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ABSTRACT

Background: The qualitative characteristics of aerial parts, such as stem diameter or number of
ginseng leaves, are highly correlated with the root yield. correlation between the qualitative
characteristics of aerial parts and root yield are limited.

Methods and Results: The materials used in this study were cultivated after collecting 219
germplasms from nine regions in Korea, and the growth characteristics of the aerial and underground
parts were investigated. The qualitative charateristics of eight 8 aerial parts such as stem color, leaf
shape, and shape in cross-section of a leaflet, were investigated and their correlation with root yield was
analyzed. The characteristics that showed a significant positive correlation with root yield were the
shape in the cross-section of the leaflet (r=0.71, p <0.01), degree of additional leaflets (r=0.37,
p <0.05), and color of leaf at senescence (r = 0.60, p < 0.01). Contrastingly, leaf shape had a negative
correlation (r=-0.42, p <0.01). Among the qualitative characteristics of aerial parts high-yield
germplasms weighing more than 55 g per individual, 13 lines (65%) had a convex shape on the cross-
section of the leaf. Germplasms that exhibited red color in leaf at senescence generally showed a high
root yield.

Conclusions: High-yield varieties can be developed early through the correlation between root yield
and qualitative characteristics of the aerial parts, this could also help farmers in harvesting high quality
seeds.

Key Words: Panax ginseng C. A. Meyer, Correlation, Qualitative Characteristics, Yield
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JEE 7JA (Park, 1996; Chung, 2007; Jang et al, 2019)
S 47} el o] FoiAk.

C.
]
——Ii-
A

=~ B

HEEH (P

fCorresponding author: (Phone) +82-63-238-0883 (E-mail) ycpiano@korea.kr
+Corresponding author: (Phone)+82-43-871-5617 (E-mail) k2korea@korea.kr

le2z5 3 R8N ek AT/ Researcher, Convergence and Innovation Strategy Team, Research Policy Bureau, RDA, Jeonju 54875, Korea.

J
£
—|m

Z%iz]i;g

Ao

oo

o
—|m

=

off o}? ol off’
[ReA oAy oA i) rE

e e e e e
2L L e
olol ofot ofo: ofot ofol

2 ot ol o2 oM
2 2 I I o
T o T T 27
)

A--A} / Researcher, Department of Herbal Crop Research, NTHHS, RDA, Eumseong 27709, Korea.
ZHE AA5-A} / Researcher, Department of Herbal Crop Research, NITHHS, RDA, Eumseong 27709, Korea.
A} / Researcher, Department of Herbal Crop Research, NTHHS, RDA, Eumseong 27709, Korea.
5 A2 / Researcher, Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.
5 A2 / Researcher, Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.
- oA A}/ Researcher, Department of Herbal Crop Research, NTHHS, RDA, Eumseong 27709, Korea.

57


https://crossmark.crossref.org/dialog/?doi=10.7783/KJMCS.2023.31.2.57&domain=http://medicinalcrop.org/&uri_scheme=http:&cm_version=v1.5

e 52 o] wejoln, Al FrllAE B £
S8l e AAA WS AlEstal o F

o] 717} vtEH, Aul 3o FF wo] wo}

olH &S A Utk (Moon er al, 2021). WEHA, F7lolM &
ol FPoME eHHor I FHS &Y T e FF TN FPIoE TR AR APl v 2

=
A 273 ook FFl B Y FE

=
SN TR RN I F Fago

AeS Addshe A

[e]
6(:)]E‘—lo
d

H
o2
1o,
o>
:

5 o] $Ae]t,

S P B oA A, Qe A
% JUE Fol Ay £
A3 A g g

o

AR EXlo

£ Bol A7l sttt

| ot (Kim et al, 2013; Kim et al., 2017a).

43 QU AR FH BW F AN, AW, 295 9 T A9 e Aol
s 253 o) AdS Bty WIS (Choi er
al., 1980; Chung er al, 1995; Kim, 2012), Son & (2021)
& 7tz fan9e) A8 547
A8 Ay A2 23, 44,

% 54 1]

-1 O

PN
9%, 99 5

FAAAIS Uit Bt

rot
&
o
e
0
X
ofh
Y,
lo

Hor

oéizrzﬂr._ylo}loﬁ

%
>
-0,
22
o
ot

u

M riz
i)
Y
oflt
N
=
>,
19
3
=2
o

S

=T

o
E
_0|L
K
™
H

4
oL
o
o3

o
N
==
i3
ol
o

¢

r (¢
o
2
i

o
(o]
N
~
Oz
o 1
oo
2 2
ofk
i3
rlo
N
N,
=
N
N
Lo
N
&
M
Fl
o
0

Y ALY - FAD - w

[m]
oo

< NS o] we o7 WIHITH (Choi and Shin, 1982; Chung,
1 ES ST 2007), DN Fgol HLHNS ) A, ek S,
B3 5 4 7= FEEY (Kim er al, 2021).

