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Relationships between saponin component contents in Panax notoginseng taproot and ecological factors

RAN Yuyan', LIANG Shewang®, WENG Jing', SHI Jing’, HE Zhongjun"

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. College of Agronomy and
Biotechnology, Yunnan Agricultural University, Kunming 650201, China; 3. Graduate Department, Yunnan Agricultural University,
Kunming 650201, China)

Abstract: This study explored the effect of ecological factors on saponin components in the taproot of Panax notoginseng and determined
the primary factors that affect saponin components in the taproot. The quantitative relationships between saponin component contents in the
taproot of P. notoginseng and ecological factors were studied using comprehensive research methods of correlation, stepwise regression,
path analysis, and decision analysis. The content of notoginsenoside R, in the taproot of P. notoginseng was significantly negatively
correlated with soil pH, latitude, and mean temperature in July. Soil pH and latitude were the major determining factors, whereas mean
temperature in July was the key limiting factor. The content of ginsenoside Rg; in the taproot of P. notoginseng was mainly restricted by the
minimum temperature in January, maximum temperature in July, and latitude, among which the minimum temperature in January had the
greatest effect. The content of ginsenoside Rb; in the taproot of P. notoginseng was mainly affected by atmospheric humidity and taproot Ca
content, both of which were decisive factors. The total saponin content in the taproot of P. notoginseng was mainly affected by minimum
temperature in January, latitude, and taproot Ca and Cu content. The contents of total saponins and saponin components in the taproot of P.
notoginseng exhibited regional characteristics. The key to obtaining high saponin contents in the taproot of P. notoginseng is to increase the
low temperature in January, atmospheric humidity, and soil Ca content and to decrease the latitude and mean temperature in July within a
certain range.
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Figure 1 Distribution of sampling points of Panax notoginseng
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Table 1 Analysis of regional difference of saponin components in taproot of Panax notoginseng(%)

Hoy 3cil prailyiibul B9l ik A} M LBl
Component Wenshan Around Wenshan Kunming Qujing West Yunnan Guizhou Sichuan—Chongqing
=LEHR 0.54+1.16ab 0.50+1.07ab 0.54+0.90ab 0.50+0.89ab 0.59+0.98a 0.46+1.42b 0.30+0.68¢

AZ AT Rg 3.91+4.57ab 3.20+6.65cd 3.03+8.07d 3.12+5.03cd 3.71+4.98bc 4.42+3.24a 2.86+5.78d
AZBAF Rb, 3.33+591a 2.59+4.44bc 2.43+2.97c 2.38+4.79¢ 3.15+9.80ab 3.14+4.38ab 2.84+4.45abc
R 7.77+0.94a 6.29+1.09b 5.99+1.17b 6.00+1.01b 7.45+1.26a 8.01+0.84a 6.00+0.88h

T AP ROIR I I bR 22  BUELIS TR T AN RNG R R AN R DX sk ) 22 57 8.2 (P<0.05)

Note: All data in the table are the average values=SD. Different lowercase letters in the same line indicate significant differences (P<0.05).
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Table 2 Single and partial correlation analysis between geographical climatic factors and saponin components in

taproot of Panax notoginseng

I=A
5

LB e S PN I S

. wf PR S?;i%i %f:fi& =tBHR AZBH Ry AZBH Rb BEAF
Variable  Unit Average jeviation cocfficient/% sfl P ﬂjﬁi | sfle P.ffial sfle Paﬁal Si?ile Paﬁal
gle  Partia g g g
2a) (°) 10345 171 1.65 -0211  -0.060 0072  -0.163 0071  -0.133 0056  -0.162
Lty () 248 1.69 6.80  -0.403%* -0.182 -0.293% -0.283% -0204  -0.239 -0.300% —0.293*
Wik m 173019 459.42 2655  0316%% 0054  -0217  -0255 -0.344%* -0.087 -0.266%  -0.180
e () 1227 915 7453 0.187 0068  -0082 -0.56 0011  -0057 -0.021  -0.108
BT (°) 17413 9770 5611 -0.026  -0209 0043 0012 0110 -0.0002 0077  -0.014
AR mm 112494 166.74 14.82 0.180  -0.054  0289% 0096  0395%% 0062 0378  0.081
HEE € 1582 151 9.56 ~0.171  -0.262*  0296*  -0.116  0.280% -0.279%  0.288%  -0.235
VAFHE  © 770 1.66 2155 0.104  -0322%  0305% -0378%% 0370%% 0230 0365%* —0.364%*
TAEHE € 2061 2.09 1014 -0336** -0.167  0.187  -0.060 0306* -0.070 0228  -0.087
VARG C 288 2.19 7623 0062 -0.277% 0384%% 0204 0447%% 0229  0.432%%  —0.260*
TAEEE € 2552 1.90 744 -0298%  -0.104  0241* 0043  0344%F 0046  0280*  -0.010
WA C 465228 77347 1663 0207 -0342%* 0253  -0.04 0208  -0.207 0225  -0.200
W % 7560 297 3.93 0149 -0.125  0.295%  -0.265% 0406** 0005  0355%*%  -0.158
H 1 h o 200569  300.74 1499 0323%F  -0.044  -0.144  -0214 -0234 -0.075 -0.169  -0.164

