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Abstract The aim of this study was to investigate the correlation
between growth characteristics and ginsenoside contents of 4-
year-old wild-simulated ginseng cultivated in different regions.
Most of the soil properties except for available phosphate showed
significantly higher in Pyeongchang than in other cultivation sites.
The growth characteristics except for root length and number of
rootlets showed significantly higher in Pyeongchang than in other
cultivation sites. In the case of 8 ginsenoside contents, the content
of F2-AS was significantly higher in Muju than in other cultivation
sites and the content of F1 in Yeongju was significantly high. In
Yeongwol, the contents of Rb1 and Re-p were significantly high
and the content of Ro in Pyeongchang showed significantly higher
than in other cultivation sites. Root length and soil pH did not
show a significant correlation with any soil properties and growth
characteristics of wild-simulated ginseng, respectively. Most of
the growth characteristics showed significantly positive correlations
with electrical conductivity, organic matter content, total nitrogen
content, exchangeable cations (K, Ca**, Mg®"), and cation
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exchange capacity. Rb1 and Re-p showed significantly negative
correlations with most of the growth characteristics of wild-
simulated ginseng except for the number of rootlets. Ro showed
a significantly positive correlation with stem length, number of
leaflets per stem, leaflet length, leaflet width, and root diameter.
The results of this study probably will help to provide useful
information on the establish a quality standard by investigate
correlation analysis between growth characteristics and
ginsenoside content of 4-year-old wild-simulated ginseng.
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2bkekak(Wild-simulated ginseng)yS A EEFEH o2 FEUE
(Araliaceae) 15 (Panax)ell &eh, 2} B SHE A
A3 g B ojAste] IFAES AR Al A EE
7192 Ao R Aofsta AFAA SdARAIER X3}
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5 AEAER ATE B3 2] EA43E FRIEaL ATH4)

ARFRE 2011 o] A4S ZHERA QAAH AEjEret
Aikego] A&H o7 Zrkehe FAJUS], AHate] Al &
7b gob AR WmAe 2z 2011 1,5739712F 6,355 haollAl
2020 3,0739719} 11,096 ha® 53] Z7)elal 9lom, Ak
3t A2 2013 2687 3289]ollA] 2020 158
466902 Z71al JrH5]. I AELS ¥WENES o,
4ATL 46.9%, TAZE 30.1%, 1092 o2 10% P|vke =
UERster, Ao Hd EvbAe ade 97124, 7
30,1689, 1032 67,4029, 1392 102,667920E Yelt}. o]
Y 7 oPd ANIE Flok ke AR ATo] EolESE
a7l Tz} o] Fo X3 YA, AFFAETFA|AA A Al
F NBZAEE ZARE A3 A7) AoASE B g A
A7 T FEA ot I3, =Ty ¥, A2 FF T o
Bgo] e Aoz UehttH6]. old tlsle, Ada Ak
& o}y ZAFA W ArE ¥ Ao glo] I
ckekite]l ASEAD IR T o] Tl tigk H3HH Rl
Age] ANE T3l Akt 2T Ve Aol "agh AA
|t}

abekatal olakel Fad AEHEAL AH A=
oA, clabehid | ZgjolA| g, HisA B So] &
tH7]. 53], A Qlatel AR bl Sa3gk AEl
AAto|Es Fxof| me) S| Eso] vekatH, A& 4,
A 717E, AR 5 oheFst a”lol whekd 243 shEre] )
o]7F vrehd 4= SIth8]. Han (9} Attt ikeulshel
A=Al = gl 2}o]E Hol, £3] Rbl, Rd, Re 52
A mAte|=o] Fhefo] LbeFptolla felHoR 2 AoR H
33 ub i

