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Abstract: In this study of the medicinal plant, Pseudostellaria heterophylla, we obtained the national ecological factors,
such as terrain factors, soil factors, and climatic factors, from Chinese Medicine resources geospatial grid information
database. An additional 46 samples and their distribution information were obtained through field investigation. We used
cluster analysis to filter high polysaccharide contents in samples by using the ArcGIS and Maxent model for ecologically
suitable planting and growth of P. heterophylla. Correlation analysis of polysaccharides and five climatic factors ( wet season,
warmest rain, warmest average temperature, driest month, and annual average temperature) were analyzed by SPSS. The
following results are presented in this study. We screened sample plots down from 46 to 34 based on polysaccharide content.
The models produced accurate forecasts, which were tested by the ROC curve (AUC > 0.9). Driest month precipitation
(contribution rate, 68.4%) , soil types (9.7% ), warm-season average temperature (6.0% ), and isothermality (4.0% )
were the most important ecological factors influencing the distribution of polysaccharides in cultivated P. heterophylla. When

comparing the three factors noted above (terrain, soil, and climatic) , soil factors and climatic factors are more influential
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on the growth of cultivated P. heterophylla with respect to the distribution of polysaccharides. The environmental variables in
the areas with the highest potential for cultivation were as follows; the driest month ( between 20 and 60 mm of
precipitation) , the warmest average temperature ( between 21.5 and 30.5°C) , isothermality ( between 18 and 35%) , and
soil types, such as Dystric Leptosols, Eutric Planosols, Chromic Luvisols, and Ferric Alisols. Correlation analysis revealed
that polysaccharides and habitat suitability do not have a significant correlation with the wet season rainfall, warmest season
precipitation, warm-season average temperature and precipitation, driest months, and annual mean temperature. It can be
inferred that the production of polysaccharides is not dominated by the climatic factors. Regionalization analysis results
showed that the most suitable areas for P. heterophylla planting are mainly distributed in the provinces of the middle and
lower reaches of the Yangtze River area. Specifically, these areas include central Guizhou, which is bordered by
Chongqing, Hunan, Hubei, southern Henan, western Anhui, central Jiangsu, northwestern Fujian, and northern and
southeastern Zhejiang. These areas are within the Dao-di area, and are the main agricultural production areas. We used
spatial analysis technology to select a suitable ecological area for P. heterophylla planting and provide information about a
reasonable layout for its cultivation using climate, soil, and terrain characteristics. Finally, because the effects of
polysaccharides and the positive supplementary effects of P. heterophylla roots are similar, we analyzed the content of
polysaccharides as an indicator of high quality P. heterophylla using samples from five main producing areas in the country.
We analyzed a wide range of material from a large sample size, and showed that reliable results can be obtained from
samples within the Dao-di area. We also used new analysis methods to analysis our results. In this paper, the data covering
ecological factors and degree of differentiation were highly accurate and offered more clarity than previous studies. Moreover,
this study expands on research methods pertaining to the ecological suitability of regions for P. heterophylla cultivation and
provides some new ideas and approaches on regional ecological zones and standardized cultivation of medicinal plants.
Further, we have detailed useful information that will aid other medicinal plant research, especially endangered medicinal

