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Abstract; Shoot blight of larch caused by Neofusicoccum laricinum ( Sawada) Hattori & Nakash is a serious disease and
exerts a significant impact on the production of larch plantation in China. It is of great significance to carry out the prediction
of potentially suitable area and risk analysis of the disease, so as to take timely and effective control measures for the
disease, and finally reduce the risk level and prevent the disease spreading. This study was conducted to investigate the
environmental variables affecting the distribution of shoot blight of larch and the geographical distribution under current and
future climate conditions. Based on 63 distribution points of shoot blight of larch and 10 environmental factors, the
distribution of potentially suitable areas of shoot blight of larch in China in different spans of modern (1970—2000) , the
2030s, 2050s, 2070s, and 2090s scenarios was predicted using a combination of the MaxEnt model, SDMTools and ArcGIS
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software. The area under the receiver operating characteristic curve (AUC) value was used to evaluate the accuracy of the
prediction model. The results showed that: (1) the average AUC values in different years and climates of the predicted
result of MaxEnt model were more than 0.9, indicating that the MaxEnt model is accurate and suitable for predicting the
potential distribution of shoot blight of larch in China. (2) The major environmental variables affecting the distribution shoot
blight of larch in China included; annual mean temperature, precipitation of warmest quarter, mean temperature of warmest
quarte,, and annual precipitation. The cumulative contribution of the main environmental factors was 59.1%. (3) Under the
near climatic model, the total suitable area of potential was approximately 1.728 million km*, covering 18.02% of the total
land area of China. The areas surrounding the southeastern Liaoning, eastern Jinlin, most of Heilongjiang and Northeastern
the Inner Mongolia were moderately and highly suitable areas for shoot blight of larch. (4) The potentially suitable areas of
shoot blight of larch under the three climatic scenarios (ssp126, ssp245, ssp585) of the 2030s, 2050s, 2070s, 2090s will
shrink to varying degrees. The prediction results showed that centroid movement track of the suitable area of shoot blight of
larch would be within the Inner Mongolia, and there would be a trend of moving to Southwest and North China. The results
showed that the shoot blight of larch had the risk of invasion and spread in China, which will bring irreversible ecological
disaster. Therefore, it is essential to reasonably delineate the potentially dangerous invasion sites for the disease, strengthen
relevant detection and quarantine in key areas, and develop the effective control measures in a timely manner to eliminate

the possibility of invasion at source.

Key Words: Neofusicoccum laricinum; suitable areas; MaxEnt model; climate change
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CSM2-MR AB T (g F5 0 5Bl 4, 06 7 HE s 17 %k 524k S 2 5 6 4% (SSPs) HR 10 3 v 35, B 4 (0 % 8 s 42
(sspl26) &K BEKAR (ssp245) TR 1 K R BRA% (ssp585 ) 1 S AT 0 Mrdsigbl > | 5 98 78 K e A ) & JR gk A%
T I RA R A LE T E AV AR A A . BEZS ()43 BEE R Sarc-minutes

BB ArcGIS FEATHEREHE R AR ZUHE 1L (ASCID) FISRAE S 2540 35| FH TR TR A 4DL 125 5% ) 4 5GP R
INHITEERL AR G PR B B (AL B AU X 19 A IRBE AR A T . 1 SE R 63 ANTE AR AR RS 2 AT SR
19 DNIABEAS B AFE MaxEnt B8 paE 47—k, B T URE S ) 19 SIS AR 5Tk 85 H R THR & IR B AR
TR ARSEPE RN 2SR B[] (A 56 R B SHE R T 0.85 B, Z2BR oT sk R /M AR 8 22 & gk i 10 4>
IR A FH AR ARAE A
1.3 BRI RAL)  ROKS B A 0

V7 R RS9 50 A7 e B (esv) FIIASE AR 5 (asc ) JNZRE] MaxEnt H 20T 75 AR ARSI 726 1 A9 78 A 1
A X, FRBISEE BT  BEALIEE 75% F1 25% B #5345 BEAE Il 2R 4E ( Training data) FI a4 ( Testing
data) , i 4% 3 (Output format) BE#E Logistic , 5 52 I 25K EX ( Replicates ) 10 YK, 8 &2 %48 77 3 ( Replicated run
type ) ¥EHF Subsample, F JJ )k 153 245 A5 15 0 00000 A5 78U 14 53 iR %, 38 47 A1 i 7 i 28 ( Create response
curves) , IEAN, MaxEnt F: 7 (4 v Aff 1 R0 000 RS B A2 18 5 65 A0 FVERAE 2045 B 2 BB M 5 K AR AF 52
it R A kuenm {RALSHOR GRS BERLA , ZEEIIHK T MaxEnt £ 40 AN JEFE AR [ 0—4 ] Fl 29 Fvi
fFE4H47L,Q,P,T,H,LQ,LP, LT, LH, QP, QT, QH, PT, PH, TH, LQP, LQT, LQH, LPT, LPH, QPT, QPH ,QTH,
PTH,LQPT,LQPH,LQTH,LPTH,LQPTH ] %% 1160 FI &84 & , 5 #£+#F delta AICc( The minimum information
criterion AICc value. delta. AICe) fe/IME XTI BSE04H & HE 7 MaxEnt Fy (28200