A = A A 7P B ahlv) o] FoiX]
I e 7d2d 1392 5 adS ARkl AXEE R4
LAlolE g Soll B3 AT s o] FoX L e uh
O AAT AR tist 28 Wy 9 o9} HEE ATE m|
u|g Aot} weh B AFe kel Akt Ajuiz|elA] 4
3 4d2 Aok AR o] Edko|slerd B4 BA] wl ARk
rel Feld A5 M Ale]
o] JAIAE Frgete] Ad Ak
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AFET ARl EFolstEY A}
AbFE AR o] Eqko|sle e mEIISA A Aket [T
AR A4 windlE Farsted BA8IATH10]. EYF pHeF A
71 =% (electrical conductivity, ECy= FAESY} THTE 1:5
o] Hl&= sMstar 307k X' $ofl ZHt pH meter?t EC
meters ©]-8-3ld =43 TE f+7]=(organic matter, OM)
Walkley-BlackH-S ©]-83l9 3, #&A3 K (total nitrogen, TN)
& B9 1gd 3 34t smLE ¥ Block digestersS ©]&
ste] g = Kjeldhal S/FHOE F838HATE FaJAL
(available phosphate, Avail. P,Os)2 Lancaster FJ&%ol ug}
1-amino-2-naphtol-4-sulfanic acidell 2]3+ TFEHES ]85}
=431t} X184 o] (exchangeable cation)> EXS 1 N-
ammonium acetate (NH;OAc)Z &3+ & Inductively Coupled
Plasma Optical Emission Spectrometry (ICP-OES)E ©]-&-3}¢
=451}, ol 22883 (cation exchange capacity, CEC)
I N-NH,0AcE &S & EYol| X3E NH,"S Kjeldhal 3
FHOE S5t

AFEe] HEEA AL

A 4d2 Aol ASEA Ak A SARA 8%
(1ol =3kl Z7]4o](stem length), =712 7 (stem diameter),
71344 S (number of leaflets per stem), 4= 4 ©](leaflet
length), &% ©](leaflet width), ¥-2]A¢](root length), Y-E]Z2]7
(root diameter), Al<=4~(number of rootlets), A G H(total
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weight), A3+ S (root weight), A5 (dry weight) 5= =
AakAeH11].

AFE NE FE L A

AAE 4d ARl FE AAMAte|ls BAS 98k, &
A3+ AF 02g9] 70% methanol 10 mLE 713F ¥ 3087 %
S35Z(JAC-5020, KODO, Hwaseong, Koreays =331t}
FZde A4%2]7](Labogene, BMS, Seoul, Korea)oll 10%&7F
AR SIHeH, AJ5HE 0.2 um membrane filter (Whatman
Syringe Filter, Maidstone, United Kingdom)Z oJ3}5}o] F-4]
Al AFAe FFFE 108 et ARSSITE Aol AR
H HAHxAPo]lE XFELS ChromaDex (Los Angeles, CA,
USA)ol A F9skdth 5 51 HPLC &4 A A3
methanol, acetonitrile, Bd5FT= 55 % HPLC THo=
J.T. Baker (Easton, PA, USA) A|&S A-&-3Iit).

AHFEe] ginsenoside ¥ ¥4

AM=Ato]E BALe L C-MS (Shimadzu LC/MS 8050, Tokyo,
Japan)E AME-31e] AT Aol AME-gF A CORTECS
UPLC C18 column 1.6 um (2.1x100 mm, Waters Corp., MA,
USA)Z AM31.0H | column 25E 40°CE AAsle] §A
3tk o540 ® solvent AE 0.1% acetic acid (HCOOH)
in water, solvent B= 0.1% HCOOH in acetonitrile/methanol
(1:1, vvys ARSI, A7l we §ie] 2712 o3t 2
o] 71€7] &g oz BA3I%th: 0-18min, 40% B; 18-21
min, 80% B; 21-26.1 min, 99% B; 26.1-30 min, 40% B. &
E AF gk 84L& 3087 AAEIIT §42 0.4 mL/min,
FAFE 1 pLeltt. 7 A1F52] §3 5+ photodiode array HZ
1& o83t 210 nmollA SABISITE AleAte|l = RF5S
TR BASE 910, 25, 50, 100 pg/mL), calibration curveE
Pdste] 7zt Alge] gk AR TS Bk

NoH"N

il

AEH

X% oy e Ho + ¥ Q2 XK (meanststandard error,
SE) #to= Jeliar, Afgkel SAEAS SAS (Statistical
Analysis System ver. 7.1) softwareS ©]&-35}o] AuiR]|7F Ak
Ao ASEAC gk $5AE4S Duncan’s Multiple Range
Test (DMRT) AAS 53l T 5% (p<0.05)2 A5
ok 442 ARk AR o] Efolsietd E Alekrte] ASE
A, AHxAlol= 7] gTabA] 42 IBM SPSS statistics
(version 25, IBM Corp., Armonk, NY, USA) softwareZ A}
&5 Pearson’s FAIT (1)} 2l (p <0.05& L3t

