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25 FIREI 2538087 2 R AR, AR
WY e AR R N 0 A R R B AEAE Y H A A
I PR g At b R — i 1 PR A5 A 0 Jir 38 i
YEHMZE R (7R304, 2005; WESE, 2012),
PEBE AT — 8 IREE 07 B U B AR S AR R A
24 FAAE A 35 v A= A RN A 7 ) BRI & B A
Mgt (Yanetal., 2004; BPEES, 2011 ), K,
24 AR 25 3508 4 dee e 1) sk 9 A A K S5 - 114 3
W, WHFRRM, H B, R AR R K S
Jeifi ( Notopterygium incisum ) 2530 B F 2
HERNE (EAIEEE, 2013), IRETEAS (Panax
ginseng ) B RIL BRI EEEN, 7E—E il
FEYO N, RS A T AS BT R (5
ek, 2012 ), HHERBUZ AL ( Lycium
barbarum ) ZW2EG A EEHAZE (Dong et al.,
2012 ), 124, RTANFELEERE T HEY (Paris
polyphylla var. yunnanensis ) 25808 M54
FHHE R RMBLZIRA RGOS, M“ERm T
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TEEE GAP R A A T AT ARG
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ZAEREFANY), FEMMTRE M. WA
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BT, BRI FiE A i 245 Al i) & J a3
(8255, 2009; L2455 2011 ), HHEMZRL
B S5 AR BB A i AT RS | RS B
MAFEZES, INZEEEA KRS, WFhTii k3
AZGTE 10 AEAEAARESE], ISP ECE TR A
e (2R, 2014 ), N TARIMERE K, RUAR
o AMFRAEEERFEX—=2nr . 5. W]
30 ANE (), SREE 32 NE B AR ZERE B AR
X - HERE S IR X 4, il A ST . B A [
T ARG BT R SR A SR Z M, RSE T H
PRA MR T . AL FORAE ) ——3 T 33 A4
ABERESEERDBTSEMNEE LR, ik
HTEmARTSENESAESHT, 0T
AR RN ] L PR 1 PR B o 2 PR 7
WAL BB E RS E RSN F AR, LI
S EE R GAP 5 i 15 A O Bl A 5 B AR AL
TRFEARSE

1 #REFH*®
1.1 HERTESHARXRREFMEAE

BBAH TR, fEHEMREE X —2n
(PG, EPE . EAIL, HAP . ERE . EPUR ).
SEML Ui 30 ANEL (T, REE 32 AR A
FEAR B AR X 3R . BRYL OORIAR S L (Mg 25
ST 2000 m ), EEEAPELL (JRAR RS AR )
MEWHZ 7 ( N TR AR R) 0 FH—E
(1) Ak, Hay 28 SN FARE (T ).
B3 el 30 9% L E R AR R T AR A R B AR A
T 3 AL R, W 2E RS HITE 100 m
W, HoREE 9~12 BRIEYITR A Oz kE &, TRIA
SRAEHR X A HERE A CREESIEAE DL 1), Hikk
FEmar ISCEe ., AR, Wbkt Rl L, &
Ja & 1% IR B 2808 7K S 1k 25 38 i B A o
JUE, fea FZERAK T, 20 ARZE L AR
SAFFRREEE, 60 CHET . FRE. BymE, MRZEFES

R1 RESEXRERL

Table 1 The basic condition of sampling sites and total saponin content in rhizome of Paris polyphylla var. yunnannensis

