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Correlation between ecological factors and ginsenosides
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Abstract; Environmental conditions affect the distribution and quality of Chinese herbal medicines. Specific ecological
conditions influence the formation and accumulation of the active ingredient of these medicines, therefore an appropriate
ecological environment is a prerequisite for production of high-quality genuine medicinal materials. Ginseng is a valuable
Chinese herbal medicine. Ginsenoside content is the main indicator used for evaluation of ginseng quality. This study aimed
to explore the impact of ecological factors on ginsenoside accumulation to enhance the quality of ginseng. The data was
analyzed with multiple statistical analytic methods. Root samples were collected from five-year-old cultivated panax ginseng

plants in the major genuine (Daodi) ginseng-producing areas of Jilin, Liaoning, and Heilongjiang provinces, China. Soil
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samples from the sampling sites were collected. Ultra-performance liquid chromatography was used to analyze the contents of
nine ginsenosides ( Rgl, Re, Rf, Rg2, Rbl, Re, Rb2, Rb3, and Rd). Data for 10 ecological factors, including
temperature, moisture, and sunlight, were obtained from the ecological database of Geographic Information System for
Traditional Chinese Medicine. Effective boron, effective iron and other trace elements as well as available nitrogen,
available potassium and other soil nutrients were determined by conventional soil physicochemical property assay methods.
Canonical correlation analysis between ginsenosides contents and soil nutrients showed that soil available boron, effective
iron, and available nitrogen were significantly positively related to ginsenosides contents. Thus, increased quantities of soil
available boron, effective iron and available nitrogen could promote the accumulation of ginsenosides. In addition, a
significant positive correlation existed between soil moisture and ginsenosides contents ( Rb3 excluded ), and a weak
correlation was obtained between available phosphorus, pH, quick zinc and ginsenosides contents. The correlation between
ginsenosides contents and climatic factors ( annual active accumulated temperature, annual mean temperature, July
maximum temperature, July mean temperature,, January minimum temperature, and January mean temperature) was strongly
negative in this study. In particular, there existed a significant negative correlation (r>0.6) between climatic factors and
the ginsenosides Rgl, Re and Rbl, which were specified in the pharmacopoeia. These results implied that ginsenosides
contents increased with decreasing temperature within a certain temperature range; an appropriate low temperature was
conducive to the accumulation of the ginsenosides, and elevation was significantly positively related to the contents of Re,
Rb2, and Rb3 (r>0.6). In other words, a relatively high elevation could promote the accumulation of these three
components. However, the results showed average annual precipitation, relative humidity, annual average sunshine hours
were not significantly correlated with ginsenosides contents in this study. In conclusion, principal component analysis,
canonical correlation analysis and ordination were applied to investigate the correlation between ecological factors and
ginsenosides contents of cultivated ginseng collected from three ginseng-producing areas. The results indicated temperature
factors play a decisive role in the accumulation of ginsenosides. Within a certain temperature range, the lower the
temperature the more beneficial was the accumulation of ginsenosides; in addition, the levels of available boron, effective
iron and available nitrogen in the soil were positively correlated to ginsenosides contents. These results indicated an
appropriate low temperature and enhancement of boron, iron, and nitrogen in the soil could improve the ginsenosides

contents in cultivated ginseng.

Key Words:; temperature; ginsenosides; ecological factors
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Fig.1 Collection sites of geographic distribution for Panax ginseng

1.2 ASHBULGTIE

ANZBAF (Rgl \Re Rf Rg2 \Rbl \Re Rb2 Rb3 \Rd) FR @ A0 AH (UPLC) (i el ag . K 2 R E FE S of
HK (WU ,65 H)1.0g, BT HIE=MMH, A EESOmL, %%, FRE, #8230 min, BHIEEE, HE
PSR R R0 B o R RS B MRS 25 mL, FE RV A, AR I o H A AR T RS 28 10 mL SRR, N
FHBER B 20, 1 0. 2 wm GUALIE L U8 DBV AR ALK i s WO T & = e

