Fi¥23% Chinese Bulletin of Botany 2013, 48 (4): 411—422, www.chinbullbotany.com
doi: 10.3724/SP.J.1259.2013.00411

- SRR

ETHARTFRESCENFIRMXEFEERRIKRT
HBEZE S ™

FEEYZ BE"Y, BER? TR
YW TE T K2, TEALYI G 2 M R TT R K TR SeE E, P2 710062; 2k TE Il YE K2 b S R 2, T4 710062
S U 9 2 AR i BE R 2 B, B2 710062
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K J& (Schisandra), 4 2 A AR AR, Hk
AR AE SRR A B TR T (I K 2 L2 5145, 2010).
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HFR{E B & 4t (geo-information system, GIS). K
{5 BE BT (maximum entropy model) & Fuzzy k&
PRIAR, X ZRUE b IX A b TR AR B E AT SR A
AVEHY, LU e e o T 38 AR 5 AR A P R
F RGBS, OSBRI A B A, A
PRA R ] R 220 B A rp Tk B AR B 5 S 1t e U

FWH: [HR HAPAHEE(No.31070293) M [H K “+— 1.7 BHESH# 1K (No.2006BAI06A13-06)

* WIHAEH . E-mail: weigu@snnu.edu.cn; weihy@snnu.edu.cn



412 HIYER 48(4) 2013
S35, I IR A ST PR UE I BRI AT A B R

PR SRR I B AN

1 MR57%

1.1 #HEBRIRES HiELE

MR 7% U L DXAF AT 5T (R 272 g v 1R ] 4K 2
A4, 1985; FHEGEH RN, 2007) M B0 mFEp
M (digital elevation model, DEM)XI & fiff 3¢ X (1),
25 5103°45'-113°45'E, £f % 30°30'-35°30'N, 174
] ZR A 25 6 4 (B B T VB HE HOA S DU EEER. B
YU, R AL, 1A 42.38%10° km?. 2007-2011
E, ORBFRA LR X SRCE T 19N, LR T
307AKAF 25 4 T T-(Schisandra sphenanthera
Rehd. et Wils.)Ff A<, fifi Tl GPS(global positioning

system)ic K& JE 4 NTRESR, I00 5 B AR [r) S5 4
B BTIEToPEEIE IR, FEACSR AR SRR A #E 25
KT100 mo Fraffii bk K ES, o dE, B4
FEHBISER10-20 N FEA . IUEE R G H AR T, &
TSR TP ORAE, WEEE ROk R TR DR IR 3R
Ho

AHIE A T 1R 4 A A B A% 280 A (F AR AIG U
(TMIN). 4EH S (TMAX) A KR (ATG) A K
WBEKE(PG))H A HL R 48 L 204 72 (TDHES,
http://www.data.ac.cn)fEfit . HFFEX A [ L £ (SH)
HEEFA S (ARH) it e op R Bl = g &
4;(CMDSSS, http://cdc.cma.gov.cn)f2fit . ZEdaE
ALHE 73 AT AEZZ 0 1614 GO I3 BOAF Rl 1~ 1)
{1 o WFSEIX MU B (R (ASL) 3% (SLOP) AL i
(ASPE))LL J - 44l (1= +- 4 USDA 2K . +-3EpH

10" E M2'E
| |

104'E 106" € 108'
®°N
34N
Legend
32°N - * Sampling sites
Altitude
4441 m
0
21m

104° E

B AL E AR R0

12°E

a: HHEs; b BRI o BRpGTe o, o BRVGKE; e BRVGBEEL; £ BRVGEIIL gi BRVUSFEE; he BEVGHREE; it BRVGKA; | BRI
B; ke BRVWE S 10 BRVGEE S, m: BRVGREE; n: BRVGEEDE; of BRVGRIRE; p: BRIGAER,; q DUIFE L o SEEPRARE; s: WIRE 5 1K