Doy el RARES B4 fASE e olgsel 1 2
d&317] Y3l A kE g EZ FE (Wang et al, 2009; Bang et al, 2011; Wang
Lk 4 et al, 2019
| el g 2 SA nf$- 3Eo] JOL} (Cha ef al., 2003; Seo ef al., 2003; Lee, 2010;
Rhim et al., 2010; Jand et al., 2020),

R

o4

)

N
P

1. Mg R
Qi A A8 P} A3

{18t Z 219 Fx12-

Table 1. Germplasms of Korean ginseng used in this study.
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No. Collection locations Latitude Longitude No. of germplasms

1 Yeoju Ganam-myeon 37°1216.73'"N 127°32'42.74"E 26
Neungseo-myeon 37°1810.56"N 127°34'24.68"E 29

2 Suwon Dangsu-dong 37°17'19.61'N 126°56'17.56"E 22
3 Daejeon Sinseong-dong 36°2321.17'N 127°20'50.38"E 19
4 Eumseong Soi-myeon 36°5525.00"N 127°45'27 .42"E 23
5 Pocheon Yeongbuk-myeon 38°5'20.67"N 127°16'31.68"E 15
Yeongjung-myeon 38°0'08.99"N 127°14'36.78"E 10

Sinbuk-myeon 37°56'11.82"N 127°13'35.34'E 9

6 Hongcheon Dong-myeon 37°40'40.97'N 127°56'16.24"E 12
Seo-myeon 37°4118.98"N 127°39'50.64"E 10

Haenam Sani-myeon 34°38'40.93'N 126°26'52.53"E 15

Yangju Gwangjeok-myeon 37°49'28.57'N 126°59'15.25"E 12

Nam-myeon 37°53'53.52'N 126°58'36.45"E 12

9 Gimpo Wolgot-myeon 37°4310.57"N 126°33'19.05"E 5
Total 219
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Table 2. Qualitative characteristics of ginseng aerial part measured in this study.

Organ Character Classifications Note Method of examination

Absent or very weak
Weak

Medium

Strong

Very strong

Intensity of anthocyanin

- VG
coloration

Stem

No anthocyanin

On lower part only

On lower and upper part
On upper part only
Along the whole stem

Distribution of

anthocyanin coloration VG

Broad elliptic
Shape Narrow elliptic
Slender

VG

Concave
Leaflet  Shape in cross section Flat
Convex

Weak
Serration of margin Moderate
Strong

Weak
Blistering of surface Medium
Strong

Absent
Additional leaflets Medium
Leaf Strong

VG

VG

VG

VG

Yellow
Yellowish orange
Color at senescence Brown

Reddish brown
Red
Yellow

Berry Color ;(iertlgmsh orange
Red

WG; visual assessment by a single observation of a group of plants or parts of plants.

VG

VG
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Table 3. Correlation coefficients among 10 agronomic characters in 219 ginseng germplasms.

Characters 2 3 4 5 6 7 8 9 10

1. Stem color 050" -025 025 -027 -024 -026 0300 089" -0.23

2. Distribution of stem color - -0.30 022 026 -024 030 -025 031 -0.28
3. Leaflet shape - -0.31 -0.22 -036 -036" -050" -023 -0427
4. Leaflet shape in cross section - -0.22  -036" -0.24 0.21 0.21 0.71"

5. Leaflet serration of margin - 038" 030 037 0.22 0.21
6. Leaf blistering of surface - 0.53" 0567  0.29 0.33
7. Additional leaflets - 0.51"  0.09 0.37"

8. Color at senescence - 0.517  0.60"

9. Berry color - 0.23

10. Root weight -
Significant at the level of 5% and 1% probability, respectively (p < 0.05 and “p < 0.01).
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Table 4. Comparison of mean values in root weight among three
classes of leaflet shape in cross section.
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Table 5. Comparison of mean values in root weight among three
classes of leaf senescence color.

Class No. of lines Fresh root weight (g) Class No. of lines Fresh root weight (g)
Concave 43 39.6+7.59" Yellow type 37 32.7+2.51°

Plane 127 41.8+3.53" Brown type 95 40.0+8.16"
Convex 49 46.3+5.04° Red type 87 45.1+8.72°

"Means followed by the same letter in a column are not significantly
different at the 5% level by Duncan’s Multiple Range Test (DMRT, p <
0.05).