Sample site(county, province) Longitude/(°)  Latitude/(°) Altitude/m  Slope degree/(°) Transmittance/% Total saponin content/%
Longli, Guizhou 108.716 2 27.897 1 1178 0 37.89 0.308 2
Fanjingshan, Guizhou 108.699 4 27.908 9 2025 15 20.86 0.033 5
Jiangkou, Guizhou 108.763 6 27.8386 571 17 24.25 0.2017
Yongsheng, Yunnnan 100.822 8 26.7379 2595 5 80.29 1.8740
Degin, Yunnan 99.2311 28.2272 3052 45 18.52 1.126 7
Weixi, Yunnan 99.379 7 27.130 6 2509 25 24.05 0.809 2
Yongping, Yunnan 99.693 3 253189 2285 55 9.56 2.3880
Xichang, Sichuan 102.312 8 27.729 7 2476 23 18.32 1.5812
Huili, Sichuan 102.265 0 26.783 3 2 065 0 31.04 22013
Luoping, Yunnan 104.282 8 248750 1572 5 25.79 0.5453
Shizong, Yunnan 104.075 3 24.685 6 2087 18 6.21 24429
Xuanwei, Yunnan 104.478 9 26.289 7 2153 40 33.63 0.288 6
Lushui, Yunnan 98.850 6 26.483 6 1681 50 23.77 0.2400
Yunlong, Yunnan 99.424 4 26.101 7 2048 39 8.03 2.0450
Jianchuan, Yunnan 99.858 9 26.5119 2480 30 15.56 27236
Meijiang, Yunnan 101.683 1 23.423 6 1309 41.53 09515
Pingbian, Yunnan 103.691 7 229758 1459 15.02 3.1170
Shiping, Yunnan 102.368 3 23.968 3 2208 8 63.46 1.960 2
Yongshan, Yunnan 103.580 0 28.206 7 1580 43 21.49 1.4753
Qiaojia, Yunnan 103.093 9 26.639 7 2495 42 24.94 05711
Luquan, Yunnan 102.542 5 26.144 7 2 660 0 18.20 0.594 1
Funing, Yunnan 105.422 8 23.4542 1499 33 47.14 1.314 6
Lincang, Yunnan 100.073 1 23.874 4 1515 5 39.91 3.107 3
Kunming, Yunnan 102.630 8 249611 2192 7 58.11 1.442 4
Gengma, Yunnan 99.803 8 23.743 4 2413 40 5.3 24938
Weishan, Yunnan 100.351 3 252779 2410 20 29.89 1.520 4
Midu, Yunnan 100.426 0 25.509 1 2487 25 20 1.570 1
Zhongdian, Yunnan 99.672 0 27.390 6 2243 23 19.13 0.709 6
Lijiang, Yunnan 100.056 7 26.832 7 2 644 5 27.1 1.489 4
Anning, Yunnan 102.408 7 248717 1918 2 58.33 0.868 6
Yunlong, Yunnan 99.481 2 25.850 8 2 466 20 30.33 0.983 5
Yanjing, Yunnan 104.288 7 28.047 0 1128 35 78.08 1.467 1
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HFRATH S SR E . T35k S RS2l = KT
J&, 33 0.25 mm. 2 mm JE i .

BIAE BN P &% G G
SEoR (AR | 4E H IRRHEL . 4EFRKE . T
SRR, FE . EHRE&R. EHEER. —A
AR . —H SR i E BRI B 2
TP T TCM-GIS1 R SR 3 4 26 B i 15
(EHN
1.2 B&EHH

1484 N R HoSO0,-H0, T, BILIRE AL
+484 P, 4 K R NaOH Kfl, 4RBET k)
P, KIEEEEE K 3R N SRR 50
AL P SR 0.5 mol'L'NaHCO; 4%, £H8HHT
oy T3 K R H CH;COONH, 24, KA
SR HEEAVL R HEK R AR, LI
pH R LK 12 5248, pHITE; HHExcH
P£ Ca. Mg R CRRE-FACERRE, TR
TR A Cu. Zn, Fe. Mn XS
DTPA-TEA-CaCl, ZZ 0P iR, T ISOERE T
AR S R, HHEAES B RAIF
W% e a3k 5 +3EA RS Mo SR FIRL SRR £4 Hb (4 vk
(Bg+H., 2005),

HPLC A BAF 45y T HEERZE 4 g
Pl SR XS (2012) Fikid T,

1.3 HiEAbIE

LRI B IE R Excel. DPS 4t (FEE X
4, 2007 ) HATSE AT S
2 ZER55H

FIRW, = 5t JIB2ARFE S HE AR
MR C T+IT+VIHVI) SFE{EH1.389%, AF &R
BUH61.40%, A 8RN MR S Bk T rhfezy

(EFRZGIE L, 2010) FbriE, 525.0%, ik
FlrpfeZy it (ERGME RS, 2010 ) ZERAS
75.0%.
21 WESEEFSEERRELEES=MNHE
X

AT X SRR 345 2R (3R 2)
FH, HERFESMERS 102.26°+2.77°, L5
25.99°+1.54° ¥tk (2043.84+543.85) m FTEH
O3 A B TE R ZEE (1998 ) HRAE 4, I—A
2SR, HUChEE . — A SRS,
HARSR IR T2 BN, LEEE NS A r
PR A

