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ABSTRACT

Background: Stable production of Korean ginseng (Panax ginseng C. A. Meyer) is highly
dependent on specific climatic conditions. Recently, ginseng yield and quality have been
negatively affected by climate changes, particularly by global warming. Therefore, developing
new varieties with enhanced tolerance to high-temperature stress is essential for coping with
elevated temperatures.

Methods and Results: To increase the production stability and enhance the yields of Korean
ginseng, a high-temperature stress tolerant elite line with a high yield was collected from a farm
field in Pocheon, and a new variety, ‘Jinwon,” was developed using a pure-line selection method.
‘Jinwon,” which has a green leaf and red berry, exhibits red leaves at senescence and a convex
leaflet shape in cross section. ‘Jinwon’ sprouted two days earlier than ‘Chunpoong,’ and its
flowered and fruit-ripening period occurred three days earlier. ‘Jinwon’ has approximately 28%
higher 4-year-old root yields (576 kg/10a) than that of ‘Chunpoong’ (519 kg/10a). The ginsenoside
content in ‘Jinwon’ was 25.9 mg/g, which was higher than that of ‘Chunpoong’ (10.9 mg/g).
Conclusions: ‘Jinwon’ exhibited strong resistance to high temperatures and Alternaria blight,
with higher yields and better functional properties than ‘Chunpoong’. As a result, ‘Jinwon’ was
registered as a variety (grant number 7461) with the Korea Seed and Varieties Service in 2019.

Key Words: Panax ginseng C. A. Meyer, High-temperature Tolerance, High-yielding, Jinwon,
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C. A. Meyer)2 & 5 10,568 o2
E 1 92 A8tk Ytk (MFDS 2022). Bk o
g}, 202213 71E Q1Ake] AJakele 7709 “%Qi
A gAY 19%E AAHT 9w
B Shel i FOE Gdels) 3
AASe Fa% FEATE P IS

|°_-I ﬁz:}—7]‘:./\]
AH EdEZ
g ARSI glo
7—}7-} 40,321 o3}
A4t (Panax ginseng

A
odk
ol
-
rL fr

o
==

1:]
TrEE

mlm £ off

tCorresponding author: (Phone) +82-43-871-5612 (E-mail) enzymer@korea.kr
$Co-corresponding author: (Phone) +82-53-958-6880 (E-mail) kkm@knu.ac.kr

=] 3
2
i%ﬁ?%

I-F
e
E
fol
o

) 3 9lo] 523}t
S 9o 543
3 o) 529}t

PP ERE

ol-{? o]-F. of
1.)11
N

FH YA EZ 8] o 4HEZR A AL / Researcher, Department of Herbal Crop Research, NIHHS,
A+ M= A / Researcher, Planning and Coordination Division, RDA, Jeonju, 55365, Korea.

QRkE AR

RDA, Eumseong, 27709, Korea.
Korea.
Korea.
Korea.

Korea.

A2 / Researcher, Department of Herbal Crop Research, NIHHS,

A3 / Researcher, Department of Herbal Crop Research, NIHHS,
A} / Researcher, Department of Herbal Crop Research, NIHHS,
A3 / Researcher, Department of Herbal Crop Research, NIHHS,

RDA, Eumseong,
RDA, Eumseong,
RDA, Eumseong,
RDA, Eumseong,

27709,
27709,
27709,
27709,

-

coo
o off off
FJ o o2 oXt ot ot

Ay iy T Oy
S N
o ofot ofol ofot ofol ofot o

FY Qe 553439
S LLERE

S8BT 25

\ﬁﬁmﬁp
> T T
T T o o O T
DU DL L N
o 4z 4z 4z -1r:

i
e
58
w
%
9]
S

T

A2 / Researcher, Department of Herbal Crop Research, NIHHS,
A FLA} / Researcher, Department of Herbal Crop Research, NIHHS,
, Department of Applied Biosciences, Kyungpook National University,

73

RDA, Eumseong,

Daegu, 41566, Korea.

27709,
RDA, Eumseong, 27709,

Korea.
Korea.


https://crossmark.crossref.org/dialog/?doi=10.7783/KJMCS.2024.32.2.73&domain=http://medicinalcrop.org/&uri_scheme=http:&cm_version=v1.5

(MAFRA, 2023).

