analyzing the correlations between ginseng root rot pathogen and disease outbreaks

cited. provides a basis for establishing a pathogen control strategy during ginseng cultivation.
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M o A A SH AL (I radicicola spemes complex)-

multi-locus 413} o]59] #&4 EXS E, &

QI (Panax ginseng C. A. Meyery> 4 d - 6 d &< ME3}IE QO™ (Cabral et al, 2012), = <

16 o2
MM= I

Y FaoA Aust] wiitell o Wl ost Hsl7F B mors-panacis, 1. robusta, 1. cyclaminicola, I Zznodendrz =
o] WA, I F s7ll & FAE Ysle A A o] F4= o] WAHJrt (Seo, 2017). S HIALE Qe
HEHoT deix ot FHE WHAACZ = Ihyonectria SHAFE (I radicicola species complex) ol w2} B
radicicola (= B M N, Cylindrocarpon destructans)= ol ztol7t Tk, B8] I mors-panaciss BT HE —} 4
Al o] ol = Egol —Urtﬁlix} SO 10 | o} ATl 7 F FE A o] AlEAY Qlak BrElelA] HdF A1 B

ok, Azpgale] Fo Y9lo® nyE uh Yt} (Cho er I 5% Tl vehb, Bedo] ek Ao FRlEint
al., 1995; Lee, 2004; Kang et al., 2007). WO\ [ liriodendri, I robusta, I cyclaminicola= Y
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MEY - EX2 - ALY
HE 4 F - 12 F Aol B ofgk Wwkg Jdste §
mors-panacis®t B|1ste] JjH oz Bedo] kst AL

I
1A} (Seo, 2017; Farh et al.,, 2018).

QIS A (I radicicola species complex)®] 715
28 FE, SFRe 22 8 Tow duA o, ¢
Bo] M= FAH o= EASH} (Booth, 1966; Matuo
and Miyazawa, 1984; Singleton er al., 1992; Punja, 1997;
Reeleder et al., 2002). TS Zefella] Azgs]e] Qo=
Az Fea NSl E2¥ [ radicicola species
complex (Choi et al., 2004y AMANME TS alHS
e dodl= AoR BIHUT (Seo ef al., 2017).

T OE MY I HWAE] Fusarium solani®]
7Agolls He 9 FApel| WS WAAT|A, L radicicola®l
Hate] iz oz Beldo] ofsithal BarE sl Sltk (Matuo
and Snyder, 1972; Reeleder and Brammall, 1994; Reeleder
et al, 2002). FWe] A%, F solani®] BAA HAAHo= <14t
of &k ajggo] SRIEIAIT, C. destructans®l B8t
oFsl WAo] UERITE (Lee, 2004). B3+ ITS <o) -4
£ o83 FAWA 4 A, ikl Eeld Fosolani=
A F solani f. sp. pisi®t E solani f. sp. radicicola®
FEe} (Suga et al., 2000).
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1. S MSH WHSISE AL

QA (Panax ginseng C. A. Meyer)A|ul =] 2]
zZAbE] f18ke] 20200 6 <14t
, AN, e, HEEEE

AufatA] ere 227 27 A

Eopu

w2t 0% (F2H) =0, 1% - 30% = 1, 31% - 60%
2, 61% - 99% = 3, 100% (AF &2 AR y) = 42 7}
7} TR WY (disease severity index, DSDE Th

23} 7o) BT,

DSI = [PIH7IAS x C1H% & AAF)E NS

32

4% 243 oS
T e 7 AN ReHSN WAETO sk @
MESE B F PIST < PIFEH) F T2 AN
2. EOsBlBHY 24

6T el AN HelHey WIARS 2AG
A B Aste] o) AgSIATE FHE 750 nl

o acetic acid 11.5 m¢ + 1N ammonium chlroride

+ammonium fluoride 0.56 g& =

m & 7k, 1,000 b 7t HE=E S/RTE

10.70 g
©l % hydrochloric acid 1
A3l B 3

e AWZBesT0] Y] AF9 25 0l E A F 5 B
70 21950 Whatman No2 A2 cizialel 7b7te] 4%
240 ol gsieich,

