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Abstract: Rubber tree is one of the “Three Trees” of Hainan, and it is cultivated in several cities and counties across the is-
land. Rubber tree powdery mildew is a typical airborne fungal disease that occurs annually, severely affecting rubber yield and
tree health. This study analyzed the potential airborne dispersal pathways of rubber tree powdery mildew spores from Febru-
ary 1, 2021, to March 31, 2023, with a focus on Baoting as the starting point for spore diffusion. Using the Lagrangian Hybrid
Single-Particle Trajectory (HYSPLIT) model, airflow trajectories at various altitudes were simulated, and trajectory clustering
analysis was performed with TrajStat software and the MeteoInfoMap platform to identify representative air mass transport
paths. Results indicated that Baoting was the earliest outbreak area of rubber tree powdery mildew in Hainan, where airflows
predominantly spreaded southwestward and northwestward, covering neighboring regions such as Sanya, Ledong and Wuz-
hishan. This suggests that spore dispersal via airflow may accelerate disease progression in the areas. Additionally, the study
found that the spatiotemporal dynamics of spore spread primarily occurred from January to April each year, coinciding with
the spring temperature and humidity conditions in Hainan and the phenological stages of rubber trees. The average budburst
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and disease onset times in Baoting preceded those in other regions, further the importance of Baoting as an early monitoring
and warning site for powdery mildew in rubber trees. In conclusion, this study reveals the regional spatiotemporal transmis-
sion patterns of powdery mildew spores in Hainan island through the simulation and analysis of airborne spore dispersal
from Baoting. The findings would provide scientific evidence and technical support for the formulation of targeted regional
control measures, contributing to the effective management of powdery mildew and the stable development of Hainan’s
rubber industry.
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dynamics
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Fig. 2 Disease monitoring network in rubber tree
planting areas of Hainan
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Fig. 3 Annual spore density of Erysiphe quercicola and temperature-humidity data in Baoting from 2021 to 2023
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Fig. 4 Forward airflow trajectory simulations at different altitudes with Baoting as central point from 2021 to 2023
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Fig. 5 Backward airflow trajectory simulations in different rubber planting areas in Hainan island from 2021 to 2023
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1.55+3.87
2.63+4.04

6.57+13.57
( 4 7.76+14.95
> omm - z - 9.13+15.19

: 11.87£17.50

12.98+23.19

W 15.25+21.34

W 15.96+20.11

W 23.57+27.08

20.0°N

>z

19.5°N

19.0°N [

18.5°N -

108.5°E 109.0°E 109.5°E 110.0°E 110.5°E
B 7 2021—2023 FigmEEERE BB mREEREL
Fig. 7 Powdery mildew disease index in major rubber
planting areas of Hainan from 2021 to 2023

3 itig
RS B AT AR YA A I . BEE . R SR

M, HAR Qe s B, YAl FHEm R 2 h
JE BRI P RS 3 d JRIE A AT . T R B
FEA KRR M EA T, AT AR P R
MR G S BRAAAE IS B, A2 IR et e e 9 4
SAFHIR I L AN, 7E 25 TR, PR B TE 4
MR BN 4 d, EIREGMFEF BN
7d. HTHMEHEFZKERZH . WaE =
YA G () e [R50, i T DX P s 7 v i 30
MG & AR TN 4% o BRI R 43 2B 16+
[ & S5 E AT 892, FETREE R 5~35 °C | FHXHE
FE R 10%~90%VA 2 pH R 6~8 I IAEE T3 AT 5 A&,
{HAEA R AIRIE BE Y FEL N, Ol R RCRAETE B
SN HE 15~20 CHRIESAE & 28 CHIER
FEAMETR, MM A RRED . Wik, B
FEIE X ARG B R 25 B8 = e, S
R AR AR B R R AR B, SRS AR
R A AT 9 1 AR AT
AR, PRss BRI AR AR R ik
I AR R LK, A I AT T R A K B
(AR B T RV A M IX 0 T2 M X (R AR
DRI, A X637 A2 i 0 A28 T DX sl I 3 5 7
Rt mEE, flan, RiAEfRss B R F A AL
0 1) b P 1 DX SR AR R s B AW R B I
B, DA ENELE, A, RN,
B R AT Y B T TRAER 1—4