"Means followed by the same letter in a column are not significantly
different at the 5% level by Duncan’s Multiple Range Test (DMRT, p <
0.05).

Fig. 1. Leaflet shape in cross section of ginseng. (A); concave,
(B); flat, (C); convex.
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Fig. 2. Color at senescence of ginseng used in this study. (A);
yellow type, (B); brown type, (C); red type.
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Table 6. Comparison of mean values in root weight among three
classes of leaflet shape.

Class No. of lines Fresh root weight (g)
Long elliptic 52 45.7+9.74*
Elliptic 125 41.5+8.44°
Slender 42 41.5+9.17°

"Means followed by the same letter in a column are not significantly
different at the 5% level by Duncan’s Multiple Range Test (DMRT, p
< 0.05).



R ==

[ ==}

o

ZI04X} . O|KO-I_C"_ . JI__H_I.%I . KO-I)gIEI[ -1

— oo

i

Uzs

Table 341 ol Joz vgked), ol ANAE, s}
¥ A% AR, A izl nek 29 moke =) WaE
oLk, ASHE £ WAV A FAge B JTL
wonE guge] wel Sl WE % 2ol (Kim e dl,
2017b) AR GRHo) ME S A2 WY PET B
a7t 9le JoE v,

3. Od AHIS Mg
B oAve] olg® i fAKY 219 A F 48 Fd3
AR $FE AR F AR o] we AUg A
ATk ZARE Ap1e] A AsHt B FEFS 422 g0l
™, BEET 30% o] FHE yello] & JHAI7E 55.0 ¢
opgel T 20 AR AE F FAE 54 ek 2
= Table 73} 7t}
Fig. 3. Leaflet shape of ginseng used in this study. (A); long AR AT = AAT Z30] 55.0 goll A8 20 Alo]
elliptic, (B); elliptic, (C); slender. AT o)F 600 g oAl AL G04058, GO3140, GO4008
A, CIE g 3 5 )
G04052, GO3111, G03094 5 6 AFo|Aem, °] & G04058
o] e v o] 725 go® 7P e RS Ui ol o A
e, ATEE oS BAS A3 (Tble 6), 0 BF  U5e] AR A% YW 54S 0W, 29 A2d 2
o] e, e, AIFE Zrlle ] A7t gtk o3 AlE Foll G04058 5 EEFo] 13 Aoz st

o

i
oS

<]
B
iy

\
o,

<]
&
o
lo,
rot

o

Table 7. Comparison of 9 characters of 20 high yielding lines selected from total ginseng lines in this study.

Lines e DAC? LS LSCSY LSM® LBSY AL CcS? BCY RW
(1-9 (1-9 (1-3) (1-3) (1-3) (1-3) (1-3) (1-5) (1-4) ®

G04058 5 3 3 3 2 3 2 4 4 72.5
G03140 5 3 1 3 1 2 3 4 4 71.7
G04008 9 7 2 3 2 2 3 3 4 64.0
G04052 5 3 3 3 2 2 3 3 4 64.0
GO03111 5 7 3 3 2 1 3 2 4 61.3
G03094 5 3 3 2 2 2 3 4 4 60.0
G04011 5 3 3 2 2 3 2 5 4 59.0
G03088 5 3 1 3 2 3 3 4 4 57.0
G04062 9 7 3 3 2 3 3 4 4 57.0
G03083 9 7 3 2 2 2 3 4 4 56.3
G04039 5 3 3 3 2 3 2 4 4 56.0
G04045 5 3 1 2 2 3 2 3 4 55.0
G04048 5 3 3 2 2 3 2 5 4 55.0
G04049 5 3 3 2 3 3 1 4 4 55.0
G04075 9 7 1 3 2 3 2 4 4 55.0
G04077 7 5 3 3 3 3 3 4 4 55.0
G04091 7 7 3 2 2 3 3 4 4 55.0
G04099 9 7 1 3 2 3 3 4 4 55.0
G04124 7 7 3 3 2 3 1 5 4 55.0
G04037 5 5 2 2 2 2 1 3 5 55.0

"SC; stem color, ? DAC; distribution of anthocyanin coloration, ?'LS;leaflet shape, “LSCS; leaflet shape in cross section, ¥LSM; leaflet serration of
margin, ®LBS; leaf blistering of surface, ”AL; additional leaflets, ®CS; color at senescence, ?BC; berry color, ""RW; root weight.