A3 9 33
A ARt AujAe] Egolstey

7 A8 Ak AuiR o] Edolsed s Ak A, 3R
AR o] EAL AlSE(sandy loam)o]o™, T3 Auix]E=
SHALE (loamy sand), 95 AwiA|= A2 YE(sandy clay
loam), ¥¥ AIA= AUE(clay loam)SZ UEPRATE ESF pH
£ 4234612 AAEFOR YEIon, {78 FHe 4.24-
18.66%, A28 0.17-0.58%, FAAAE 0.04-0.71 mg/g,
28] Fole F ZF(Exchangeable potassium, Ex. K)<&
0.12-0.43 cmol’/kg, ZF(Ex. Cay> 0.36-4.36 cmol/kg, w14
Z#(Ex. M2} 0.11-0.82 cmol*/kg, LFEH(Ex. Naye 0.03-0.06
cmol'/kg, %ol 22]3M&-2H(CEC)S 14.97-39.79 cmol'/kgS 2 1}
ERtthFig. 2). BF A= o AR vlaste]
7S, AAATY, X3l (K, Ca, Mg), Fol2X|3H8-
Fol FojHoz =A Yeidth EY e BEY RS
Z7MI71AL, A EAl QFIES FFshe TS 3o 4
o] B&S FAMZ  SlvH12]. v, B pHeF Fa
T3 AR feH oz E=A YERdT Kim S31 A
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Fig. 2 Soil chemical properties of different wild-simulated ginseng cultivation sites
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Table 1 Growth characteristics of wild-simulated ginseng in different cultivation sites

Stem Stem legl(;tsofer Leaflet Leaflet Root Root No. of Total Root Dry
length diameter s temp length width diameter length rootlets weight weight weight
cm mm ea cm cm mm cm ea g g g

PC 18.68+1.61a”2.06+0.14a

MJ  12.9£0.85b 1.64+£0.06b 11.6+1.21a 5.7+0.36b 2.08+0.1b  5.46+0.49a 15.06+1.61ab 26.4+4.56a
1.940.18b  3.3+0.22b 9.92+1.06b  9.6£1.47b 0.44+0.03¢ 0.17+0.02¢ 0.05+0.01c
3.11£0.25b 11.06+2.46ab  16+6.02ab 0.36+0.04c 0.16+0.02c 0.04+0.01c

YJ) 11.32+0.34b 1.14+£0.04c  5+0b  3.92+0.28c
YW  7.62+0.27c 1.06+0.06c 4.2+0.37b 2.84+0.47c 1.32+0.1c

P value <0.0001*** <0.0001***<0.0001***<0.0001*** <0.0001*** <0.0001***

13+0.71a 8.36+0.48a 2.88+0.15a 6.32+0.19a 15.28+1.06a 20.8+1.98ab 3.43+0.56a 1.21+0.22a 0.41+0.08a

1.53£0.2b  0.61+0.09b 0.22+0.03b

0.076 0.0503  <0.0001*** <0.0001*** <0.0001***

“Value in each column are the means of five replication + SE with different letters are statistically significant differences among the treatments
according to Duncan’s Multiple Range Test (DMRT). Significances are demonstrated as: *p <0.05, **p <0.01, and ***p <0.001

= ARFE AR o] B EA0] pH 4.0-6.002 A F= oF
A Edfollon, frlEd e 2-7%, AALTES 0.15-
0.8%, X8 ZF-L 0.3-0.7 cmol/kg, XS mladl¢S 1.0-
1.5 cmol'/kg, ZE< 1.2-4.1 cmol kgl 2 R ISIRT. B
SHrEo]l BSs Al 9Fs 7 AoRE HiE UE
T EE ARl WA veRt AW P A2 Ao
AL ETHI3]. Sl AR AR o] B FEAE (loamy
sand), YE(loamy soil), AFFE(sandy loam)o]™, #l57} %%
Bl E%F A pH 4.0-6.008 2] T by Egko g
HEATH 4] 59 9ol AHRES 71ES 353
o IR 249 EY Vs f7lEd ddagEke] ot
ol weh15,16], B AR QTR o] HlEol
E2 AAY Zlew gzt

