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Abstract: Platycodon grandiflorum (Jacq.) A. DC is one of the most commonly used bulk medicinal herbs. It
has important value in the fields of medicine, food and cosmetics, and its market demand is increasing year by
year, and it has a good development prospect. In this study, based on 403 distribution records and 8 environmental
variables, we used Maxent model to predict the potential distribution of P. grandiflorum under climate change. The
results showed that the model simulation effect was the best when the Maxent parameter was FC (feature
combination) = LQPH (L: linear features; Q: quadratic features; P: product features; H: hinge features) and RM
(regularization multiplier) = 2.1, AUC (area under curve) = 0.901, and the model prediction showed that
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P. grandiflorum was widely distributed in 28 provinces of China under the current climate conditions, with a
suitable area of 2 337 419.98 km’. Under the influence of climate change in the future, the area of suitable habitat

of P. grandiflorum showed a decreasing trend, and the distribution center as a whole showed a trend of northward

and eastward shift. The distribution area of P. grandiflorum in the three main producing areas is affected by climate

change, and the overall trend is that the future suitable distribution area of Chifeng in Inner Mongolia increases,

while the future suitable distribution area of Zibo in Shandong and Taihe, Bozhou in Anhui decreases or even

disappears under the SSP5-8.5 scenario (shared socioeconomic pathways). It is suggested to maintain and protect

the ecological environment and germplasm resources of the reserved area suitable for the growth of P. grandiflorum,

and increase the cultivation research in the expansion area of P. grandiflorum, so as to lay a foundation for the

subsequent expansion of P. grandiflorum planting and to promote the protection and sustainable development of

P. grandiflorum resources.
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Figure 1 The results of model optimization. AICc: Akaike information criterion corrected
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Table 2  Suitable areas for Platycodon grandiflorum under current and future climates in different provinces in China. SSP: Shared

socioeconomic pathways. The units in the table are all in km?

Province Current 2050 2070s 2090s
SSP1-2.6 SSP5-8.5 SSP1-2.6 SSP5-8.5 SSP1-2.6 SSP5-8.5
Anhui 107 505.70 72 162.31 33937.29 72 474.77 5971.57 58 500.60 260.39
Beijing 17 393.95 17 393.95 17393.95 17 393.95 17 376.59 17 393.95 15 744.82
Fujian 25448.63 3228.82 1527.61 2117.83 138.87 2 898.99 0.00
Gansu 12 620.16 5988.93 15 345.56 10 137.79 9217.75 12 602.80 11 092.55
Guangdong 5190.41 1475.53 451.34 694.37 34.72 1110.99 0.00
Guangxi 52 893.57 17 775.85 11 960.51 14 130.41 3194.10 16 647.50 173.59
Guizhou 148 473.47 126 531.41 95909.73 120 976.46 29 944.67 120 247.37 1267.22
Hebei 155 556.04 172 047.30 171 509.17 172 047.30 159 513.94 172 116.74 118 233.70
Henan 139 672.34 117 782.36 85 685.15 121 774.98 40 412.28 110 543.56 11 804.27
Heilongjiang 84209.61 224 593.69 302 484.54 217 962.46 349 215.58 203 380.71 448 892.26
Hubei 156 354.56 131 096.89 101 881.31 132 121.08 56 417.49 126 635.56 16 751.65
Hunan 103 756.10 80 425.30 45 186.07 87 507.87 13 991.54 81 640.45 798.52
Jilin 180 223.50 199 822.07 204 838.88 202 165.56 208 189.22 202 182.92 209 577.95
Jiangsu 34 614.30 21456.01 6 683.30 22 567.00 416.62 18 869.48 0.00
Jiangxi 56 000.87 25188.24 10 120.43 21 056.74 2 638.60 17914.72 69.44
Liaoning 143 456.66 140 870.13 142 033.20 140 002.17 141 425.63 141 911.68 134 134.75
Inner Mongolia 292 173.16 356 541.17 420 023.87 367 720.52 476 007.38 355777.37 571 656.72
Shandong 125 576.65 117 730.28 99 832.92 119 848.11 62 632.09 111 099.06 8974.72
Shanxi 104 085.93 140 818.05 155 035.26 148 213.08 153 420.85 149 428.23 146 425.08
Shaanxi 81397.42 85 876.10 127 503.53 104 589.35 107 714.01 101 933.38 107 123.79
Shanghai 86.80 0.00 0.00 0.00 0.00 0.00 0.00
Sichuan 127 173.70 69 506.35 58 986.66 60 878.81 35725.29 57 771.51 11 057.83
Taiwan 1 683.85 347.18 659.65 624.93 52.08 590.21 0.00
Tianjin 10 537.05 10398.18 8592.82 10 033.63 6 943.69 9773.25 1110.99
Tibet 3940.54 6197.24 3749.59 4270.37 1024.19 4 426.60 295.11
Yunnan 30 135.62 23 348.16 19 424.98 21525.44 11 873.71 21508.08 1822.72
Zhejiang 62 666.81 28 260.82 12 203.54 25049.37 105891 19 598.57 17.36
Chongqing 74 592.60 53 761.53 43 554.30 48 119.78 26 143.00 49 196.05 10311.38
Total 2337 419.98 2 250 623.85 2196 515.14 2266 004.12 1920 694.37 2 185 700.34 1 827 596.83

