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Abstract ; Amorphophallus rivieri (the corpse flower) is a traditional edible and medicinal plant in China. This species is
distributed in the south part of the Qinling Mountains, China. We assimilated data about A. rivieri cultivation,
environmental information from 28 sampling sites in the Qinling Mountains, climate data from 45 weather stations in the
Qinling Mountains from 1961 to 2010, soil data with 1 km X 1 km spatial resolution and DEM data with 30 m X 30 m
spatial resolution in the Qinling Mountains, A. rivieri data collected throughout China, and a specific report on A. rivieri in
Shaanxi Province. We obtained 20 assessment factors that were significantly correlated when evaluating A. rivieri yield
against environmental factors. The key environmental factors affecting the distribution of A. rivier: cultivation included 13
dominant climate factors, 4 dominant soil factors, and 3 dominant topographical factors. These dominant factors were 1)
Frost-free duration (D), 2) Annual average temperature (T,), 3) Annual total active temperature( =10°C) (T_ ., ) ,
4) Monthly mean maximum temperature from July to August (T, ), 5) Annual precipitation (P ), 6) Monthly mean

daily temperature range from July to September (T, ), 7) Monthly mean temperature from May to October (T, ), 8)
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Monthly mean temperature from July to August (T, ), 9) Monthly mean relative air humidity from July to August ( Q) ,

78
10) June precipitation (P;), 11) July precipitation (P,), 12) August precipitation (P,;),13) September precipitation
(P,), 14) Topsoil depth (H), 15) Topsoil pH(H,0) (PH), 16) topsoil texture classification (C), 17) Topsoil organic
matter (O), 18) Aspect (A), 19) Slope (S), 20) Altitude elevation (h). Using Geographic Information System ( GIS)
and a multivariate regression model, the climate factors were rasterized. Then, we used fuzzy mathematics analysis, analytic
hierarchy process (AHP) , and the weighted means method to set up the subjection function and determine the weight of
each factor. We set up a model of ecological suitability for A. rivieri in the Qinling Mountains of Shaanxi Province, and
determined the spatial distribution of suitable planting areas for this species. The root-mean-square error (RMSE) was used
to evaluate the accuracy of the model predictions. The RMSE value reached 7.8%, which indicated that the predictive
accuracy of the model was “Excellent.” The results showed that the ecological planting suitability model identified a
relationship between potential A. rivieri cultivation distribution and the environmental factors. Highly suitable, moderately
suitable, marginally suitable, and unsuitable planting areas of 1 214.42 km®, 2 015.60 km®, and 3 115.03 km’, and 5
580.02km’ were identified for A. rivieri, respectively. The potential suitable planting areas for A. rivieri were mainly
distributed in the south central part of Hanzhong district, the south central part of Ankang district, and the southeast part of
Shanluo district. This information on the potential suitable planting area of A. rivieri is valuable for providing baseline data,
scientific information, and a research platform for understanding the ecology, geography, and environmental science of this

important medicinal species.
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Table 1 Evaluation factors of potential distribution of A.rivieri in Qinling mountains of Shaanxi province

A Type $8F5 Factor
TFEWI(D) = 10CHUR (T o4, ) SRR (T,) T—8 H BT (T, ) T—8 HF i <l
SAREEZ Climatic factor (o) VEBWI(5—10 H) FHRI(Tsy,) T—9 AKIRH L =10°C BB Nyo,, ) AEBERTRE(P,) |
6 HIEMIE(Pg) 7 AERTAE(P;) .8 H IR (Py) (9 ARERIHE(Py) \7—8 A FIHIXHREE (Qr)
+ 4% Z Topsoil factor T3 pH(PH) (A3ERTY(C)  THEHPL(0) BHZIEE (H)
HIEZE K Topographical factor YR (S) Wm(A) W (h)

