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Prediction model for the occurrence area of wheat stripe rust in Shaanxi
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Abstract In order to improve the prediction accuracy of the occurrence area of wheat stripe rust in Shaanxi
province, the number of counties, the occurrence area, temperature, and rainfall in the winter propagation and
overwintering regions of wheat stripe rust from 2010 to 2018 were used as the data set to construct prediction
model. Relevant factors were screened through Pearson correlation analysis, and factor sets were screened by full
subsets regression. Taking the five screened factors, including the total number of counties with stripe rust, the
occurrence area of stripe rust in winter propagation, the monthly mean temperature and mean rainfall in January, and the
mean rainfall in March as independent variables, the predicted occurrence area of wheat stripe rust was carried out using
full subsets regression and BP neural network. The results showed that the prediction accuracy of full subsets regression

and BP neural network on the wheat stripe rust occurrence area in 2019—2020 were both over 90%, and the predicted

occurrence area of wheat stripe rust in Shaanxi province in 2021 were 461 100 and 528 500 hn , respectively.
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Table 1 The occurrence of wheat stripe rust in Shaanxi from 2010 to 2021

RAEEXH/AA A 15 HZHD SRR/ hm? (1 H 15 H ZHiD RS TR

e Number of counties (Before January 15) Occurrence area (Before January 15) F hm?
Ve | FERKGD  BEKG@) RIHAKG)  AEKG) O BEKG)  RIFRER ) Final
Winter propagation Overwintering Total number Winter propagation Overwintering  Total number of occurrence
regions regions of counties regions regions occurrence area area
2010 3 10 13 0.07 3. 93 4. 00 36. 21
2011 3 10 13 0.03 2. 64 2. 67 8. 20
2012 2 5 7 0.15 1. 15 1. 30 20. 99
2013 1 2 3 0. 02 0. 54 0. 56 6.97
2014 1 6 7 0.01 0. 64 0. 65 25.33
2015 2 3 5} 0.01 0.71 0.72 35.08
2016 3 11 14 0.15 1.57 1.73 16. 36
2017 8 8 16 0. 09 1. 00 1.09 61.47
2018 3 8 11 0. 08 0. 85 0. 94 40. 91
2019 0 4 4 0. 00 0. 06 0. 06 12. 43
2020 6 24 30 0. 45 3.65 4.10 69. 81
2021 5 32 37 0.17 5. 48 5. 64

R2 2009 F£-2020 FERFERREMRHAFHRE A FHERELE

Table 2 The data of monthly mean temperature and monthly mean rainfall with stripe rust occurrence from 2009 to 2020

i AR/ C A FH) R R /mm
YA 2 Monthly mean temperature Monthly mean rainfall

NG 2@ @) 2@ 3G 4w G 12w 1@s)  2@s) 3@ 4s)
2009 4. 67 1. 44 51.71 B 3
2010 7.87 2.70 1. 66 3. 87 8.01 12.69 11. 14 5.16 0. 80 9. 56 42. 33 58. 40
2011 9.10 1.51 —2.70 3.63 6. 80 15. 86 63. 74 8.33 3.16 15. 80 19. 99 18. 10
2012 5. 96 0. 76 —0. 40 1. 61 7.51 16.01 18. 96 3.26 8. 84 1.17 16. 46 24.79
2013 7. 34 1.91 1.01 4. 34 11. 89 15.03 33.54 0.17 1.79 15. 27 6.73 41. 30
2014 7.87 1. 57 2. 40 2.03 10. 36 14. 61 30. 17 1.01 1. 40 19. 27 25.03 95.76
2015 8.09 2.66 1. 90 4. 24 9.43 14. 57 37.11 3. 50 9.51 5.11 41. 47 101. 93
2016 7.78 4.03 0.01 3. 77 9. 84 16. 04 25.99 5.24 6. 74 9.21 13. 94 36.07
2017 7.87 2.36 2.09 4.31 8.02 15. 09 9.49 0.11 8.39 13.90 52.91 50. 73
2018 7.03 1.24 —1.04 3.29 11. 69 15. 89 35.56 5. 86 23.63 7.43 26. 94 67.37
2019 8.09 3. 04 0.71 2.56 10. 12 16.13 21.47 2.94 9.51 11. 47 10. 09 63.13
2020 8. 30 0. 83 1. 70 5. 50 10. 51 14. 10 31.09 5. 59 13. 81 12. 36 28. 44 17. 63
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Table 3 The correlation coefficient between each factor and final occurrence area of wheat stripe rust

