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ABSTRACT

Background: Major above-ground fungal diseases of ginseng (including Alternaria blight, gray
mold, and anthracnose), promoted by warm and humid conditions, reduce ginseng yield and qual-
ity. In this study, we surveyed disease occurrence in 2025 across major ginseng-producing regions
in Korea, and evaluated the dominant pathogens and their fungicide resistance.

Methods and Results: We conducted field surveys from May to September in 5—6-year-old gin-
seng fields in Cheorwon, Yeoncheon, Punggi, Jinan, Geumsan, and Eumseong, using five 3.3-m’
plots per region. We defined disease incidence as the proportion of diseased leaves. We first
detected Alternaria blight in May, which increased throughout summer. Gray mold occurred spo-
radically from May to June and increased from July onward. Anthracnose appeared early in the
season and became widespread by June. Internal transcribed spacer sequencing of 714 fungal iso-
lates detected similar proportions of Alternaria panax and Alternaria alternata among the Alter-
naria blight isolates, with regional differences in dominance. Colletotrichum panacicola was the
predominant anthracnose isolate, whereas we identified all gray mold isolates as Botrytis cinerea.
Fungicide resistance assays indicated that more than 90% of Alternaria spp. and Colletotrichum
spp. isolates were resistant to azoxystrobin, and B. cinerea isolates exhibited resistance to polyoxin
B and boscalid.

Conclusions: The results of this study highlight early and widespread outbreaks under warm and
humid conditions and emphasize the need for integrated region-specific disease management and
fungicide resistance management programs.

Key Words: Panax ginseng, Above Ground Fungal Diseases, Alternaria Blight, Anthracnose, Gray
Mold, Fungicide Resistance, ITS Sequencing
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iR gk W A2 4~ 6d7F FHEAGANA A== 2
E2 Wsl uhgo] W (Song er al, 2021), A7EA] <F
38 F9o] Wal7t HaEo] Jrh (Kim er al, 2008). ©] & &
T4 (alternaria blight), A= =Fo¥ (gray mold), W
(anthracnosey> Q14 Aol WA sk o WalE A5
Akl AR HslE Foh

ol HFEUWe F2 Alternaria panax Fr. ol 23|
WA sh, 7Rt AL tsdk S0l Tjalvt Aleit). 49
SKEE 59 Adseolle Aokst E719] A FelollA wAEt
3, 69 Adeolls ol F8E 2 Binle] FAdEM, o] ¢
WS wet ghkEo] 7~8Y 2710 ik WS} (Lee et
al., 2012; Putnam, 2025). B9+ 37| 5 HlAF E= 74
Al BlEol| ofa) Zdt=lo] Wy gt} (Kim er al., 1980).

Q4 AdlFsgoly WAF Bonytis cinerea Persi= 1976
9 SellM A BaElen, 71597t 6 thadde
2 OeFe AEo] AsEgelHs gttt (Cho e dl,
2008). S FrbE 68 T olF ke, Q1] <,
gul, 719 AR S5 AUk, Bk Aol sAle] EAE
2ot oo gle AT (Lee et al, 1990). FAEAL
= R oE Fe x| B g & ulilele] =
7] B 55 A BoR sk, ¥F B At =719
A 28 JEE FES] S0k Welldt (Cho, 2024).
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olat BEEAWH-E 192243 AL HAEQOW, =2 Colletotrichum
panacicola Hori®ll 28] &, Z7], Fujjol] 2% dAsly =2
HE 9al7} Yehdt} (Chung and Bae, 1979; Han ef al, 2004;
Kim et al, 2010). ¥4 271 o] A 24 wkdo] §
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Fig. 1. Regions surveyed for above-ground diseases in ginseng.
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2 33] o) AlFsItt. A%E 222 potato dextrose agar
(PDA, Becton Dickinson and Company, Franklin Lakes, NJ,
USA) x|l x]7331aL, 15-20CalA] 747 vt vl
H Z2Z oA e FARS EElste] A= PDA il Ath
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(Leica Microsystems Ltd., Wetzlar, Germany)S ©]-8-3to] &
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Aol 4% A5 2 FAEA FEe Fig 33 2ok ol &
AAEEH 58-S 2180 internal transcribed spacer (ITS) %
oS FE3l] A7IMES AT viE 75 grinding
buffer (20 mM EDTA, 0.1 M Tris-Cl, 1.4 M NaCl)?} BCSTM
Folder (Biocube system Inc., Suwon, Korea)E ©]-& 3}
genomic DNAZ =319tk ITS 99 $Z-& ITS1 2 ITS4
primerE A8-5}] PCR Y] (Bio Rad T100 Thermal Cycler,
Singapore)Z =35t th (95C for 2 min; 35 cycles of 95C
20 s, 55C for 40 s and 72C for 1 min; final extension at
72C for 5 min). PCR 2FHE2] ¥7]4<ES MEGA version
12 X273 (Kumar ef al., 2024yS o]&3)] AEsi3leH, &
Aol gy B2 9717F 3 AL EAellA A8t
Sk ITS ¥7IA4<¥€e] NCBI (The National Center for
Biotechnology Information, Bethesda, MD, USA)°| =%
&g o ITS AL7 99.0~100.0%] FE48S B A5
9 oz =AML}