Qlake]l HZA S L5 20C - 25Co|H (Lee ef al,
2021), o] FHOMAOLIME S, T S5 3 A (2F
3, A9, sloledd) H Aol Al duiY
ol Algtd Ao A AT 4 = tHEAHQL ¥HA]
A 3YA AEYS 9nEith (Woo et al, 2004).

HT 71$HsE Qg < QA dY HAEAE
33t} 27 i, 7] S-S Asfst
Al st AH- Bk ol (Lee et al,
2012), Hals f Ak PAs SIet
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S5 A% @A A Pt FFo) AUHA B
F o

3 78 o, 2100l vt BAHA
5.9% Tro] U4k Aufe] A3E Ao = o FHTt (Son e
al., 2017). wehr] 2o 733 FF o] FHoE
Q3

A4k g M7t 4d thadA AEZ (Kwon et al,
1998), &7 = wat A5 Zolrt AA fFHMelE
TH37] o]H Yt (Kim er al., 2023b). 3+ A= 334
RE AdS F o, 4 doj 3 HH fPFL s o
240 7 - 50 MY FTAE e T o] FHo oA
AlZFo] AQ HT} (Kim et al., 2023a; Lee et al., 2023). ©]
wjFol] wFHFH vl FHoE §F 713o] &
& ARG 93 S5 kAl AT} (Seo et al, 2019).
HAA7HA] SAE FFL 20029 HXE S2H HEP
(Kwon et al., 1998)%} A% (Kwon et al., 2000)2 A2t
2 2023W7}A <k 40 Jfe] EFo] ALE Y= (KSVS
2023), 71 F FEXNZAAME ARl A AF (Kim
et al., 2013), AEF-HHo] 73t ‘119’ (Kim et al, 2017),
Agds] (Fuell A AW (Kim er al, 2021)S 7

3 il ik

B Ao E tpAoldA] WA AlEE 1Y
(Jinwon) & 7Nt 7o 54 A9l T8 Aw) 2 F2
48 ®Busax ok

Mz gy
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2. XHuiH

Lt - HAT - 0|42 - 0]H - 2EY
& F 2014 3¢9 179 3 BARS 39 27l S5
w4 (FF), 471 AF (FH), T 72 (&) T3
A AG APEG B3xo] AALE 7 F X 9 F/1.62 nf
= A3k

7t FAe FFAAA T2 AL, A
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34 + 34
Zo} A A3
F7I2 A5 o ettt 71k Aul
g 2 Was PA= GAP & Au) Az A )

ste] THe)akATh (RDA 2012a).
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A, &% 5% A ZAF 71 (UPOV, 202009 &
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4. DM AtO|E EY

10 29 FAAPl= e BAS A3 Foe @
gk A7]e Qs AlHTE & FZ27X (PVTFD3OR, II-
Shin BioBase, Yangju, Korea)d}1l, 300 mesh ©|3}= FA|
22§ (SMX 800SP, Shinil, Cheonan, Korea)d}o] A-8-5}43c}.
A =Ato] = EFZL Rbl, Rb2, Rb3, Re, Rd, Re, Rf,
Rgl, Rg2, Rhl & 10 <& (Chroma Dex, Santa Anna, CA,
USA)S ARE-3FTE QI ERAIE 02 g& 70% MeOH
2 miol] Bx & EE F 50ColAM 30 B T 22
3 &3 5 47T, 13000 ppmo 2 15 B7F AR}
o] A5AS 2 ml wbed] FH3 2 F 1 mbE Sep-Pak
CI18 cartridge (Waters Corporation, Milford, MA, USA)=
A & FZHES 045 um membrane filter (Whatman,
Middlesex, Berkshire, England)® ]33t T &2 A|g=&
A5,

Ginsenoside®] 212 1200 series HPLC system (Agilent
Technologies, Santa Clara, CA, USA)S AME3}9a1, A4
< Kinetex XB (C18) Column 100 mm X 4.6 mm, particle
size 2.6 um (Phenomenex, Torrance, CA, USA)dmf A}-£-3}
Rom, A9 L& 40T, FFS £9 1.0 m=E 34
o, AE 4L 203 m2 AFFAL AHFFY7



