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Abstract: Wild-simulated ginseng (Panax ginseng) is a valuable forest product containing pharmacologically active
compounds, including ginsenosides. Standardizing and grading its quality requires understanding its morphological
characteristics and the environmental factors influencing its growth across different regions. This study measured and
compared the aboveground and underground morphological traits of 2-, 5-, and 8-year-old wild-simulated ginseng, along
with environmental factors at major cultivation sites in Pyeongchang, Seosan, and Geochang, South Korea, to assess
correlations between these traits and factors. Results showed that 2-year-old plants had the longest stems in Seosan,
whereas stem diameter was greater in Pyeongchang and Geochang. For underground parts, rhizomes were longest in
Pyeongchang, and roots were longer in Pyeongchang and Geochang. Root fresh weight was highest in Seosan for
2-year-old plants and in Pyeongchang and Geochang for 8-year-old plants. Seosan produced the longest seeds, whereas
Pyeongchang yielded seeds with the highest fresh weight. Correlation analysis revealed a positive association between
root fresh weight and both stem diameter (r = 0.79) and stem length (r = 0.79). Wild-simulated ginseng grown in colder
climates developed longer rhizomes, and higher Na“ concentrations resulted in shorter roots. This research provides
fundamental data for the standardization and quality management of wild-simulated ginseng.
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Table 1. Above ground part characteristics of wild-simulated ginseng by three cultivation sites (Pyeongchang, Seosan, and Geochang)

and three ages (two-year-old, five-year-old, and eight-year-old).

Site Year . Stem Stem Peduncle No. of No. of No. of
diameter (mm) length (cm) length (cm) leaves leaflets flowers
2 1.51+0.23 ® 4.31+1.81 - 1.58+0.5 4.4240.50 -
Pyeongchang 5 3.24+0.84 15.23+3.27 12.71£3.82 3.48+0.51 4.76+0.37 8.48+5.97
8 3.87+0.76 20.2+4.13 15.85+4.39 3.92+0.28 4.85+0.28 12.13+£7.46
2 1.03+0.18 5.54+1.13 - 1+0 4.46+0.51 -
Seosan 5 2.49+0.48 12.9+4.16 8.04+5.29 3+0.59 4.41+£0.54 6.5£3.37
8 2.8+0.39 18.71£2.21 7.994+3.25 3.5+0.62 4.56+0.54 5.78+2.56
2 1.43+ .28 4.59+1.78 - 1.5+0.51 4.56+0.52 -
Geochang 5 2.81+0.37 13.93+£2.71 9.19+2.33 3.43+0.66 4.81+0.45 5.91£1.78
8 4.02+0.73 20.94+3.67 14.9£3.71 4.04+0.36 5.02+0.24 17.5+8.82

* Mean+Standard deviation.
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Figure 2. Comparison of the above ground part characteristics of wild-simulated ginseng in three cultivation sites (Pyeongchang,
Seosan, and Geochang). (A) Stem length (B) Stem diameter (C) Number of flowers.

Table 2. Underground part characteristics of wild-simulated ginseng by three cultivation sites (Pyeongchang, Seosan, and Geochang)
and three ages (two-year-old, five-year-old, and eight-year-old).

Site Year Rhizome length Root length Main root Lateral root .Main root R09t fresh
(mm) (mm) length (mm) length (mm) diameter (mm)  weight (g)

2 7.21£1.56 ¢ 116.86+49.49 21.98+5.98 94.89+47.75 5.43+1.31 0.63+0.56

Pyeongchang 5 13+3.66 179.33+46.49  53.14+£21.45 126.19+35.47 8.78+1.56 3.02+1.67
8 25.31+3.54 233+455.87 40.19+13.44 192.82+55.18 12.68+2.29 5.64+1.6