Fig. 2. Symptoms of above-ground diseases in ginseng. (A) and (D) alternaria blight, (B) and (E) gray mold, (C) and (F) anthracnose.
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Fig. 3. Colony morphology and microscopic characteristics of above-ﬁround pathogenic isolates from ginseng. (A) Alternaria

panax (alternaria blight), (B) Botrytis cinerea (gray mold), and (C) Co

etotrichum panacicola (anthracnose) cultured on PDA; (D)

A. panax showing muriform conidia with 3-7 transverse septa (35-50 X 14-22ym), (E) B. cinerea with ellipsoid, aseptate conidia
(9-14 x 6-12um), and (F) C. panacicola showing cylindrical to falcate, aseptate conidia (16-26 X 3-6 um) observed under a light

microscope.

c=2
3. MYAY 5=

gRd ITS 97149 % 498823 NCBI9 GenBankdl %
23R om Foure M= v 72t} PX481862~
PX482010, PX482056~PX482107, PX482186~PX482252,
PX956320~PX956411, PX956450~ PX956470, PX956489~
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Table 1. Monthly disease incidence (%) of alternaria blight in ginseng by region in 2025.

Month Disease incidence (%)

Region May June July August September
Cheorwon 0.4 +0.17 1.0 £ 0.12 16.2 + 1.64 35.6 + 3.28 -V
Yeoncheon 0.2 = 0.09 1.3 £0.33 13.6 = 2.20 44.8 = 4.14 58.3 = 2.30

Punggi 0.0 = 0.03 3.7 =£0.82 65.8 = 11.00 25.3 =548 22.5 +5.60
Jinan 0.1 = 0.05 0.1 =£0.03 6.2 +1.24 33.4 £9.53 22.1 £5.68
Geumsan 0.9 £ 0.15 0.8 = 0.11 3.7 £0.75 5.3 = 0.69 61.4 =417
Eumseong 0.1 = 0.04 0.5 =0.29 3.0 £0.92 3.8 £1.30 6.0 = 2.20
YData unavailable due to early harvest prior to the survey.
Table 2. Monthly mortality rate (%) of ginseng by region in 2025.
Month Mortality rate (%)

Region May June July August September
Cheorwon 0 0 0.5 + 0.36 25.8 + 5.39 D
Yeoncheon 0 0 1.7 =1.14 30.3 £5.14 95.1 = 2.15

Punggi 0 0 22.3 £7.82 76.9 = 7.37 97.3 = 1.30

Jinan 0 0 99 = 3.33 58.0 = 11.82 55.4 £ 14.94
Geumsan 0 0 0.5 +0.32 8.0 = 3.31 8.0 = 1.56
Eumseong 0 0 1.0 = 0.56 4.8 = 2.06 6.2 = 3.57

"Data unavailable due to early harvest prior to the survey.
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Table 3. Monthly disease incidence (%) of gray mold in ginseng by region in 2025.