R R M E P<0.05 , #4254 DG P<0.01,n=68, T [l
Note: * P<0.05,** P<0.01,n=68. The same below.
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Table 3 Single and partial correlation analysis between soil factors and saponin components in taproot of Panax notoginseng

it s Tl gﬁffl %ﬁﬁiiﬁ =tBEHFR ‘ ANSRBAF R,t;l AS BT Rl‘n BB ‘

Variable Unit  AVREC oviation coefficient/%  Single P ﬂrﬁal sn%le Pﬁal Siﬁile Pﬁal Sifile Paﬂfial
gle a g g g

foxin g-em” 1.11 0.16 14.78 -0.019 0242 -0.064 -0.068 -0.023 -0201 -0.048 -0.122
A 5 it % 4.44 6.08 136.89 0.067 0.055  0.101  0.165 -0.051 -0.159  0.035  0.005
K%k % 0.72 0.46 63.22 -0.023  -0.085 -0.095 0.034 0053 0061 -0.026 0.044
pH 5.63 0.88 15.67 -0.513*%% -0281* -0.164 0.014 -0.131 0.155 -0.204  0.066
FHES FAcHeit cmolekg? 2115 7.29 34.47 -0.055  0.158 0006 0061 -0.135 0072 -0.072  0.082
Eahe iUk % 39.67  19.32 48.70 -0.375%%  0.166 -0215 -0.281 -0.231 -0.286% -0.270% -0.282
AL g kg 3143 14.00 44.55 0.033 0.044 -0.069 0.047 -0.199 -0.053 -0.137 -0.001
2R g-kg! 1.81 0.72 40.00 0.023  -0.059 -0.059 0.134 -0211 0.053 -0.139  0.092
e gkg! 1.30 0.62 48.08 0.033 0.049 -0.245% -0242 -0.269% -0.185 -0.268% -0.218
S g-kg! 1275  1.56 59.26 0.097 0.039  0.020  0.117 0240 0.193  0.144  0.165
A mg-kg' 12871  50.57 39.29 0.092  -0.023 -0.102 -0.192 -0.208 -0.042 -0.154 -0.124
AR mg-kg' 6547  40.89 62.46 0.019  -0.041 -0267* -0.039 -0.153 0.042 -0.221 -0.002
R mg-kg'  377.81 185.48 49.09 -0.033  -0.021 -0.072 -0.096 -0.061 0.079  -0.073 -0.010
AR cmol kg 9.80 7.7 79.25 -0.430%F  -0.276 -0.069  0.081 -0.134 0.041 -0.146  0.039
R cmol - kg™ 1.77 1.27 72.00 -0.182 0215 -0.035 0.033 -0.116 -0.111 -0.096 -0.022
AR mg-kg! 7849  56.58 72.09 0.143  -0.089 0.036 -0.088 0.013 -0.194 0.039 -0.154
AR mg-kg! 53.34 2932 54.97 0.274% 0139 -0.158 -0.133 -0.034 -0.064 -0.077 -0.092
EEpEan mg-kg! 4126 3477 84.27 0.164  -0.021 0.189  0.224  0.007  0.103  0.120  0.170
A7 35 mg- kg 3.15 2.47 78.40 0.162 0.157  -0.072  0.099 -0.098 0.087 -0.075 0.110
R mg-kg! 3.59 2.42 67.21 0.097 0.080 -0.014 0318* -0.154 0.191 -0.078 0.274%*
EER mg-kg! 0.49 0.43 87.01 0.076  -0.048 -0.081 0.113 -0.167 -0.032 -0.123  0.040
A JH mg-kg! 0.35 0.49 138.49 0.062 0234 0207  0.137 0082 -0.062 0.160  0.061
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Table 4 Single and partial correlation analysis between nutrient factors and saponin components in taproot of Panax notoginseng