1.3 WRF=*

1.3.1 /s 1L

S22 |1 0S5 3 4 DX S A B2 2 (R AR D %, 3 P TR0 DA 8 D vk et e A B ik o R 9T IX
46 MR GSE A RN B AE &, SPSS 4T Z T lH 0T, T SR E RS M Al (R 2)
iz FH ArcGIS 9.3 =3 [BlH B AR B 38 i % b Simple kriging  Original kriging IDW F1 RBF PUBMEG{E i, tE#EhE
B RS S W Jey by AT AR AR ) IDW SR T 25 [ (B, 1R T 32 MR AR AR A2 AL Y 5 4S8 A 1) S A
SR A, A E G R W RFE bR A 5k 22 B8 03 AT 25 () N4, LATT IE U b . B U br 2 ool
U3 A B P R 3% 22 AR O A1 P AT PRIAR S 0, e 22 10U b s 1) A Bl A 15
1.3.2 PRUERRIIEE

SO JBE A RN A3 A7 I DR B AR 22 | ARHIE I 78 23 0 b [X 2 JBE =4 e B 100 JBE 4 7 i B =4 A R S0 00 D00 5 40 A
LU A SRR GORE R e 5 5 T 25 G 0 05 1%, AR B WL | DX 22 S P | 32 S M AR AT R 1 55 D D A
FEbRAGTTE"
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Table 2 The small grid reckon model of climate factors in Qinling mountains of Shaanxi provice

RIS e MR
. . . . Correlation F
Climate factor Multiple regression model ..
coefficient
(D
%*ﬁ%( ) . D=1056.767-2.506A-12.976w —0.047h 0.937 215.7
Frost-free duration
=10 CHUR (T2 1040
FURL(T> 10, T 1gg = 5077.090+11.175 A —33.443¢—1.665h 0.948 ™ 268.1
Annual total active temperature( =10 °C) ’
SR (T
FPAUR(T, ) T,=36.775-0.0171-0.557¢~0.005h 0.972 * 512.0
Annual average temperature
778 |7 L y=aN=| T
AR Tag, ) Tyg, =25.926-0.0144+0.117¢-0.006h 0.940** 228.3
Mean temperature from July to August
7—8 S A Elf;r/:‘ JE T
34 s Sl ( Tog,,. ) T = 16.754+0.0821+0.231¢~0.006/2 0.954 ** 300.0
Mean maximum temperature from July to August
AT (5—10 A) R (Ts),)
Mean temperature during growth duration ( from May to T519, =24.782-0.010A+0.012w —0.006h 0.948 ** 268.0

October)

7—9 AR H R =10 C HEU( Ny, )
The number of days of daily temperature range =10 C Nagg. =212.548+2.5341-0.953w +0.021h 0.809 ** 51.2
from July to Septembre

ERENE(P,)

P, =3194.238+13.4541-118.256w +0.172h 0.876 ** 98.8
Annual precipitation
5§ =
6 AVERIER (P ) Py =209.414+3.4461-15.415w +0.031h 0.818 ™ 60.7
June precipitation
7 AR (P
A & (P,) P, =1974.403-7.7481-30.139w +0.054/ 0.827 ** 20.6
July precipitation
8 HI4 &= (P
A BeriE (Py) Py =1134.243-3.481-19.657w +0.048h 0.847 21.6
August precipitation
SR (P,
o RRRIHE(Ps) Py = 1244.676-5.5761~15.632w +0.013h 0.873* 95.7
September precipitation
7— 7. A oy
8 AR (Qrg) (75 =208.321-0.333A-2.907w +0.004% 0.860 ** 85.0

Mean relative humidity from July to August

TE: BT AUR PUR  TE R R X EE A S 43 502 mm °C \C - dd % ™ " 3ROREE T 0.01 1 8 MK P 5

1.33 itk R

PR A PN AR FRACER 7 DA S B S T A PR A3 A A PPN AR BB BE 35 A 1 A 3 4o DU 2 DA
PRI (A5 R HERIHIIE ) ,20 DPPANFEAR (1) X0 JE = W TE AR 43 A 19 5% 0 4 PR AN TR] 1 30l 5 2 AR 405
PN SRRV FH ) R B R T AN Rl RO AR (3R 3) o 800 12 (7R BE R e 5 b B0 I =
PRI RN LA F E HHR AR L ZHEARN S INEEHE RS B SR e R LR
HRAE 22 A (1 S B 2R I IH S A A ()45 . 8 5800 BITE 45 )2 h PP DR 22 [V T T e v BT L 2 5 FLURAR A
I BT — AR5 A2 O DG R 3R =2 (] ) T B M O AR (R ) ) 5 985 AT R R Y
FZWEHET , X AHP ¥ 09 R BTE FEE AT — B A 56, B CT( Consistency index ) 5 #] Wi [ 19 ~F- 347 BE AL
—ZMEFEHR RI( Random index ) A HUAE CR( Consistency ratio ) #Ef7—Z0 A6 56127