Month Disease incidence (%)

Region May June July August September
Cheorwon 0.1 =0.02 0.1 =0.07 1.9 +0.53 3.2 074 P
Yeoncheon 0.0 = 0.01 0.0 = 0.02 0.3 =0.16 2.3 x0.72 21.2 693

Punggi 0 0.2 +£0.08 17.2 £5.55 15.4 = 3.22 22.1 = 8.52
Jinan 0 0.0 £0.00 2.1 +£0.58 15.2 £5.89 8.5 +3.43
Geumsan 0 0.0 £0.02 2.1 +0.34 5.0 = 1.00 69.2 = 5.53
Eumseong 0 0.0 £0.02 0.6 =0.15 24 +0.57 54 +0.87

"Data unavailable due to early harvest prior to the survey.
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Aol sl AR A= Table 49k Tk WS 5
4 - (0.5%), A (1.0%), T2 (0.1%)14 =71 o]

IIHNoH, 69 skreolle A 2AF XA FEHA 6
Yoll= AHNM 24%=2 7HE =2 W EC] YeRT) 792
9 AL A A AAA] F43] ST AHES B
non, 79d0= 28E ALt A Aol WP go] FHT
Z7HIR o, 53] Z7|0ME 40.8%F HEHH 2 Al
Bl I & I Ee] ERIFU) 8ddle Ao
A& o7 shakElo] AH 42.0%, F7] 36.4%, Y 33.4%,
19k 22.4%, FAF 4.7%, 24 0.3%2] BEEC] Yeldt) 9
Yol AH (252%) F7] (24.6%)01M ZAFE A F1=
84 tjH] W Eo] WA AEEHJO, XK 332%F A&
Ao Z7pF B, FAINE 804%E T4 ‘ﬂ“ﬂé S
o7 FIEE 84S 2.6%E 2AF A F 7P
WES Btk BAHe dwdoz 7heof ogh ¥
At STy Z271GA 23 o] &Koo= H“ﬁo
o7 dHA Jon, E3] 6-8¢ 79} 15 xrlo] FHE
A F5 ol T YelRdTh (Kwon and Lee, 2002;
Jee et al, 2010). ¥ ZAPIME 7~8Yol| thFE X olA]
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Table 4. Monthly disease incidence (%) index of anthracnose in ginseng by region in 2025.

Month Disease incidence (%)

Region May June July August September
Cheorwon 0.0 = 0.02 0.5 *0.14 5.7 +1.22 33.4 +3.87 P
Yeoncheon 0.5 +0.14 2.4 =041 19.2 £ 450 42.0 =2.84 25.2 +=2.79

Punggi 0.0 £0.00 1.1 =0.26 40.8 = 13.07 36.4 =£12.75 24.6 = 2.90
Jinan 1.0 £ 0.40 1.0 £0.26 4.1 =112 224 +3.73 33.2 = 8.11
Geumsan 0.1 =0.03 0.2 = 0.07 2.7 = 0.54 4.7 £0.59 80.4 £ 5.41
Eumseong 0 0.1 =0.03 0.1 =0.02 0.3 = 0.05 2.6 = 1.66

1)Data unavailable due to early harvest prior to the survey.
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Table 5. Ten-year normals and monthly temperature (°C) in 2025 across the six survey regions.

Month Temperature (°C)

Region May June July August September
10-year normals for 6-region 17.9 22.1 25.1 25.8 20.7
Cheorwon 16.3 22.2 26.5 22.5 21.6
Yeoncheon 16.7 23.4 27.7 27.6 22.1
Punggi 17.9 241 26.5 27.0 231
Jinan 17.5 23.4 26.6 26.3 23.8
Geumsan 19.0 22.7 26.8 25.7 245
Eumseong 16.3 22.7 26.6 26.9 25.2

Table 6. Ten-year normals and monthly precipitation (mm) in 2025 across the six survey regions.