plant species.
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Table 1 Different samples of P. heterophylla information
% e ¥R/ m 2/ (°) i/ (°) 2/ %
Number Origin Altitude Longitude Latitude Polysaccharide
1 Hi 2 75 7 B R A 92 119.5521 27.2567 31.06
2 AT T EL AU SR 558 119.5730 27.3816 32.44
3 o R 4 T RS SR AT 55 119.6698 27.1846 33.11
4 AR T b A AT 84 119.7018 27.2248 27.23
5 M SR LR EE £ 52 LR 635 119.7767 27.2468 27.49
6 fE MR LB L & H SRR 853 119.8198 27.2754 31.30
7 T E A o B AR IR & AR 683 119.9031 27.2032 30.13
8 AR R ELIRIR & FR AR 1041 119.9288 27.1418 28.96
9 MR A E T S A 556 119.8598 27.1223 33.44
10 o A A B AT P B AT 603 119.8689 27.0502 33.49
11 R R B R S R 72 119.9722 27.2421 33.44
12 MR EERE S AL 417 120.0046 27.1874 28.30
13 o A A T AR PR B R 578 120.0356 27.2565 32.20
14 YLARETL T PHE X B 10 119.3121 32.1681 33.42
15 LoNm AT iLZc 142 119.2863 31.7178 30.18
16 VLI AIAE T 4 & THIAS 55 119.2683 31.6809 32.44
17 TR LB LIS R R 1 143 119.1887 31.3618 27.99
18 TR L EE LIS T AR DR 2 26.85
19 GREFIREL D] A AT 45 116.9111 31.3784 31.13
20 LET I B AL AT A 14 117.0169 31.4515 31.15
21 BRON T X DA AL e b 42 116.3838 31.7395 37.03
22 DRI EBIRE S TSI 102 119.5363 30.8157 27.66
23 R TEE  h 83 118.8000 30.8052 22.61
24 LRCE ST R BH & AR A 1 50 118.7949 30.8637 27.51
25 LRCE T ) B 2 ARAT AT 2 29.63
26 LR R R BRSO 50 119.2494 30.9200 32.63
27 SNt T B 2L 776 118.0884 26.9878 38.08
28 BB VY B R AT 1270 105.9230 26.9885 29.75
29 SO 5 B PP A 520 109.1167 27.4090 30.99
30 SIS B AR KB HA AT 1076 108.0220 27.2158 35.22
31 B it S EL O R S I R 778 108.1773 27.0689 39.41
32 BN BRSBTS B A 1252 106.2601 26.7667 33.20
33 stHFIEE R & Bk Ak 860 107.8784 26.1817 30.63
34 StHTPIER B e & ek 780 107.2704 25.9278 35.30
35 SOGB4 KGR KR 934 107.9253 27.1402 32.75
36 BN TR X D4 S 1078 106.5864 26.2742 29.08
37 SUMNBE BIHIE S (LR 649 108.3457 27.0058 28.04
38 SRR T e B B VR 1016 107.4640 26.7735 29.94
39 SUMER B HE & I 1100 108.2400 27.0647 25.87
40 SR B R R R A 780 107.9029 27.2128 21.54
41 SEHESRE B HE & SR, 640 108.2214 27.0433 27.99
42 BN EOT B — ik & K YR 970 107.8918 27.1316 30.94
43 LLIZR M 0 i R L g vy 56 118.5475 34.9143 32.20
44 AR I U T 27 P X L S A 66 118.3435 34.9210 32.15
45 AR U T U R B e v B SR A 137 118.5727 35.3567 28.68
46 LU ZR I U T W) 2 DX B Y B A 71 118.5049 34.9867 32.73

http ; //www.ecologica.cn



10 41 Reteis A5 @RI R TS A BIE HAE X R 5

2.1 ETZHEMRT SRS iE

RPIEER BN, YRl 5 0,46 DHEHL
i mRoh T 0 V4 28, P IV 23 (%8
HIEE 2 ) F40( SEMIARER) FEHL I 208 & Ak, 7T
ik —2 MRl 21 (BN ) 27 (SRt SR
BELRT) F 31 (SN RESRE T 57 A ) B 1 1 20 i i
o, AR AR A ] D ... @), ik 4l
ZHEE AL, QX — M 205 E s, O M@K
WS RIBITE 31% i A, L7 6 75 TR B AS [R] 77 X RE b AR
FHERZHE S & o 20 S AR 17 (%
BUEILE BN 1) 41(SEMNIESRHE 2 ) 55 10
H, e T AR B A RE A 34 NI 2) . X 34 4>
FEHANEE X 2T LA (K 2) ,5 M KR
TS HE LR AR, W 31—% 4, H L5
B LS B RS (32.94%), 10 R E WK
(31.44%) , 34 DMK TS A4 M E 27 EAN
K(5.91%) , T LFEAER2E K TSR T X,
K 34 N KF-S 24 b8 0T f 300 1 SRR S5 A T B Ak
PR e, T R F S 0 4 S3E B X R 3HT
2.2 AR FHRIRAY I E

AWFFEIEILT 27 DN IREEH FHeh5, HT e
Ry 34 RAEEE R, # i Maxent FEEISE — IR B 5H
J& AR A B F R STIRR (DLER 3) o BTERER Y R/
RFAS IR PRI 25 R ik, R 3 7]
DIE T H oK e bn stk ok, 1551 65.8% ,3X
KT EXNRFS KB EZ R, TTHEE RN
PEATO BE , A5 80 5 T H Bk & | R8I AR 3SR
Yy GRS R K B AR e Y
IR R K &I 9 NIRERIR bR, T T — 2 i S
0T,

FETREAT BIAY 9 A RIE T 48 bR E 7 208 R i Al
A BT, A5 ) 4 K T S AR A TE O X R AT A R
FIFH ArcMap H B [ 8K DX T] 43 28 7 0 A5 A0 115315 31 1Y)
A SIS BB T RIS AT, 43 Sl Bl B IX A L XA
X (E3) . HE Al g X st AR E R T
SR, AR SNRE TR FSMiE, FHik, K725
T ELRAR X 2 B TP AR AR R R, P Rl R X A