Table 3  Suitable areas of P. grandiflorum under current and future climate conditions in the Chinese three largest producing regions. The

units in the table are all in km?

Region Current 20305 2090
SSP1-2.6 SSP5-8.5 SSP1-2.6 SSP5-8.5 SSP1-2.6 SSP5-8.5
Chifeng 75 443.20 86 535.75 88 358.47 87 056.53 92 906.59 86 587.83 95 458.39
Zibo 5068.89 5120.97 4582.84 5398.72 3471.85 4982.10 260.39
Taihe, Bozhou 5346.64 1597.05 0.00 3107.30 0.00 451.34 0.00
FHLEA Frgb (% 3). b (3R2). Horb, BEREAE N 5 AR IR X I A0 A, O

7E 2050s, SSP5-8.5 15 5
2196 515.14 km?, X EEF T HEHERE

AR A X T R

\l:i \j\EIIEFI

0 2 A 8 PR AR AT Al S L P S A e A
LA 8ANE & A T ALIE 100 000 km* BL 1 (3R 2).

Forp, REREAE N 52 7 AR 0 % X 395 43 AT, 43 AT T AR

88 358.47 km’*, 5 Ml H N

Gr AT TR AR I 2 5 7E 1 2K

AR ) 3 R X 40 A A B

58 18 20 A7 T AR A 4 582,

84 km?,

5 2 {4 A TR AR LA BTk b s 76 22 B R R &
XA R (R 3).

fE2070s, SSP1-2.6 55 F,

R 3 2R X T A

2266 004.12 km?, EEEF AT HNFE EH R L
VL eb 30 K B 3 35 Ak A R LT A e s L L P 2R R % P
BRAEHLIX, JLH 11 DN iE

A2 T AR 3% 100 000 km? L

i T X 3% 87 056.53 km®, 5 4 Fi 1

(X 43 A7 T AR AR LC A P 38 005 78 1 AR
5398.72 ke AR T 24 i 40 A0 ARG B 384 I 72 22 e
PN AR A T AR 3 107.30 km?, 5224 /i 40 A7 1 AR AR
LEA BT b (% 3).

7£ 2070s, SSP5-8.5 1% 5 N, A% A# i i

=
BN

R A Y

{9 2 A 1T AR

& A DX T AR

1 920 694.37 km?, £ B EF 454 T W R AL
N AN A T N NS N e [ S (3 [ N

L 78 AR 350 A TE AR L X, 5 7 N A
100 000 km® L | (%2). 3
X386 o3 At AR THAR I 92 906.59 km?, 5 2411 15

s A PR3 B DX 43 A TR AR B BT
A T AR I 3 471.85 km?, 5 24 81 43 A7 T AR AR LL A B sk

i 2R AR
e, KEREAE A 500 R I 45

AR5

R



-+ 2630 - Z4% %4k Acta Pharmaceutica Sinica 2024, 59(9): 2625-2633

s TE B N R FNHE X R 3E A 0 AT X 2 2Kk (R 3).