1730 o AE A F AR

% 46 &

X s 10 5 7 R B R 2 TR B A R IR B 4
BN AE G, W B i — 20 BoR, R R
I S8 kv A B0 R R e R B (] 2 43 5
Fof b IX, 28 H T PR S EAE AR R ks 50
AV T b %) B

AT GG S PR 2k T A = A o L T
RGNS ez SR SIEE , HoR MR
JE L FAE TR A E TSR G i, Ak, BEE
6L A HE A AR 1 v 2 i FORA ARG, T
T B 1 R AT N vk R B A 1 g A PO
HYSPLIT A58 ] B 15 1) B B 46 7 19 ok R Fn 4%
B I B Nz B S Y
U BE 1 7 RS UL B R 96 10 S R AR Ak
T A B 4 W7 6 10 F 52t AR b 3 2t 37
DX P52 il AR BRI HYSPLIT A5
T} R [0 7R B i i A /N2 SR 0 TR IR A T R
A AT, WA T T 101X 30 T D s B >
INFE SR R R AT A, E S PUR
HYSPLIT BIRIERSE T 3K E b7 4 X R
AL RE AR S 25 1] AR WFFE A F HY SPLIT 452 7U %6f
2021—2023 4F 2—3 H = BARBH 118 13 96+
IVETEY B AR IR AT T R BE B e L, A4l 2
REIR, RS BAR RS (0 1R 96 7 ] BERE I 7]
PO FIPEIL Ty A4, FER M =W, SRR E
FLHR LTI S M5 Bl A A b DX B 1) I AR 4
B, DXEHE XA ok H AR B AR L4
e I 22 B 0 A7 A S0 A B AR A s RO TE R ) g
B WAL Ty i AR B AP AR 25 5%, BEZ RN
ML IRERE . I KRS RELRIER
SRR I , SRR A E— e m2E, 1
2021—2023 4 AR AL 35 M S5 R RE A DL 75 25
PRS2, HYSPLIT Bk 43 A AUE R o8 3 1+
Bifi AL ) ) PR AT REME T AR W A U iR
o WF 5% A iy 2k 2 P 0 A7 0 S5ORT AR DT R £ T
OESC AN

SR, st ELRL RS X AT AR R T e AR IR
B R A 0 B T e, R 4 o T B A A
PEESCEZ A WIS BUESE . TR SR
TSR, A BT iR RN, DI R
Je 7=l e R T Rk 2 R . BRI, RSB 44
Jith I 45 A AL S AR ARG A, AT BT R
v ARG DX IS s o W S5 48 B, DA ARG il
FIR % 12— 25 9 1l

2% 3Tk

[1] LIYANAGE K K, KHAN S, MORTIMER P E, HYDE K D,
XU J, BROOKS S, MING Z. Powdery mildew disease of
rubber tree[J]. Forest Pathology, 2016, 46(2): 90-103.

(2]  BLE, ok 2021 4 E N PRI B #2022 4F
JEER[). b PR, 2022(4): 5-11, 53.

MO Y Y, YANG L. Global natural rubber industry situation
in 2021 and prospect in 2022[J]. China Tropical Agriculture,
2022(4): 5-11, 53. (in Chinese)

[3] LIANGXY,MAZ KEYH, WANGJL, WANG LF, QIN
B, TANG CR,LIUMY, XIAN XM, YANG Y, WANG M,
ZHANG Y. Single-cell transcriptomic analyses reveal cellu-
lar and molecular patterns of rubber tree response to early
powdery mildew infection[J]. Plant, Cell & Environment,
2023, 46(7): 2222-2237.

[4] Ak, 83 SCEE, TR, Far . AR R S B R

AU 5 R R (1] 2 T E R, 2023, 21(7):
2423-2431.
YANG H, HU Y Y, ZHANG Y, WANG L F. Present situa-
tion and application prospects of powdery mildew prediction
technology of Hevea brasiliensis Muell. Arg[J]. Molecular
Plant Breeding, 2023, 21(7): 2423-2431. (in Chinese)

[5] LEVETIN E.
gens[M]/YATES M V, NAKATSU C D, MILLER R V,
PILLAI S D. Manual of environmental microbiology.
Washington, DC: ASM Press, 2015.

[6] ARIAS J H, GOMEZ-GARDENES J, MELONI 8§,
ESTRADA E. Epidemics on plants: modeling long-range

Aerobiology of agricultural patho-

dispersal on spatially embedded networks[J]. Journal of
Theoretical Biology, 2018, 453: 1-13.