46 13
45 43
44 44
43 2
42 16
41 35
40 46
39 26
38 9
37 11
36 14
35 10
34 3
33 32
32 30
31 34
30 17
29 41
28 37
27 12
26 5
25 24
24 22
23 4
22 18
21 39
20 29
19 42
18 19
17 20
16 1
15 6
14 33

12 36
11 45
10 25
9 28

6 38
521
4 27
3 31
223
1 40

EZ2
Polysaccharide/%

RAERIEE
0 5 10 15 20 25
[ T T T T T
H I
1 ®
] il
L @
H il
]
] v
E1 KFSEHEIERENN
Fig.1 Cluster analysis of polysaccharide content
40 ~
35
30
25
20
15
10
s
0 yep S g7
Ziz)e L3 B B IIFS

44 X Province

B2 AEERKXFESEWEIEBILER

Fig.2 Polysaccharide comparision in different provinces

(e SN A KR 2y F RS W R TG R AL T R Pl S, P, YIRS, AR AR AL R LA B MR X
MR B (LR 4) T ABKEN K T2IX
IR, TR IE 68.4% A B BURIER =K R 1) STk R /N, U8 1.7% 12 B8 BTHR A R/ 5t
Fp LR STRRAS 2SR el T H Bk e e 2P 1 AR EIX 4 NEPRE— L T iiE o

AR Maxent #EI4T 133] 9 DIRGEH TR T2 0

http ; //www.ecologica.cn



36 &

€L'TE ¥000°€9 LET 1 LST 4% 4% L986°€ 6¥0S°811 L Y HEE L E gk B 5 M fub L) S 1 9
89°8T SYOL'9T LTl 01 9T 0SS 0SS L9SE"SE LTLS'8TT LET oy 3 (g B T B I L S I Sy
SIee 680€°cH or1 11 09T 916 916 0126'7¢€ SEPE8IT 99 S ST o B0 stz a4
0T'Te 08L0"¥€ LET Tl LST (439 (438 €P16'HE SLYS 811 96 T 5 B Al L S T (9%
¥6°0€ $S65°L9 ST LT 8T 8Ly 0gs 9I€ILT 8168°LO1 0L6 SR 2 NOME— T e BE |1 24 w
66T ¥871°98 SS1 9T 6€C S0S 79¢ SELL'IT 091" LOT 9101 [H 52 2 T8 2 3 Bl 2 8¢
80°6¢ 88€L°99 S91 61 we TLs 129 THLT 9T £985°901 8L01 2 357 XY T H 36 e 9¢
SLTE LIYL 6L ¥SI LT e 8% €€s W0v1°LT €6T6°L0T €6 7 A Th-c 1 A e == 1] YA S¢
0€°S€ £885°89 €L €T 67T 798 L19 8LT6°ST YOLT LOT 08L U 2 YT oA L2 ve
£9°0¢ 80TL+9 LST 8¢ 8¢€T LES 865 L181°9C $8L8°LOT 098 G2 D 2 NGRS N €€
0T°¢€ S9LL 9 ¥S1 61 veT 9¢¢ 886 L99L°9T 1092901 Tsel [y 4% 2 H R E LI X | 43
1¥°6€ 9GLS°TS Y91 LT 96T 891 SIS 6890°LT €LLT 80T 8LL oy Bl B HE SO AT | 1€
TTsE €81€°L9 9pl 8T 9¢T 68Y 8¢S 8S1T°LT 0T20°801 9L01 AT =gt AR = VA 0¢
66°0¢ 09169 961 €3 15T LSY 981 060%°'LT L9TT"601 0zs S gl SRR A 1 HE N R 6C
SL'6T 16TL°€8 161 61 0£T 6¢S 0SS $886'97 0€26°S01 0LT1 T A0 B T M5 B 5 g 8z
80°8¢ $989°18 €91 LT €5T 1Ly s 8.86°9C ¥880°811 9LL o T L0 SO T (e LT
€9°C¢ L086'18 091 ot 69C 118 116 0026°0¢€ Y6rT 611 0S a2 Fw (9T 9
£€9°6C 0091°6L 91 o YLT $0S s L£98°0€ 676L 811 0S T 2 H Il L Y ST
€0°LE SI16°S9 6S1 6¢ 0LT L8¥ L8¥ S6EL'TE 8€8€°9T1T 44 B P T O I8 K Wl N 27 1C
SIIe 96vL'1S 291 6C (54 LLy LLy SISH' 1€ 6910°LT1 ! JUEICREE ISR (L) 0T
€rie YITE LS 191 6C 0LT 816 816 PSLETE 1116911 Sy I Z QYT 1 ol 57 WL 7 61
v Te 9089 ¥ ¥S1 e L9T €Ly €Ly 6089°1¢ €897°611 S MEE 2 FF UM 91
81°0¢ Yr8€8L 9 ve L9T €Ly ¢Ly 8LIL'IE €987°611 4! G ST L I 3 [ e Tk S1
wee 8I16°L 961 0€ e 69% 69% 1891°C¢ 1TIE611 01 T35 T A TR T 4
0T'Te Yot 18 191 (5% ¥ L09 9%9 S9ST'LT 95€0°0C1 8LS o il 45 0 | 5, el He by sl ¢l
b Ee T8IL'ES L¥1 9t 62T L£9 689 1THT LT TTL6'6IT L Iedt 2 e T e R 1
6v¢¢€ 16898 991 24 67T 8¢ €59 T080°LT 68987611 €09 o sk EY R <k Y T B R T 01
b ee LESO LY €91 (9% 9T 96S 199 €TTILT 86S8°611 96§ hZE 2 ch T WF 6
96'8C £€09°¢Y 6€1 4 81¢ 01L 01L 8IV1°LT 886611 1701 T2 2 WS T R R 8
€1°0¢ $00S°T8 ¥SI 2% 954 029 vL9 TE0T' LT 1€06°611 €89 Ty g 2 W T 2 R L
0€°1¢ 8%09°69 6v1 St 0€T S€9 0L YSLT'LT 86187611 €68 Il 2 g 3 Yy 9
11°¢g £60€°TS 061 6¢ LLT 9I¢ 9 981°LT 8699°611 s o T S M e ed ) R ¢
b Te 88LS°18 91 44 9T 899 80L 918¢°LT 0€LS 61T 866 o e o R ok B L B 4
90°T¢ vi6h Ly 881 6¢ LT 80S 799 L9ST'LT 12SS°611 6 o th R YT L T I
amperadwo)  uonendmord  arnjeradwo) uvoneyndoaxd
%:_Eﬁmzm o urer uLrem o
OTEmJ uﬁumﬁﬁm wm.mwn;.m _\TEOE wmﬁhm\:& wrem - @L,H uoseas UM:ZEM‘H DTEH%:Q‘H @15$:< :Mwio h@JESZ
-ooeskjoq %/ [enuuy 1SoLIp 9], 1sowr Y], /gy 1M 9y, (o) /54 ()5S w ) ol £
%/ gy, 00 /M /R 01« OB T/ 4 o -
) L By H -3 AW = B