EEMSRELBT S ES ) YEMH R
I T e o B SRS - K205 | 203
WEMR A, SRR T AR AR AN
BE(FR2) .
22 TEFEFEEERRELEFSENMELHE

TE R X R BRI R L (6 3)
T, M AR, AR REE
100.67%~113.39%, HUChaw, 280 . B0 .
HAH . AU AR, AE 5 REE 70.88%~
95.27%= 8], LA+ pH ZFiEf/N, 255 RECH
14.94% . UtHAVEEE A% o310 X 3R AL P R 32 43Ik
MRS, 3% pH 7E 4.28~7.28 Z[H],

HEMBRZE DRSS TR WA
XffoE (£3) £, BRHFSESeR. HIEMH
BT e (CEC) BB FIFMX, 5HENT
SIYiP SR NTE
23 EHERZREFSESETETFHERISEITF
B

WR PGS e 2 [ A OCRR EE A E, SLA Ay

®2 MWESERFSHEHEXRZIDETSENEXRY

Table 2 Correlation analysis between geographical-climatical factors and total saponin content in rhizome of Paris polyphylla varyunnannensis

Single correlation Partial correlation

Variable Average Standard deviation Variance coefficient/% . .

coefficient coefficient
Longitude/(°) 102.263 4 2.770 4 2.71 -0.398 4* -0.044 2
Latitude/(°) 25.990 4 1.5443 5.94 -0.472 9** -0.025 5
Altitude/m 2043.843 8 543.849 9 26.61 0.1374 0.092 8
annual active accumulated temperature/‘C 3694.8156 954.469 1 25.83 0.1135 -0.218 3
annual average temperature/C 13.859 4 2.5458 18.37 0.158 6 -0.218 7
Humidity/% 72.728 1 5.728 9 7.88 -0.0517 0.126 8
annual sunshine hours/h 2062.6750 442.134 6 21.44 0.344 7* -0.013 1
annual precipitation/mm 1186.0219 200.866 7 16.94 -0.278 6 -0.184 5
maximum temperature in July/C 24.1313 24700 10.24 -0.180 1 -0.112 0
average temperature in July/'C 19.065 6 2.594 8 13.61 -0.1353 0.128 6
minimum temperature in January/C 0.0250 3.098 2 12 392.80 0.2827 -0.010 5
average temperature in January/C 5.643 8 2.8051 49.70 0.463 3** 0.1591
slope degree/(°) 21.093 8 16.791 7 79.60 -0.034 5 -0.114 0
Transmittance/% 30.491 6 19.036 9 62.43 -0.090 9 -0.172 7

PG RBUE I . Rio,00570.349 4; Rpzo,001=0.448 7 (WA REUNGEFE : Ra7,005=0.456; Ra7,000=0.575, HEA T n=32
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Table 3 Correlation analysis between soil factors and total saponin content in rhizome of Paris polyphylla var.yunnannensis

Variance coefficien/%

Single correlation coefficient  Partial correlation coefficient

AR Average Standard deviation
w(OM)/(gkg") 42.792 2 18.712 7
w(IN)/(gkg™) 2.754 4 0.999 7
w(TP)(gkg") 0.784 7 0.747 6
w(TK)/(g'kg™") 8.751 6 6.420 3

w(alkaline N)/(mg-kg'] ) 234.065 6 88.594 2
w(avail.P)/(mg-kg™) 222938 17.2917
w(avail K)/(mgkg™) 104.808 8 94.188 8
w(avail Fe)/(mg'kg ™) 91.933 1 43.279 6
w(avail Mn)/(mg-kg™" ) 54.604 4 42.480 6
w(avail.Cu)/(mg-kg™) 1.6150 1.8312
w(avail. Zn)/(mg'kg™) 2.804 7 2.822 6

w(avail. S)/(mg-kg™) 25.886 6 18.349 3
w(avail. B)(mg-kg™) 0.186 6 0.079 5
w(avail. Mo)/(mg'kg™) 0.200 5 0.045 4
w(exchangeable Ca)/(cmol'kg")  9.7759 6.599 6
w(exchangeable Mg)/(cmol'kg’)  2.197 5 1.034 1
pH 6.118 4 0913 1
b(CEC)/(cmol'kg™) 269125 7.207 0
w(bulk density)/(g-cm™) 0.8756 0.264 0