[71 SAVAGE D, BARBETTI M, MACLEOD W, SALAM M,
RENTON M. Seasonal and diurnal patterns of spore release
can significantly affect the proportion of spores expected to
undergo long-distance dispersal[J]. Microbial Ecology, 2012,
63: 578-585.

[8] AYLOR D E. Spread of plant disease on a continental scale:
role of aerial dispersal of pathogens[J]. Ecology, 2003, 84(8):
1989-1997.

[91 AYLOR D E. Biophysical scaling and the passive dispersal of
fungus spores: relationship to integrated pest management
strategies[J]. Agricultural and Forest Meteorology, 1999, 97(4):
275-292.

[10] SCHMALE III D G, ROSS S D. Highways in the sky: scales
of atmospheric transport of plant pathogens[J]. Annual Re-
view of Phytopathology, 2015, 53(1): 591-611.

[11] RADICI A, MARTINETTI D, BEVACQUA D.
Early-detection surveillance for stem rust of wheat: insights

from a global epidemic network based on airborne connec-



578

JHA5ES . HET HYSPLIT A7 A i3 g 8 AR A B A T AL Rl i A S I == 3l

1731

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

(20]

tivity and host phenology[J]. Environmental Research Let-
ters, 2022, 17(6): 064045.

STRONA G, CASTELLANO C, FATTORINI S, PONTI L,
GUTIERREZ A P, BECK P S. Small world in the real world:
long distance dispersal governs epidemic dynamics in agri-
cultural landscapes[J]. Epidemics, 2020, 30: 100384.

STEIN A, DRAXLER R, ROLPH G, STUNDER B,
COHEN M, NGAN F. NOAA’s HYSPLIT atmospheric
transport and dispersion modeling system[J]. Bulletin of the
American Meteorological Society, 2015, 96(12): 2059-2077.
ANASTASSOPOULOS A, NGUYEN S, XU X. An assess-
ment of meteorological effects on air quality in Windsor,
Ontario, Canada-sensitivity to temporal modeling resolu-
tion[J]. Journal of Environmental Informatics, 2008, 11(2):
45-50.

HOU H, REN H, ROYER P, YU X Y. A geospatial risk
analysis graphical user interface for identifying hazardous
chemical emission sources[J]. Peer], 2023, 11: ¢14664.
APANGU G P, ADAMS-GROOM B, SATCHWELL 1],
PASHLEY C H, WERNER, M, KRYZA M,
SZYMANOWSKI M, MALKIEWICZ M, BRUFFAERTS N,
HOEBEKE L, GRINN-GOFRON A, GREWLING L,
ROLDAN N G, OLIVER G, SINDT C, KLOSTER M,
SKJOTH C A. Sentinel-2 satellite and HYSPLIT model
suggest that local cereal harvesting substantially contribute
to peak Alternaria spore concentrations[J]. Agricultural and
Forest Meteorology, 2022, 326: 109156.

WANG H, YANG X B, MA Z. Long-distance spore trans-
port of wheat stripe rust pathogen from Sichuan, Yunnan,
and Guizhou in southwestern China[J]. Plant Disease, 2010,
94(7): 873-880.

CHEN W, NEWLANDS N, HAMBLETON S, LAROCHE
A, DAVOODI S M, BAKKEREN G. Optimizing an inte-
grated biovigilance toolbox to study the spatial distribution
and dynamic changes of airborne mycobiota, with a focus on
cereal rust fungi in western Canada[J]. Molecular Ecology
Resources, 2024, 24(6): ¢13983.

KORACIN D, VELLORE R, LOWENTHAL D H,
WATSON J G, KORACIN J, MCCORD T, DUBOIS D W,
ANTONY CHEN L W, KUMAR N, KNIPPING E M,
WHEELER N J M, CRAIG K, REID S. Regional source
identification using LaGrange stochastic particle dispersion
and HYSPLIT backward-trajectory models[J]. Journal of the
Air & Waste Management Association, 2011, 61(6):
660-672.

CAO X, XU X, CHE H, WEST J S, LUO D. Effects of tem-
perature and leaf age on conidial germination and disease

development of powdery mildew on rubber tree[J]. Plant Pa-

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

thology, 2021, 70(2): 484-491.