Figure 1 Study area and sampling sites distribution

a: Huating, in Gansu; b: Zhouqu, in Gansu; c: Ninggiang, in Shaanxi; d: Fengxian, in Shaanxi; e: Longxian, in Shaanxi; f: Liuba, in
Shaanxi; g: Maoping, in Shaanxi; h: Foping, in Shaanxi; i: Taibai, in Shaanxi; j: Ningshan, in Shaanxi; k: Yingpan, in Shaanxi; I:
Zhen’an, in Shaanxi; m: Fengzhen, in Shaanxi; n: Zhenping, in Shaanxi; o: Xunyang, in Shaanxi; p: Huaxian, in Shaanxi; q:

Qingchuan, in Sichuan; r: Wuxi, in Chonggqing; s: Lushi, in Henan
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OIS AL B PR 1R G A A A
SO 2 S A K e R, AT S B D U A ) A
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Table 1 Evaluation index of ecology suitability of Schisandra sphenanthera

Classification Index

Climatic factor

Average temperature of growth* (ATG), Precipitation of growth* (PG), Sunshine hours (SH), Annual relative

humidity (ARH), Minimum temperature of coldest month (TMIN) and Maximum temperature of warmest

month (TMAX)

Topsoil USDA texture classification (TTEX), Topsoil pH (PH), Total nitrogen of soil (TN), Total phosphorus

Soil factor

of soil (TP), Total potassium of soil (TK) and Topsoil organic carbon (TOC)
Topographical Elevation above sea level (ASL), Slope (SLOP) and Aspect (ASPE)
factor

K3 5-8 . The growth period is from May to August.
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Table 2 Membership function of evaluation factors and fitting degree

Evaluation Membership function
condition itti itti
Deoxyschizandrin Fitting y-schizandrin Fitting
degree degree
x-20.45 \2 x-15.8 \2
ATG - 88% - 95%
y:e[“s] ° y=e(s.2e] 0
PG (xzesy? () 86% () < 500 88%
y=0.9><e 42.21 +0.1xe 24.47 o y = e X < o
0.67 x > 500
x-1944 2 x 2 X 2
SH y = e ’( 309.1 J 90% y = e’( 1281155] + 0.7><ei[ 2318.6;6J 93%
(x-68.5 12 x-64.4)2 x-72.4)2
ARH y=-e [ 8.46 J 84% y =e'[ 3.63 ] +0.72 xe_[ 347 ] 92%
X+5 2 Xx+9.875 2
TMIN , - o 557 B% (5w 88%
x-27.3)2 x-25.1)2
TMAX y - lT%) 0% (SR 87%
(x-6.4)? x-7.06 12
PH y-e [ 1.89 ) 88% y = ei( 3.02 J 90%
_[x70.108 ]2 ,
0.064 _
TN y= e (XOZZJZ X< 0.17 89% _ e_[xo?{:g] 95%
0.9xe \ 0% x>0.17 y =
([ x-0.063 )2 x-0.12 )2
TP 0.124 J 84% y = e‘[ 910 J 87%
x<14 043 x<17
TK ~0.405x+15675 1.4<x<3.8 93% Y =128x-960x+865 17<x<2.16 89%
x>3.8 1 X>2.16
x 2 6
.o 2
TOC ey x<4.2 91% _ 5% 84%
0.92 xe ‘33] x> 4.2 Y=
x 1143 2 x-1463 )2
ASL y ool 92% y:e( ) 96%
0.0153x + 0.4262 x <38 1 x<12.5
SLOP = ] X > 38 80% Y ={-00752x+1.95 12.5<x<20 88%
0.76xe’( 1% ) x> 20
(x=171 )2 x-225 \2
ASPE J - e () 8% o5 86%

ATG: KM PG AEKIMIKE; SH: HIME %G ARH: AFEAHXNE LS, TMIN: AR ; TMAX: 4% &
THAREASE; TP R4S, TK REAHEE; TOC: RGNS
ATG: Average temperature of growth; PG: Precipitation of growth; SH: Sunshine hours; ARH: Annual relative humidity; TMIN:
Minimum temperature of coldest month; TMAX: Maximum temperature of warmest month; PH: Topsoil pH; TN: Total nitrogen of
soil; TP: Total phosphorus of soil; TK: Total potassium of soil; TOC: Topsoil organic carbon; ASL: Elevation above sea level;

SLOP: Slope; ASPE: Aspect

AHIFSERI H 2 A7 (objective weighting me-
thod)H f5 KA BRI (Weber, 2011)#f i B 4E e
TUR T AR B E B VR DR AR R VR A