113.39
100.64

43.73 -0.020 1 0.088 6
36.29 0.376 1* 0.294 5
95.27 0.130 1 0.265 5
73.36 0.003 4 0.262 7
37.85 -0.063 3 -0.405 8
77.56 0.247 3 0.008 6
89.87 0.094 0 -0.068 9
47.08 03126 -0.106 0
77.80 0.3050 0.126 5

-0.2410 -0.434'5

0.059 2 0.1753
70.88 -0.146 4 0.426 9
42.60 0.090 3 0.303 3
22.64 0.224 5 -0.236 0
67.51 0.138 8 -0.467 2
47.06 02428 -0.024 1
14.92 0.1210 0.470 1
26.78 0.412 4* 0.4527
30.15 0.093 5 -0.219 5

FAHSCRENGFHE : Rio, 005 =0.349 45 Re30,001) =0.448 7o MRAHCREUNGFE : Ra2,005=0.532; R2,001)=0.661, FEAH: n=32

FRERA R X ik, M R AT
AT CHRIERT, 2010 ), FEZEREPEAIFEPRAT, WX
PERRAH DG B2 rHahs, (H 1A R st 4y
THRE S W PR AR X [ AR R AR (R LA,
2007 )o DMEXRTFAEHET S AMA BT KR
IFIE, K22 38 sk = N -5 253008 o
AIFRSCHESEA TRY,, FEZE DL AH e R B I e
BRI (FB2EMESE, 2014; WPEARSE, 2011 ),
XM SR R TR, S5e W EATUIR . A
KABUEFEHEBR AR R 052 m, (U5 Z
MIARSG, HLEAR DG R ECE RE UL B4 0 2 AR DG RE
B (A, 2011 ), T ENAM LT 2 D
HAFA AT N, ARWFTER SRR AR S 5 1
B, SE— 2D ARG T 22 5 R A A Y
PRI, B Sy 4 T M ko) B B e i) e 3 P A
AT

PEBOARZE M ( T+ IT+VI+VI) 255
BEMNESHT: 48 (X)), 4% (X)), HER
(X)), —HA¥E (X)), 22 % (X5), CEC

(Xe) #ATENIRAT, SRIEEFRAT
¥=15.648-0.100 0.X;-0.194.X,+0.039.X,
IRRE M REE R=0.6578, E R R=

0.4327,P=0.001 1, Durbin-Watson &t i1 d=2.367 9,

A AT (11U R E A 20 B KO (& 4),

VAT RN SE M (R LEF, 2007 ). {HLLE 3

ALK F HREff R B AR S 1Y 43.27% MATE

HNTFH, BBl ig T8 2a i EM R

PRI
ARG R AL AT LA LR AR AL P A

HamAE R p ( MEAE, 2012):
r=P+p (1)
WA (£ 4) KB, 3 DAERTXEE

o 0 A R BN 4 EA T, Hh g

(X1). GJE (X)) X ot & 8 EEER R

N, CEC X B i A E D IERUN . [A)4

VER NS/, HANEAZAE R 7 I —3K
LR R B S [ AR X AR LR SRR R

NSEL, FIFHBRR 2R B00T DI AR B a Rtk A 7

x4 HERRELEHRESASETHERS N

Table 4 Path analysis between total saponin content in rhizome of Paris polyphylla var. yunnannensis and ecological factors

PAurtial correlation Direct path Sum of indirect path ~ Single correlation ~ Decision coefficient
Factor N —X —X; —Xs
coefficient coefficient (P;) coefficient (p) coefficient () (R)
Xi -0.392 6* -0.326 3 -0.072 1 -0.398 4 0.153 5 1 -0.0603 -0.011 8
Xo -0.410 8* -0.3512 -0.121 8 -0473 0.208 9 -0.056 1 1 -0.065 7
X 0.395 8* 0.3312 0.081 3 04125 0.163 5 0.011 6 0.0697 1

FEAE n=32
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A I, 8 B R M A R R A A
(THZAE, 2009), RFERBAHALZY:
R’ =2Pr -P’ (2)