Month Precipitation (mm)

Region May June July August September
10-year normals for 6-region 81.2 120.2 319.9 251.2 133.5
Cheorwon 86.7 198.0 205.7 430.9 269.6
Yeoncheon 111.0 168.5 271.0 415.5 261.0
Punggi 133.1 165.5 153.0 471 199.1
Jinan 126.5 464.0 308.5 193.0 362.5
Geumsan 104.0 262.3 2221 1191 285.8
Eumseong 90.2 190.3 3231 126.3 226.1
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o T2 A4kt BAl, 22 7S FXsks 74 8jloldh=
e 71E AFM= B3E 8} QY (Romero ef al., 2022;
Zhou et al., 2024). WEFA 2025d9] olgFow ¥ %7
7RI 712 deo] A 2 AAnkell A A Wel 2]
ubg gl SAkS fakel 9 714 @QloZ M Eh
3. N ¥ 72l ¥ A

2025\ FHE AT WdwS 2 A% T 7100
F7F SR EITH (Table 7). ©] T FFHEL 22507 CH,
T2 Alternaria panax$t A. alternata® S + 59
HI&-2 ZH7} 44.0%2 FFARSHA UFERSITE. Aldlagols Bl
o2 1430 4F7F B2 EHAL, B8 dF7F Botrytis cinerea
(100.0%)= 1= S WA+ F 13077 73
ERem, o] F Colletotrichum panacicola’t 97.7%% -3
SIATE 1 €] C. gloeosporioides, C. fructicola®] & 7%
= At

e et & A8 71 Bael xfolg B
QA AFHWel 8 WHFS URHHOE 4 panaxE LT
Z 2kOL} (Ohh, 1981; Kim et al., 2007; Kim et al, 2010),
2 A= T Fo] HE&o] fARHAA HAH SR 4.
alternata?t 28H =2 7S BEAT o= 2 2B, &
% 5 AW 273 Wizt e 7195891 WHelel| wet Wi J
& P27t AEEIE 7FeAS AT 53] 4. alternata
< =94 (Species complex) 2] 54 AlTE0] 5 50l
# 54 (Host-specific toxin) A4F 58-S 251 opefst 2t
Eoll A-&3hs ol B nb QUth (Woudenberg et al.,
2015). whEbA] 2 Aolx ER1E WU A9 Xole 3
7 3ol A3 4. alternata AZL] = W A2 7A
S AAH, 3% T F k] BEe RS HS Al 2R

Ae

T

Table 7. Identified furzjgal species associated with three major
above ground diseases in ginseng.

Percentage of

Genus Species No. of isolates Genus (%)
Alternaria A. panax 99 44.0
A. alternata 99 44.0
Alternaria sp. 27 12.0
subtotal 225 -
Botrytis B. cinerea 143 100.0
Colletotrichum  C. panacicola 127 97.7
Colletotrichum sp. 3 2.3
subtotal 130 -
Etc 218
Total 716

=

By Hd AN 718 Bare) zjo|7t Vet A
A= A BEAREL] =28 ARJAFC=E C gloeosporiodies”t
g7 RIAFERSY (Do and Kil, 2001; Lee et al, 2012;
Kim et al., 2014), ¥ ZAIME C panacicola’t -3
ok olEg Ade Qlak AR W Wi R e £
2 Wl 7FsA S BEe], RS A4S Bl AE
Skl Colletotrichum 42] A ¥ (Jayawardena et al., 2015)
of & AR AE F Uk A T8 AUAH#OE HA
¥ C. gloeosporioides= BENZ APl 719kgk sH LI &
ol o, HAl &7 AAlAE A Bol4 AFEel C
destructivum & EHA W 59 FA C panacicola 52
2 AE3EATH (Damm er al., 2014). WP 2 AL
et & 9] zlol= AA Bt 74 =vld HshE
9 oy}, szl R AAl A8l mE AalS AR
o} o]t & 599 Hshs T AJEA S oA wke-

uom FES ofA] wkgA H WA A7) A

Al olof 2+ ER/EH WslE dEshs Zlo] vy Fasith
A Al dsgolollA B, cinerea’t 100%%2 S4E A2
SE7F Qb A olm AEiE ] 9] (ecological

ok, 2 AFM FE F T8 779 EE vEER
ITS 995 7|wte g st} Alternaria L Collectotrichum
&3} 7ol F 7 AAVE RIS ERTXE ITS U5 74
o g il F o o AT S 5 ok weEbA
2 A= 1TS A gell 7Iaket 240 54 2x= ajAs
ofof s, B¢ W3 AT ER{E 9l GAPDH, actin,
beta-tublin 5 TFE F-HAF A€ (Multi-locus sequence typing,
MLST)S 283 423 F 44 E74 ASo] ¥y