T TR T RS TR T R LR
Wi FESEANTR, Tl o BRI RS VPN s 1) B 2R
IR AN B, IS A B P VAN

PH: +4#pHI{A; TN:
H: ASL: 4% SLOP: 3% ASPE: i i

%E’JE’/

AR AT
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Table 3 Membership of topsoil USDA texture classification

TTEX Membership of Membership of
deoxyschizandrin y-schizandrin
Clay 1.00 0.31
Loam 0.36 0.82
Sandy clay loam 0.45 1.00
Sandy loam 0.98 0.37
Loamy sand 0.20 0.96

TTEX: Wiz 13 USDA%;35. TTEX: Topsoil USDA texture
classification.
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Ko MREAE R E (B AT 17k, 2007), SR %
XTE(In)R BT VRN 8 B 145 ISR EREAT 7 SCo
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-E
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PERIVE T, SR INBCTE- 3472 (weighted average me-
thod) 71 57 4 T Wk 1 A2 5538 ' 1k 4 B (R e A 4%
2009; Lu et al., 2012), &M G254 Fa Bk
B IR (R B AN SR i 5 1 e R o - R AreGIS 9.3
A A= ) S MR 5, 3 045 B4 b R T
TR FHREMZE SR km x 1 kmlb B ocAE 5
EEAEVEM AR R A
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Table 4 The optimal value, threshold value and weight of each factor

Index system Deoxyschizandrin

y-schizandrin

(units) Optimum value  Threshold value ~ Weight (%) Optimum value  Threshold value ~ Weight (%)
ATG (°C) 20.45 15, 25 10.15 15.8 5,25 7.94
PG (mm) 543.3 450, 640 17.54 489 400 1.50
SH (h~af1) 1944 1300, 2 600 8.07 2 155 1300, 2 600 5.88
ARH (%) 68.5 62.1,78.1 2.42 64.4 78.1 8.10
TMIN (°C) -5 -13,3 8.66 -9.8 -20,3 19.13
TMAX (°C) 27.3 22 6.65 251 17 4.02
TTEX Clay - 7.61 Sandy clay loam - 3.40
PH 6.4 8.6 3.15 7.06 4.1 0.76
TN (%) 0.108 0.30 3.47 0.19 0.4 13.83
TP (%) 0.063 0.35 6.65 0.12 0.35 13.83
TK (%) <1.4 3.8 12.45 >2.1 1.7 7.53
TOC (%) 2.6 10 2.59 6.7 20 4.79
ASL (m) 1143 2400 7.70 1463 2800 6.51
SLOP (°) >38 0 0.77 <12.5 75.67 1.75
ASPE (°) 171 360 212 225 0 1.03

ATG. PG. SH. ARH. TMIN. TMAX. PH. TN. TP. TK. TOC. ASL. SLOPFIASPE]#2. TTEX[H3.
ATG, PG, SH, ARH, TMIN, TMAX, PH, TN, TP, TK, TOC, ASL, SLOP and ASPE see Table 2. TTEX see Table 3.
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fEBR L, RIS (Li and Heap, 2011).
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Hu X A Hp TR A B X R R 3 ([ 4) . s

1 Unsuitable base on deoxyschizandrin
] Suitable base on deoxyschizandrin
I High suitable base on deoxyschizandrin

[ Unsuitable base on ¥-schizandrin
[] Suitable base on Y-schizandrin
I High suitable base on Y-schizandrin
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Figure 2 Habitat suitability distribution of Schisandra
sphenanthera in Qinling area based on content of lignans

(A) Habitat suitability distribution of Schisandra sphenanthera
based on content of deoxyschizandrin; (B) Habitat suitability
distribution of S. sphenanthera based on content of y-schi-
zandrin