2 1.4£1.27 67.02+21.56 11.0242.43 56.01+£21.09 3.04+0.85 0.83+0.44

Seosan 5 6.72+1.87 131.05+28.07 35.37+8.94 95.68+28.03 10.5+2.39 2.95+1.63

8 19.224+6.48 174.73+41.33 29.28+13.8 145.45+40.5 11.78+3.17 2.94+1.07

2 2.69+0.9 75.21£26.09 18.76+4.18 56.461+23.54 4.45+0.77 0.26+0.15

Geochang 5 7.07+£2.3 171.02+30.55 24.27+7.51 146.75+33.36 9.69+1.65 2.18+0.76
8 16.66+5.69 246.93+44.59 29.07+14 217.86+43.6 14.394+2.39 6.29+2.48

* Mean+Standard deviation.
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Figure 4. Correlation between the above ground part and underground part of wild-simulated ginseng. (A) Total samples (B)
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samples.
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Table 3. Morphological characteristics of seeds of wild-simulated ginseng in three cultivation sites (Pyeongchang, Seosan, and Geochang).

Provenance Average length  Average width Average thickness Aver?ge fresh Ave.rage dry Average color
(mm) (mm) (mm) weight (g) weight (g) (RGB value)

Pyeongchang 4.914+0.289 4.008+0.249 2.495+0.247 0.028+0.004 0.024 [213, 192, 156]
Seosan 4.941+0.357* 4.141+0.280 2.644+0.280 0.027+0.005 0.024 [185, 163, 130]
Geochang 4.853+0.367 4.002+0.285 2.553+0.235 0.026+0.004 0.023 [203, 182, 147]

* Mean+Standard deviation.

Table 4. Germination rate (%) of seeds from three cultivation sites (Pyeongchang, Seosan, and Geochang) and seeds of cultivated
ginseng in three different sowing sites (Mt. Chilbo, Mt. Taehwa, and Mt. Gwanak).

Mt. Chilbo (%)

Mt. Taehwa (%)

Mt. Gwanak (%)

Provenance " — - - Mean (%)
Broad Conifer Broad Conifer Broad Conifer
Pyeongchang 41.34% 26.00%° 32.66 10.00 3.34 25.34 23.11
Seosan 15.34% 1.34% 6.66 2.00 5.34 6.00 6.11
Geochang 66.00" 48.66™ 38.00 18.66 4.00 26.00 33.55
Cultivated * 0.00"" 0.00b° 0.66 0.00 0.00 0.00 0.11
Germinated " 20.00% 20.00% 12.00 6.00 0.00 0.00 9.67

* Cultivated ginseng (Panax ginseng).
¢ Broad-leaved forest floor.
* p<0.05

® Germinated seeds from Geochang cultivation site.
4 Conifer forest floor.
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Figure S. Different germination rate of seeds from three
cultivation sites (Pyeongchang, Seosan, and Geochang) in the
broad-leaved forest floor of Mt. Chilbo.
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Table 5. Average temperature and relative humidity of three cultivation sites of wild-simulated ginseng (Pyeongchang, Seosan, and

Geochang).
Pyeongchang Seosan Geochang
Month
T (°C) RH" (%) T (°C) RH (%) T (°C) RH (%)
April 9.4 75 12.9 72 12.5 64
May 14.0 73 18.0 72 17.3 73
June 17.8 87 21.6 81 22.1 75
July 213 95 24.5 93 24.9 88
August 22.7 95 25.7 84

* Temperature
® Relative humidity
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Table 6. Soil physicochemical characteristics of wild-simulated ginseng by three cultivation sites (Pyeongchang, Seosan, and Geochang)

and three ages (two-year-old, five-year-old, and eight-year-old).

