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Fig.1 General situation of study area
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Table 1 Calculation formula of vegetation index
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Fig.2 The distribution of meteorological stations
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Fig.3 SEIR model development process diagram
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Table 2 Correlation coefficient matrix of features variables
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Table 3 Correlation coefficients r and P values between

the preferred variables and the incidence
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Fig.4 Model verification results



576 &K

R 5

37 &

Rust B 8 i) 70 0 45 ¥ & & (R*=0.79, RMSE=
0.10, MAE=0.09) , J: " R 43 5| tt BPNN £ & |
SVR A& A A1 MLR #5555 0.18,0.28 1 0.27, RMSE
23 % 0.05.0.06 1 0.05, MAE 43 $I1& 0.04 .0.02 Fl
0.04 ; BPNN #5% & 15 JU K5 B2 AL T MLR A A, SVR %
TR TR B AN, e A T ASE RS B HE S A
SEIR-StripeRust 1 % >BPNN # 1 >MILR ## %l >
SVREEH , J5 RI7E T SEIR #6 B J& — S HE A [a] i
WY 9 3 00 003 JE AR 5 B A IR Y 1Y SRRl L
WA /NEZFFERZEKEER(KLHEFHNDVD,
I E LR W F M NDVI A AL E , K I SEIR-Strip-

eRust 152 7 0] DLA7 & WM /N 22 8508 & i . i
BPNN.SVR Hl MLR £ % it = F )55 3% Wi 17 2 Hl
PRS2 FE, Hoh BPNN B R 25 5 [ A Je 5 $5 A Fl A
2 5] fig )it i T BOR AR 12 KRR S BT  MLR
LAY T AR 7 B, (H T M BB ) A 25 SVR B AU rh A i
K LA M #% 2 $ ) v S 2, HO RS T 7 il ke — %
JeIm) L, AE 1 AR 2 A 2 v 45 R rp sz R
BPNN ., SVR fil MLR ##% % il ] %5 &£ ik T SEIR-
StripeRust B8 o 3% B 2012 4 11 4~ I Hiz B A R 5
UE %4 4 , SEIR-StripeRust £ % | BPNN £ 7 | SVR
AR ML IR A5 7R (10 T8 00 K5 8 0 5% 5 BT o

x5 BRBWIER
Table 5 Model validation results
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Fig. 5 Spatial distribution of stripe rust incidence in wheat

HUBR A T, H# 7. A SEIR-StripeRust 45 51 75 47 &
i (R°=0.79, RMSE=0.10, MAE=0.09) , f F
AH [F] 80U D N BPNN B MLR 888 fil SVR 5
T () TR B, %6 W SEIR-StripeRust #5 % fg % 4 3¢
T B RRE () /N A SR e R R A A AR B
I 32 [ A 45 22 YR BCHE e 8 4R 5 /D 2 A% e T
KB

AL FEHRRMEILHN FHHEBEREEE
SEIR A5 2 7000 % 95 2 10 o] A7 1, 48 B 38 R 1Y
TIOORG B, AF SR T 52 2138 B ECR R B 5T X A
b T R A Rl A S A5 0 SR BR 23 X6 2 e T
R B T L — S WS . 22 0 TR SR 4R TR IX I
22 B 2 TR N2 % 0 B O % B A B iy
PR 2R (o o 5 P 25 ) 7 32 2 i 238 1 U IR -, MR
ARSI E T EABAL S8, i — PRI
50 IE 2R Y T /N 22 5% 85 e R e 2 I T ORG RN

5 % Lk (References) :
[1] Ma Zhanhong. Researches and control of wheat stripe rust in
China[J]. Journal of Plant Protection, 2018, 45(1): 1-6.[ &
A P N SR BT S B R L] A R e i
2018, 45(1): 1-6.]
[2] Zhang Shanwen, Wang Zhen, Wang Zuliang. Prediction of
wheat stripe rust disease by combining knowledge graph and
bidirectional long short term memory network [J]. Transac-
tions of the Chinese Society of Agricultural Engineering,
2020, 36(12): 172-178.[ iK% 3¢, THk, THLE . 45 45 MR
V] i 5 300 o] - L I S AZ P90 265 14 /N 22 2% 5 0 B0 [T ). Aol T
P24, 2020, 36(12): 172-178.]
Kang Zhengsheng, Wang Xiaojie, Zhao Jie, et al. Advances
in research of pathogenicity and virulence variation of the
wheat stripe rust fungus puccinia striiformis {. sp. tritici[J].
Scientia Agricultura Sinica, 2015, 48(17): 3439-3453.[ B
Ao, BB, RS, S /N SRR T Bt R H AR S F 5 ik
JELI]. A B, 2015, 48(17) : 3439-3453. ]
WulH, YuR, Wang HY, ez al. A large—scale genomic as-
sociation analysis identifies the candidate causal genes confer-

ring stripe rust resistance under multiple field environments



578

]‘:TE"_

I 37 %

[5]