3% 254k : ACQUITY UPLC BEH C18 B4+ (50 mm x 2.1 mm ,ID 1.7um) , R 30°C , #ii# 0.3 mL/
min, KP4 203 nm, FEHEE 2 pL, WA A S S B oK BB EBERE (0—3 min,19% A;3—4 min,19% —
21% A;4—5 min,21% —26% A;5—9 min,26% —27% A;9—12 min,27% —32% A;12—15 min,32% —43%
A;15—18 min,43% —60% A;18—20 min,100% A) ,AAS I Rf HEFHISEFRBAM T 63000, Jrik
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TREEE A A& 2, NV canocod. 5 FAAA0 3 I8 AT HEF 204
2 H#R
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Fig.2 Biological characteristics of Panax ginseng
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Fig.3 Content of 9 ginsenosides of Panax ginseng

AR T NSRRI AT RO & i A R . T AS TP B2 i A S R Rgl ASRH Re FIAS R
HRbl FiEE (£ 1) ,1X 3 A tdug (i ie N RIEFTE 25 8L) (2010 4R, — ) BUE 985359 Mk
AT 16 HFE A AR S R F 0 Rd \Rgl o 25 F0 A S B 0o 5 i s BRI HE R 2 -

Rgl ARSI 5 MR > 35 R 22 18] > 35 MR FE R > 1L 7380 B > IR VL7 22 > 35 MRVE 1 > 35 AR 1 > 3 AR A
SILTAEATS WEARERZE 1> MRAEZ: 2500 TR 1> 35 MOd A > 10 T 1 I 210 7 il ;
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B 2>TMRBELE 15T MRALHA>IL I IR 2575 MRl Ak > 10 T 58 f) > 75 MRIF AR > 10 T AEA
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x1 ASHERITMASEFSE

Table 1 Content of 9 ginsenosides of Panax ginseng

SRR A AZ A Ginsenosides(mg/g)

Collection sites Rgl Re Rbl Rb2 Rb3 Re Rd Rf Rg2
LTEERE1 2.30 3.61 1.69 0.93 0.13 0.76 0.14 0.56 0.25
LTAERL2 1.98 2.45 1.17 0.48 0.06 0.49 0.16 0.46 0.17
1L T4 it B 1.08 2.55 1.34 0.51 0.09 0.52 0.12 0.32 0.15
Lpa 3 2.71 2.66 1.73 0.80 0.18 0.74 0.12 0.51 0.14
LTHEHER 3.42 3.76 2.35 1.04 0.14 1.12 0.30 0.83 0.31
g Sepikiess 2.30 2.87 1.68 1.00 0.13 0.82 0.12 0. 64 0.16
TR ST 1 2.46 4.46 2.89 1.15 0.14 1.05 0.16 0.61 0.20
TR BT 2 2.36 3.43 2.26 1.44 0.18 1.22 0.19 0.57 0.22
WA s B 2.85 3.03 2.28 1.08 0.15 1.08 0.27 0.52 0.20
WA KEE 2.89 4.49 2.92 1.73 0.23 1.43 0.31 0.58 0.24
TR T R 4.62 4.87 3.55 1.59 0.18 1.44 0.39 0.97 0.29
WA E B 4.17 4.00 2.51 1.14 0.16 1.04 0.24 0.90 0.26
WA Bk 4.86 4.85 3.52 0.96 0.11 1.06 0.28 0.96 0.25
O AT 3.76 3.22 2.34 1.27 0.15 1.17 0.28 0.91 0.14
HORE B 3.08 3.41 2.29 1.02 0.11 0.89 0.12 0.76 0.23
BRI T 3.28 4.04 3.13 1.16 0.14 1.31 0.49 0.83 0.32
-3 Mean 3.01 3.61 2.35 1.08 0.14 1.01 0.23 0. 68 0.22
FRifE2= Standard deviation 0.99 0.79 0.72 0.33 0.04 0.29 0.11 0.20 0.06
BREB 33.02 22.02 30.56 30.91 28.25 28.50 47.38 29.05 26.56

Coefficient of variation/%

Rgl .Re .Rbl \Rb2 .Rb3 Re Rd . Rf Rg2 #BE NS A 4y

g Lk S IX A S B B m s, I T X (R ) ASHEM R S Ea s (E 3) ., #
FH simea-p AP AN NS A& BT PCA 70 & B, 1—10 SRES, T B0 78 PCA =4E R 24 EE35,
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Rb1 5 GRIA F RAH R O IMIUFE ] 17 s> 17 s> 1D > Vs> 17 sessamon = 70
>l > Vg > U i > 0 Dy > U s> 1 i o