Eslsige 25 EslsiiHel Fslo] pH, EC,

F715, it € XEA Yol (K, Ca, Mg, Nayl st
2435199 (NIAST, 2000).
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HWulk 248 0.5 cm 272 Aot
Azt FHLES AAEIIT
potato dextrose agar (PDA,
Becton Dickinson and Company, Franklin Lakes, NIJ,
USA) Hix]oll x23lar, 15C - 20ColM 7 U7k gzAolA
HieFeiih w2 o 2NE sgiteld #7523 PDA
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[e]
e

o] ARl e, URE 20% glycerolS ©]&ake] -70TCe]
B33

4, HAF DNA F=

" 4552 genomic DNAS F&317] 918 PDA
R ZEE FAE A8 1.5 ml effendorf tubedl] ¥ &
AAZE s

FAAZE dAR= 400 4L 2] extraction buffer (200 mM
Tris-HC1 (pH 8.0), 200 mM NaCl, 30 mM EDTA (ethylene-
diamine-tetraacetic acid), 0.5% SDS (sodium
= A3 wgk & 700 £ 2] chloroform :

: & Hrbst 15 7 59t 13,000 ipmeE

dodecyl sulfate)
isopropanol (24
ALl

B2 A=de 100% ethanol 800 1S H7lsle] 10 £7F
13,000 rpmo-2 Y4E2]3kd genomic DNAE FZAIZ L

35 AA T, AHL 9180 70% ethanol 800 4= 78t
13,000 ipmo= 5 #7F 94Ee]ste] DNAS A2t

. AA%¥ DNAE ethanol& A A3l
, 5 A AR S8l e
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ATk (Doyle, 1990).

5. PCR ¥ HSEA

Q1ak olHE-eloM FelE e 8 58S 98t
o] internal transcribed spacer (ITS) ¥¥S =315t}

B Ao ALg-3H primer‘: G =] (Daejeon, Korea)l
A AFsFE o™, PCR WH-S 98l S3F 20 L HH-g-lef 10
ng®l 5% DNA, 1 X PCR buffer, Z+2}2] dNTP 0.2 mM,
£ Artst

Z} primer 10.0 mM, 1 U taq ploymerase 0.2 M
Atk ITS 13 ITS 4 primelé °]83F PCR &2 94T,
30 %; 55C, 30 %; 72T, 30 & X712 =E 35 cycle® 3
3R} (White et al., 1990). 77]9%5S F3ll <k 520 bp2l

PCR AHE-S 8013t 3 direct sequencing -2 S8 97|14
SR o]_o:ll;]_
=3 A7IMELS MEGA6 ZZ2 1 (Tamura et dl.,

2013y AR&ste] ELAIEE 7ML A28 e, 1,000

4y

55}
Bt SEw
National Center for
71gt=lo] Qe @l
ZzoA AEAS

3]9] bootstrap A1 F3H A =S
ITS F3AE2] 97]-<€LS NCBI (The
Blotechnology Information, USA)el ©]H]
] ITS f32keF 99.0% - 100.0%
}\}\Tq—'

al

al =

21t 2
1. 20204 Qlat U2 $SITTEO] OIMYIZPHZY WbiGist

=l 6 A2 QA (Panax ginseng C. A. Meyer) 34
27 E7Hs e R Qe e HHESE AN
th ZF B 90 cm x 180 cm & 7|30 2 3 HHE o]
ﬂ%ékﬂ MrrE]e] A Aol wt oWEE #3 & DSI

H=shiTh

% E7Hee) WA E 079 - 238 (Hit: 1.45)% e
om, 2 L1l - 285 (B+t: 1.75), 29 051 - 292

=2 A
=

L

Table 1. The Disease severity from 6 years old ginseng root rot on harvested fields in 2020.