7E 2090s, SSP1-2.6 18 5t N, A% Ak i A= [X T AR
2 185 700.34 km®, 5 2070s I 31 [F) Feb HE 0 =X AH LL &
A X T ARG P AR, R F A TS R B
LA B A 8 AR DX TAT b S A AR | 1L 7 AR
JPEEREEH X, FeA 11 N8 403 2 T AL 100 000 km?
PLE (R2). o, R BEAE N 5k AR & X 39H 0 A,
A3 AR TR IE 86 587.83 km?, 5 24 |1 175 5 N A A 3% B
X 43 A T AR AH oG BT 38 ;78 L 2R 9 18 o3 A7 T AR
4 982.10 km?, 5 24 i 73 A7 AR AH LU A b s #8228
S AR A A7 T AR A 451.34 k', 5 24 1 20 A7 1 AR AR
LA b (33).

7E 2090s, SSP5-8.5 115 5 I, A At i A= [X THI FHUOK
1 827 596.83 km2, 15 2070s i 34 [ Fft HE B0 20K AH Eb
AR X I AA BT, EEE T AT N AR K&
Bl AN S N S P B | o o N i e i
AL X, LA 7 AN 0y T AR AL 100 000 km® BL E (%
2)o oo, RERELE PN 5l ARG & XS 40 A, o A TH AR
1595 458.39 km?, 5 24 Hi 5 5t N RS RE A3 B X 40 A7 I
FUMH EE A B 38 05 76 1L 2R 36 890 A AR 260.39 km?,
5 24 o3 AT AR AR LCA B b 78 22 B0 M R AT HE X
HIE AR A XA 2K (3R 3).
4 BERREBESEXRTETXIEF

W 6 i A SRAS [F) S5 15 57 T IAORS E AR X 90 A 4y
A5 AT S R RS A X AT . TR, B
W TE SSP1-2.6 175 5 ik /& SSP5-8.5 15 5, 7E #H [F] < M 15
50N, 2050s FJ 20908 A A A I A X THIAA (1) 2k 23 5
DL R, R R B Ih s, B R S 1
H(E2). REERBEY R EIEIGES, (HH
TR B Z 10 AR DA R 388 A R 3l ok 6 g, (R G TE R
SR AR ARG AT 1D 0 A T 2 L 3 ek A 4

MIE 2 7] LB H, 2090s, SSP5-8.5 FE it & T, A
FEEAXEARA AR 8, 8 miA

350.00 - Range expension ¥ No change

300.00 -

250.00 4

Changes of suitable areas/x10* km?

0.00

699 768.84 km®, ¥ 1255 29.91%, 314 [X I8, T /MM 15
PR T A3 B« P 5 et b R Hh S L 7 T
PR HR R EFTEMX . i, G
Az X AR B AR 5 At B 3 A EE B AIG, 9 935 145.63 km?,
TR 28 39.97%; &R R %, N 1396 394.93 km’,
W 2K IR 59.68%, T2 K X I Ry 43 A0 X g 8, AL
AL 2R TR 2 B TR AL CEE BRI 1 B
WIFE TLTE B V5 EE 0 1 R o Hu X o

2050s, SSP1-2.6 HFIE &= T, ¥ X A &/,
L0 i = A AN S S R N s o4 9 T N T
PGB B PE AL ER UL ST b Ll 2R TR L 22 T R A
IR EMIX . OB XA A i, R B &R0 78.40%; 1%
2 X TH AR A, T2 KRN 21.25%, T B LM X O &
PRVGHE DU 1 2350 ) DAL 5 M B 30 A g bR A &
TR DRSBTS SR X,

76 HoAth 4 B HECRE 5t b, 2070s, SSP5-8.5 HEFUIE 5t
A4 38 X\ 3l 2R X T AR i, 3 3 2R 04 23.14%, k%
N 46.91%. 2050s, SSP5-8.5 HEi I 5 F, #HIX (3 2k
X TH AR %5 2070s, SSP1-2.6.2090s, SSP1-2.6 &, 73 5l
5500 204.20 km?. 741 663.73 km?, 3™ 1 & >y 21.38%,
e 2k N 31.70%; R B X L 2070s, SSP1-2.6+2090s,
SSP1-2.6 1%, f£ B [X T A1k 1 589 876.83 km’, {# B %
N 67.95%. £ 2070s-2090s X N (1] A 5] HE UG 5 R,
P3G X 35 2 BT ORI AR S AB 3B N SR AR A
A 0 1L 7 P S R B 1 AR e Ok X 3 A T 4 A X
B, EE R BT IR N P G TR A
RIS MR DN 7 L] P