o W T iﬁﬁl %ﬁﬁl ;ﬁ%ﬁ? ;%%WE Q%%m% ﬁﬁ%ﬁw
Variable Unit Average deviation  coefficient/% Single Par"fial Single Partial Single Partial Single Par"fial
o % 0.98 0.35 35.89 0.079 0.090 0.195 -0.104 0.261* 0.095 0.247* 0.006
e % 0.32 0.05 15.12 -0.089 -0.025 0.133 0.031 0.237 0.206 0.186 0.127
i % 1.05 0.12 11.68 -0.249*  -0.212 -0.102 -0.202 -0.155 -0.189 -0.158 -0.236
45 mg-kg' 1480.04 258.08 17.44 0.121 0.055 0.447%% 0.417**  0.357*%  0.299* 0.436%*  0.395%*
53 mg-kg'  1041.81 173.62 16.67 -0.192 -0.211 -0.015 0.017 -0.028 -0.079 -0.040 -0.054
i mg kg 792.22 172.57 21.78 0.137 0.261* -0.007 -0.154 -0.116 -0.209 -0.051 -0.170
S mg-kg!  306.73 258.19 84.17 0.221 0.093 0.217 0.042 0.104 -0.105 0.191 -0.023
i mg-kg™! 27.53 16.30 59.21 0.266* 0.131 0.162 0.142 0.181 0.162 0.205 0.179
il mg-keg! 3.42 1.24 36.29 0.162 0.058 0.444%*  (0.352%* 0.303* 0.203 0.411%* 0.310%
B mg-kg! 12.39 6.99 56.41 0.288* 0.136 0.254%* 0.101 0.214 0.028 0.274* 0.085
] mg-kg! 20.07 4.27 21.28 -0.002 0.085 -0.053 -0.010 -0.124 -0.046 -0.092 -0.021
e mg-kg™! 0.68 0.77 114.01 0.058 0.056 -0.179 -0.184 -0.138 -0.070 -0.162 —-0.134
R5 ZELETREFHESNERLEITHFE
Table 5 Stepwise regression equation of saponin components in taproot of Panax notoginseng
2[{43 Component 2 [l 772 Stepwise regression equation R R
R R Y=15.360 5-0.320 0X,+0.162 7X5-0.000 6X5-0.489 5X1, 0.5993 0.3592
ANZ AT Re Y=6.174 1-5.675 0X,—4.843 9X5+6.483 9X+0.007 9X,+1.820 7X 5 0.7214 05205
ANZRIFRby Y=-47.603 9+0.833 9X;5-0.150 3Xs+0.168 1X11+0.009 5X,5+0.804 2X.a 0.6899  0.476 0
B Y=16.653 6-0.943 4X,-0.002 1X,-0.738 5X+0.659 4X:—0.029 2X,+0.067 0X,,+0.001 8X5+0.227 5X 14 0.8130 0.6610

[HEEAG RS CWINTTDIES WA RPAY /A E iDL S A A
FRTRIE Ty r=P+p, o r g BAAHOC 80 P o EL
TR REL p NGBS R PURARER) JE S H 722
0T AR R ER AR /NS EL, A DS R EeT L)
XFIEARIIATAS AR TRRR W, I e A
BRI AR PSR R BOH T A RP=2Pr, - P2,
P PO HAEIBAR BB oy R G R B

HiZ 6 AT A1, =L 21 R, AR R A E A
e o 6 B2 (X)) > T 8 AR (Xs) >pH (X10) >7 J - 27
(Xs)o XsHyEHimAe R EUE AR T Bl R4 H
T3 T AR B IR T BLHEE AR AR B =
R AR RO J7 11 25028 5 HoR I 73 = A R

BIEERRTREEEMN b X X0 B3 510
FEAE R 7 A, HI55 T 45 5 =B B RO
BN, X oo ) ELHAE R 55 04V R O Il AL TRD L nsie T L
e NIEEY (T