£ o] &3 100 ¥ AEE FHAL, olFd &l
2 solvent A (0.0005% formic acid”’} E3+H X))
solvent B [100% Acetonitrile (CH;,CN)]Z A}-&-3}3t}.

o] ZAFS solvent BE %7] - 18 BRI E 18%E F4
Sth7h 18 & - 23 ®7HA] 28%= FUIAIR] & 23 & -

30 B71A] 31%, 30 B - 45 E71A] 33%, 45 B - 52 B
MR 39%, 52 H - 65 BIIA] 41%, 65 B - 75 E7LA
45%, 75 & - 85 E7LA] 90%7FA] Z7HA1Z1 &, 85 Ho
A 95 B7HA] 90%E FAISEATE ©] %, 100 & - 105 &

7FHA] ©FA] solvent B 18% = 7HAAIA X319t
Z} ginsenoside %2 9|F 3EFF2] HPLC peak HH

I} Z} ginsenoside A#-2] WH-S vlwsle] AT

5. SAEN

SAS Enterprise Guide 7.1 (Statistical Analysis System,
Cary, NC, USA)Z FAEAS FstAoer, S4FF
I v FF o] As 54 Aol AGHSAIFAA
AJAA3 Hlal 2 ginsenoside Ad3- X}o]+= Student’ t-testS
ol g3l 5% T 1% FAFES AFHAT (p

< 0.05 and “p < 0.01).

P99240° A=
18 7S EAE Sl

SHE Qs

“G03180’ 3

25 A1 F) A 20083 FE 20103742 5

I, 20133 =R AL HARAFES Tl ol

320 Aol 23 ‘G03180-8'S HF Alntate] «

1159 A8 T3t
2014355 20173714 4 A F<t

o
it

=H o
O w o,

2 sl

o] 2018 HHFAL] FFHE sk Al
AR FEl el FEe] A, T, EAL o
A Soll AL glol HAF 201990l FFEHE 55
o] #EA (Fig. 1).

N J
N

1o} dAEAe AAE wa, #2719 o
DA ES A Holrh o2 1 gd¥ola, 712 A
B0, 235 o] A A
13, Slo] =shd @F A Aol
@yolal, &3t ApAle FAE @
e,
e =7 B dAFY VRN AR
GEAe LAMA o)L, Qo) TtE
QEFoln, duje Fgor F
At} (Table 1 and Fig 2).

o d

dEFTH 7L

22. 07|, JHsb7| & o M7

o] Eolr)= 4€ 18YU0a, A= 59 12Y
ojer, dul d&v= 7€ 18Itk Wiv] FF
Q HF 9 Eolrle 4€ 20€0l L, MNEr]= 52 15
dolglon, duj AHrle 79 2198 EUFEFO] &
ol7l= oF 2 4, Msrlef Gl Avle o 3 9 A=

v FFHT Wit} (Table 2).

23. 7IHEN

4 AN o] G2 421 emolar, FAHA
9.0 mZ “A3Z9] 403 cme} 7.5 mmol H|E I =A
Al A B AL o] T4 299 Zolst Y
HlE= ZHzF 16.8 cm, 7.2 cmE <HE°9] 152 cm, 5.9 cmk

=

Year ‘99 00 ‘01 02 ‘03 ‘04 ‘05 ‘06 07

‘08 09 ‘10 11 ‘12 ‘13 ‘14 15 ‘16 ‘17

P99240 G03180

18

Jinwon
G03180-8

(Eumseong No. 11)

Procedure Collection Selection

Evaluation of cultivation
characteristics and
propagation

Observed yield trial Local adaptability test

Fig. 1. Pedigree diagram of a new Korean ginseng variety ‘Jinwon’.
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Table 1. Morphological characteristics of Korean ginseng variety ‘Jinwon’.
Color