[6]

[7]

[9]

[12]

[13]

[14]

[J]. Plant Biotechnology Journal, 2020, 19 (1) : 177-191.
DOT:10.1111/pbi.13452.

Wang Xiaojing, Ma Zhanhong, Jiang Yuying, ez al. Oversum-
mering regionalization of puccinia striiformis f. sp. tritici based
on the meteorological data in China from 2002 to 2012 [J].
Journal of Plant Protection, 2018, 45(1): 124-137.[ F B,
oo, 2 R Y AF T 2002~ 2012 4R R B 1 R E N A
25 TR M L X R [T]. A R o 4R, 2018, 45 (1)
124-137.]

Chen Siyuan, Jing Xia, Dong Yingying, e/ al. Detection of
wheat stripe rust using solar-induced chlorophyll fluorescence
and reflectance spectral indices[ J]. Remote Sensing Technolo-
gy and Application, 2019, 34(3): 511-520.[ BRE g, S0,
AR, FLOET IO S e R IO S R RO /N
2550 RS (7], @ R 5% A, 2019, 34(3)
511-520.]

Hu Gensheng, Wu Wentian, Huang Wenjiang, e al. Applica-
tion of PSO-LSSVM in wheat powdery mildew monitoring
[J]. Remote Sensing Technology and Application, 2017, 32
(2): 299-304.[ WM/, SRINK, BESCUE, 46 R T REALAL Y
He/IN T3 SR 6] i MLAE /NFE PR 0 D e B R (] S
HARGRH, 2017, 32(2): 299-304.]

Gao Yuan, Jing Xia, Liu Liangyun, etz a/. Remote sensing
monitoring of wheat stripe rust based on multiple Kernel SVM
[J]. Journal of Triticeae Crops, 2020(1) : 1-9.[ & , 35 & , X
Koz, 5 BT 2SR ) SEALIY /N 2% 5 o 38 S 0 1 5
[J]. Z2RAE 4L, 2020(1) : 1-9. ]

Duan Weina, Jing Xia, Liu Liangyun, ez a/. Monitoring of

wheat stripe rust based on integration of SIF and reflectance
spectrum [J]. Spectroscopy and Spectral Analysis, 2022, 42
(3): 859-865. [ Bedealy, 5ed, MR =, % . A SIF ARG
ST 9 /N 22 2 85 0 1 R I [ ] 063 2 561 43 b, 2022,
42(3): 859-865. ]

Zhang Xiaoyan, Hou Xuehui, Wang Meng, ez a/. Study on re-
lationship between photosynthetic rate and hyperspectral index-
es of wheat under stripe rust stress[ J]. Spectroscopy and Spec-
tral Analysis, 2022,42(3) : 940-946. [ 5k B¢ # , f 22, +
A, S /NSRBI I0 R O A AR SOG4 BOR R AT IE
[T %2 5615 41 Hr, 2022, 42(3) : 940-946. ]

Zhang Xuexue, Wang Bin, Tian Yangyang, et al. Research
progress on the prediction mechanism and methods of crop dis-
eases and insect pests[J]. China Journal of Agricultural Sci-
ence and technology, 2019, 21(5): 110-120.[ sk &<, Tk,
TV, A5 R s S0 AL S D ik PR ke [T op ]
MR S48, 2019, 21(5) : 110-120. ]

Ma Huiqin, Huang Wenjiang, Jing Yuanshu. Wheat powdery
mildew forecasting in filling stage based on remote sensing and
meteorological data[ J]. Transactions of the Chinese Society of
Agricultural Engineering, 2016, 32(9) : 165-172.[ & 2 28 |
OCUE, SOt 3B RS GBI 4 4 BO /N2 HE R T R
L T]. Al TR 2, 2016, 32(9): 165-172.]