2R CT1=0.06,RI=1.19,CR=CI/RI=0.049<0.10, J2 UCHEF 10 45 5 ELAG T 735 09— 30k
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Fig. 1 Structure of A.rivieri Potential distribution evaluation in Qinling mountains of Shaanxi province
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Table 3 Index weights of analytic hierarchy process of the function of potential distribution suitability of A.rivier:

— 2R &R First factor B Weight  — #4845 Second factor L Weight JAE Totle weight
SMEEZE Climatic factor 0.57 TFHEW(D) 0.14 0.0798
Z10°CHR (T 104 ) 0.11 0.0627
AESEHRIR(T,) 0.13 0.0741
7—8 AV ( Ty, ) 0.07 0.0399
7—8 H 1 h i R ( Trgey ) 0.10 0.0570
AFM(5—10 A) VI (Ts),) 0.08 0.0456
7—9 ARG A IE22=10C BE (V) 0.10 0.0570
R (P,) 0.10 0.0570
6 H &M (Py) 0.03 0.0171
7 HBEW & (P;) 0.03 0.0171
8 HBERT &L (Py) 0.02 0.0114
9 HREFHEL(Py) 0.02 0.0114
7—8 A FHIARREE (Qrg) 0.07 0.0399
+ TR Topsoil factor 0.26 + 3¢ pH(PH) 0.28 0.0728
YR (C) 0.23 0.0602
HHEEHLT(0) 0.22 0.0568
HHZERE (H) 0.27 0.0702
HiJE & Topographical factor 0.17 Wi (S) 0.35 0.0595
Wil (A) 0.37 0.0629
WK (h) 0.28 0.0476

1.3.4 T GIS LG PN B ALY Ny
SRR 2493 38 1 AR5 8 RO I FE AR 5 2 o T R R I RS PE R R AR A LA
FIRAZ ) AR TN 125G 53
s:zjf”ﬂ(z:ilxixwi) X o, (1)
T S S BEE I TEFAR 3 AT B 5 X0 IR PR AR HEAL (B ; 0, 9 ZFARARANE ; 0, W RARHRALTE ;m Sy —
AR B n N RIRPRIG B
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1.3.5 FRAK S
Y B IE AR Y [ 3E P, R R T R 0 b X SR EE ML 6 ANEEAS A FH 4 O MR 2212 ( RMSE , root mean
square error ) , K 56 JBE = Fh AR DX TEAN AR AR (1458 M

RMSE=J12;"=I(Pi -0)’ (2)

N ONEEAREL, PSS AT, Q AREEEE | AEA 8RR 25 3R 1) TN (L -5 SN (L AF N 110 230 A
FE , RMSE /)N BRI A -5 S PR e iR Ez i , BRI iR 4y

MR RMSE K325 5K 7.8% , RMSE {8/ T 10% , 3 WA IUUE 5 52 B W0 08— SerE AR 5, BEUUR:
A RIEZ P E WA RS FH T DG 25 04 1 DX RS RV A S (R A0 S . [T, Xeh 220 A Y 6 A SRAE M B3 HE 1ot
TR, RUSE fH°h 6.1% , 3¢ WA ALU3E FH F-10F 5 096 76 2 0 b DX DA 9 98 JAE 4 W 7 28 ) o A