Area of root rot in ginseng/DR"

Field DSI?
0% (0) 1%-30% (1) 31%-60% (2)  61%-99% (3) 100% (4)
Cheongju 1 21.007 27.67 0.33 00.00 23.00 1.19
Cheongju 2 8.00 18.33 3.67 1.00 41.00 2.38
CB Chungju 1 28.33 25.33 0.33 00.00 18.00 0.83
Chungju 2 37.00 9.67 0.33 0.00 25.00 0.79
Goesan 1 5.33 32.00 4.00 2.67 28.00 2.07
Hongseong 1 3.33 12.67 11.00 0.33 44.67 2.85
CN Hongseong 2 31.00 7.67 0.67 0.00 32.67 1.11
Hongseong 3 26.00 8.00 0.00 0.00 38.00 1.42
Seosan 1 21.33 13.67 0.67 0.00 36.33 1.60
Chuncheon 1 2.33 16.00 10.33 1.67 41.67 2.80
Chuncheon 2 36.33 21.67 2.67 0.33 11.00 0.51
cw Hongcheon 1 2.33 14.00 7.67 3.67 44.33 2.92
Hongcheon 2 2.33 24.00 5.00 0.67 40.00 2.65
Hongcheon 3 8.67 26.33 4.67 0.00 32.33 2.02
Hongcheon 4 5.00 22.33 5.00 1.33 38.33 2.49
Ansung 1 90.33 16.67 4.33 0.00 0.00 0.04
Ansung 2 50.33 8.00 1.00 0.33 18.30 0.71
GG Ansung 3 12.33 15.67 0.67 0.67 42.67 2.24
Icheon 1 17.33 14.33 1.33 0.00 39.00 1.84
Yeoju 1 17.33 13.33 4.33 0.33 16.67 1.79
Gangjin 1 29.67 15.33 0.67 0.00 26.33 1.03
Gochang 1 20.67 11.33 1.67 0.00 38.33 1.71
Gochang 2 27.33 10.00 0.67 0.00 34.00 1.32
IN Haenam 1 2.00 8.33 0.33 0.00 28.33 0.88
Naju 1 41.00 12.00 0.67 0.00 18.33 0.51
Yeonggwang 1 33.33 11.33 2.33 0.67 24.33 1.12
Yeonggwang 2 34.00 8.67 0.67 0.00 28.67 1.01

CB; Chungbuk, CN; Chungnam, GW; Gangwon, GG; Gyeonggi, JN; Jeonnam. "DR; disease rating, 2DSI; disease severity index,

individuals.
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M2l - EXIS - ALY -

(B 2.23), A7) 004 - 224 (B 1.32), A 051 -
1.71 (@<t 1.08)2 glgAct. %‘%‘Xl?ﬂ 1.0 °]&}el
273 1, W 2, B 1, =5 2, &4 2, WY
1, U5 1elen, 1.0 - 200 & 11 /f 3oz 7%
Bokth 2E)al 9 Ao s /M3 3, AF 2, =1, it
1, 4 1, 4 1 - 40014 2.0 - 3.0 PHAF7F YRS

310
}\L

T T

FRIFATE =] A7xI] A= Q15F APMIA] F 45.0%
- 50.0% °o]’de] BN gl ot A7t IAE T HarE
ot} (Chung, 1972; Seo et al, 2019), o)e] Azl <zt
Aale] T4 A9 WS ZAANAE W BAgo] B