RARASANEAATL I T, A58 2 A0 o0 A A R A ]
IRk (K 3). fEYarE &0 T, AMI10E
X 73 A HO AL T L AR P R L (115.665°E, 35.748°N).
7E SSP1-2.6 HEMUIE 5 K, 2041~2060 4 [A], i B X 47
A FRL RS 21 AR P AL (117.099°E, 37.829°N), 1]k
iE % 264.30 km; 7£ 2061 ~2080 4F 8] 3& B [X 73 A7 0

Range contraction

200.00
150.00
100.00 I
50.00 4

2050s-SSP126  2070s-SSP126  2090s-SSP126 ~ 2050s-SSP585 ~ 2070s-SSP585  2090s-SSP585

Figure 2 Changes of suitable areas



T IESE: AT OUA I Maxent B TG ARS AE 76 o [ (1478 72 3 42 X -+ 2631 -

R Ak 26 B (117.099°E, 37.942°N), 5 2041~
2060 4 73 A7 H 0 A B 48 22 ] b 12.54 km; 55 3
2081~2100 4F [a], 2 A7 o0 % 8 2= W b 2 &
(116.965°E, 37.954°N), 4k 4L 4 #% 11.82 km. {E SSP5-
8.5 HEUE 5 T, 2041~2060 4F [8], 3& . X 43 4ii 0 %
% & K (117.817°E, 39.385°N), # #% 446.64 km; £
2061~2080 4F [A] & B [X 70 A7 o B 7 22 4 52 7 T I
H (119.228°E, 41.469°N), 4k 42 # % 260.69 km; -
2081~2100 4E 7], 43 A Hh 0o e B 8 P 52 3t ) 5 ol 2K i
Jiff (120.677°E, 43.595°N), 4k £:4: 45 264.53 km.

A

2090s, SSP5-8.5
43°N~

42°N
2070s, SSP5-8.5
41°N

40°N

2050s, SSP5-8.5

Longitude

39°N A

, SSP1-2.6
2050s, SSP1-2.6

38°Nq  2090s, SSP1-2.6

37°N 4

36°N 4
>

114°E 115°E 116°E 117°E 118°E 119°E 120°E 121°E 122°E 123°E
Latitude

Figure 3 Centroid shift

wig

A AR R AR — 0 M IR RN R, ok
TOUI A0 P 78 E 23 AT, DRI v A 2R ot P o ) R %o
T A AL R kg HEAE Y. Kuenm &E N
T Maxent B R Z 80 R &, S KT S B2
PE TN AE A 1 AR S R M R S AL S
HARZEALR) R EAH L, B 4 5™ 4 B PP AR,
I B2 B ahie B AR A AT T A [ 30 45 3
A 5 DM AR AL AR B SN R B, AT A
A G 3% TR 58 Fe 2B BIRY . X SRR 4 i 79 Maxent
P o D R HL AR E I AR A AR A

AWt FiHE T Kuenm AR AL 2305 B 1] Maxent 15
TR SXoF AR PRV AR 3 AR X A0 AR AT 1 T, A AUCHE
150.901, HATH m ARG FE . TN 25 R S i
153 AR 5 BEAZ B SR U B KR T I 52 . Chen™)
WEFL T A B E0h B8 Vi 98 GE R AR A
FREEH Z R BRI 1200 m DL, FEF b3 B — AN E
i 250, BhSO~100 0 H o Li%h = 4 A R 8 9 Jé = 4
AR KIS K I, B8 7K 1 JE R PR ik, A
bR AR AR S 2 B, R DUE Y R KR A
G S SRS TR = S - A1 L P i 27 Y P

SR ALFE IR FE 7K 43 R - 3 R 7 5V 22 PR B A B 1 R B
Y., BRI B 51 0 PR 5% S 0 M A A s e A A 1
TEH AR 31X U B SR R R A A 4 AT
SZNA o 258 v DA, A A A5 T T [ 3% ) A A9 1) 23 A1 1B
S B — 2 I PR A A F