4 TIPSR R E R/ IMIRYRCH RIS RI>RS RS,
Horp R R RN IE , DL Rt K, BB Xy X Xod =&
BHRMFEIRHF, X2 = LB HFRMNERE
BRI T RO, HUCR R A XHEALE 4 Ak
D7 b fe i, DL XS J2 = £ R AF R0 B 5 B PR
o X Xs X BT 3R R4 HE 4 m (>0.001) , H.
Hiy s BH ., U B EAR =B R RO — G Y M e
fE. HE FRXILAEF gk g w2 Rm

F6 EM=LtEFHR EETAFHBERSH

Table 6 Path analysis between ecological factors and notoginsenoside R, in taproot of Panax notoginseng

AT BEHEERE(P) | WEGEREEN  WHGREG)  MRERGRD
Factor  Direct path coefficient Sum of indirect path coefficient ~Single correlation coefficient Decision coefficient
X -0.456 0.053 -0.403 0.160 0.125 0.083 -0.155
X; 0.287 -0.624 -0.336 -0.276 -0.199 -0.263 -0.161
Xs -0.411 0.205 -0.207 0.001 0.092 0.184 -0.072
X -0.364 -0.148 -0.513 0.241 -0.194 0.127 -0.081
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T R FIZEA 00 5 Xoo Xos P BLBEAE A5 100424 L O
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R>R:, Hh R, RUMIE, H RESRL, I X X 2 A S
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X NS BAF Ry W EZRBIH 7, H X EAS BH
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Table 7 Path analysis between ecological factors and ginsenoside Rg; in taproot of Panax notoginseng

e HEZBRRH(P) A RO KRB () IR RE(R?)
Direct path Sum of indirect path Single correlation Decision —X, —Xs —Xs — X — X3
Factor . .. .. ..
coefficient coefficient coefficient coefficient
X -1.385 1.092 -0.293 -1.106 0.483 0.668 -0.037 -0.022
Xs -1.535 1.919 0.384 -3.535 0.435 1.309 0.116 0.060
Xs 1.778 -1.537 0.241 -2.306 -0.520 -1.130 0.076 0.037
X 0.294 0.153 0.447 0.176 0.176  -0.603  0.461 0.118
X 0.326 0.118 0.444 0.183 0.093 -0.280  0.199 0.106
8 FRASEERLSETEFHERSW
Table 8 Path analysis between ecological factors and ginsenoside Rb; in taproot of Panax notoginseng
e HiEzBARRH(P)  WERAE R FARADC R B () R AB(R?)
Direct path Sum of indirect path Single correlation Decision —Xs —Xy —Xy — X3 — X1
Factor . .. o o
coefficient coefficient coefficient coefficient
X 0.373 0.034 0.406 0.164 -0.113  0.028 0.086 0.033
Xo -0.437 0.205 -0.231 0.011 0.097 -0.021 0.115 0.015
X 0.191 0.049 0.240 0.055 0.054 0.047 -0.036 -0.016
Xis 0.370 -0.014 0.357 0.127 0.086 -0.135 -0.019 0.054
X 0.150 0.153 0.303 0.068 0.082 -0.042 -0.020 0.134
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Table 9 Path analysis between total saponins in taproot of Panax notoginseng and ecological factors
e ET&;@@%%&(B) IEJT%iﬁ.ﬁéf%éﬁAE\ﬂ %*ﬁ?&%ﬁ(@) Wl ZH(R?)
Factor lrecF path Sum oflnt?lr.ecl path Single corrflatlon Decision coefficient =X, =X, X X X —Xn X X
coefficient coefficient coefficient

Xi -1.239 0.939 -0.300 -0.791 0.351 0.396 0.366 -0.129 0.016 -0.047 -0.015
X, -0.760 0.494 -0.266 -0.174 0.572 0.804 -0.923 0.145 0.035 -0.104 -0.035
Xs -1.260 1.692 0.432 -2.676 0.389 0.485 0.716 -0.035 -0.049 0.144 0.040
Xz 0.973 -0.694 0.280 -0.403 -0.466 0.720 -0.927 -0.103 -0.038 0.095 0.025
Xo -0.439 0.169 -0.270 0.044 -0.363 0.251 -0.099 0.229 0.016 0.114 0.021
X 0.126 -0.204 -0.078 -0.035 -0.158 -0.208 0.486 -0.291 -0.055 -0.012 0.035
Xis 0.368 0.068 0.436 0.186 0.157 0.214 -0.495 0.253 -0.136 —0.004 0.079
Xia 0.219 0.191 0.411 0.132 0.083 0.119 -0.230 0.109 -0.043 0.020 0.133
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