Aparecido L ED O, Rolim G D S, Jose Reinaldo Da Silva Ca-
bral De Moraes, et al. Machine learning algorithms for fore-
casting the incidence of coffea arabica pests and diseases [J].
International Journal of Biometeorology, 2020, 64(2): 671-
688. DOI:10.1007/500484-019-01856-1.

Badnakhe M R, Durbha S S, Jagarlapudi A, ez al. Evaluation

of citrus gummosis disease dynamics and predictions with

[20]

[21]

[22]

[23]

[25]

weather and inversion based leaf optical model[J]. Computers
and Electronics in Agriculture, 2018, 155: 130-141. DOI:
10.1016/j.compag.2018.10.009.

Zhang Jichang, Wang Qingwen, Li Zhao, et al. Factor analy-
sis and prediction model study of wheat stripe rust in Han-
zhong city [J]. Journal of Triticeae Crops, 2017, 37 (12) :
1640-1644. [Tk B, E53C, BE1, 4% BUPH/NE 85k
TRAT B S W PR T R SRR R (7] 2 AR A AR, 2017, 37
(12): 1640-1644.]

Wang Limin, Liu Jia, Yang Fugang, et a/. Winter wheat
stripe rust remote sensing monitoring based on GF-1/WFV
data[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2017, 33(20): 153-160.[ THI R, X4, ¥ @
NI, 4% 38 T GF-1/WEFV Bdi i) & /N 22 5% 45 9 3 % e Dl
[J]. Aolk TR 4], 2017,33(20): 153-160.]

Vanderplank J E. Plant Diseases: Epidemics and control[ M ].
New York: Academic Press, 1963: 349.

Wu Li, Wang Liping. The first spring saturating rain in the
east of the Yellow River in Gansu: Effect on wheat organ de-
velopment during the jointing period [J]. Chinese Agricultural
Science Bulletin, 2019, 35(36): 11-15.[ %0, & . HA
AR X FE -G EWXETHELNEEDHERRT
M) pE A AEE A, 2019, 35(36): 11-15. ]

Chen Jun, Zhang Jun, Zhang Weiwei, ez a/. Continous updat-
ing and refinement of land cover data product [J]. Journal of
Remote Sensing, 2016, 20(5): 991-1001.[ BR7E, sk, k%
i, A5 Hb AR B S RE B A B S H BT R S [T]. B
i, 2016, 20(5): 991-1001.]

Bravo C, Moshou D, WestJ S, ez al. Early disease detection
in wheat fields using spectral reflectance[ J]. Biosystems Engi-
neering, 2003, 84(2): 137- 145. DOI:10.1016/S1537-5110
(02)00269-6.

Zhao C J, Huang M Y, Huang W J, et al. Analysis of winter
wheat stripe rust characteristic spectrum and establishing of in-
version models [J]. IEEE International Geoscience and Re-
mote Sensing Symposium, 2004, 6: 4318-4320. DOI:
10.1109/1GARSS.2004.1370092.

Devadas R, Lamb D W, Simpfendorfer S, et al. Evaluating
ten spectral vegetation indices for identifying rust infection in
individual wheat leaves [J]. Precision Agriculture, 2009, 10
(6): 459-470. DOI:10.1007/s11119-008-9100-2.

Rondeaux G, Steven M, Baret F. Optimization of soil-adjust-
ed vegetation indices [J]. Remote Sensing of Environment,
1996,55(2) :95-107. DOI:10.1016/0034-4257(95)00186-7.
Gansu Province Bureau of Statistics. Gansu development year-
book 2011[ M |. Beijing: China Statistics Press, 2012.[ H 4
Geit R . Hol kA% 2011 M. Jbat: hE ge it i hiet,
2012.]

Gansu Province Bureau of Statistics. Gansu development year-
book 2012[ M |. Beijing: China Statistics Press, 2013.[ H 4
it R . Hol kAR % 2012[M . Jbat: s et i hak,
2013.]

