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Variations of Agronomic Characteristics of Cultivars and Breeding Lines in Korean
Ginseng (Panax ginseng C. A. Mey.)
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ABSTRACT : These studies were conducted to provide basic information on Korean ginseng cultivars and breeding lines
(Panax ginseng C. A. Mey.) and to identify the variations that can be utilized in ginseng breeding programs. The agronomic
characteristics was used to clarify the genetic relationships among Korean ginseng cultivars and breeding lines and to clas-
sify them into distinct genetic groups. Angle of petiole and number of fibrous root showed a wide variation from 15.0~67.8 °
and 0~5, respectively. The average plant length was 54.2 cm with a range of 37.9~64.8 cm and the average stem diameter was
5.6 mm with a range of 4.0~7.5 mn. The average stem length was 31.9 cm with a range of 21.8~37.9 cm and the average root
weight was 38.1 g with a range of 23.0~52.0 g. The 24 Korean ginseng cultivars and breeding lines were classified into 4
groups based on agronomic characteristics using the complete linkage cluster analysis. The 1 , IT , IIl and IV groups included
the 60.8%, 7.4%, 13.1% and 8.7% of the cultivars and breeding lines, respectively. The breeding lines in group I could be
characterized as the group with the highest growth characters and yield components, such as plant length, stem diameter
and root weight. The root weight, the yield component, had highly significant positive correlations with stem diameter, plant
length and stem length.
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I (Panax ginseng C. A. Mey. ) 22 Fezow Mey.), V=t (P quinquefolius L.), 224t (P notoginseng
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A 2B HEEAN RS gHstoln, AR 1U1e] 3t 7HHE ol e B At AIFF] YAER ol §H L
730l 40037)2] Arj7} PBe]= FHIHFo|th (Hu, 1976). ATk (Wen and Zimmer, 1996).
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Tsai & K. M. Feng (B¥H424), P wangianus S. C. Sun (
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2008), 3%+ (Shin er al., 2000; Yun et al., 2001), 7+ A Aol digt Ae wFe AAo|tt (Bang et al, 2011a,
Z B3 (Kang et al, 2007), 2E#H X &3} (Lee ef dl., 2011b).
2008) 5o ThFg m50] e AoE Bag vl it mEbA] B Ats HU A T 2 A% EH 54
e Al ik S04 defdle] wet AEE, & & ek, ke 7o FES titeE 2 ¢ 92 Y
ST, THET, AET 0= R e, AEFS d # BAS FE §F A7) 712 ARE FHsle] R <l
A A= = k] RS XA Jlow, L B A FF 400 &8st sl
2 &7 4 gHellM BEE ol UARE AAE vER] L,
= AssiH AL Yepdth S5 19204 7= Me 2 oA
ME2] 07F AEAAM F 14,0005 FoA 1717} 222
2 WAENeH, 19289 7= Ak x| A 17 1. AEE
AREoA A3 UIAZE B AR A& F2] - SAEA B Ao AREE AR AT AHddESgmEky
<=, 2 542 719 9ol sxMlo|a, Al Adsatd ISR AR SAFR Zellite] G04009
G5 Yep= Blo] 54olth 207153 AE 5 455S SR 5o, el A (¢F
7% 19269 A7 Aekre] Wizk oA 99ds] & AH)e 4948 7|F0Z ST (Table 1), A4HS Auid F
A€ Aog &7]of gHe] Mo P vRPHAIRE &5 & 20073 10€0) F5ZF 90cm, THFFE 90 cm, F5E0|
ol v Aeshd AIF do] FAE Wrh S¥5F 30cm oPFe® whELL, 2008 3ol 7x 105 (90 x 180 cm),
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Table 1. Information of four Korean ginseng cultivars and twenty
breeding lines used in this study.

