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Abstract In recent years, the kiwifruit canker disease has occurred seriously in the main kiwifruit producing areas
of Sichuan, and caused serious economic losses. In this study, MaxEnt (the maximum entropy model) was applied
to analyze the potential geographic distribution of Pseudomonas syringae pv. actinidiae (Psa) in Sichuan. The fu-
ture distribution of Psa were also predicted for 2030s, 2050s, 2070s and 2080s under the climate change scenarios
of RCP2.6, RCP4.5 and RCPS. 5. The results showed that AUC (areas under curve) values of training data and
test data of all models were higher than 0.9, which indicated a better forecast. Under current climate situation,
the highly suitable areas for Psa were in Chengdu, Deyang, Mianyang, Guangyuan, Bazhong, Dazhou, and
Ya’an, whereas the moderately suitable areas covered 21 cities of Sichuan. Under climate change scenarios, the
areas of highly and least suitable areas increased significantly compared with the current scenario, while the areas

of the moderately suitable areas decreased significantly. The geometric center location and migration rule of dif-
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ferent suitable areas were different, but they all moved northward in general.

Key words climate change; potential geographical distribution; MaxEnt;  Pseudomonas syringae pv. actinidiae
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Table 1 Environmental variables used for predicting

potential geographic distribution of Psa

A5t Variables 185 Code

AR Annual mean temperature Biol
SEXIRE A #2% Mean diurnal range [ Mean of monthly Bio2
(max temp—min temp) |

5 RE 2= M AR fk AR 1 22 Temperature seasonality Biod
(standard deviation X 100)

5% H 5 KJRE)E Min temperature of coldest month Bio6
5 TZBJE IR Mean temperature of driest quarter Bio9
AE[& /K Annual precipitation Biol2
5T H B&7K & Precipitation of driest month Biol4
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% 2 G AN UL 5T MaxEnt #2
TIYNZRA0E A B 9 AUC 8. 245 R R W 24 6
SURARAE T YNGR B A R s AUC {520 51 o
0. 915 F1 0. 924, RCP2. 6 . RCP4. 5 il RCPS. 5 1 &
TINGEdE AUC {E 45504 F 0. 977~0. 979.0. 977
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*2 SEETAESET MaxEnt #ER AUC E
Table 2 AUC values of MaxEnt model for Pseudomonas

syringae pv. actinidiae under climate change scenarios

Wk it

R s s BdE

Decade Scenario Training Test

data data

MR (1950 4F—2000 4F) 0.915 0.924
Present (1950—2000)

21 48 30 44X RCP2.6 0.979 0.970

2030s (Average for 2021—2040) RCP4.5 0.979 0.970

RCP8.5 0.969 0.952

21 {22 50 44 RCP2.6 0.979 0.967

2050s (Average for 2041—2060) RCP4.5 0.979 0.967

RCP8.5 0.972 0.953

21 {42 70 4L RCP2.6 0.978 0.967

2070s (Average for 2061—2080) RCP4.5 0.978 0.967

RCP8.5 0.969 0.956

21 142 80 AL RCP2.6 0.977 0.966

2080s (Average for 2071—2090) RCP4.5 0.977 0.966

RCP8.5 0.970 0.956




46 B3 2 W

ERIREE M 5T P14 BRAEAE 1507 0 BV TE L R S0 A1 4

e 41 .

2.2 HErEsETHI &GRSR EIES

B 1 AT LA S B kint Jz0s T et AE XA T
BGER T FEBATT AR AT oo T GA N T L
R R A FIN /D i A= =Sy i O I R TP T2 vy
8.4 J7 ko’ JHih AR IXAE DT I] 21 M wiy CHD ¥4 534
TR 13,32 J7 ke, ARG AR DX T H PO Bl 30
DRI EERAE TR M T AR 1018 7 k', %
Brenkint iz T 1438 A= 43 A 5 01 48 A7 BUX R
A ArcGIS BYM# SE T2 RETH 532006 W A
1T CHD A& A AR . S5 5R Eos, oo 4 BT
L H T A M T RN BGER T BRIk 15t Sz i T ) A T AR
KL 4y Wk 14 965. 28, 11 753. 47, 10 798. 61,
9 565.97.8 854. 17 km®, 4351 (i Ry ik A= X B TR Y
17.81%.13.99% .12. 85% .11. 38%,10. 54 % ; fEh
T AR X B TR R 38 107, 64 km”, (f
A XL 28. 67 % (36 3),

34°NF

32°NF \
<
A

30°NF )

Unsuitable area
CORE X
Least suitable arca
O HE AR
Moderately suitable area
26°NF &K Highly suitable arca
N L