X, Z=EAE, AW, FIA, HEs. B AR E >
A 0L W SR A S A I T R RIS 0], 7 P RO 2 4R
2014, 27(1): 151-155.

LIUJ, LI G H, ZHOU M, XU L Y, XIAO C Y. Study on
conditions of conidial germination and survival time of
Oidium hevea€e[J]. Southwest China Journal of Agricultural
Sciences, 2014, 27(1): 151-155. (in Chinese)

LIYANAGE K K, KHAN S, BROOKS S, MORTIMER P E,
KARUNARATHNA S C, XU J C, HYDE K D. Taxonomic
revision and phylogenetic analyses of rubber powdery mil-
dew fungi[J]. Microbial Pathogenesis, 2017, 105: 185-195.
ZHAI D, WANG J, THALER P, LUO Y Q, XU J C. Con-
trasted effects of temperature during defoliation vs. refolia-
tion periods on the infection of rubber powdery mildew
(Oidium heveae) in Xishuangbanna, China[J]. International
Journal of Biometeorology, 2020, 64: 1835-1845.

TR, XISCHE, MREE, AR, B TE. BT AT
25 245 ST QB 11 s TR FRARAE Y (7], U Rl
2, 2020, 33(4): 797-804.

YEJQ, LIU W B, LIN C H, ZHENG F C, MIAO W G. Es-
tablishment of prediction model of rubber powdery mildew
based on artificial neural network[J]. Southwest China Jour-
nal of Agricultural Sciences, 2020, 33(4): 797-804. (in Chi-
nese)

FIZE, 257, BRICAK, X7, B/, aRifet. R
i ORI 1 TR /5 T K 0 ¥ B A AR BEARE 11 43 99 ) e [
TR A4, 2019, 46(4): 770-778.

BAIR,LIN, CHENH L, LIU S J, CHEN X M, ZOU H P.
Influences of atmospheric circulation index and surface me-
teorological elements on the rubber tree powdery mildew in
Hainan province[J]. Journal of Plant Protection, 2019, 46(4):
770-778. (in Chinese)

GAO S G,LUOJY,ZENGR, XUL H, CHEN L, DAI F M.
Application of intelligent spore capture system in prediction
of cucumber downy mildew and cucumber powdery mil-
dew[J]. Trends in Horticulture, 2019, 2(1): 36-45.

ZHAO Y C,LIU S G, HU Z H, BAT'Y, SHEN C, SHI X Q.
Separate degree based Otsu and signed similarity driven
level set for segmenting and counting anthrax spores[J].
Computers and Electronics in Agriculture, 2020, 169:
105230.

SADYS M, KENNEDY R, SKJOTH C A. An analysis of
local wind and air mass directions and their impact on
Cladosporium distribution using HYSPLIT and circular sta-
tistics[J]. Fungal Ecology, 2015, 18: 56-66.

APANGU G, FRISK C, ADAMS-GROOM B, SATCHWELL
J, PASHLEY C, SKJOTH C. Air mass trajectories and land



1732

O AE B F R

%46 &

(30]

cover map reveal cereals and oilseed rape as major local
sources of Alternaria spores in the Midlands, UK[J]. At-
mospheric Pollution Research, 2020, 11(9): 1668-1679.

FRFR, XE, 2R, e, Hre, w5, i,
XU, W/INVE, JEREAR. BT T M A AR By v o
ZNFLFIRERAIR/OL). AR, 1-17. (2024-12-
10)[2025-01-09]. https://doi.org/10.16688/j.zwbh.2024547.
WANGAL,LIUY,LIX W, LIP L, GEH M, HAN F Q,
FAN J R, LIU W, HU X P, ZHOU Y L. Identification of

wheat stripe rust transport pathways for re-colonization on

[31]

winter-wheat of southern tip of Liaodong Peninsulausing
backward trajectories[J/OL]. Plant Protection, 1-17. (2024-
12-10)[2025-01-09].  https://doi.org/10.16688/j.zwbh.20245
47. (in Chinese)

S5t LT DX/ FURY BRI R B35 % 22 e AL R <
WD dbat: ELOLRARE, 2022.
WANG G. Population genetic diversity and trajectory analy-
sis of Blumeria graminis f. sp. tritici in north wheat re-
gion[D]. Beijing: Chinese Academy of Agricultural Sciences,
2022. (in Chinese)