2 #HR

R 3 A1 45 4 2 0 ik R AT 1K BRI Ay, 08 €
ArcGIS 25 [ SMHTREHE 5 20 A VPH 45 bRl BB 0. 2
PR 21 P VP A RRAG T A0 (2 4) W P IR OB,
R GIS ZREIPATBIRL (2430 1) S B 0 2
LERMRLIE B P25 5 VRO (8, FEH M AR S0 (E 4 4 A% 0
e IAERAHIE ELE PP 45 20 (S) 6.00—7.31 Dy didi §
IX,5.00—6.00 3% 1 X, 4.00—5.00 K Uik B X,
2.49—4.00 AAEHE X 2 L& S BT R A — 2 /1 J& §
BRAE, BT 2004 4F LA HBLIR I ZEBEYE T & | . . - |
PEKCRINHHS R R KK AR RIS T R 1070000 07D 05 07000 100000 1 v
DK S S, 30 0 7 20 X 4 Y/ PR
DXl P 23 A0 A P 1B 2 gk 5) PR sicbs, 2 BESKLREFAERENHEEEN

Fig. 2 Potential distribution of evaluation on A.ecosuitability in

VAR BRF R TR SR RF R A = fe 2%

Qinling mountains of Shaanxi provice

F4 BEFEBEMEDHITENERNTSRE

Table 4 Appraisal criterion of all division factors of potential suitability of A.rivieri

2l EELD 43 Score
Type Factor 8 6 4 2
Sl .
“@?z TFEW (D) 220—260 d >260 d 200—220 d <200 d
Climatic factor
=10 CHR( T2 104 >4000 C - d 2900—4000 C - d 2600—2900 C - d <2600 C - d
AR (T,) 14—20 C 12—14 C 9—12C <9 C
7—8 H P H <R (T, 18—25 C 14—18 C 12—14 C <12C
7T—8 A ¥ A & AR 17—20 °C 15—17 C or )
(Trs,) 20—30 C e 35 C <15 C or >35 C
ABIG—10 ) THIE(Ty,) 14—22 C 11—14 C 9.5—11 C <9.5C
7—9 AR HIREZ =10 CH
9 ATRARE 38 d 30—38 d 2230 d <224
H( N79gc)
R[N (P,) 1200—1800 mm 800—1200 or >1800 500—800 <500
6—9 Ay H KEmi & (Pg, P, 100—150 mm or 80—100 mm or
Py Py) 150—200 mm 200—250 mm 250—300 mm <80 mm or >300 mm
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£ U I Score
Type Factor 8 6 4 2
7—8 HFEIMIXHBIL (Qg5) 80 %—90 % 75 %—80 % 60 %—75 % <60 %
B . §
* ﬂg? + 15 pH(PH) 6.5—7.2 6.0—6.5 5.5—6.0 <5.58>7.2
Topsoil factor
. bigE e e >
LHOKT(C) BRE _EFz%i . b4 @)ﬁi‘
Sandy loam soil Medium loam soil Clay loam Sandy soil
THEAHFE(0) =20.0 kg/m? 15.0—20.0 kg/m® 10.0—15.0 kg/m? <10.0 kg/m?
BRI (H) 40—60 cm >60 cm or 30—40 cm 25—30 cm <25 cm
WL R
Topographical 3% (S) 3°—10° 0—3°8% 10°—15° 15°—25° >25°
factor
W (A) [45,90) U(270,315] [90,135) U(225,270] [135,225] [0,45) U(315,360]
e 4 500—700 m 400—500 m or
R (h) 700—1000 m or 1000—1200 m 12001500 m 400 m< or >1500 m
x5 BAFKMREFEEMEEEESFERMER
Table 5 Area and potential distribution of evaluation on A.ecosuitability in Qinling mountains of Shaanxi provice
FiAE I X A IS TR T/ (km*) i TR X AR LL i/ (%)
Planting suitable area Suitable index Area Proportion of plant area
H2il FLIX. Highly suitable area 7.31—6.00 1214.42 10.18
‘B [X. Moderately Suitable area 6.00—5.00 2 015.60 16.90
VKA FLIX. Marginally suitable area 5.00—4.00 3 115.03 26.12
AHEHE X Unsuitable area 4.00—2.49 5 580.02 46.80

B2 PG 4 Z2 004 b [X B 2 Fodi B RR AR I AR 1 214,42 km? | (5 B2 76 45 25 04 #tb X ] F i X TR A 10.18% , T8
AARAEDC A B AR B AR D DX Bk R A B R PGS T s e P S bR s b B R SR B
W AR, TS B ARTE LB FEZKAREE RN P, X SE il X 4R 700—1 100 m, #Ad 7 2 |, AFF- 8
SARIITE 14.0 C VAL AEFEK N 700—1 100 mm, 7—8 A SFIHIXHEE K 80% 47, 7—8 A e FH i
4 29.0—30.5 °C,7—9 AR HIEZE =10 °C HEE 38 d DL b XK UE SIS K5, 8ol TIREEA K,
o2 H AR PG A TR BRI X, Fol B T AR A b, Y A H TR LR BT ORI