R E2F ARG 2 (FR T I Z M AR T 2 %)M AR IS
HAEFR$Y<0.3, BP A R FANE AT, R
A8 T ATSTIX R TR 11.40%,  E 340 A 8 H P
B B R DL R R R B AR SRS R RO
i 2 0 AR BT IS B AR B N 0.3<<y<0.7, WM |
RIS EAEBE, SRR AESE S FIX AT A 1950.63%,
FE ATV TR A, BV RS A Hu X, T
PV PR, =1 10 R LSO B 5 JE B AR A1
HE; JES R R OR i 2 AR B IE B R R By =0.7,
M ohy=0.7, [ 5 —Fh0.3<y<0.7, R h4E
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Figure 3 Classify of habitat suitability distribution of Schisandra sphenanthera in Qinling area

1: No suitable for deoxyschizandrin and y-schizandrin; 2: Suitable for deoxyschizandrin and no suitable for y-schizandrin; 3: High
suitable for deoxyschizandrin and no suitable for y-schizandrin; 4: No suitable for deoxyschizandrin and suitable for
y-schizandrin; 5: Suitable for deoxyschizandrin and y-schizandrin; 6: High suitable for deoxyschizandrin and suitable for
y-schizandrin; 7: Low suitable for deoxyschizandrin and high suitable for y-schizandrin; 8: Suitable for deoxyschizandrin and high
suitable for y-schizandrin; 9: High suitable for deoxyschizandrin and y-schizandrin
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Figure 4 Habitat suitability comprehensive distribution of Schisandra sphenanthera in Qinling area
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FR6  ZRU b DX M rh TR TV AE 3 A1 DX SR A XA 2348 (LR 11 ) A
Table 6 The area of habitat suitability comprehensive distribution of Schisandra sphenanthera in different province (munici-
pality)

Habitat suitability class

Comprehensive distribution of Schisandra sphenanthera in Qinling area (km?)

Shaanxi Sichuan Gansu Chonggqing Hubei Henan
Unsuitable area 9 577.06 3800.23 681.35 442.57 6 269.10 6 402.07
Suitable area 48 035.61 954473 17 713.83 5594.53 23618.98 16 153.27
High suitable area 46 571.46 4262.12 19 043.50 1457.07 12 378.52 6 787.70
Total 104 184.13 17 607.08 37 438.68 7 494.17 42 266.60 29 343.04
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Deoxyschizandrin and y-Schizandrin Content in Wild Schisandra
sphenanthera to Determine Potential Distribution in Qinling
Mountains

Yanlong Guo"?, Wei Gu"?, Chunyan Lu" 2, Haiyan Wei*

"National Engineering Laboratory for Resource Development of Endangered Crude Drugs in Northwest of China, Shaanxi
Normal University, Xi'an 710062, China; 2College of Tourism and Environment, Shaanxi Normal University, Xi'an 710062,
China; *College of Life Sciences, Shaanxi Normal University, Xi'an 710062, China

Abstract Schisandra sphenanthera is the third-class conservation of wild medicinal species. It is widely distributed in
Qinling Mountains. We collected S. sphenanthera samples at 307 sampling points in 19 sampling sites and extracted
deoxyschizandrin and y-schizandrin by high-performance liquid chromatography. We used “fuzzy theory” to determine the
association of deoxyschizandrin and y-schizandrin content and 15 assessment factors, including climate, soil and topog-
raphic factors. Then we used the maximum entropy model to determine the weight of each factor. Finally, we estimated
the spatial distribution of S. sphenanthera in Qinling Mountains by the weighted average method and GIS spatial analysis.
The proportion of unsuitable, suitable and high-suitable habitat for S. sphenanthera in Qinling Mountains was 11.40%,
50.63%, and 37.97%, respectively. The high-suitable habitat are mainly located in southern Shaanxi, eastern Gansu,
western Henan, Shennongjia in Hubei, and the surrounding area, with elevation 800 to 2 000 m.This habitat-suitability
assessment model based on GIS and fuzzy logic could be used to accurately determine the habitat suitability of S.
sphenanthera, quantify the area of suitable habitat and analyze the spatial distribution. This information would supply
scientific evidence for the choice of GAP and construction and advice for protection and sustainable utilization of re-
sources.

Key words Schisandra sphenanthera, GIS, membership function, habitat suitability, Qinling Mountains

Guo YL, Gu W, Lu CY, Wei HY (2013). Deoxyschizandrin and y-schizandrin content in wild Schisandra sphenanthera to
determine potential distribution in Qinling Mountains. Chin Bull Bot 48, 411-422.
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