. "
Variety Leaf Leaf senescence at maturing Stem Berry LSCS
Jinwon Green Red Purple Red Convex
Chunpoong Green Yellow Pale purple Reddish pink Concave
VLSCS: Leaflet shape in cross section.
Variety Leaf Stem Petiole Berry
Jinwon
Chunpoong
Fig. 2. Comparison of qualitative characteristics between ‘Jinwon” and ‘Chunpoong’.
Table 2. Physiological characteristics of Korean ginseng variety ‘Jinwon’.
Variety Emergence date (MM.DD) Flowering date (MM.DD) Time of berry maturity (MM.DD)
Jinwon 4.18 5.12 7.18
Chunpoong 4.20 5.15 7.21
O 8 2o AR 5ol H T FFUS FAE Ao ATEY & AoE YEEn kel A7 H
3. £ ARAAEESE 259 WEY JEE QL7 A

AeHE SAS AvEA e 2L 367 cnE P EF IIrF A4 1 0 o2 g yAdS vE
HEF 9] 368 cm@} FAFEFG O, R Qo] B EEo IHi’iD} (Table 4).
Zole 112 em=z, ‘FZ9] 13.1 cmol] Hl&) &g, =3

78 315 mmE HFo] 251 mET T FA A 7 25 ‘de|Fsl Ly
Fe Btk MAT 25L& Ao 818 g0 & 614 g AL AP 43y, FAAEY 9 498 T
QAT ET 204 ¢ B FASAT (Table 3 and Fig 3). AR AEgs) 2 AW, 239 2e AsHE Aed
el FL HAZS HeEbh AT
24 HEHT L&Y o] tig WAL 2016d 7€ FE7 4 RS O
g g e BASW, A9, gAY 92 Zos 2ARIe, oW HEvIee 243C, d7hd

AL AP A At oY, ARl HE U A8 W BEeEE 55T e mews) wa

Table 3. Growth characteristics of aerial and underground part of Korean ginseng variety ‘Jinwon’.

=

Aerial part Underground part
; Stem Stem Petiole . Main root Main root Weight of
V. S
ariety length  diameter No. of length Leaf length Leaf width ~ No. of - Root length length  diameter fresh root
stems (cm) (cm) leaves (cm)
(cm) (mm) (cm) (cm) (mm) (g/plant)

Jinwon  42.1%2.7° 9.0+0.9" 1.1+0.3™ 9.7+0.7 16.8+1.2" 7.2+0.7 27.0+6.3" 36.7+4.7"11.2+3.3" 31.5+1.3781.8+6.6
Chunpoong40.3+1.7 7.5+14 1.1+0.2 84%1.0 152%1.1 59%0.7 253%59 36.8+2.8 13.124.9 25.1+3.7 61.4%7.2

Significant difference according to Student’s t-test (p < 0.05 and “p < 0.01). NS means not significantly difference between Jinwon and Chunpoong.
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Fig. 3. Comparison of underground characteristics between ‘Jinwon” and ‘Chunpoong’.

Table 4. Reaction to disease and insect pest of ‘Jinwon’.

Diseases Insect pests
Variety . Alternaria Mulberry
Da(rg?lg)ggoff blight Ant(lg)ra_l(:gl;ose P[;?/tﬁfpoﬁ.]ogr)a R(%o-t gr)?t mealybug Ne(gniatgo)de
(0-9) g (0-9)
Jinwon 1™ 3 3™ o™ 3™ 1 o"
Chunpoong 1 5 3 0 3 1 0

"Degree of disease occurrence (0; immunity, 1; under 1.0%, 3; over 1.0% - under 10.0%, 5; over 10.0% - under 30.0%, 7; over 30.0% - under
50.0%, 9; over 50.0%). Significant difference according to Student’s t-test (p < 0.05 and “p < 0.01). NS means not significantly difference between
Jinwon and Chunpoong.

=1 g2, HE o 5 vo) ZsA Yeht 7133 26. TEM U J5M MESEY
Aol e 20159 3 WA 20163 4 WS A
AHSAY FF A A 3 dA Y HiE F
= B2 430 kg/10 a2 HFe] Hir 347 kg/10 aX
=71 o o 24% SFEe, 494 9o FE s
98 A 5764 kg/l0 a2 HF9] 5188 kg/10 aXTh oF 11% =5

ol I =& AU} (Table 6).

Q3. o1xke] 2 AJE-9) ginsenoside 3 F FIHLS 259
mg/gO & 109 mg/gel ‘HAF HT}F =A eSO, Rel,

= o
olo
2
X
i)
%
juel
o\
o
u
0%
N
"
32
Au)
3
&
a
”n
o
=
>
()
>

Table 5. Responses to major physiological injury of ‘Jinwon’.

