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Abstract

Aims This study aimed to reveal how ginsenosides content in Panax ginseng varied spatially and the regulating
roles of environmental factors.

Methods Twenty eight P. ginseng samples were collected from Heilongjiang, Jilin and Liaoning provinces, and
nine kinds of ginsenosides content in P. ginseng were measured. The one-way ANOVA was used to evaluate their
spatial variations. The method of UPLC was employed to determine the content of nine kinds of ginsenosides in
P. ginseng. The principal component analysis (PCA), correlation analysis (CA) and redundancy analysis (RDA)
were used to analyze the relationship between ginsenosides content and ecological factors (including climate and
soil factors).

Important findings The results showed that the content of ginsenosides in P. ginseng from Jilin and Liaoning
was similar, and higher than that in Heilongjiang. Precipitation was the most important climate factor affecting the
contents of ginsenosides. High temperature and strong sunshine limited the content of ginsenosides. The analysis
on ginsenosides and soil factors indicated that soil nitrogen content, Fe, K, organic matter, pH value, Mn, P, Zn all
had significant influences on the content of ginsenosides.
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(Scrophularia ningpoensis) ' Z S I R 5 HEA
A 58 I AR o0 08 &, JF H 1L # & (Lathyrus quin-
quenervius) [ 75 1 B 73 B-ODAP 5 - 3 rp K& & A1
H B ] IEA 5%, 53 pHIE (A G. & E S
BRI 7 0 2] AL A ot o ) s e x4 A P S R B
HRE N

NS HIMEHEY A 2 (Panax ginseng) [t
THRARARZE . HARANTA, AN, AR,
AR AR R I DA (K R L5, 2010; 57595, 2011),
WEANSHEH = X R T Hk. BRITL =4,
ANZRBHERANS EEZITEERS, W2 ASm
JR AR HECR f i 5, 2008; BRSEUFAE, 2011; TREHEE,
2011; 5KkREZE, 2011). ASBHRANSEKYH
W SEA EAE R SR, . BRI, fF
KEAERF AL E R R SRS LN T H
ok A B R R . W 2 M B AR S T
T A5 B 53 2 1) PR AH D R T M 245 i 5 VP 1)
BB (AR, 2010; WRESE, 2011; BB,
2012). MEASHRPAS BTSSR, HTARM
M ASHRBTEREMNESR, BFEEA =1
AR BEEE IR TR, A HREE A SR
HEES o EZS I TRER T g R me
VIR NSRRI SR . AT RS R R K 5 Rk 52
e =

1 #rRFnEE

11 ##
NS UM R — e B KRS EE DL BN Z,

R1L AR
Table1l Origins of Panax ginseng samples

MK SR 20 0 BT AR, I3 771X 28
WASTFAEMNSIIEFEMERD), A E R A
RFE AL 28 X o3 RS R NS e NS
ity FE A ] = 2 R 2 /I B R I A 5t 24 P A A
TR S, FEUEAR A ORAT T B = SR B
2 FIAE AR FE T bR AR T -
12 ASBYURSEENE

R SO AR i v e NS NS B
Rgl. Re. Rbl. Rf. Rg2. Rb2. Rb3. RcAHIRd 9
RS, (il F: Waters Acquity ™ UPLC
R B RO B A, Waters R [E G IR AR, tBikih
BEH Ci5 (100 mm x 2.1 mm, 1.7 pm), iR4FE(E#F)
BHCERAT, iR 35 C, BEMEEE4 C, i
: 0.4 mL-min ', BIEK: 203 nm. BLK(E10%
) N3 YE, LK (5 90% H iE) A 59 3E, 208 Nk
A, FKARBIAEB. K FBA R BE M V54T Bt
(FEE, 2015),
13 SEAEF

F$ 7 R AR (DEM) I 22 S0 2k [ VT 4 (i 7
%, FIH A E 6002 AR 4005 6 304F (1980-2010) 1)
SRR, AT A A4 1 0 T S A . A
R 7 4 G ds: PR, SRR, FHR
B IE], fERE/KE, PSR, 7TH PSR, 1HF
B  IWSAEEE 35k (http://www.worldclim.org/)
SREUHA P85 R 7, AFE1-12 7 (9 H B K &R H
35S
14 AEFHREFTESENNE