FIH A2 TARRAE T Z T AR (AUC) PPN T 25 5L kG 57 22, 24 AUC {24 0.5—0.6 B AR FII R A
P AUC {4 0.6—0.7 Bsf ARSI A A 458 2% 5 AUC B 0.7—0.8 Bf A5 0 330 4 Sk — it ; AUC {B 0 0.8—
0.9, ABSHI FU AR 4f 3 AUC H KT 0.9 Bt BRI UM Ry 4>
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1.4 ArcGIS 4b3

¥ MaxEnt BEELZFTIILE T A ArcGIS W1, A TAE sUFE AT 20 2612 SR 45 (B B 2 3k g J iy
it R B3 £E 25 0 143 R DU | 43 B R AESE 2R X (0—0.2) MGEZE X (0.2—0.4) Hui 41X (0.4—0.6) i 2k
X(0.6—1) , dfiiixd & AR 45 5 52 1 FH IS A XS & 122 Attribute Table H A EE Le 14603515 2]
TG A FEG AR L, [ ArcGIS 4#if4: SDMTools #1510 22k ( Centroid Change ) DR ARAIAUA N1 2E IX.
L5 M i A XA HL R RS O ) S AR

2 HFRESHN

2.1 BOBRALS SR B TA

FET G Y 63 AT FARE AR 23 A0 25 10 DN IRBE AR i i H R 1B F kuenm 17 1% MaxEnt #5278 7 41
SEEERWT (1) o FEMT AR 7E A8 A X BN ) S S8 & R . AR IE = LQ A £F
=08, FEILSEAE T e/ Ma BHEN AlCe /R 0, K T BRINE,

FIFH AUC {EITAS BRI BE , XEAS [R AR AR [R) S S V% AR R o8 (R T e A3 A X HEA T 0, &5
FYIZEE AUC [ERIALE AUC KT 0.9, 3w TREPLEA AUC {E(0.5) (F2) . BLHIZBLA T 45
SR A e B R RN AT A B BV A A 43 A1 AEADL 45 SR 5 T BB A SIEBR o A Y0 LA 7 e B — 3k

% 1 MaxEnt #=%! kuenm 4L IEMNF54R

Table 1 Evaluation metrics of MaxEnt model generated by kuenm

Byt HAFFE L /MR BHEN] AlCe

Type Feature combination Regulated magnification The minimum information criterion AICc value
2RIN Default LQPH 1 151.75

fitfk Optimized LQ 0.8 0

LQPH : £k M4HME ( Linear features, L) + "R AEVEEAE ( Quadratic features, Q) + FEFLIUEEAE ( Product features, P) + F BrfL4FAE (Hinge
features, H) ; LQ: ZEPHEAFAE (Linear features, L) + “YRIARE (Quadratic features, Q)

%2 MaxEnt EEFIEE AUC &
Table 2 AUC of prediction accuracy of MaxEnt model

A S PIZEE AUC fi WL AUC ff
Decade Climate scenario AUC value of training data AUC value of test data
1970—2000 0.9397 0.9348
2030s (2021—2040) sspl26 0.9378 0.9379
ssp245 0.9378 0.9379
sspS85 0.9378 0.9379
2050s (2041—2060) sspl26 0.9378 0.9379
ssp245 0.9378 0.9379
ssp585 0.9378 0.9379
2070s (2061—2080) sspl26 0.9378 0.9379
ssp245 0.9378 0.9379
ssp585 0.9378 0.9379
2090s (2081—2100) sspl26 0.9378 0.9379
ssp245 0.9378 0.9379
sspS85 0.9378 0.9379

AUC : Z i TAEFFE 28 F T AL Area under the receiver operating characteristic curve ; SSP : #E5E4E 2 2835 4% Shared Socioeconomic Pathways