Variety Aerial part Underground part Heat injury
Yellow spot (0-9)”  YYBSC” (0-9)  Atrophy (0 - 9) Red skin (0-9)  Rough skin (0 - 9) 0-9)
Jinwon 1™ 1™ 0" 1™ 1" 1"
Chunpoong 1 1 0 1 1 5

"Degree of disease occurrence; 0: immunity, 1: under 1.0%, 3: over 1.0% - under 10.0%, 5: over 10.0% - under 30.0%, 7: over 30.0% - under
50.0%, 9: over 50.0%. “YYBSC; yellow-yellow brown spot. Significant difference according to Student’s t-test (p < 0.05 and “p < 0.01). NS means
not significantly difference between Jinwon and Chunpoong.
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<Chunpoong> <Jinwon>

Fig. 4. Response to high temperature stress between ‘Jinwon’ and ‘Chunpoong’.

Table 6. Summarized results of local adaptability test of ‘Jinwon’.

Average root yield (kg/10 a)
Region 2015 (3 year old) 2016 (4 year old)
Eumseong Geumsan  Yeoncheon Average Eumseong Geumsan  Yeoncheon Average
Jinwon () 426.3+10.3" 417.0+10.2" 446.7+18.3" 430.0+17.6" 581.7£4.0" 573.0+10.4" 574.7+10.7" 576.4+8.7"
Chunpoong (B) 327.7+12.6 325.7*6.8 386.3x7.4 346.6=309 517.3%=51 529.0£2.0 510.0+11.1 518.8=10.4
Index (A/B) 129 128 116 124 112 108 113 111

Value are means:tstandard deviation. Significant difference according to Student’s t-test (p < 0.05 and “p < 0.01).

Table 7. Effective ginsenosides content of ‘Jinwon’.

Ginsenosides content (mg/g, dry basis)
Re Rg1 Rf Rb1 Rg2 Rh1 Rc Rb2 Rb3 Rd Total
Jinwon  2.5+0.01 2.0+0.00 0.8+0.00 10.2+0.01 0.5+0.00 0.0=0.00 3.9+0.01 4.2+0.00 0.6+0.00 1.4+0.00 25.9+0.03"
Chunpoong 2.3+0.00 2.6+0.01 1.1+0.00 2.6=0.00 0.0£0.00 0.0+0.00 1.5+0.00 0.3+0.00 0.1£0.00 0.4+0.00 10.9%0.02

Value are means=standard deviation. Significant difference according to Student’s t-test (p < 0.05 and “p < 0.01).

Variety

Rf @ Rh1S A3 Y] 7 7} AlE(Re, Rbl, Rg2, 7154 BARE F2 AR ginsenoside o] 259

Rc, Rb2, Rb3, Rd) & B5%F o] =& Aot mgglE 109 mg/edl “HEF Hu}h =74 vehton, 2L

(Table 7). 3} ginsenoside 10 FF % Rgl, Rf @ Rhl1S A3k 1}
ALY e 71T ggste] 2o Asla o] ™A 7 /) AE (Re, Rbl, Rg2, Re, Rb2, Rb3, Rd)S] &

weo x2S SAsTA 19999 W AW 7 TF ol iAoz =4 et

A s EARE SEHE T 201794 S48 FAL oAZA AtE it FF FolA L

At Zeta o]l gon, Ved EE 1 FEoE
o] 2719} YAFAL AAolal 7|9 Ty B doF Tl B FUE EXoz Fgstaxl st

AEL o, & 71 gdEoln, 712 A2 B

Fo BEFo|t)h e dAe Ty T ZtAle] 2

Aol o] Rk T, 237 A= FAEY

olm, dmjae Has UepATh 2 dTe TENZAHAA FHE= A4 Al
2FTQA AT RO o] Zolrle 2 A, sk W AFH E arjeA FF T AFAEEHARS:

719k 5457 A2 3 d wEn, S8 A93F PI01476001)9] AgH] APo g S E AR ol 7

SAFN 4dZE 71FCE 5764 kg/10 al® HF

= At=gy
518.8 kg/10 a thH] 11.1% =35k
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