PONHBSERRE, ry WHAKCRE. 3 1A
HH IR REOUNIUT A : R, >R, >R, ¥y
TEME, DAL . 45 . CEC MR SR
7, S i R EIORHA T
3 it

AAFREERELH, BRI ([ER T
T4y, 2010 ) ZLRAFES S 75.0%, ST R
T DI 2R G R AR (AP RS ) X, g R
5 (2007 ) 38 FIEERE G250 Ho i i
O3 A XIS A—E, PTRES HERAEIE B R )14 |
BEPOME PG —37, SO EAE AP XA (I
F24)5, FFAEEIEREERS A K 221 %H%(2014)
X AFANFHIX 22 ANMEESRZERES T T 2
P AT, R i IORE R 7R YEL VY 9 Fif A
PTG e, SRS REA—I.
Hil, . 5. NESL TR R, DL
SRA S RS AR R, HE I
FREN T, FURURANTEFIA 800 m L) | AY DX I di s
IR, SR EEN F B X 2 — (SR 4F,
2010 ), [HIBL, VECEE A% 243508050 dne s DX ff o
XS GAP S d i ARE ks B 1S
SEY.

T LA B 5% RN AR BF 5 IR RN 9 BBl KR FH #R)
PRI, 85I TEE—8, AR R
KW, BPE. SR CEC JRsemE FRE 2 b g
HomEmERASHT., HESRRETTESRSS
FERREAME, 5 AR e (CEC) &
WA, (HLE | 4 | CEC HAEMBHE %
BT 43.27%M AR S T, TEEM R RS
s A — MR, (E AR P AN 4
B, GAELEA OEIE TR B RNE RS54
BT, BIATRE, 4 S, EEk
MR A EGE . CEC FE M T HHEAHUT . AL
TR Bk, pH S5f8%5, CEC HS 3R
MUBI S, 2 0 1 BRGS0 Rk, I
pH 2B FIEAE (5KT58, 2013 ), IL& R AIEE
BEETTES AR S22 D EIEHE (1
KL, 2012), BEAHE pH My e e B & s 21 m
R (BELRS, 2011) MiRE—2 A, HE
PERAF A Er il 2 HAb A S R A5, a0 45
I (AR A, 2009; fLER5E, 20105 iR
G, 2011), WARIRYE (BB, 2011; JAWRSE,
2015), R AIARKAERR ( FERESE, 2015)
A, FURHSZ AR/ N E

4 g

=R S Il 30 N E (i) 32 AMEESIA
TN ZE R B EE A 1.389%, A2y i
(EZRHGMZEF 2, 2010 ) ZORAGFEAR & 75.0%, JH
HERELDBHEEEERL ., 4EM CEC M
M, =FHBNEBRFSRNIOEN T, 4E hRE
BN T, &, GEM T CEC Higfks g
i 43.27%MA8 5, UL R ZE B Rt & i
A —E R HISERAE , LATE VY AR P SR i S i
R o TELEEREAIIE X A AL RO R & R
+- 4 pH R AE 7 SR R
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Abstract: This paper explored the effect of ecological factors on saponin contents in rhizome of Paris polyphylla var. yunnannensis,
and determined the leading ecological factors which affect total saponin contents in rhizome, which will provide scientific evidence
for the construction of GAP cultivation base and the selection of key cultivation technique of Paris polyphylla var. yunnannensis.
Based on 32 rhizome samples of Paris polyphylla var. yunnannensis taken from 30 county in Yunnan, Guizhou and Sichuan province
and corresponding rhizosphere soil samples, adopted HPLC to test saponin contents and used regular soil analyzing technique to test
soil property and fertility index, and derived the corresponding geographical and meteological data from GIS for Traditional Chinese
Medicine database, the quantitative relationships between total saponin contents and 33 ecological factors were studied using the step
by step comprehensive research methods of correlation, stepwise regression, path analysis, decision analysis. The results indicated
that average saponin contents was 1.398%, among which the ratio up to national standard was 75%. Latitude, longitude and soil CEC
were the leading ecological factors affecting the saponin contents in rhizome, but which only controlled 43.27% changes of saponin
contents in rhizome. There were significant negative correlation between total saponin contents and latitude or longitude, and
significant positive correlation between total saponin contents and soil CEC. Latitude, longitude and soil CEC also were decisive
factors of total saponin contents, and latitude was the most decisive factor for total saponin contents in rhizome. Total saponin
contents in rhizome had certain regional feature, of which higher region located in west and southwest area of Yunnan. The planting
base for Paris polyphylla var. yunnannensis should had high soil organic matter and clay, as well as neutral soil pH.
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