" " "
98°E 100°E 102° E 104°E 106° E

1 EF MaxEnt RN BB HRE T
M)l B3E £ 5 4
Fig. 1 Potential suitable distribution of Pseudomonas
syringae pv. actinidiae in Sichuan based on

MaxEnt model
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Table 3 Predicted areas for Pseudomonas syringae pv. actinidiae under current climatic conditions
AIEAE X R 2R X rhiE A X eI AR X
o Unsuitable area Least suitable area Moderately suitable area Highly suitable area
Region TR/ km? et/ % T2/ km? et/ % TR/ km? et/ %% TR/ km? LA/ %
Area Proportion Area Proportion Area Proportion Area Proportion

[rf 3 Aba 74 982. 64 33.25 590. 28 5. 02 3177.08 2. 39 468. 75 0. 56
Ji#B T Chengdu 364. 58 0. 16 0 0. 00 2 031. 25 1, 53 8 854. 17 10. 54
1 FHTH Deyang 329. 86 0. 15 0 0. 00 850. 69 0. 64 4 392. 36 & 23
KM T Dazhou 0. 00 0. 00 104. 17 0. 89 5 972. 22 4. 49 9 565. 97 11. 38
] 42T Guang’an 0. 00 0. 00 0. 00 0. 00 5 347. 22 4. 02 520. 83 0. 62
J" T Guangyuan 173. 61 0. 08 0. 00 0. 00 590. 28 0. 44 14 965. 28 17. 81
H7M Ganzi 133 229. 17 59. 08 2 517. 36 21.42 2 829. 86 2.13 451. 39 0. 54
K17 Leshan 416. 67 0.18 0. 00 0. 00 7 777.78 5. 85 3 680. 56 4, 38
LM Liangshan 10 173. 61 4.51 6 111. 11 51. 99 38 107. 64 28. 67 381. 94 0. 45
P Luzhou 0. 00 0. 00 0. 00 0. 00 6 944. 44 5. 22 4 218.75 5. 02
J& 1T Meishan 121. 53 0. 05 0. 00 0. 00 4 687. 50 3.53 1979.17 2.36
Z#BHT Mianyang 2 569. 44 1. 14 0. 00 0. 00 4 930. 56 3.71 11 753. 47 13.99
® 7617 Nanchong 0. 00 0. 00 0. 00 0. 00 10 017. 36 7.54 1736.11 2.07
PNYLTH Neijiang 0. 00 0. 00 0.00 0. 00 4 704. 86 3.54 347. 22 0. 41
B AETT Panzhihua 0. 00 0. 00 2 274,31 19. 35 4 392. 36 3. 30 0. 00 0. 00
%7117 Suining 0. 00 0. 00 0. 00 0. 00 4 947. 92 3.72 0. 00 0. 00
HEZZT Ya’an 3 159.72 1. 40 0. 00 0. 00 4 392. 36 3. 30 6 597. 22 7.85
‘HETT Yibin 0. 00 0. 00 0. 00 0. 00 10 121. 53 7.61 2 152,78 2.56
50Tl Zigong 0. 00 0. 00 0. 00 0. 00 3 888. 89 2. 93 156. 25 0. 19
PEPAT Ziyang 0. 00 0. 00 0. 00 0. 00 6 458. 33 4. 86 1 006. 94 1. 20
E A T]7 Bazhong 0. 00 0. 00 156. 25 1. 33 746. 53 0. 56 10 798. 61 12. 85
41t Total 225 520. 84 11 753.47 916. 67 84 027. 77
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B2 RCP261ERTHIARERRHREEEDTE
Fig. 2 Potential suitable distribution of Psa in Sichuan based on MaxEnt model under scenario RCP2. 6
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(2050s) . x4t 30. 53 km (2070s) F PG4t 22. 15 km
(2080s) #2 31, & 2080s & | i) P4 b J5 7] %% 5h
91. 96 km =y 3 A= DX 50 B 25 H A B AR UCHT DY R
46. 07 km (2030s), PG R§ 7. 74 km (2050s), A& dt
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Fig. 3 Potential suitable distribution of Psa in Sichuan based on MaxEnt model under scenario RCP4. 5
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Fig. 4 Potential suitable distribution of Psa in Sichuan based on MaxEnt model under scenario RCP8. 5
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Table 4 Predicted areas of suitable areas for Pseudomonas syringae pv. actinidiae under climate change scenarios
R A= X g X e I A X
Least suitable area Moderately suitable area Highly suitable area
15 5% A T T AR/ i 2 SR I e AR P 2 F R SRR i 2 F R
Scenario  Decade  J km? WL ]/ % 7 e’ B/ % 7 e’ B/ %
Predicted  Proportion of current Predicted  Proportion of current Predicted Proportion of current
area predicted area area predicted area area predicted area
MHT 1.18 — 13. 32 — 8. 41 —
RCP2. 6 2030s 7.85 665. 25 9.39 70. 50 15. 91 189. 18
2050s 7.96 674. 58 10. 77 80. 86 14. 26 169. 56
2070s 5.98 506. 78 9. 81 73. 65 14. 35 170. 63
2080s 9299 504. 24 9. 69 72.75 14. 97 178. 00
RCP4. 5 2030s 8. 17 692. 37 11. 24 84. 38 14,13 168. 01
2050s &, Y2 467. 80 9. 39 70. 50 14. 93 177.53
2070s 4.97 421.19 8. 99 67. 49 16. 22 192. 87
2080s & 13 434.75 9. 93 74.55 14. 76 175. 51
RCPS. 5 2030s 8. 29 702. 54 14. 18 106. 46 10. 64 126. 52
2050s 8. 34 706. 78 15. 01 112. 69 11. 18 132. 94
2070s 6. 79 575. 42 12. 69 95. 27 13. 69 162. 78
2080s 6. 77 573.73 10. 89 81. 76 16. 11 191. 56