62



&ZI7)

712 Aglo] Aae
Ao A

= Uehds

o)
=
o Aol Aols YA

f
i

o o I )
) ro o ot

J ol >

Loy 7

o -

f

=2

2 WA} APl verd
s B3 9T
3 AL sk

=

=]

ol L
- N
4 R
[-40
>,_4
Z
L

Hie W o

ox 1o Jr kU my o
e rlo

X

Tg Ho =0 i
ofN rr
9,
N
ol
IE
Ll
9
Lot
_O‘L
A
fIO
olj‘i
AU
bt

N
O
il

T so
e I
)

& ol

Aol o 7tE AE Wol &
h= A, o @EAle] Halo
Fo] =2 ATOE VEhsth webA,
ol AH P& At o] T TS s
Qe Ax= &eF < op e, -2 AeES A
HlEhs E7tolA Al ol AAES FEHA AE
=Y g BeF wdHEn.

g

il
P

==
<]

L
sjo] ATk e

AR =
2 = w1 QAR FAME: PI006332012013)
o] Ao ez o]Fojzl AR o]l A=Yt

REFERENCES

Bae YS, Lim ES, Suh SJ, Yu J, Jang IB, Jang IB, Kim DH
and Kim YC. (2021). Comparison of growth, disease, and high
temperature damage in slope and small tunnel-type shading of
ginseng facilities. Korean Journal of Medicinal Crop Science.
29:380-387.

Bang KH, Jo IH, Chung JW, Kim YC, Lee JW, Kim DH and
Cha SW. (2011). Analysis of genetic polymorphism of Korean
ginseng cultivars and foreign accessions using SSR markers.
Korean Journal of Medicinal Crop Science. 19:347-353.

Cha SK, Kim YC, Choi JE, Choi JS and Kang KK. (2003).
Genetic variation in among cultivated field populations of
Korean ginseng(Panax ginseng C. A. Meyer) using RAPD.
Korean Journal of Plant Resources. 16:251-256.

Cheon SR, Ahn SD, Choi KT and Kwon WS. (1985).
Characters and inheritance of stem color in F; and F, of violet-
stem variant x yellow-berry variant in Panax ginseng C. A.
Meyer. Journal of Ginseng Research. 9:264-269.

Choi KT and Shin HS. (1982). Morphological characteristics of

t x|

63

si i)

Al
o

e

Zl

inflorescence, flowering bud, fruit and leaf of Korean ginseng.
Korean Journal of Breeding. 6:67-74.

Choi KT, Ahn SD and Shin HS. (1980). Correlations among
agronomic characters of ginseng plants. Korean Journal of Crop
Science. 25:63-67.

Choi KT, Lee CH and Chen SR. (1979). Studies on the variation
of flowering date in Korean ginseng plants. Journal of Ginseng
Research. 3:35-39.

Chung CM. (2007). Standard ginseng cultivation. Jungbu Press.
Cheongju, Korea. p.144-146.

Chung YY, Chung CM and Choi KT. (1995). The correlation of
agronomic characters and path coefficient analysis in Panax
ginseng C. A. Meyer. Journal of Ginseng Research. 19:165-170.

International Union for the Protection of New Varieties of
Plants(UPOV). (2020). Guidelines for the conduct of tests for
distinctness, homogeneity and stability of ginseng(Panax ginseng
C. A. Meyer). Geneva, Switzerland. p.1-30.

Jang IB, Moon JW, Yu J, Jang IB, Suh SJ and Chun CH.
(2019). Analysis of microclimate responses and high-
temperature injury in ginseng as affected by shading. Korean
Journal of Medicinal Crop Science. 27:278-283.

Jang WJ, Jang YE, Kim NH, Waminal NE, Kim YC, Lee JW
and Yang TJ. (2020). Genetic diversity among cultivated and
wild Panax ginseng populations revealed by high-resolution
microsatellite markers. Journal of Ginseng Research. 44:637-
643.

Kim JH, Yuk JA, Cha SG, Kim HH, Seong BJ, Kim SI and
Choi JE. (2003). Genetic variation in pure lines of Panax
ginseng based on by RAPD analysis. Korean Journal of
Medicinal Crop Science. 11:102-108.

Kim JU, Kim YC, Kim DH, Lee JW, Bang KH, Hyun DY,
Jang MH, Seong BJ, Park GH, Yoon YJ and Jo IH. (2021).
New Korean ginseng cultivar ‘Cheonmyeong’ with high yield
and rusty root tolerance. Horticultural Science and Technology.
39:132-140.

Kim YC, Kim DH, Bang KH, Kim JU, Hyun DY, Lee SW,
Kang SW, Cha SW, Kim KH, Choi JK, Han SH, An YN
and Jeong HN. (2013). A high yielding and salt resistance
ginseng variety ‘Cheonryang’. Korean Journal of Breeding
Science. 45:434-439.