K16 NS HHT S AR TIRER2), WE +

[EE RS KIF Origin FE i s KiE Origin

Sample code Sample code

H-NA HIPVLENE 2 Wolong, Heilongjiang J-YH1 M1 Huichun 1, Jilin

H-HZ HRIT A4 Zhuanghe, Heilongjiang J-YH2 M52 Huichun 2, Jilin

H-H WIS T Hailun, Heilongjiang J-YH3 T M IE 3 Huichun 3, Jilin

H-HBI HApIT k% L1 Bei’an 1, Heilongjiang J-BC1 F A LTI 1 Baishan 1, Jilin

H-HB2 BRI AL % H2 Bei’an 2, Heilongjiang J-BC2 i # A 1L 772 Baishan 2, Jilin

H-HX1 IRYTH 7 E 1 Xunke 1, Heilongjiang J-BX FHIREHS T Xinfangzi, Jilin

H-HX2 gL 7 B2 Xunke 2, Heilongjiang J-IS FHHAHKALAE Songjiang, Jilin

H-HX3 YT 7 FL3 Xunke 3, Heilongjiang J-SL FMAFAJE T Songyuan, Jilin

J-BFW TMEEFAE T AT Wanliang, Fusong, Jilin J-BJ TSGR Jingyu, Jilin

J-BFX FHMIERA BB 748 Xintunzi, Fusong, Jilin L-BH JL 7 fEA=H Huanren, Liaoning

J-BFF FMIEAA EANAMRAT Fenglin, Fusong, Jilin L-BHJ W E - E A Juhu, Huanren, Liaoning
J-BFD TR EL AR K Donggang, Fusong, Jilin L-DKX L% R £ Xialuhe, Kuandian, Liaoning
J-TJ FHMAELT Jivan, Jilin L-DK T %85 Kuandian, Liaoning

J-TIQ HMEEZTEM 4 Qinghe, Ji’an, Jilin L-FQ JCTHEMT Fushun, Liaoning
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Table2 Soil samples from collection sites of Panax ginseng
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FE s KR Origin FEG S KIF Origin
Sample code Sample code
H-NA IV £ Wolong, Heilongjiang 1-JS FMFATLAH Songjiang, Jilin
H-HZ BRIT A4S Zhuanghe, Heilongjiang J-BC1 FH AR LT 1 Baishan 1, Jilin
H-H ERVTA ST Hailun, Heilongjiang J-BC2 # MR A 1L 192 Baishan 2, Jilin
H-HBI HpIT k% B 1 Bei’an 1, Heilongjiang J-YH3 PR FEF 1173 Huichun 3, Jilin
H-HB2 HpiT A% 52 Bei’an 2, Heilongjiang J-BX AR H S T8 Xinfangzi, Jilin
J-BFX FMAEAS ELHT P4 Xintunzi, Fusong, Jilin J-BJ FEMIEFE Jingyu, Jilin
J-BFD FREEIA LL AR K4 Donggang, Fusong, Jilin L-DKX L7554 5L R #&T £ Xialuhe Kuandian Liaoning
J-TJ FHMRAELTT Jivan, Jilin L-DK 3T 795 Kuandian Liaoning
R3 NSRRI ERRE R E0T
Table3 One-way ANOVA of ginsenosides content in Panax ginseng
B NS REMEAKF Lo NSl BN Lo NS4 REMEAKF
Ginsenoside P. ginsengorigin  Significance level [Ginsenoside P.ginseng origin Significance level |Ginsenoside P.ginseng origin Significance level
Rgl H J 0.034 Rf H J 0.002 Rb2 H J 0.490
L 0.279 L 0.072 L 0.621
J L 0.506 J L 0.403 J L 0.967
Re H J 0.300 Rg2 H J 0.248 Rb3 H J 0.439
L 0.737 L 0.194 L 0.770
J L 0.606 J L 0.641 J L 0.736
Rbl H J 0.086 Re H J 0.267 Rd H J 0.053
L 0.053 L 0.272 L 0.134
J L 0.475 J L 0.783 J L 0.988