RCP4. 5 5t T,y ad AE X5 B Y A7 B AR
WHSVEREE 74. 95 km(2030s) . Pt 4. 36 km(2050s) .
PidL 24. 05 km(2070s) F ARk 34. 60 km(2080s) %
3, 2 2080s [ PYL M h T 62. 3 km, HiGE
D5 RS B B AR R PE L 87. 12 km (2030s) .
Zdb 24. 38 km(2050s) . FIL 28. 66 km(2070s) Fl %<
4t 15. 47 km(20809) #31 , 2 2080s EuiA b 1] Py L7
m#%3)) 108. 77 km,

RCP8. 5 & 5 T » fmy ik A= X 50y B S /A7 B AR

WUSVERE 57. 05 km(2030s) . Z5Fg 8. 00 km(2050s) |
PUEg 59. 13 km(2070s) FIAdL 57. 11 km(2080s)
3l 2 2080s Gk b padL 7 m £ 30 66. 59 km,
R AR DX Y R B AR R PE L 62, 51 km
(2030s) .74k 25. 32 km(2050s) . Pt 17. 83 km
(2070s) F1 A4t 11. 77 km(2080s) B 31, & 2080s
SR o pEdE A 8h 103,13 km, B AT UL, R
AN A 3 AR X JLAR] Hh O 7 B RN A #5038 A B
NG

x5 SEZABERTEERRRGRE OB HE

Table 5 Shift distance and direction of mean center of different suitable areas of Pseudomonas syringae pv. actinidiae

H136 4= [X. Moderately suitable area

i A= [X. Highly suitable area

o o it B /km /) T 08 /kam
Angle Direction Displacement Angle Direction Displacement
RCP2.6 4R = 2030s 147. 25 PiJt  Northwest 92. 69 263. 36 PiF5  Southwest 46. 07
2030s & 2050s 194. 27 PiE  Southwest 16. 80 203. 83 PiEg  Southwest 7.74
2050s % 2070s 71. 66 74t Northeast 30. 53 57.63 %4t Northeast 15. 90
2070s % 2080s  112.51 Pidt  Northwest 22.15 138. 68 Pidt  Northwest 30. 08
METE 2080s 150. 15 P44t Northwest 91. 96 109. 02 P44t Northwest 59. 02
RCP4.5  4HjZ 2030s 137. 66 Pt Northwest 87.12 245, 64 PiEg  Southwest 74. 95
2030s & 2050s 85. 32 %4t Northeast 24. 38 152. 12 Pt Northwest 4. 36
2050s % 2070s 128. 43 P4t Northwest 28. 66 115. 43 PGt Northwest 24. 05
2070s % 2080s 32.08 %4t Northeast 15. 47 17. 98 %dt Northeast 34. 60
MHTZE 2080s 153. 46 Pidtk  Northwest 108. 77 115.70 P4t Northwest 62. 30
RCP8.5  4HijZ 2030s 148. 70 Pt Northwest 62.51 247.78 PiEg  Southwest 57. 05
2030s & 2050s 98. 09 Pt Northwest 25.32 293. 82 %F Southeast 8. 00
2050s % 2070s  109. 57 P49t Northwest 17. 83 269. 13 PiF5  Southwest 59. 13
2070s & 2080s 14. 20 %44t Northeast 11. 77 44, 20 %t Northeast 57.11
M % 2080s 136. 14 P54t Northwest 103. 13 103. 25 754t Northwest 66. 59
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