TIIN NS BAT Re Rb2 \Rb3 7 it IR0 B EAHOC (7>0. 6) , BIAHRTE g 1) ¥ 4k v] LA #E 3 = i o1
AR R AF H BRI AFEARRHE RS AERKE 5 AS B H SR ESMHE,

2.4 AZAMNG &S DR A

R A R R A I R s RO | USOE RIAT RO - P, 4300 R 541,60 ,267. 52 me/kg
230.75 mg/kg(K 4) o XMASHYLIE S TSR AT WAL/ (R 5) KB, IR A 4L
B AR 5 A S BT & e 2 0 A DG, RIS S i 3 A R AN A8k B T DA NS A A
IR . J3AMER Rb3 A 138K 2 5 Frill AN 2 B4 & i 2t W 35 B AH OC; pH (H 5 A2 21 4% B & o 55 7
AR,

2.5 AZRMHEAESHT T

TN A T A3 TR A NS A S R -, % AN S A K R85 v i S f R - R0 - S8 R 7 64T PCA 34T (
5), KM 1—9 S 4 FEAERLE PCA BZE BB, T 10—16 S4UUM87E PCA BIA T #, 5 ASEEN AR
Wy & PCA 73 AT R BOE XL BRI (K 4)

JH canoco X NS AR 5 ER FHATHIT 153 16 M NS HEM & TR IR I HEF EI (8 6) , 45
R AR A R A HE R 22, 1 A P2 G5 (MT) (1 A SRR (HTL) SRR f 5/, R W
BHAS ARG Z AEE 3 A OC; 5 4h R A0R 7 A S R 7 A P00 S AR B2 R i 5 A
ZA RO ST Z A S A OC, B YRR A A T NS B ARSI R | X 5 ANSH RN & 5 AU T
HIE R AH S 2B v B9 45 1R B A — 3,

THETCHLICR FEAE TPEHT A a0, A 500 (B) S kahhJe f i/ R 5 NS/ 8080 Z 18]
SR, RHEAREE(Fe) AR (N) 5 ASHROLS & w52 10 2 EARDC, + HEHUn (P) AR
(Zn) .pH H5 ASHRUN SRR/, XHASAR & S TR A b 2518 — 2
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GO O 31 %
x5 ASHUHSSESTEEFHEXEN
Table 5 Correlation coefficient of Ginseng effective component content and soil factors
+ e ANZ AT Ginseng saponins
Soil elements Rgl Re Rbl Rb2 Rb3 Re Rd Rf Re2
HA Available nitrogen 0.5705 0.2199 0.3436 0.4656 0.4907 0.4673 0.2953 0.5158 0.0883
HERUWE Available phosphorus -0.0686 0.273 0.0233 0.0573 0.0137  -0.0055 -0.2028 0.0454 0.2824
AT Available potassium -0.0824 0.0047 0.0304 0.3678 0.3092 0.2133  -0.2083  -0.0536 0.0471
H RN Effective boron 0.4841 0.5099 0.5055 0.6018 0.4721 0.5709 0.4612 0.5079 0.5516
H MU Effective copper 0.1484 0.3831 0.2789 0.2965 0.2011 0.3255 0.4776 0.2663 0.5925
HRUER Effective iron 0.4901 0.5361 0.5176 0. 6293 0.5648 0. 6213 0.5851 0.4849 0.5426
B RUEE Effective zinc -0.0307 0.3317 0.2256 0.591 0.5594 0.413 0.0852 0.0011 0.2169
%5 Effective manganese 0.2494 0.2418 0.1572 0.1267 0.1747 0. 1258 0.022 0.2246 0.1684
HRUES Effective calcium 0.1546 -0.011 0.0444 0.072 0.0132 0.0256 0.0162 0.1963 0.0819
AP Organic matter -0.1115 0. 1046 0.1317 0.365 0.2995 0.2417 0.1079 -0.1003  -0.1408
IR R Water soluble salt 0.4257 0.1604 0.2214 0.2201 0. 1502 0.2634 0.1194 0.4 0. 0005
K5 Water 0.4165 0.492 0.5154 0. 6459 0.2778 0. 6155 0.5273 0.502 0.4519
pH -0.0836  -0.1925 -0.0969 -0.1431 -0.2468 -0.1847 -0.1929 -0.0447 -0.0583
3 #Fr5itie
®
PSR R 2 B A A KR T R G a8 " 3
. N L]
T, PR R SRR R P DR i 2y 000§ 2l e &)
- . 0 . ® 14
(N SR 7 w19 v I o Y S | B R B ~1000 .
S S, 3 -2000
EPER L AR 2, NTE MBI 250 A9k i, A2 5 -3000 P
N A — Ay Y2 A ', = —4
B RRVE NS B R R, A SCR A WU o3 M g
(PCA) JURIARSE AT HEF G I5k, 5 T AR %0
\ N \ -9000
WASHEG P NS BAT S i SRS TR, 5 -10000 13
e N 1000 ¢
SEE PN LN TS E A VT W AUES £ >
s N RN \ ‘\\J"‘)U\
ST W S TR A S LR, R A S ‘.0 S
~ oy [l = =
AT ALK, (9 25 28 U T 1 oougel,
oo
JE B EX i
31 5AUR GRS TR