Breeding lines

No. 4 Origin Classification
or cultivars
1 G04009 Korea Jakyung
2 G04012 Korea Jakyung
3 G04020 Korea Jakyung
4 G04021 Korea Jakyung
5 G04026 Korea Jakyung
6 G04030 Korea Jakyung
7 G04046 Korea Jakyung
8 G04047 Korea Jakyung
9 G04049 Korea Jakyung
10 G04065 Korea Jakyung
11 G04069 Korea Jakyung
12 G04076 Korea Jakyung
13 G04084 Korea Jakyung
14 G04085 Korea Jakyung
15 G04086 Korea Hwangsook
16 G04090 Korea Jakyung
17 G04097 Korea Jakyung
18 G04098 Korea Jakyung
19 G04113 Korea Jakyung
20 G04116 USA Jakyung
21 Chunpoong Korea Cultivar
22 Yunpoong Korea Cultivar
23 Gopoong Korea Cultivar
24 Gumpoong Korea Cultivar
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Table 2. Mean value and range of aerial part in 4-year-old Korean
ginseng cultivars and breeding lines.
Frasanale IT No Plant Stem Stem  Number of
" length(cm) length(cm) diameter(mm)  stem
G04009 56.3 34.7 6.0 1.0
G04012 60.4 36.1 6.2 1.0
G04020 52.7 30.7 5.1 1.0
G04021 61.5 36.4 6.0 1.0
G04026 534 33.0 4.9 1.0
Stem G04030 542 30.9 5.6 1.0
] S G04046 62.2 353 52 1.0
BN . G04047 64.8 37.8 6.9 1.0
Taprag —Jf % ARG T G04049 62.7 37.9 7.0 1.0
Side root g\ G04065 58.0 35.0 52 1.0
L ateral rosT i G04069 472 23.9 5.6 1.0
T 7 ] | G04076 64.5 373 7.5 1.0
/Z,\»” [\/ \:: J G04084 57.1 33.6 6.6 1.0
Fig. 1. The name of part of ginseng plant. G04085 >1.8 29.2 39 10
G04086 40.6 21.9 4.2 1.0
WS B Ak W PA, WRAA % slebeele Qi 0400 S8 338 54 10
GAP A A o] 25190 (RDA, 2009). G04097 53.5 332 5.6 1.0
G04098 572 344 5.6 1.0
5 KD EM 2A G04113 59.6 33.6 5.7 1.0
F 'S Se w5 G04116 43.6 27.4 5.5 1.0
Fo A% B4 A 25 % AT T 4 10ARE Chunpoong 574 34.8 55 1.0
UPOV (The International Union for the Protection of New Yunpoong 4.1 26.6 51 12
Varieties of Plants)2] A} 7)) ulg} Qo] Zolxo] ¢4 Gopoong 37.9 21.8 4.0 1.1
3 W7 69 Z2A0] 2ABIYT Gumpoong ~ 43.7 26.0 42 1.1
A A8 A9 o], AR Z7]9] o), ARAL 7 Mean+SD 542+78 31.9+49 56+0.8 1.0+0.04
o] 27, A 2709 ol wlE) 174, 27, 30E 2AS) C.V (%) 14.5 15.3 15.3 4.7
ATF. AR ole] 7o), AZL ole] Ho|, AWFL o= Range 379~64.8 21.8~379  4.0~7.5 1.0~1.2
o] Ao, Gi7tee S VEo® AR 2w, 3 55.1~61.0 cm 7t 29%, 61.1~65.0 cm 7k 21%2A] 49.1 cm o]
< Z) dols ARSI 242 o] o], SAES 91 o] 75%A2H, G04047, G04076, G04049°] 7o) Zo]
e o), AL wEe w, 252 e A, 7P 7 Alew AR BE§ 37.0~43.0cm € 43.1~49.0 cm
FEFe 720 78 AT Fig ). Z47te] 1] 34 o ExHLE 27 12.5%
o tisl =AM HlolHE WA E ARl 7374L 21.8-37.9 cm o] W= B2 31.9 em Rk, 2]
&2 33.1~36.0 cm 7+ 38%, 36.1~39.0 cm 7} 21%=2A] 33.1 cm
3. 78 9 oA A B olako] 59%10H . G04049, G04047, G040769] AlEo] 7
3 2 g2 4 248 140 2L SAS program o] 7PF ATk EEF 21.0~24.0 cm 9} 30.1~33.0 cn 7} ZH2}

(SAS Enterprise Guide4.3
cluster analysis W'HO =

S ]85, complete linkage
dendrogram3} 3}AT}.

o Y oz

pL

1. KAt Kol M2s S
24 W EF R SAABY 8 AP ASEYS B
W Table 29} T, 2HE 379-648en o] WIlw HFL

a0
542 cm o)t FEHES AT EH, 49.1~550cm 7} 25%,
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12.5%3.32, 24.1~27.0 cm &} 27.1~30.0 cm 7} ZFz; 8%3ith.
7BA74e 40~7.5mn o] HLR FFE 5.6mm ATk ZEH|
£ 51-55mm 7} 29%, 5.6~6.0 mm 7} 33%2A =709 A
272 51mmold 6.0mm o)t 62%E T WU,
4.0~4.5mm 9} 6.6~7.0mm 7} ZFzF 12.5%F0H, 4.6~5.0 nm <}
6.1~6.5mm &} 7.1~7.5mm 7} ZFz} 4%t} Choi %5 (1984)
AR 7ge) FE A FEol Erial R,
G04076, G040492] AlEo] ZHz} 7.5 mm, 7.0 mn &2 7327 0]
7P FE Ao ZAEAT Age 1.0~1.2719] HeE o
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Table 3. Mean value and range of aerial part in 4-year-old Korean
ginseng cultivars and breeding lines.
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Table 4. Mean value and range of roots in 4-year-old Korean
ginseng cultivars and breeding lines.