BV 28 04 b, X35 =35 ELFP A TR 2 015.60 km?®, 7 AR X TETFR Y 16.90% , 2531 AEI 78 & v
T LA XA B TR, R A DUEE X SR A BH SR RIS AL RS R X IR, P
W JEE, FAHE B R AR AERH X B X 400—700 m FRAER L X, DX 4 48 R VD 4
Wt IR B, KBS T, AR A BOPE A A T LA R R AN A R, RPN 4 K ZBOTA 1R
PRAF G BE2E AR I AR S5 B A A B X RIFE PR AT G 20K, FERME ZEmiR T 20 R AR X S X AT fF
SRy B G 2 0l XS R R T B X, A S T S X, | — 0 T 5 T 3 5 2 DXl A AL ) A g i 2 b A 4%
P, 55— R FMBEARN R TE ST, A EEERFRRESE LIRS 2 il = b & J A RIS .

9 1Y 28 0 il IXJE = R FOFP AL TET A 3 115.03 k', 5 A FPAR X RN Y 26.12% , £ 2250 A AE XS ILER , 18
R RIX L R A — &R, X SE AR N, BTN A 22 | (& I HA A AN X8, AN R Tl S = >
AR IR, B FR A A2 BB T , AN REAEHE L T BRZE i AR K AN HERR S e X RE 2, TR 2 AN G
EAME IR M 5 580.02 km?, (5 AJ At X T FRIK) 46.80% , F B3 A A6 162 JB T i BH A XS AR AR b IX X
BUHh X AR 500 m LATR B9 R IX | 4RSS RATE 11—13 °C | 4ERFK & 500—650 mm,7—8 H SEHyAH %}
M 70—75% ,7—9 AR HIRZE =10 C HEE 22—30 d, X BMEES KA TR, BEEEEMERE K E
BN &R X S XN B R BB,
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3 e

3.1 B IE R

AR SR R 2E A SR A B R T AHP XS 08 AR AR IS B M A0 A0 PP FE PR AT R, 2R T AR
T HERHIE EER B 20 DPEMFEER 32 ArcGIS #0454 kil b RSN A R | Rl 25 i B B R4
S XU 55 X VR A 23 A HER P 1) S ), R St 0 G UL K500 A TR AL A B 3 S RO BRI AR TR | fe 2 A il oy
7100 m PIBBAR B | ST TR VY 23 06 b DX JE 2 VER AE R 2 AT 3 R DX RS R ADL v A Tk 2 A ) R
( RMSE /N 10%) .

AHP 435 (0 FI WA B — SO R 30 25 R R B, — ZOF M 48 1 )2 A ZGOT M 4845 2 h & BRSP4 bl T
H Ar 2B P 28 04 Hby DX JBE VA 43 A XBFSE I A X EE 22 Y CR K30 B8 CR =0.049<0.1, R B2 R 454 11
T 1 — B2 T U2 1, 2T RS [ ke s S5 BRI, 1T L2 R 0 e P X 0 A
3.2 BEAFEMIEES N

) 530 ) 35 B 2B AR R B S8 Sy il ) A A BRI X ) K RS 1, BRIGE Y A9 38 3 FK 43 2% 14, Trisuratet
A5 RS AR A 5% TP AR ZRIRK 2 A KA SR A S R e L A K A 3 A TR T, A S B A T A A A o A
& MR R RZAGE (2 3) W, SR EAE N 057, HIEEEAE N 0.26, ML T EAE N 0.17, BLLE
S F S FEER LR = B R VR K, B R OB Rt T AR K M e R A B, Xt
T AP Fen 2, AW (0.0798) AR5 0R (0.0741) .+ pH {1 (0.0728 ) FI#EZE ERE (0.0702) fT 5 4L
FRR, H P R e B A KRR A IR, YR B 2 0 C Bl 0 C LAF I, BE =i o
ZREORIN G E AR R AR R R X AR I B0, 76 23 04 Hh X SR S R K B VA O, JRE 4 2 B IR e B i
FRR SRR AR il AR ) B R b . IR A S I A S R 2 — | A S PR R A A
B EEE LT I E TR A RES HIER pH (HA O HH2 R — BB FE 7 RT3 11
B JEPE R E R R,