¥ AR R P
Factor Correlation coefficient
KREX KA H X E(x1) Number of counties in winter propagation regions 0.737 0 0.023 5
A X KA B IX U (22)  Number of counties in overwintering regions 0.131 2 0.736 5
St kA X E(x3) Total number of counties 0.434 2 0.242 9
KX A (24)  Occurrence area of winter propagation regions 0.114 5 0.769 3
A X KA A (25)  Occurrence area of overwintering regions —0.058 5 0.881 1
Et R A TiF (2s)  Total occurrence area —0.052 5 0. 893 3
HY¥YHS3R/C  Monthly mean temperature 11(a7) 0. 004 9 0.990 1
12(as) 0.547 3 0.127 2
1(x9) 0.4717 0.199 8
2(x10) 0.190 9 0.622 7
3(x1) —0.091 2 0. 815 4
4(x12) —0. 288 6 0.451 3
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453K 3 Table 3(Continued)
¥ HHIC R AL P
Factor Correlation coefficient
H R /mm  Monthly mean rainfall 11(x13) 0.023 2 0.952 8
12(x14) —0.1050 0.788 1
1(x15) 0. 425 0 0.254 1
2(x16) —0.148 8 0.702 4
3(x17) 0.889 3 0.001 3
4(x18) 0.420 7 0.259 5
= & & 5 oK 4 s £ 8 F 5 2 5 0 F 5 5 F
1.0
@00 O o
X5
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- 0.2
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L 0.0
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,, ® 005 ||
X150 007 002 004 053 -0.49 -0.46 092 039 -0.72 -0.45 0.09 . ‘ ‘
X3 042 010 0.02 051 043 044 -0.08 -033 0.10 -0.54 -0.55 -0.28 .. . L 0.4
X1 036 059 056 076 0.66 068 011 022 -0.47 -0.28 -0.90 0.07 068 . ‘
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Fig. 1 Correlation analysis of independent variables related to the occurrence area of stripe rust
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Table 4 Comparison results of full subset regression

models with different factors in model 1 and model 2

el R? » IR BAEN] ¥y RS

Model AIC RMSE
BRI 1 Model 1 0.9618 0.0043  58.550 8 3.2150
A 2 Model 2 0.9639 0.0226  60.045 9 3.1393
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Fig. 2 Full subsets regression analysis based on adjusted R* values
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Table 5 Analysis of the relationship models between actual and predicted value of wheat stripe rust occurrence area in Shaanxi

SR R TR R 1 TR 2 TR 2E/ 7 hm?

ARy 7 hm? Model 1 Model 2 Predicted bias
Year Actual occurrence  FMIEAN/ hm?  FMX[E/H hm?  BUEAY T hm? O BUMXE/G hm? O BIR 1 R 2
area Predicted area Predicted interval Predicted area Predicted interval Model 1~ Model 2

2019 12. 43 15. 37 5.92~24. 82 13.91 3.31~24.52 0. 00 0. 00

2020 69. 81 59. 92 50. 47~69. 36 62. 48 51. 87~73. 08 0. 45 0. 00
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Fig. 3  Full subsets regression model fitting with the actual

N A E R Jihm?

Occurence areas of wheat stripe rust

and predicted occurrence area values of wheat stripe rust
in Shaanxi from 2010 to 2018
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Fig. 5 Distribution of wheat stripe rust survey points in different counties in Shaanxi in 2021
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