Leaf Leaf Length of Angle of Length

IT No. length wldth petlole petiole peduncle
(cmy  (em)  (em) 0 em
G04009 16.1 6.2 9.0 60.6 21.8
G04012 18.8 6.8 10.0 65.4 224
G04020 14.9 6.0 82 59.4 24.0
G04021 14.2 5.7 7.8 63.0 25.5
G04026 15.8 5.7 7.6 64.2 20.4
G04030 15.9 6.9 7.7 67.8 233
G04046 18.6 6.7 9.1 63.6 27.0
G04047 193 7.0 89 64.0 27.0
G04049 18.4 6.4 9.6 59.0 24.8
G04065 18.3 6.1 8.9 64.6 232
G04069 13.8 5.5 6.7 66.8 193
G04076 19.0 7.0 10.5 62.6 272
G04084 18.6 6.8 9.1 67.0 23.7
G04085 18.0 6.5 9.1 64.8 20.6
G04086 13.1 5.5 7.1 60.0 18.7
G04090 19.1 7.6 94 59.6 20.7
G04097 17.9 6.5 9.7 66.4 20.5
G04098 17.5 6.3 85 66.6 22.7
G04113 17.2 6.2 84 66.8 26.0
G04116 17.7 8.0 10.3 61.8 14.2
Chunpoong  16.8 55 8.0 37.0 22.7
Yunpoong  14.8 52 8.0 314 21.5
Gopoong 13.1 4.6 5.7 20.3 16.1
Gumpoong  14.6 52 7.4 15.0 17.6

Mean+S.D 16.7+2 62+08 85+12 574+15522.1+34
C.V (%) 12 12.8 13.7 26.2 15.4

Range 13.1~19.3 4.6~8.0 5.7-10.5 15.0~67.8 14.2~272

[e}e)

@ 1071019, BEXEH&S 107171 87%= 7 Etth,

Table 32 HEW I 13.1~193m & HBHYE H
16.7 cm Th. EXEU|E-S 17.6~193 cm 7} 46%= 7HE BE
tl, G04047, G04012, G04046 5] F7o] 74 71 AlEo)
ATk SO Z 14.6~160cm 7} 21%%A 3, 13.0~14.5cm 9}
16.1~17.5 cm 7} 22} 16.5%5 RA|SIATE.

AEZ O 46-80cm e HeZ HFF 62cm P}t FIH|SLS
6.1~6.5 cm 7} 29%= 7 ko, 6.6~7.0cm 2 7.1~8.0 cm
= 7H7b 25%, 8.5%% ., 45-50cm 2 5.1-55cm 2
5.6~6.0 cm = ZHZt 4%, 21%, 12.5%Th.

AL 57-105cm o] W= HF 85em ey XU
£ 96~105cm7F 67%= 7P BWkom, G04076, G04116,
G04012 Fo] gl 7F¢ 70 ABoldth 95cm olsk=
33%°] EEXHE eI

FHEE 15.0~67.8°9] RHE it 574 °%UT} F3H]

e
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Root Toproot Tpproot Root Number
IT No. length(cm) length d1a;neter weight(g) of fibrous
(cm) (cm) root
G04009 28.3 5.6 23.1 42.0 5
G04012 30.8 5.5 225 42.0 4
G04020 26.3 5.7 223 37.0 3
G04021 28.3 6.1 23.6 50.0 5
G04026 28.2 4.8 21.9 35.0 4
G04030 20.8 5.7 18.4 27.0 4
G04046 27.0 7.6 9.6 44.0 5
G04047 25.8 6.5 132 51.0 4
G04049 272 53 23.5 45.0 3
G04065 254 5.9 22.1 27.0 5
G04069 28.1 59 21.8 43.0 4
G04076 28.4 6.7 245 52.0 5
G04084 272 6.3 23.4 45.0 5
G04085 29.6 5.7 23.4 44.0 4
G04086 26.5 42 18.2 24.0 5
G04090 304 4.7 23.0 43.0 5
G04097 26.2 5.1 22.1 44.0 2
G04098 30.5 7.4 21.1 44.0 4
G04113 27.0 6.0 22.1 46.0 5
G04116 245 6.7 18.4 30.0 0
Chunpoong  20.6 4.0 19.7 23.0 3
Yunpoong  24.4 4.9 20.2 26.0 4
Gopoong 26.7 4.7 204 25.0 0
Gumpoong 259 5.6 18.6 25.0 3
Mean+ S.D 26.8+2.6 5.7+0.9 20.7+3.438.1+9.6 3.8+ 14
C.V (%) 9.6 16 16.6 252 38.1
Range 20.6~30.8 4.0~7.6 9.6~24.5 23.0~52.0 0~5
& AHEE 60.1~68.0°7F 67%= 7P WOk, 15.0~25.0°