2.2 SRR AR A ) S B A
WRIGAERLIRA TR (3R 3) R R AR 7 A DT kR AR B R 8582 D 4R 2 il (bio 1) (R 228
WK IR (biol8) AFIEME(bio3) (il BE 4 MEAR AL AR IEZE (biod) (H T F BV IIIRIE (bio9) , H R TRk RNy
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94.4% ; A A FREE K719 AUC {8 (1) 3R W] e 18 2= 2 ~F- MR (bio10) (AR 7K B (biol2) (4R i
(biol) JRIEZERE /K (biol6) (SRR (bio3 ) X ¥ iAAA AR 7E v ] 4 P PR A A0 A TR e A K, 28
VA B B R AP35 il (biol ) dRe MR 22 LR /K (biol8) (AR [ K R (biol2) | fi R 2 243 BE (biol0) £
TR O WA i DV A B A R 32 AR

x3 ETEMHRRTERERE

Table 3 Percent contribution of major environmental variables

AR B ik BURR{E %
Environmental variable Description Percentage contribution
Biol AEEH)S I Annual Mean Temperature 28.6
Biol8 IR ZEE K & Precipitation of Warmest Quarter 28.4
Bio3 ZERE Tsothermality (bio2/bio7) x100 26.9
Bio4 BT AR AL AR ZE Temperature Seasonality 6.1
Bio9 fix TSP EE Mean Temperature of Driest Quarter 4.4
Biol9 1% ZE 7K & Precipitation of Coldest Quarter 1.4
Bio8 IR ZE 443 % Mean Temperature of Wettest Quarter 1.4
Biol0 F % 25 447 Mean Temperature of Warmest Quarter 1.2
Biol2 4ERE K Annual Precipitation 0.9
Biol6 IR ZE R 7K & Precipitation of Wettest Quarter 0.7

D W A A
biol
biol0
biol2
biol6
biol8
biol9
bio3

bio4

¥ 5545 8 Environmental variabe

bio8
bio9
AR
0.65 0.70 0.75 0.80 0.85 0.90 0.95
ZRHE TAERFE M2 R A

Area under the receiver operating characteristic curve

1 MaxEnt #EBNFEETEEFH AUC
Fig.1 AUC value of environmental variable factors predicted by MaxEnt model
AUC: Zik#E TAESRAE 4k T M FL Area under the receiver operating characteristic curve ;biol ; #FT i Annual Mean Temperature ; bio10 ; 5
Z SR E Mean Temperature of Warmest Quarter; biol2; AE [ /K & Annual Precipitation ; biol6; Fi 12 P [ K Precipitation of the wettest
quarter; biol8 : F% % 2= i [ 7K & Precipitation of Warmest Quarter; biol9; i 1% 2% i B /K & Precipitation of Coldest Quarter; bio3; 45 i 7
Tsothermality ; biod ; #2515 P A8 (b A5 1 2% Temperature Seasonality; bio8 ; i 25 B - Y7 BF Mean Temperature of Wettest Quarter; bio9; iz 1=
- 135 )% Mean Temperature of Driest Quarter

2.3 BUCRMRIGEL T i AR AL Hh AP RIS 2R 20 A X
HIHT ArcGIS #4 MaxEnt AT HH A 25 RAEAT TR AL BEOFSETH 44 18 A SR AR i b (3R 4518 2) . &5
AR WIS AT NGB T 7 AR A A b Ao 7 0 2 D AR b B AR Y 18.02% , 2 A e
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[l B3 T AR CRIETCAYZRES N St B ZR AL AR BV VE B H R B, BeAh AL b s v s H A
O BV TR DU SN A R A, R RNE AR X 301% B PR T MORER DT R ES R IR
AREE R SR R AR X S A X 5.5% , FEALTALT AR S R LR ARER | N S AR AR Y R A
D OE AR X 5 9.4% , LT AL T PUHS T ARPYT0 S SR VTP L PN St ZR AL L L AARH TR AL &R H
N

R4 RREBEFRTEHREHBREDENBESEXERA SRS/ %

Table 4 Potential suitable area of shoot blight of larch in China under future scenarios

R R i A X HE A X o A X FEE A IX
Decade Climate scenario Highly suitable area ~ Moderately suitable area Low suitable area Unsuitable area
AR Near current 3.10 5.50 9.41 81.98
sspl26 2021—2040 1.20 4.76 8.80 84.44
2041—2060 2.30 5.37 7.80 84.53
2061—2080 2.50 4.93 9.16 83.41
2081—2100 3.20 5.95 8.55 82.30
ssp245 2021—2040 2.56 5.23 8.20 83.99
2041—2060 1.81 4.52 8.38 85.29
2061—2080 1.76 5.38 7.52 85.34
2081—2100 0.98 3.79 9.02 86.20
ssp585 2021—2040 2.26 5.40 7.45 81.90
2041—2060 1.51 4.66 9.67 84.88
2061—2080 0.65 2.43 8.57 88.34
2081—2100 0.55 2.67 8.91 89.13

2.4 SRR R T AR BT TE A1 X A2 Ak

ARG T T WAk A s 70 v 1 A T A AR
DX T FEURIT S i A L 20 i s (R 4) , B0
ZRAumAedL VG e A Y

gk (0 & AR UF (I 3), ] 2021—2040 4,
2041—2060 4F . 2061—2080 4F 2081—2100 4E7% - HA K
R 7E TP [ 0 W 7R 3SR X A B AR WO D F)
15.56% .15.47% . 16.59% . 17.70% ., H % 30 AR <5 17
S, AR TE ARG R 7 AR T AR A A
Ryl A X TS AR X 7R SRR B kR A