Gansu Province Bureau of Statistics. Gansu development year-
book 2013[ M ]. Beijing: China Statistics Press, 2014.[ H it &
giit)m ol R RAESE 2013 M ] bt i E e TR kL, 2014.]
Madden L. V.Botanical Epidemiology: Some key advances and
its continuing role in disease management[J]. European Jour-
nal of Plant Pathology, 2006, 115(1) : 3-23. DOI: 10.1007/s



5 33 FLAER 1145 - 22 U5 K /1N 22 5% 15 i T F 5 579
10658-005-1229-5. 2021, 36(4): 898-907.[ Ry, [ 153, e T, % . T
[28] Shaner G, Powelson R L. Epidemiology of stripe rust of Landsat 8 5 92 I 4 (/K i S U w5 [J]. @R AR 5
wheat, 1961-1968[J]. Technical Bulletin 117. Oregon Agri- N, 2021, 36(4): 898-907. ]
cultural Experiment Station, Corvallis, Oregon, USA: [31] Yao Xiong, Yu Kunyong, Yang Yujie, e al. Remote sensing
1971: 1-36. DOI: http: //ir. library. oregonstate. edu/xmlui/ estimation of woodland leaf area index based on random forest
handle/1957/8858. model[J]. Transactions of the Chinese Society for Agricultur-
[29] Jin Hang,Jing Xia, Gao Yuan, et al. GBRT model for detecting al Machinery, 2017, 48(5): 159-166.[ Wk, &35 , & &
the severity of wheat stripe rust by remote sensing[ J]. Remote T, AR BT R ATL AR RS Y B A T AR RS S A SR (T .
Sensing Technology and Application, 2021, 36 (2) : 411-419. AN LB AR, 2017, 48(5): 159-166. ]
[ &M, 3e i, Mg, 5 AR /N 22 2 70 ™ % (1) GBRT [32] Leng Weifeng, Ma Zhanhong. Precise boundary location of the
BRI [T, B AR 5 0 ,2021,36(2) :411-419. ] wheat stripe rust oversummering areas based on thermal infra-
[30]  Wu Huanhuan, Guo Qiaozhen, Zang Jinlong, et al. Study on red remote sensing[J]. Journal of Plant Protection, 2018,45(1) :

water quality parameter inversion based on Landsat 8 and mea-

sured data[J]. Remote Sensing Technology and Application,

118-123.[ A HidE , o i v . 3L T IR0 A i I /N 2 44 i T
B DORS HE BT ). A O 2441, 2018,45(1) : 118-123. ]

Research on Prediction of Wheat Stripe Rust with Multi—source Data

1,2,3

Kong Yuru"*’, Wang Lijuan’, Zhang Jingcheng®, Yang Guijun', Yue Yun’,
Yang Xiaodong'

(1.Key Laboratory of Quantitative Remote Sensing in Agriculture of Ministry of Agriculture and Rural
Affairs, Information Technology Research Center, Beijing Academy of Agriculture and Forestry Sciences,
Beijing 100097, China;
2.Jin Cheng He Wei Planning and Design Group , Jincheng 048000, China;
3.School of Geography, Geomatics and Planning, Jiangsu Normal University, Xuzhou 221116, China;
4.College of Life Information Science and Instrument Engineering , Hangzhou Dianzi University,
Hangzhou 310018, China;
5.Gansu General Station of Agro—technology Extension, Lanzhou 730020, China)

Abstract: Wheat stripe rust is an air-borne disease that leads to large reduction in wheat production. The spread
process is affected by many factors. Common crop diseases meteorological prediction models are difficult to sim~-
ulate wheat stripe rust incidence accurately. In order to obtain accurate prediction of wheat stripe rust incidence,
a Suscept—-Exposed-Infectious—Removed StripeRust (SEIR-StripeRust) dynamic prediction model was con-
structed based on meteorological and remote sensing data. This paper chose the Longnan area of Gansu Prov-
ince as a study area. First, meteorological factors and vegetation indexes were constructed based on meteorolog-
ical data and MODIS data, respectively. Then, the above features were screened by correlation analysis to iden-
tify the sensitive factors. A new incidence prediction model named SEIR-StripeRust was constructed, coupled
with the sensitive factors. Finally, compared the accuracy of SEIR-StripeRust model with used Back Propaga-
tion Neural Network (BPNN), Support Vector Regression (SVR) and Multiple Linear Regression (MLR).
The results showed that the average temperature, relative humidity and normalized difference vegetation index
were significantly correlated with the incidence of wheat stripe rust. The SEIR-StripeRust model constructed by
the above three sensitive factors had the highest prediction accuracy, the coefficient of determination (R*) was
0.79, the Root Mean Square Error (RMSE) was 0.10, and the Mean Absolute Error (MAE) was 0.09, which
were higher than the BPNN, SVR and MLR models under the same characteristic variables. The results
showed that the SEIR-StripeRust model can effectively predict the incidence of wheat stripe rust and provide
technical support for wheat stripe rust prediction and accurate prevention at county scale.
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