5 RERESEFERSAN

Fig.5 PCA for environmental factors of collection sites

ANZEXAEACS 40—44° , K% 117. 5—134° fif
TR A DX BT AR L Hb 5 3 i AT 8 TR
R ZERAE TR T RA SRS, NS BA 5 SR E F A 3R, IR B (CAF 1S Sh BUR AR
PR 7 A R ]R 7 AR O ARARRIR 1 A PHRIR) SAS RS REBEAML, K52y
o NS B B EDT T AS 2 H Rgl \Re Rbl AL R (7>0.6) . MA, NS R &R BR, HAK
W AT AS I A S B Rl \Re Rbl & i i iy, H i MRS 52 A S 1 AR bR B0 (B Re2
Hb) o AERIRRKEE AFAHXTEE FIAEY B RS NS B OO 3, R DG A R TR B 25 A\ 2
BHFTRNESAN T, e 5 e A iRE T —5,

MR R 2 SR DG B KA IR R 14 4 18] 43 AR () B i R I A K S TR I SR B R i 25
PR A DR35S R IR 5 A2 B Re \Rb2 \Rb3 & & B IEHIE (r>0.6) , 5
NG —50 ) it PCA 08T & B, NS RAE 51 25 1] 43 A SEHOE sUR S A0 LR IR 7 1 40 B 4
TR ARAL B 1,81 5)  1—9 S5 it 2 b B 255 ) 3 A AR AE v, 10— 16 5 i 4 b B4 22 (1) 43 A AR 208, 7
— B LU AS NS B & B A2 I R 7 1 2 5
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Fig.6 environmental factors rank for collection sites
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RN AR A OBEZE I 05 B A T ) LA sm b 1, D BE AT R A2 1 AR 40 1A% PR OB 1) 3 i, el S8 A ML o 1
N AESEAIE A 2 K AR TR R A A, PR EAR R AR K, RHIE AR 2R A K R SR IS RE 7, X NS B4 f L
A AR A R B AR N BB A TR, A B T 5 5 SR AL S T 43 Wb A, R AR UL i
RN DI RE , AT P 5 SOV RE ) AR = AU TE ShBE I MPE R, 5 ASPUE 5 MYIRUE e, HIERTF5 A58
HA AR A e R WA SO A S NS B SRR, SRiELE> R EMEEAS
gk O I A T A R BB B YRR TS R R R G — 2,

25 L RTIR A SCIR T IREAE NS 2SR — B T O b o MR 7E — 8 PR B LY
T A AT A S A R R BB T 5 A R A AR USRS A S B SRR, AT
SEILPLRAE NS S 7 o] D E ol S (TR A B, A Ak R AR R R A NS A, T L
T8 S ASHE UM S 55048 B IRl NS BT & 0 R 0 35 MR o 5 Pl DX Ry S ™= X
FLIREE PR F-E s 1y SE v Bm 0047 77 A 2 B AT, AR A A (R e [ B A5 3] 5 B 7 DX AR AR B 45
1o P DX IO NS08 R X3, AT R NS 72l ) % T S (IE LA, 1 98 285 SRRl 2 B B AR b N 28
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