0 450 km
JI—

[T (& 4), 3 2021—2040 4 ,2041—2060 4, 2061— ﬁ*iﬁiﬁ NE PR
2080 4F 20812100 45 #& I A Al A5 7 ] A 185 7 T (ﬁgi% 3

AR DT B E K D B 16, 01% . 14. 71% , 14. 66% | W X o
13.80% . v i i Az X AT B i 7 o [ AR b st X, (HH -

RAEK k- NI I S NG U el 11 SN 7 T [ EH2 HAREETENHREEHRETENEEBEN TR

W%ﬁ;}:\%ﬁ%ﬁﬁj\iﬂj‘gﬂgﬁ /_;Efi"[?l}%’%gﬁ}i&[zm1&iﬁ H: Fig.2 Potential suitable area of shoot blight of larch in China

DA g AT A X, 7 P R R R F e 4z Je gty vnder current climate »
e Sf U T R R B U U R B R O T (hups://

—F ( lzl 5 ) s @J 20212040 f‘i N 2041—2060 ﬁi N 2061— www.resdc.cn/)

2080 4F- . 2081—2100 4 7% M- Ay K495 78 r [ 8 78 78 5

A DX AR 7 B 3 18.10% (15.12% 11.66% (10.87% , 12T, T8 R R RS 6 76 H 1] 4 b 3t X A 3 A= 1

B AR A Rt — A TR FE A E VY R PG R DX A MR A R AR A XU i AR X

http ; //www.ecologica.cn



73 KF = AR AR R R T A TS AR 3033

S 1511 =

WEAERNA | | s ] RS [ JEAX - S A X
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Fig.3 Potential suitable area of shoot blight of larch in China under future scenario (ssp126)
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Fig.4 Potential suitable area of shoot blight of larch in China under future scenario (ssp245)
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Fig.5 Potential suitable area of shoot blight of larch in China under future scenario ( ssp585)
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AR ORI A A R AR A PR A AT | AR 24 AT Ao v A At A A v I P 9 i 2 X AR — 22
B, MRAEVE AR AR 7E PR AEE AR XA B A R B (1 6) |, TR I 18] B P 7 A At A o DO 2 318
FELRE i [ 2R b ARt 7 R DX IO A

3 it

3.0 SRR AR o A PR R AL

TG 1 HH BT 75 AR A R o 0 A B2 MEVROR A 10 BRI AR v, JH: Hp 53 B2 AR S A PR3 78 S 1) BT ik 3R
) 67.6% , 5 FEKAHOCHY PREE A8 10 1Y TTHR AN 58.3% , d5c 10T 1Y — JTURIF 5 AL 7 W IR, P88 R 65 g /A R L T 3 1140 4
AT S RS ) AR R T SR V8 ARG A I 1 e 3 A 114 5 PR A A R A AP 2 R L e
BRI ARRK R el 2R TR i nT R 2 e I 2 B )l A% {7 e A S TR LG R )
IR AL T A S P A B 25 ) 32 D T 4 e T e B0 35 K A, 3X 5 2B i 0 PP 7 A A A o 7 o [
s KU XY 7 .8 H A3 R s WA 5 o AT AN 368 a5 DR i o i 24 BR3E BL v I R R 0 2
F18 B i e 2 2 8 - P43 BE Y LN 10.1—24.0°C 3K $20T ST BT ZE B 7 I RAR A o B 0 1) e i i 4 i 9
FEl 15—27°C | BT AR ek 14 e HBU(EL Y L 5 T O I o 2 R AR — B, BRIRLEE ST | R/ AE T4 R A 95
PRI A% 36 T AR T v I MR A o T 1) 08 3 1 2 A 981 45 A R R i WK BT 1, Jim 22 R Ktk
Y ST O FAR A ] DRI A DAL e 2 2 P I R R R I T 90 245 70 06 320 T A T B
3.2 AURASAL T v AR AR AT AR A X AR AL

AR AW R RIS RE 0 AR AL R 2 R T 0 oA, AN TR 54 3 st e S b A 9 LA
[a], A Pt 2 S BRI B DX R B R AR A, X TR T &, RS A 2 (AR s 3 10 vog 26 2 %
B ARAEABIFSE v i AR AR (19385 26 0 RO B0 A SR B0 1) i 25 FE e RS i R s, X T AR phy T R BREG
AR )L A R T R MR P AR R A T 1P A 2 ) B
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Fig.6 Centroid migration and change of shoot blight of larch suitable area under future scenarios
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Fig.7  Distribution of the main hosts of shoot blight of larch
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