H, BT T, AL, 37
H, Heilongjiang; J, Jilin; L, Liaoning.
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ZiL) 2015k LA Z 2 HRg A Z BT Re 1 5
. AS BRI & BN A SR . A
F, N2 2T Rgl MRe.s & & T 1 & & 75
(3.693 mg-g ') > T(3.095 mg'g ') >EEIL(2.618
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mg'g') > M (1.227 mgg') > % L (0.756
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T R ALY
22 AEEMSERTHH

POWNE Y el YR (737 B vi e SV s
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Fig. 1 Principal component analysis loading plot of ginse-
nosides (Rgl, Re, Rbl, Rf, Rg2, Rb2, Rb3, Rc and Rd) in
Panax ginseng.
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Fig. 2 Principal component analysis scatter plot of climate
factors in Panax ginseng regions.
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Table4 Correlation analysis of climate factors and ginsenosides content in Panax ginseng
“URIAT Climate factor ANZBF Ginsenoside

Rgl Re Rbl Rf Re Rb2
EEIIRSE Annual average humidity 0.156 0.249 0.104 0.224 0.118 0.044
EIGEIAIE Annual active accumulated temperature -0.337 -0.212 -0.171 -0.210 —0.037 —0.122
£ H RIS E] Annual sunshine —0.190 -0.102 -0.149 -0.322 -0.026 0.063
F[FKE Annual precipitation 0.296 0.181 0.306 0.502 0.108 0.010
P55 Average Annual temperature 0.043 0.027 0.142 0.210 0.030 0.121
7H ISR Average temperature in July -0.358 -0.167 -0.217 -0.303 -0.095 -0.167
1A PSR Average temperature in January 0.260 0.008 0.211 0.297 -0.010 -0.127
6 H B#/K & Precipitation in June 0.189 0.251 0.246 0.504 0.218 0.081
7H MK Precipitation in July ~0.059 0.045 0.103 0.205 0.065 -0.042
8 H /K& Precipitation in August ~0.029 ~0.011 0.101 0.177 0.009 ~0.125

YL K BRI 5 viE & NS B H I
R, BERAENSERKS RPN G EESKD; 5
PR S ANS BHEREHAIEMR, 1HFRUR
S5 NS B HRe. Ro2AMIH R4 NS BH & EY
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MR RENA R SRR, NS SR B
ARSI, il S R IR S HH 5 AS R

0.6
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—0.6

-0.2 0.8

0.4
B
B) Re
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T™9
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3
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TM1 M12
RglRb1
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FAORHI AT 2 R — 3. BI3BEIR, 6-9H I H R
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~

E3 AZEF([Rbl. Rb2. Rc. Re. Rf. Rgl)F &5 ARR/KEA)AAFHSREB)KILEIH. API-AP12, 1-128 A

Pk E: TM1-TM12, 1-12H A FHS .

Fig. 3 Redundancy analysis of average monthly precipitation (A), average monthly temperature (B) and ginsenosides (Rb1, Rb2,
Rc, Re, Rf, Rgl) content in Panax ginseng. AP1-AP12, average monthly precipitation of Jan. to Nov.; TM1-TM12, average

monthly temperature of Jan. to Nov.
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Fe. Mn. PEEIEMR, SKERMMAX, NSRBI
Rf. Re. RB2EES5HNE. Mn. Zn. PEEIEM
K, SpHIE kK.

0.8 RE >
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Rb] ,%é?'
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n P Mn
K Rt Re
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-0.4 . .
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AT TUR 5T -

Fig. 4 Redundancy analysis of soil factors and ginsenosides
(Rb1, Rb2, Rc, Re, Rf, Rgl) content in Panax ginseng. OM,
organic matter; TN, total nitrogen.
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