AT B854

N Ao AR S 4adT AR

St A3}, BE|dolE Alg BE AREY A5 AEiA
7k ARl Afol7h S-S FRISHATH(Table 1). %3 Au)
oA 4AZ Akekke] £7]70](18.68 cm), 71273 (2.06 mm),
2719484913 ea), 2%372°](8.36 cm), 2% ©](2.88 mm), B
Z27(6.32 mm), AA FH(B.43 g), A FH(121g), 1%
2041 g°] T AuiRL] 432 Akt wlE) feldo® 7}t
2 =uTh ] dole AR folH Aolg HolA] &
grom AlZ(26.4 eays T AR AuEE 432 Ak
AollA frelH oz EA YERT Jin (171 ZEFe] g
Hlsle] Zgo] o] H&TE AFo] Yualtia HsH=
g, o2 AAE 2-7e] 2ol Bl v, B3 A=
oF 10019] ztolE Holo wet B Ao ] ASE
A foHog 2 £Z H ZAow AlgHH, ol A

3 Avel Asisl fAPI Ueheeh

o WP ASERE 14

AFT A=Al E FF

ZF Al 443 Akeste] FAAle|= 8 Fo e EA%
A= Fig. 391 JERAATE F1S 0.0093-0.0143 mg/g, F2-AS
£ 0.053-0.114 mg/g, Rb1S 2.08-5.08 mg/g, Ree 1.17-2.58
mg/g, Rep= 2.96-5.74 mg/g, Rf-p= 0.71-1.08 mg/g, Rgl
1.43-2.56 mg/g, Ro= 0.52-0.99 mg/go. 2 &ttt DA eAt
ol & Fl1o| ke 5 AlAl, F2-ASe] kS 75 Auf

A], Rbl# Re-po] $He G AuiAlolN FojHer =4 |}
Bttt §H, tiiEe] AR S50l fejHeR wokd
B AuiA = Rort TR AiR| 9} Hlwsle] fojxos
=7 bttt Chen 5[181¢] Aol olahd B A& 9 =
‘de] ztelell osl Rbl, Re, Rglél ol F22<l zlol& B
Aohar WIS, Yin (191 = W Aol =t Q14te]
A Aol = ghafe] ZpolE B, AREE AR o)
wE} JAeAlo|E A Hejske T8 84 fAARRe] Wl
2 vWSIRE W], 3-hydroxy-3-methylglutaryl CoA reductase
% dammarenediol synthase®] 3%} L@o] M :AlO]= Re
o] st foFQl AHAAE BAt w3t o]AH A
eAte| =] B ARkol AuEls Aol YREEH 1o

E AAlmAtel= 3 A frake] e el mEt xjo)
7 AlskE Zlog ARREW, Y Ao E AbFke] AA
3 A7) T kst aglol wE ZAM|Ale|=e] el
Shgo] debd F US Z o= ALEETH20,21].

EYIS8HA, ginsenoside §F3 B854 7he] FHAA
Pearson’s “$Z4A] £48 F8lo] AR ASEAF Eols)
A Zhe] ALIAIE B Ay, A dERS fU1ESE,
ALY, 4F, 2, vkdle, FoleX|3Eske Bejdo]
o AZFE AQdg e ASEGT Kol Ho| A
2 /e Ao IIEtk(Table S1). o183 A= A71A
Tool f71ESR, ARSI, 4E, 2, 4, JdoleXgE
o] BEFE UlREY A ASEAC] SUtsleE AL 9
ujgt}, Eoldoz faditd YEFS Aot f93¢ A
o] HA#AAAE B}, Williamson 5[22]3% Anzooman 5[23]
AHFEET B3 UYEFC| B2 EYA HEe ddo]
P Bste], B Aqte] Ayl el Aol fAke A
S HAS & & Utk 2y, EY pHeE 2Rke] S5
A FolFQl AEBAE BolA gt gukyoeg = At
g B9 pHE 5482 Hwd w& AwE Ho|H[24], AHF
AF Aol Age EF pHE pH 5.5 W= 434 dov
[25], & Aol AR AiAEY] ES Hd pH 4372, 3
2 Au) 2ARTE WS pH 2719 Eklow Akkite] )

w7} 7heehE BolFltt

i

e rlo

Yo, afdol, aguel, FeA, Haldol, HA
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Fig. 3 Ginsenoside content of wild-simulated ginseng cultivated in different sites. Value with different letters are statistically significant differences
(p <0.05) among the treatments according to Duncan’s Multiple Range Test (DMRT)