4
(Table 8). X9 HFEHHY
A, A9 wt $Hske W] SRV BAIFSE vy
$ Foujg olE BAY (x*=61.90, df=10, p<0.001).
5] HYoNME A alternata (45.8%)t A. panaxRTh thax
& HIES Blon, AHoMe 7 Fol A 462%E F
sk vl &S et F719F XM= A dlternata?}b 2V}
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Table 8. Regional distribution and relative abundance of alternaria blight pathogens in ginseng.

No. of isolates (%)

Region - - - -
Alternaria panax Alternaria alternata Alternaria spp. Total isolates

Cheorwon 18 (37.5) 22 (45.8) 8(16.7) 48
Yeoncheon 6 (46.2) 6 (46.2) 1(7.7) 13
Punggi 17 (27.0) 34 (54.0) 12 (19.0) 63
Jinan 3(23.1) 9 (69.2) 1(7.7) 13
Geumsan 0(0.0) 15(83.3) 3(16.7) 18
Eumseong 55(78.6) 13 (18.6) 2(2.9) 70
Total across regions 99 (44.0) 99 (44.0) 27 (12.0) 225

"Significant at p < 0.001 by Chi-square test (Chi-square = 61.90, df = 10).

Table 9. Evaluation of fungicide resistance in collected pathogens in ginseng.

Pathogen Fungicide Total no. of isolates No. of resistant isolates Resistance rate (%)
Alternaria spp. Azoxystrobin 192 189 98.4
Metconazole 88 45.8
Iminoctadinetris (albesilate) 52 27.1
Fluazinam 47 245
Botrytis cinerea Fludioxonil 102 9 8.8
Fenhexamid 64 62.7
Boscalid 93 91.2
Polyoxin B 94 92.2
Colletotrichum spp. Azoxystrobin 105 101 96.2
Metconazole 37 35.2
Iminoctadinetris (albesilate) 94 89.5
Fluazinam 45 429
w2 zte] g Ao 54 5 o a”lel os) g E=N] s 96.2%, olnlmEtd el ol Bl thel
WokS TFsAS AAREITE webA ol2fdh WiFo] UAA A 89.5%C] AFEE Bon, MESUET SFo gl sl
FAA, AR R T MERIAE Adel] EiMe & He AtiEoR 5ol fAEIRITE B Aol glE of
T OAY TR FUF AR 71 aQle] AR B Al AR FE2 A A ] oA wkeAel Ve
ol dad Zlow wddn. &7F 7ol WAl daeh Adold HlEE YR 3leS
HojEr), 53] AFHH @A Hddols oA RER
4. N5 Halwol o Aotd 24 W Agde] Z47b 98.4%, 96.2%= A UEhd e ST
THE QA A AR, Aol B ey W oAt A WA oR AREEA B A Wl WA
Pas WEEE 7RI F2 ARshe SIS olgste] o JiAIZE IAEUE TS AARRIG.

A AL sk A5 Bl 1929F, AL
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(Hollomon, 2015; Ishii and Holloman, 2015; Neils et al.,
2021). webA M= ke 2 78S Ad IS WS A
Sl Fd ofAle] A& AE AYste Aol FLH
(Fernandez-Ortufio et al., 2013; Myung et al., 2024). A<
W opA] MM o, 8 B B, BA pEe) A3 WAL
o EPAoR BAske TR §4 A7t FREY, 1
o A% Ese Q1 Wl Bl AEF Fhel J198 4 9
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