AW 78 3 T 2 B0 4k 1 Maxent 45 74 5 0 45 3]
RS 32 0 A 1 o [ ) 28 AN, 38 AR X T AR A
2337 419.98 km’. Gao %513 Jof % i A 95 Y5 AR AT 90 K
L, DUAE R PG b R0 R L VSRR B LR
B IR AE R W R TR E S X AR B K A
Ll b X 25 34545 66 AR oA, 3 -5 AR AR 5 1 FU 45 SR A 75
fro Dong PR T 214 AR p 12 AR 12 A
K 24 2 FAR AL ) Maxent 155 8 5 435 45 9 36 B ME 43 A X
RIBE AR T AS A2 A 7R A 28 N L 2
HIEE M X PR B AR ES S e E X4
8 58 9 TIN PiT 4 SR R R RE 2 1) - 244 0.407
17Xy, 328 T AT A BT A ) DA R R N ey S
{5 (MTSPS) 0.237 2, [ Ik, H 40 it pr 43 4 & 5 X
SV AN 379 363.67 km?, i /N T ABF RS R . AW
FURT R FH I MTSPS K7y 77 &5 & TR R
RSk, 5 H A 2R R oy J7 UM B AT DL ) () 45 vk
AR, 55 B Rl s, BA
A W7 BB AURFE T AR, B> 5 300 SR fh A 45 A 1
JIWTY, 76 B Y AMIE 5T A AR SR MTSPS J7 300 4
AT R 430

AHIF TR I 52 A 7 AN S A, A5 A AR X TR
A 5 B4 Ik B, X 5 DR R TSR AR AL 2 245 A
Vo A = AR SR I — S5 W A — 2 TR AN [F) R R
SRS ST, =B o A T AR S5 A A [F) R B A B
AU PH ) v 3T AR X TR B 5 AR CY BT A 2 11 1) 1
I ARSI ACT . 5 Ah, R R SR A A R 2
Iy J b B o) v 0 b X (B2 (1) 94, iX 5 DUAE 22 B0 91
g RN — O, e R EAZ A E I T, Ouyang
ST TE R I 2 T8 A6 1 2R SR 3 AT HR L 3B A ) e 4 FE
X f #, Huang Z5C98F 72 & B4 10 2R K & id R X o
A A% 0 1] AR A6 AT AS [RIFE BE 19 i £2, Zhan 250 OF 75 4% B
=R AR R IE B AR B IE A 1) 4R i R XS

AR, T2 PR U, SR AR 51k I AR 4y
A0 X B AR A ] R R ) — A B 2 T e 5] R TE M
7= X PR G RS B A T R P 1) R 2R, TR I A A 7 X
ZAAEARAR T RE R U R ORI T T T =
K 372 X P A 1 20 A T AR 52 S0 78 X R T e T Ay
BT, R B = K= X PR A5 2 X T AR 52 S AR A 5 T
PR T A AR RS FA T, RN
7 X (38 AR o A T AR A B S R R K, RS



2632 - Z4% %4k Acta Pharmaceutica Sinica 2024, 59(9): 2625-2633

A2 DR B TR TE P9 58 o o2 e K1, HLS2 SR 52
W R AEN S N E M R B L R X AR
SRR X 22—, 7 SSP1-2.6 HEJSUE 5t K, B 5 i 1)
(1) HHE A% DR B X 38U P 4E 5 AR, (BAE SSP5-8.5 HEMUT
ST, RSB OR B DX 805 T ek /D, B & 2081~2100 4F
RERETE L AR PR B X LIV 2%, BB Ry 1. 28
BAE RS ) P 2 —, o B e O X —
TR )T 3 7 X, AE AR SR SR 25 A T RS BEAE 2 Bor A 2
TR B VUHR AR DL S B X, (H7E 7 e HE TR =X
T, B I R R HERS, AR AAE 22 0T R B DX 7E 2
M, B S IX AR R A T2 B dbis . Bk, o1
oA PR BR X G2 BRTE I M = X — 8 B 4G T R I
L, PR DX Ak P I A AR A AR ) BT A R R R A5
[ B R AP 7 DX 45l P AR R DR R P R B2 0. 0 T 14 X
A DA S AT AR BT 100, DA OR B o Sk At A % Y5 1) T R
SR

fE& BUmk: 3R i 2 5 MO SO AT SO IR
EHVET; RS R B XU 2 5 B e
EASAT; & BT T E EE S 5 5 R B
SHTIR SR S EARIT .