AFY 5 oprRe) A8 f9149 o) AAAE B
%‘EHTable S2). 501%4_;, Ro= E7170], 2719445, &
FHol, aduel, HedAI fFolH Ao FAAAE B

th 8 T TAlIEE F 7P B2 AHIAE EHl 4
°V“J’°] ASEARS 71940979 e er glsigi.
A+ A= Kim 52612 Re/b 3737} fo02Q1 Fo
”‘&47‘“ B ®Higk Adks fARE dFo|gl e, Kim
271 BmaZol7} FAeAtel = dhekat o)l Ao A
%74] ] AT Bgk A= Adolgt AHE RIS & F 2
Ate] Aol oA A Ao Aole g
ZHHHQF’_ Ue BT Bl AL e EGA
ELY 59 Aol UERE & Ug AR Ak ARt
o] A{E EF pHYF W3 Acidobacteria® gHNA W=
(relative abundance)’} =& EGoIA F7ieitia RISt A R

o

[28], ¥ A7 Aol el Akl A&

2 Eo} ZrERE Aol A A staL 3l
ol Bard AEt AuiAoke v 4 IS BoFth Han
52912 4-6d 25 Qlhke ““FAX‘?&! o]

o] FAIFlo] A A o] TATTE o] lr—o]_z]‘:— EXS R

r\ r
o
>~
m{n
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EN
o
)
N

o] FAAAE Hel T;]'_J_ BIEAT T3, Li 5301 o4
Al e Qo] ASEAF Aol = g%t oA Bz
B ZAAel = FE 7P°ﬂ F o] AAE BelvaL

ﬂ—s}o% B Age] Ade s

Aol 4 AP toR sl EYolsehy
I} /%J%E/H AN AP E e BAET o5 7he] AT
e v‘“’* Blof 7120l AP e xme Abepate] Ajulg
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o] BLFE NPl Yol felHom Frls, MY
BEEAE AAEAIE Gt ROl FBUAT 9422
Holsigch. 25 ¥ Ave FAE wPoE Hs A 2
el BEEY W AL TP WS ARITHE, 2
el FANA AT FEAP FHY Aol o3t 2]
A4 A R NSNS 99 velE T AT F AL
Aoz MaE

2 e BAL A7 thE XAl AplE 432 2kekate]
ASEAT AAeAle|l= 3 7] aaAlE ZAlske Ao
k& ke AlQe glREe] BEY 54 o AR

At WP RelHoz Eakh el ojsh AarE A
9% ASEAE e AuAuT ZF AN frelgon
o Uit 839 ieAtels §Fel A%, FF A
o) F2-AS S the AR} Egton], 9% Ao i
Pue folHon 2 Uekdth 39 ANAINE Rblst

Re-pe] o] fol4 0= wolar, B AAolA] Rol 3
o ke AN folHoR ol Uekdth We) dolst &
F pHE 27F EFEH W Akl AR5 folH 3
HAE ol ek, el BEEHS WKER 9
RN B, AL T, AP RK, Ca, M), I
2ABGY} Fo152) H9] JUAAES BT RIS Rep
ADSE AR TRl AR SR folHel o) g
IS BT Rot 27] Aol 71T 245, &g 2o,
4] wol, W) s felael o] 4UWAE ngich ¥
Aol olelih Ade 40T Aol ASEAT QAmAlo]
S 9 09 JREAE 2N B J1FS £

=
Al 83 ARE Algehe vl =%l 2 F AS Aotk

Keywords AFFA - Ast3A] 4
- Panax ginseng C.A. Meyer

CAEEA - Aol

A 2 2 ATe A kR APl ok e v
4 438} AFH(FP0802-2022-03)” B AFEH “AbitEES 289 W
755704 Al 7HEH(2021377A00-2123-BD02)” Ak €] X €lel] &) o]

ol A%z olol] ZA=PUT.
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