etk A& 1=,

_I

B, AR 27 2 A 12 2022 WAL P w0 2. 6 U2 A ST EXsistd B4
T} (Table 1). U 6 A2 <4k AuiA] 27 w70l thek EskshAdel o
4k olAte] g, HAHOE 90 cm x 180 cm 7IES. g AS Fate] W] HEAS dobE Tt (Table
2 oF 63 - 72 79 BA (1 A AASled 5 a7 Ay 2).
A PN F 2% Welsk el Slal AL WY ERVE (H)E HBEIE 60 - 652 8 /) BTHe] 8
Sl HTh ARG QI XA Wit AFEL 41.8%= g |98 ot o™, pH 6.0 °l3k= 17 /) 5712 7P &
How, WA weh 1.0 olske] g2 Hetk 23.0%°] 2 AiAIEe] ol sjdo] Hink a2y ArHERE F
AFES Bth YPAGFTE 1.0 - 2090 EFL 43.7%, I 3 AFEEE 05 - 1.0 dSm7F A4HE Aishr] f)g &4
AF7F 20 - 3.0 9] Ht AFEL 545%= e AR 04 4 7] w7l e ]l lglow, 1 9] 25
el el W] wet AFEo] A Srlshe 7i°1 N E71IME 25 1 dS/m ool 3ith
Table 2. Soil chemical assay of 6 years old ginseng root rot soils on harvested fields in 2020.
Field oH EC NO; Av. P,Os OM Ex. Cation (cmal*/kg)
(dS/m) (mg/kg) (mg/kg) (g/ke) K Mg Na Ca
Cheongju 1 6.14 2.71 275.99 747.91 14.48 0.55 2.48 0.12 5.93
Cheongju 2 5.00 3.12 276.14 432.47 14.28 0.73 2.11 0.42 6.24
CB  Chungju 1 5.49 3.13 428.63 530.99 29.15 0.51 2.83 0.17  11.10
Chungju 2 6.38 3.74 372.10 331.98 7.18 0.24 2.61 0.41 6.74
Coesan 1 5.59 3.68 378.75 348.94 14.42 0.28 1.87 0.28 7.35
Hongseong 1 5.05 2.10 160.39 343.33 8.63 0.39 4.74 0.41 5.13
N Hongseong 2 6.49 1.41 83.98 942.56 17.46 1.22 3.55 0.12 7.64
Hongseong 3 5.00 1.31 105.30 203.76 20.48 0.82 2.44 0.17 5.27
Seosan 1 4.94 0.64 16.27 14.71 8.01 0.23 1.97 0.48 1.92
Chuncheon 1 4.96 2.01 246.49 268.26 11.09 0.33 1.20 0.14 5.13
Chuncheon 2 5.16 2.02 253.21 190.33 19.10 0.70 1.36 0.15 3.41
GW Hongcheon 1 5.46 1.85 202.07 269.69 14.75 0.62 1.50 0.23 5.82
Hongcheon 2 6.00 1.40 112.62 39.19 9.180 0.19 3.15 0.31 8.11
Hongcheon 3 4.73 1.68 176.50 386.22 14.81 0.50 1.08 0.17 3.48
Hongcheon 4 4.70 2.48 319.26 290.73 19.70 0.72 1.76 0.30 5.12
Ansung 1 6.08 1.55 111.43 161.46 8.03 0.11 1.26 0.29 6.18
Ansung 2 6.10 1.60 114.10 164.55 8.08 0.11 1.30 0.29 6.51
GG Ansung 3 6.09 1.59 111.03 180.94 7.96 0.10 1.18 0.26 5.84
Icheon 1 6.74 0.93 73.69 73.04 6.56 0.51 1.37 0.23 4.26
Yeoju 1 4.85 2.19 196.82 202.40 4.52 0.45 1.54 0.18 3.58
Gangjin 1 4.64 1.19 127.69 295.48 31.58 0.27 0.67 0.27 3.26
Gochang 1 6.07 1.46 82.47 768.07 20.22 1.06 2.30 0.12 7.72
Gochang 2 4.87 1.04 49.99 343.81 17.28 0.79 1.74 0.08 4.82
JN Haenam 1 5.03 0.74 37.02 130.15 14.02 0.40 1.70 0.08 3.53
Naju 1 4.83 1.00 59.68 112.67 12.41 1.03 1.80 0.10 3.65
Yeonggwang 1 4.71 0.92 30.46 303.38 12.41 1.26 1.49 0.10 3.65
Yeonggwang 2 6.89 0.80 23.01 355.39 13.73 1.24 2.37 0.10 6.75

CB; Chungbuk, CN; Chungnam, GW; Gangwon, GG; Gyeonggi, IN; Jeonnam.
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Table 3. The color of mycelium isolated from ginseng root rot
lesion obtained from the harvested fields.