say1s Surpdwres ¢ woxy vydydo.a1oy g Jo UOHRULIOJUI SI0JOB] [BJUIUIUOIIAUI PUER IPLIBYIIESA[0J T d[qel,

YIRS SLIYEH¥ Ve T¥

//www.ecologica.cn

http



10 4 FEAEE A5 A ER K T S Sl A X 4B 7
*3 ERBEEFREMEKND
Table 3 Contribution rate of environmental factors
i i IR/ % Pz ks TR/ %
Number Variable Contribution rate Number Variable Contribution rate
1 et H K 65.8 15 8 H ki 0.4
2 itz 2y 9.9 16 R R KSR 0.1
3 AR5 R 4.8 17 TS 0.1
4 1] 3.5 18 B2 7 -2l 0
5 AR 2.7 19 T AR S & 0
6 IR TERE K A 2.2 20 R e i 0
7 TEHEZEA! 1.9 21 R 2E H BME 0
8 B2 1.9 22 BT 22l 0
9 TR oK 1.7 23 T AR 0
10 e A Bk B 1.3 24 SRl B 0
11 et H R 1.1 25 B A B 0
12 W 1.1 26 RIS K i 0
13 [ 0.7 27 13 pH 0
14 YR 0.5
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Fig.3  Ecological suitable planting regions of P. heterophylla
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Table 4 Contribution rate of 9 environmental factors
ETRe) A DUHREE/ % % A TR/ %
Number Variable Contribution rate Number Variable Contribution rate

1 et A Bk 68.4 6 AR 2.9
2 A 9.7 7 &S 2.4
3 T 2V 6.0 8 TR 1.7
4 S 4.0 9 IRl Rk 1.7
5 Wl 3.2

2.3 KRTZiEEAS R

Fig.6 The warm-season average temperature response curve
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