FEE M AR B AR SR AER 2 v R

References

[1]  Chen IC, Hill JK, Ohlemuller R, et al. Rapid range shifts of
species associated with high levels of climate warming [J].
Science, 2011, 333: 1024-1026.

[2] YiYJ, Zhou Y, Cai YP, et al. The influence of climate change on
an endangered riparian plant species: the root of riparian
Homonoia [J]. Ecol Indic, 2017, 92: 40-50.

[3] Warren R, Vanderwal J, Price J, et al. Quantifying the benefit of
early climate change mitigation in avoiding biodiversity loss [J].
Nat Clim Chang, 2013, 3: 678-682.

[4] Tian LX. The Effect of Microorganism and Climatic Factors on
the Quality of Panax quinquefolium L. (UEY) S S A% R 7 % 74
25T E20) [D]. Beijing: Union Medical College Hospital,
2022.

[5] Kumar S, Spaulding SA, Stohlgren TJ, et al. Potential habitat
distribution for the freshwater diatom Didymosphenia geminata
in the continental US [J]. Front Ecol Environ, 2009, 7: 415-420.

[6] Merow C, Smith MJ, Silander JA. A practical guide to Maxent
for modeling species' distributions: what it does, and why inputs
and settings matter [J]. Ecography, 2013, 36: 1058-1069.

[7]  Fordjour OA, Corcino GPS, Siqueira RSD, et al. Climate-
induced range shifts of invasive species (Diaphorina citri
Kuwayama) [J]. Pest Manag Sci, 2022, 78: 2534-2549.

[8] YuJ, Cao GC, Rong ZL, et al. Prediction of potential distribu-

tion of Ophiocordyceps sinensis in China based on Maxent

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

model [J]. Ecol Sci (& F}E2), 2023, 42: 202-210.

Zhang HH, Meng XX, Lin YL, et al. Prediction of global poten-
tial growth areas for Panax ginseng based on GMPGIS system
and Maxent model [J]. China J Chin Mater Med (' [& 1 2§ 24
%), 2023, 48: 4959-4966.

Zhan P, Wang F, Xia P, et al. Assessment of suitable cultivation
region for Panax notoginseng under different climatic conditions
using MaxEnt model and high-performance liquid chromatog-
raphy in China [J]. Ind Crops Prod, 2022, 176: 1-12.

Liu PF, Wang L, Du QX, et al. Estimation of potential suitable
distribution area and the ecological characteristics of Eucommia
ulmoides Oliv. in China [J]. Acta Ecol Sin (£ 752%3}), 2020, 40:
5674-5684.

Rong WW, Huang X, Niu PX, et al. Potentially suitable areas for
traditional Chinese medicinal material Ephedra equisetina based
on Maxent model [J]. Acta Ecol Sin (ZEZ52%1k), 2023, 43: 8631-
8646.

Che X. Prediction of Genuine Suitable Growth Area of Polyporus
umbellatus in Changbai Moutain Area Based on Maxent Model
and GIS Technology (3£ Maxent #57 J GIS 5 A% K (1 X
PEEE (R INER) 18 Hh M 3E 4 X 1 ) [D]. Yanbian: Yanbian
University, 2022.

Balaji V, Fleur C, Julie D, et al. Are general circulation models
obsolete? [J]. Proc Natl Acad Sci U S A, 2022, 119:
€2202075119.

Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China, Vol T (FF 4 A [ 350 [ 24 # — )
[S]. Beijing: Chinese Medical Science Press, 2020: 320, 1601.
Yin XY, Fang XM. The effect of Platycodon grandiflorum and
its historical change in the clinical application of Platycodonis
Radix [J]. Chin J Med Hist (FF 2[5 52 44 3), 2021, 51: 167-176.
Pirovani DB, Pezzopane J, Xavier AC, et al. Climate change
impacts on the aptitude area of forest species [J]. Ecol Indic,
2018, 95: 405-416.

Jiang T, Zu JX, Xiang H. Research progress in introduction and
cultivation of medicinal and edible Platycodon grandiflorum [J].
Chin Med Mod Distance Educ China (4 [ £ 25 B Az 2 2
H),2018, 16: 148-152.

R Core Team. R: a language and environment for statistical
computing. R Foundation for Statistical Computing [CP].
Vienna, Austria, 2020. https://www.R-project.org/.