£ 8%, 25.1~35.0°9F 35.1~50.0° ZFZ} 4%, 50.1~60.0 °=
17%% Tk

A HES 2.1mgPoen, 1
Ak BIUEL 216240cm 7t 3B3%E 7P
19.1-21.5 cm & 25%333, 24.1~26.5 cm &} 26.6~27.5 cm+= ZH2t
12.5%315, 14.0~16.5cm ¢} 16.6~190cm = ZH}F 8.5%33 T
3}737o] AW 5~ dAA Full7t sl= A7l 30 &
ooz AT AAZE =ES 27t JloBR F737o]
e AMAZE =Bl feigh 2Ex2 & 5 2ok (Kim, 2012).
ueby sdAe] A A G041163+ G04086> =l 7}
gt FEE Sk U €8E T US ZloE AL

434 QA FE B SAAAES] T8 A ASEAS B
H Table 49} ZTh 4L 20.6-308cm 2] WE HF
26.8 cm o} EEH|E-S 28.1-30.8 cm 7} 37.5%F 7 Bk
o, TS0 7 26.1-280cmE 33.5%A 1, 24.1~26.0cm 2

BEEHE 142-272¢m

o
Bk,
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Fig. 2. Dendrogram of 4 Korean ginseng cultivars and 20 breeding lines based on 14 agronomic characteristics by complete

linkage cluster analysis.

20.0~24.0 cm & Z}2F 21%, 8%t}
EAGE 40-76cme] WAZ BF 57cn Uk BITAE

2 5.6~6.0cm 7t 33%3L, 4.0~5.0cm = 25%, 5.1~5.5cm =
12.5%, 6.1~6.5cm 2 6.6~7.5cm = 28+ 12.5%, 17%3A0

AL Fake] Aol e FIS vH L, AFPo]
+h 2 ke vlesy o3 998 R (Kim,
2012). 4k BA14-2 5.0~10.0 cm HE7F ok gl
=9 (Kim, 2012), 47
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Table 5. Mean value of 14 agronomic characteristics in each
classified group of 4-year-old Korean ginseng cultivars
and breeding lines.

. Group
Characteristics
1 il m v Mean
Plant length (cm) 59.0 522 472 429 503
Stem length (cm) 349 296 276 270 298
Stem diameter (mm) 60 356 46 53 5.4
Number of stem 1.0 10 1.0 1.1 1.0
Leaf length (cm) 177 161 148 163 162
Leaf width (cm) 65 6.1 54 6.6 6.2
Length of petiole (cm) 9.0 81 75 92 8.5
Angle of petiole (°) 640 644 373 466  53.1
Length of peduncle (cm) 23.8 217 197 179  20.8
Root length (cm) 272 28,6 243 245 262
Toproot length (cm) 58 62 46 58 5.6
Toproot diameter (mm) 209 222 188 193 203
Root weight (g) 424 420 240 280 341
Number of fibrous root 44 38 3.7 2.0 35
2. 28 R gE a2
=% 20 A% UF 14le] A8 Fa Exe) o
SR AR Fig 291 2ok 2R AAF 00813
Eom B9 o 2ol F5 % AL el agow
FAAE TS FA e 1FL AT 2370 S

2 ASL 4aFoR BREeH, I 259 1441% (60.8%),

I 250l 4748 (174%), T 25 A3 33 2 G04086

(13.1%), IV 250 AF3 G04116 (8.7%)°] EH= Ut
Table 59A ¢} 7o) T 2/ 14 B57) A4t Also=

W TRE gl sl 24, 4974, 2% ¥ A% 5401 7
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Table 6. Correlation coefficients among 14 agronomic characteristics.

PL SL SD NS LL LW LPT AP LPD RL TL TD RW NF
PL* 09 076 -059 072 049 059 057 0.8 023 042 005 072 053
SL 073 -049 075 049 066 048 078 0.17 036 010 063 042
SD 042 067 057 068 054 064 020 041 026 075 031
NS -043 -054 039 -079 -031 -021 -026 -009 -047 -026
LL 079 08 047 046 021 042 -003 052 021
LW 082 063 021 015 047 -007 046 0.10
LPT 049 033 023 040 0.3 051 0.14
AP 043 031 042 013 061 045
LPD 006 040 -0.07 061 0.65
RL 025 037 062 030
TL 029 054 017
TD 0.19 0.8
RW 0.39
NF

*PL, Plant Length; SL, Stem Length; SD, Stem Diameter; NS, Number of Stem; LL, Leaf Length; LW, Leaf Width; LPT, Length of Petiole; AR Angle
of Petiole; LPD, Length of Peduncle; RL, Root Length; TL, Toproot Length; TD, Toproot Diameter; RW, Root Weight; NFE, Number of Fibrous root.
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