Kim YC, Kim JU, Lee JW, Hong CE, Bang KH, Kim DH,
Hyun DY, Choi JK, Seong BJ, An YN, Jeong HN and Jo
IH. (2017a) ‘Kowon’, a new Korean ginseng cultivars with
high yield and alternaria blight resistance. Horticultural Science
Technology. 35:499-509.

Kim YC, Kim JU, Lee JW, Jo IH, Bang KH, Kim DH, Hyun
DY, Oh TK, Shinogi Y and Lee CH. (2017b). The
classification of the morphological characteristics of aerial
vegetative tissues in a large germplasm collection of Korean
ginseng(Panax sp.). Journal of the Faculty of Agriculture,
Kyushu University. 62:69-74.

Kim YC. (2012). Classification of the morphological characteristics
of ginseng(Panax ginseng C. A. Meyer) germplasm and
selection of useful resources. Ph. D. Thesis. Chungnam
National University. p.1-113.

Kwon WS, Chung CM, Kim YT and Choi KT. (1991).
Comparisons of growth, crude saponin, ginsenosides, and



2HE O - ALY - WDl - wHE - USH - 2ES
anthocyanins in superior lines of Panax ginseng C. A. Meyer. (2010). Analysis for the major traits and genetic similarity of
Korean Journal of Breeding. 23:219-228. native ginseng(Panax Ginseng C. A. Meyer) collections in
Lee JW. (2010). Development of DNA markers for identification Korea. Korea Journal of Breeding Science. 42:488-494.
of Korean ginseng -cultivars(Panax ginseng C. A. Meyer). Rural Development Administration(RDA). (2012). Good

Master Thesis. Dongguk University. p.1-36.

Lee SS. (2002). Characteristics of photosynthesis among new
cultivars of ginseng(Panax ginseng C. A. Meyer). Journal of
Ginseng Research. 26:85-88.

Lee SW, Kim GS, Hyun DY, Kim YB, Kim JW, Kang SW and
Cha SW. (2011). Comparison of growth characteristics and
ginsenoside content of ginseng(Panax ginseng C. A. Meyer)
cultivated with greenhouse and traditional shade facility. Korean
Journal of Medicinal Crop Science. 19:157-161.

Moon JW, Jang IB, Jang IB, Kim YC and Suh SJ. (2021).
Changes in the growth characteristics and compound contents
of 2-year old ginseng according to chitosan and ultraviolet light
treatment. Korean Journal of Medicinal Crop Science. 29:253-
262.

National Institute of Horticultural and Herbal Science(NIHHS).
(2015). Research on breeding technology with climate change
in Panax ginseng. National Institute of Horticultural and Herbal
Science, Rural Development Administration. Wanju, Korea. p.3-
18.

Park H. (1996). Research on ginseng production during the past
20 years. Journal of Ginseng Research. 20:472-500.

Rhim SY, Sohn JK, Ryu TS, Kwon TR, Choi JK and Choi HJ.

64

agricultural practice of ginseng. Rural Development Administration.
Suwon, Korea. p.77-79.

Seo SD, Yuk JA, Cha SK, Kim HH, Seong BJ and Kim SI and
Choi JE. (2003). Analysis of diversity of Panax ginseng
collected in Korea by RAPD technique. Korean Journal
Medicinal Crop Science 11:377-384.

Son DK, Oh MW, Hwang HS, Han JW, Jung JT, Ma GH,
Yonna YH, Woo SH and Lee JH. (2021). Growth and yield
characteristics of Glycyrrhiza spp. resources. Korean Journal of
Medicinal Crop Science. 29:242-252.

Wang H, Sun H, Kwon WS, Jin H and Yang DC. (2009).
Molecular identification of the Korean ginseng cultivar “Chunpoong”
using the mitochondrial nad7 intron 4 region. Mitochondrial
DNA. 20:41-45.

Wang H, Xu F, Wang X, Kwon WS and Yang DC. (2019).
Molecular discrimination of Panax ginseng cultivar K-1 using
pathogenesis-related protein 5 gene. Journal of Ginseng Research.
43:482-487.

Yi ES, An YN, Han JA and Jo CH. (2018). Changes of micro-
environment in a wide-shading facility for Korean ginseng
cultivation. Korean Journal of Medicinal Crop Science. 26
(supplement 2):169-169.



	인삼 지상부 질적 형질과 지하부 수량과의 상관관계
	ABSTRACT
	서언
	재료 및 방법
	결과 및 고찰
	REFERENCES