Cobos ME, Peterson AT, Barve N, et al. Kuenm: an R package for
detailed development of ecological niche models using Maxent
[J]. PeerJ, 2019, 7: 6281-6296.

Liu C, Berry PM, Dawson TP, et al. Selecting thresholds of
occurrence in the prediction of species distributions [J]. Ecography,
2005, 28: 385-393.

Devendra K, Sandeep R, Rajesh J. Predicting the current and
future suitable habitat distribution of the medicinal tree Oroxylum

indicum (L.) Kurz in India [J]. J Appl Res Med Aromat Plants,



T IESE: AT OUA I Maxent B TG ARS AE 76 o [ (1478 72 3 42 X

2633

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

2021, 23: 100309.

Zhang Y, Wei JH, Jin Y, et al. Investigation and analysis of
difference of cultivation technique of Plantycodon grandiflorum
in three main producing areas [J]. Mod Chin Med (' [E BLAL
24), 2020, 22: 720-728.

Chen Y. The Study of Quality Evaluation and Regional Division
of Polygonum multiflorum Thunb (fi] 1 = i = {700 S 77 & .
[X &I 7T) [D]. Guangzhou: Guangzhou University of Chinese
Medicine, 2013.

Chen YX. High-quality and high-yield cultivation technology of
Plantycodon grandiflorum [J]. Agric Sci Technol Inf (& Mk Bl #
55 R), 2020, 599: 36-37.

Li M. Molecular Mechanism of Water Ecological Stress on Platy-
codon Biosynthesis in Platycodon grandiflorum (Jacq.) A. DC.
(K 3 A2 25 T 30 0 R 528 AR 40 5 B 1) 43 7 AL 9F 5T) [D).
Changchun: Jilin Agricultural University, 2021.

Tang ZR, Fang JY. A review on the elevational patterns of plant
species diversity [J]. Biodiversity Sci (244 % #£E), 2004, 12:
20-28.

Gao J, Wang YJ, Chen Y, et al. Research on Platycodon grandi-

florum resources [J]. Guide China Med (7 [H [Z 25 45 1), 2012,

10: 421-423.

Dong G, He L, Cheng WX. Research on the suitability distribu-
tion zoning of Platycodon grandiflorus based on Maxent and
GIS technology [J]. J Chin Med Mater ( H 2§ #4), 2019, 42:
66-70.

Mabhatara D, Acharya AK, Dhakal BP, et al. Maxent modelling

[31]

[32]

(33]

[34]

[35]

[36]

[37]

for habitat suitability of vulnerable tree Dalbergia latifolia in
Nepal [J]. Silva Fenn, 2021, 55: 1-17.

Zhang K, Yao L, Meng J, et al. Maxent modeling for predicting
the potential geographical distribution of two peony species
under climate change [J]. Sci Total Environ, 2018, 634: 1326~
1334.

Fu ZW. Study on the Change of Suitable Area of Rare and
Endangered Picea Plants in Qinba Mountain under the Back-
ground of Global Climate Change (4XER AR R F &R E L
W32 i il fs 5 42 JE AH 4 3& 4F X A2 {k) [D]. Kaifeng: Henan Uni-
versity, 2023.

Brown CS, Wigley LMT, Otto-Bliesner LB, et al. Persistent
quaternary climate refugia are hospices for biodiversity in the
anthropocene [J]. Nat Clim Change, 2020, 10: 244-248.

Huang XM, Huang Y, Jia ZX, et al. Analysis on potential suitable
distribution of endangered medicinal Paeonia suffiuticosa species
under climate change scenarios [J]. J Sichuan Fores Sci Technol
(U NARolkAHTY), 2023, 44: 23-31.

Mo ZM, Kang GP, Yu HY, et al. Prediction of potential suitable
areas of wild Allium macrostemon in China under future climate
[J]. J Chin Med Mater (711 5#1), 2023, 46: 1-7.

Lenoir J, Gégout CJ, Marquet AP, et al. A significant upward
shift in plant species optimum elevation during the 20th century
[J]. Science, 2008, 320: 1768-1771.

Ouyang X, Pan J, Wu Z, et al. Predicting the potential distribu-
tion of Campsis grandiflora in China under climate change [J].

Environ Sci Pollut R, 2022, 29: 63629-63639.



