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Predication regression equations for the occurrence period of the
arrowhead scale, Unaspis yanonensis
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Abstract The arrowhead scale (Unaspis yanonensis) is one of the important pests of citrus. Good forecasting can
guide prevention and control of this pest in time. For many years, the author has carried out systematic
monitoring of arrowhead scale in citrus gardens in Beibei district of Chongqing. The results showed that three
overlapping generations occurred in this area every year. The first generation occurred more regularly, which
benefits unified prevention. Therefore, based on the meteorological data of the three months prior to the
occurrence of arrowhead scale from 2012 to 2018 and the field historical data, DPS software was applied to carry
out stepwise regression by using simple and multi-factor interaction methods, respectively. The prediction
regression equation of the first-generation occurrence period of arrowhead scale in spring was established. The
total regression of the two equations reached the significant or extremely significant level. The regression
equations established by using the two methods indicated that the first-generation peak was related to the
meteorological data such as temperature, humidity, rain days and rainfall in the preceding three months. The data
of 2019 were used for testing. and the results showed that the two regression equations were “relatively accurate”,
both of which could accurately predict the occurrence peak of arrowhead scale in this area.
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Fig. 1 Population dynamics of arrowhead scale
from 2012 to 2019
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Table 1 The historical data and fitting values of the occurrence period of arrowhead scale in Beibei, Chongqing

i SR VIR B (i
Year Xu X X3 Xy X5 Xs X7 X3 Xy X0 X1 X2 Y  Fitting value Fitting value
of SR of MR
2012 10.06 39.2 84.70 16 14.05 104.7 82.60 21 20.60 91.0 75. 37 14 19 19. 05 19. 00
2013 9.23 22.6 77.40 11 13.39 55.8 77.60 18  19.96 125.9 76.73 15 23 23.02 23.01
2014 8.59 38.6 93.50 17 12.37  75.2 90. 30 11 18.84 90.4 78. 00 14 15 14. 95 15. 00
2015 12.71 22.9 80.43 11 14.92  34.0 77.74 11 18.24 109.4 79. 30 18 17 17. 05 17.00
2016 7.05 35.9 81.31 18 15.39 54.8 81.26 19 19.09 101.1 77.93 17 29 29. 00 29. 00
2017 13.49 19.0 84.96 10 14.61 48.8 71.90 11  18.83 104.4 76. 40 15 19 18. 95 19. 00
2018 10.28 10.0 73.04 10 14.14  44.2 74.10 17 16.60 129.7 76.73 20 28 27.97 28. 00
2019 9.78 9.8 71.11 8§ 11.50 46.3 70.45 15 19.18 122.2 76.33 15 31 28. 40 28.79
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X1, X2, X3 and X, are average temperature (‘C), total rainfall (mm), average relative humidity (%) and number of rainy days (d) in

February, respectively. X5, X5, X7 and X5 are average temperature (‘C), total rainfall (mm), average relative humidity (%) and num-

ber of rainy days (d) in March, respectively. Xo, X0, X11 and X2 are average temperature ('C), total rainfall (mm), average relative

humidity (%) and number of rainy days (d) in April, respectively. Y is the peak of nymphal occurrence of arrowhead scale (May 1 is 1).

SR represents a simple stepwise regression equation, and MR represents a stepwise regression equation for multi-factor interactions. The

same applies below.

*2 HEZRFOPFAREREEXRY
Table 2 Simple stepwise regression equation and complex correlation coefficient
SRR R PHRE S5 AHOC R EL Ra FE Pl pbrnEz S B EKF- P
Complex correlation coefficient Adjusted correlation coefficient F value Residual standard deviation Significant level
1. 000 O 0.999 8 3174.173 5 0. 105 2 0.013 5

[B1J5 )7 7 Regression equation

Y=146. 022 384—2. 601 656X, —0. 882 858 X7 —0. 085 242X0o—0. 449 432X, +0. 982 734 1X),

=3 HREERVEEFERMNRFIRERE Bk
Table 3 Coefficients, standard errors and ¢ test of simple stepwise regression equations
A PRAH G R AL PrifETR ¢ KB {E B EK- P
Factor Partial correlation coefficient Standard error t test value Significant level
X, —0.999 9 0. 853 6 85.915 4 0. 000 1
X7 —0.999 8 2.303 4 53.985 3 0. 000 3
X1o —0.998 5 5.876 1 18.099 1 0.003 0
X1 —0.995 1 0. 488 3 10. 049 5 0.009 8
X1z 0.999 5 0. 857 1 31.487 0 0.001 0
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Table 4 Multi-factor interactive stepwise regression equation and complex correlation coefficient

HHRXFER WAL 5 AHE R B Ra F1iH FIRbRfEZE S WEKFE P
Complex correlation coefficient Adjusted correlation coefficient F value Residual standard deviation Significant level
1. 000 O 1. 000 0 99 999. 85 0.014 7 0. 002 4

[B] 5 /7% Regression equation

Y=332.101 109—3. 489 183X1;—0. 029 752X1 Xs—0. 002 116X5X5—0. 003 343X3X1010. 032 307XsX12
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Table 5 Coefficients, standard errors and ¢ test of multi-factor interaction stepwise regression equation

A RAH DG R AL Ptz ¢ K H BEKF P
Factor Partial correlation coefficient Standard error t test value Significant level
X1 —1 0. 488 3 248. 986 1 0. 000 1
X1 X5 —1 86. 300 4 272.908 3 0. 000 1
X3X5 —0.996 5 34,125 4 11. 886 8 0. 007 0
X3X10 —0.999 9 266.574 4 99. 943 4 0. 000 1
Xs X1z 1 28.828 3 184.109 1 0. 000 1
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Table 6 Verification of the regression equation for predicting the occurrence period of arrowhead scale in Beibei, Chongqing

CEWIRES

Simulation method

] 5% 4 1] )9 Simple stepwise regression
Z N1 HAEZ A B4 Multi-factor interactive stepwise regression

ok
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Conclusion
31 21.428 5 31 5.010 2 78. 16 b5 RS
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