Site Year  Texture pH ( dggn) (32%12?'[;: Ii(ii?)lgeonf (nll);/OkSg) (cn(qul?kg) Prchangeable cations (me/ke)

(%) (%) Ca Mg K Na

2 Sanlgnflay 52 012 8.93 0359 13566  22.74  272.52 27.03 8588 6.53

Pyeongehang & i joam 49 041 14.5 0.619 33272 4249 43895 68.86 253.93 8.63
Clay loam 53 02 9.58 0383 27574  32.86 44443 57.15 186.13 8.75

2 Loam 48 045 12.67 0.575  402.34 4141 36635 47.24 2868 15.16

Geochang 5 Sar‘l‘iﬁlglay 48 024 9.84 0381 11585  28.84  161.53 23.44 11823 10.72
Clay loam 44 03 10.81 0412 9814 3606 6429 1238 71.82 103

2 Loam 48 019 4.58 0.185  87.99 2579 6822 2824 8634 14.22

Seosan Loam 44 043 1205 0313 5608 2898 233.82 5239 82.15 15.66

8 Sanl‘gnflay 47 058 16.23 0.537  147.13  28.15  845.88 78.05 103.17 24.26
9] Fr= Z-of THsA wl$- chaFsiAl verd 4= 9ok ojAolch wkA S YT Al o] AR BE
(Lee, 2010; Suh et al., 2021). UEE B2H] 7|2o8 AAEFo g HEs)t 2 9jt)
Al 3Ee] AiA] W 2134, 53R E 8 A Alekato] S k2 tha Ao e =224 o e vudE
Fol Bopo] o|5jsh e BAF AT, BE O Ei 4] Ayejd oz uldo] okslo] Bk 317 % 58] ofito]
FEo] AL FHHOu, pHE 44~53 W9 Y et wigelA) whgsise(Park, 1991), YEE 7o 2lg)
CH(Table 6). "AFpA} EZEA A HaCleon et al, 2021)3  AREAO] HISIHA AB4 B AR AFF, el
T 9171EAFOLRDA, 202)0] T2, AlAE A Aol sk, Aelgelt e o Bt B,
Wl S1g ARe moF AL AE pH 5.5 Yele] mofo]  A|ARRE AL AT get Ul g @abo] Uehdrha B
o, BAC AAo] o7k e ofE Bl AFER Al & HSITYu et al, 2018). AAAT} SA5 Anp, A 3
XHHHXH FFAr A EAJTL pHs Auf 7)ol 23t XHHHZH EY U A3 UEF] sEe Akkike] 25}

o2 daE gk

Eou A7 AEELE 0.1~0.6 dS/m, G715 FHFS 4.5
~16.3%, AAALE 0.18~0.62% F=2 Lepygch 181
L5 QAR 56~403 mgkg, oFolL AL 227~
42.5 cmol/kg A= om, X34 oFol& E3t thefst
Q12 vehytth ol vt 4H Y] theket B E4
ot Ao ohElw, Abekil A AE B AXPER 2fo

ot

=

zsc]zl Xoﬂ/q xﬂxﬂ ﬂ 710] ol /\ﬂ:L 71o]g. x%xﬂ;@lo
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2 E
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e ghe vElia, O ggeg A, 3 soE 3] 223w Qlr}. ALORARS. EoF EA W 7|4} 2710] B3HA]
E=9th B Wl Na'7}k Ca®'o} Mg™ol ujal] Adjaoz ol FeFo= Qs 1 FEizt A ek = 71w,
£ FEE HolH B4 B4 9 57140 EFsliAl AbFae] FefA Ao 2AA 9FE = oA a
<dl, o1& UElZ] A% 7o 2 YEF S2HI(SAR) QS FAS Fart ok wheba] = Abkake] e Al
7} QAtKCurtin et al., 1994). A4k, A%, B3] Hat SAR ARl 74 A, S AL 9 A AR Al 3o AEiAE
- 77t ©F 0.86, 0.80, 0.38% A= UTE YEFA & MR EFo] AFoFAFe] Z|AFR W 2|5lHo] e EATF 2
F AEY A AT Az A2 UEFo] Y4 Al ok, Z1ean 2 AufA| o] S ehol s 2Alske]
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