Color of mycelium
Red
89

White
48

Etc.
132

Brown
91

Beige
227

Number of isolates

I-AH

HEAH S5t

o

Table 4. The pathogens isolated from root rot of 6 years old
ginseng on harvested fields in 2020.

No. of isolates

Field llyonectria  Fusarium  Fusarium

radicicola  solani  oxysporum

=
0

(e}
N

Cheongju 1
Cheongju 2
Chungju 1
Chungju 2
Goesan 1

CB

Hongseong 1
Hongseong 2
Hongseong 3
Seosan 1

CN

Chuncheon 1
Chuncheon 2
Hongcheon 1
Hongcheon 2
Hongcheon 3
Hongcheon 4

CW

Ansung 1
Ansung 2
Ansung 3
Icheon 1
Yeoju 1

GG

Gangjin 1
Gochang 1
Gochang 2
Haenam 1
Naju 1
Yeonggwang 1
Yeonggwang 2

JN

W N = = OO WO NWWOOOOO —=|ON=2NN= W=
W O W N Ul )OO = = WOINO WO = NO=_2DNWNeDNd =N
—_ OO NN WK ODOODON WA WO =_|br—_2wWwWwNh-=0N=
O 0O 0000, 000000 )OO0 OCQOC|OO0C —= 0O

N
w

CB; Chungbuk, CN; Chungnam, GW; Gangwon, GG; Gyeonggi, JN;
Jeonnam.

Fig. 1. The ginseng with root rot and isolation of colony using PDA media. Ginseng root rot (A), isolation of pathogens from lesions

(B).
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@5 45y 27 31.9%, 32.6%2] H&E o] FRFHAG W7t 2 o]l AL ERIF = e, 35 1, 35 2,
(Table 3). P 1, oM 2, U 19 Aol olEst 1 oSt vE
AhEe] T 2HE (& 1L, A 2, T 3, T 42 A, L radicicola 777} e AE & T AUTH
Table 4914 K= npe}l o] QR Aol =8 A1+l T 1 -4 2L FH HLhH1A [ radicicola= 2] HA
I radicicola} WROIA Z2]7F ¥4 skl &5k o] S} F solani®t 732 ol tiste] Qlate] Z=rAdol
20ansungi1-3
20ansung1-2
20ansung3-5
20hongseong1-4
20hongseong1-7
20hongseong3-3
20naju1-1
20naju1-2
20naju1-3
20naju1-4
20naju1-5
20naju1-6
20naju1-8
63| 20yeoju1-1
20yeocju1-2
20yeoju1-3
20yeonggwang1-5
20yeonggwang1-6
20yeonggwang1-7
20yeonggwang2-2
I. crassa NSAC_SH-2
I. cyclaminicola CBS302.93
I litiigena CBS189.49
I. mors-panacis CBS120359
P I. panacis CDC-N-9a
I. pseudodestructans CPC13534
I. rufa CBS640.77
20ansung1-1
20chungju2-4
45| 20cheongju2-1
20gochang2-1
I. liriodendriCBS117526
20ansung2-4
20ansung2-10
20chuncheon1-1
55 g4/ 20gocesani-4
20goesani-6
20hongseong2-3
20hongseong3-2
I. venezuelensis CBS102032
20icheon1-2
70 20ansung3-1
I. robusta CBS321.34
20icheon1-7
20icheon1-5
aa 20icheon1-1
20haenam1-5
20hae01-5
20chungju1-5
20chungju1-2
20chungju1-1
Fusarium solani SUF834
—
0.005

Fig. 2. Phylogenetic analysis of Ilyonectria radicicola complex isolated from root rot of 6 years old ginseng using ITS region. The
bootstrap analysis was performed with 1,000 replications. Bold bar is I. radicicola complex.
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Fig. 3. Phylogenetic analysis of Fusarium solani from root rot of 6 years old ginseng using ITS region. The bootstrap analysis was
performed with 1,000 replications. Bold bar is F. solani group.
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