JBE 538 B A R AE R I B A R B XK — e R (R 4) . FE, HERIRAEY K 2 B E
(10 CLAT) EEFREFIZE . B FRLEGE B A AE TR A KT 260 d, 4 P3SN 14—20 °C, =10 C
T =4000 °C,7—8 A F-¥f i il h 20—30 °C . 7K 45 25 il JBE 2 T AR FP AR 40 A0 1) ) — T EE R | dieid
BUE 2RI IO AR A F 2 1 200—1 800 mm, 7—8 S-S AH X 15 B 2 80%—90% , It (5 AL T 43514 0.0570 Fil
0.0399, & B /K 7375 JBE = AR A 7 PO W 29 H 0 A R AR, 20 A0 7RSS IR O PR B . TR 5 a B I R 2 5 1
40—60 cm, TIERRU RV + | +1E pH {H 6.5—7.2, HIEAPLE & 7 =20.0 kg/m’ . EHIFSE L iGHR A
700—1 000 m , 3 & A 3—10°2f= B3 2 B8 25 A4 K e FEHIE

x6 BEFTRELEEMEXER
Table 6 The areas of different levels of potential distribution of evaluation on A.ecosuitability in different cities

TR (km? ) 1 A 32 3 XA oot DX it A L 431/ %
Area (km?) and the ratio of the planted areas/%

ﬁig[zion R T Fof X i) TEEL X A YT B X L 3] ANEF X
Highly suitable moderately Suitable Marginally suitable Unsuitable
plant area area/ % area/ % area/ % area/ %
I Hanzhong 2029.90 16.01 17.85 27.86 38.28
B Ankang 1933.30 14.28 17.42 28.38 39.92
T1% Shangluo 1315.81 12.49 22.70 28.40 36.41
1HH Weinan 1799.14 4.13 11.00 24.30 60.57
Pi% Xian 2280.90 6.19 14.23 22.37 57.21
JABA Xianyang 864.90 12.06 23.64 27.36 36.94
FM Baoji 1701.12 7.58 17.12 26.04 49.26
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ARG AR (R RS FEL A [ 78 28 0%l X 8 VA5 B X, 5 VA VR4S 5 JBE A K 0 A S A PR A 1y o L S
FEOM A AR —F (2 M 5) B B XORGE B X AR 3 230.02 km?, (5 Bk P 25 0 i ] Fof e X 1 FR
27.09% , FE/AEU 2 FIIE S5, 43R 687.36 km® 612.70 km>H1 463.12 km>( 32 6) , iX o1l [X 2
VO JBE 2EFPAE AL B0 7= X, DR] I 0T B = e A R e A 0 R B PR AT P 3 48 o . DX ot ‘B DX m DA 34 ) s
T I N E A A 7 B S | A 0 7 S S R ek ARSI | I 78 P R B IX, I el X

4 %t

RSO A A IR 32 T AHP R ArcGIS 25 [B] 0 AT B, J0 A7 17 B8 = 7 IR 7Y 2 06 3t IX. 14 795 A b A
A A E B EAR AR LD = ) A AR M BRI A RS2 285 SR s B 5 DX B A K (il A ‘L
DX AT FACA 3 230.02 km?, (HAFSE X BT 3.99 % , HAE K e 28 | 6 AR S IR BSR4, [ B
TRERARAA 32 NFTE SRR DL BE [ B 5 45 5 (A SRR AF AR 1 AR 4 B 2—3 AR R Bl 7
2, FEFE 973 DT AR, B R 0 BRI DO B 7 J5™ Ml PR3P AT B 2 L AR SCER A X RI A B
Z e 1ty DX B == VA TE A 2 () 43 A, S JBE 3 A 7 i b Pl R U B (R e S 4 g o WL 45 98 B = r
AR BES AR
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