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Using historical meteorological data from different sitesto
develop predictive models of the annual occurrence dynamics of
Spodoptera litura (Fabricius) in tobacco fields

YANG Xiang"™ LI Xiao-Yi® WEN Li-Zhang"
(1. School of Plant Protection, Hunan Agricultural University, Changsha 410128, China;
2. Chenzhou Institute of Agricultural Sciences, Chenzhou 423000, China)

Abstract [Objectives] To determine the feasibility of using meteorological factors from different sites to develop models
to predict the annual population dynamics of insect pests. [Methods] Meteorological data, including temperature, humidity,
rainfall and sunshine duration in Changsha from 2000 until 2013, and from Chenzhou, Guangzhou and Nanchang from 2000
until 2015, and data on the abundance of Spodoptera litura (Fabricius) in Chenzhou from 2000 until 2015, were analyzed
using stepwise regression and Chi-sguare tests to develop effective, multivariate forecasting models. [Results] Explanatory

variables were selected based on a 16-year-long S. litura dataset from Chenzhou city, 170 meteorological factors for the
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corresponding years in Chenzhou and Changsha, and 104 meteorological factors for corresponding years in Guangzhou and
Nanchang. For regression models and Chi-square tests, alpha was == 0.05 and variance inflation factors (VIF) = 5.
Seventy-four significant explanatory variables were obtained and 16 effective models were created. The results of Chi-square
tests indicate that x* for back-substitution results from all 16 models was between y*<x3q0s, in other words, there was no
significant difference between the back-substituted predicted values and the observed values. We obtained four groups of
Chi-square cumulative values; the first group was within y’<y3 ¢, the second group within <y eso, the fourth group within
7%<xés00, and the third group within y*<xy3.s. [Conclusion] It is accurate and feasible to predict the annual occurrence
dynamics of pests on the basis of meteorological factors from different locations obtained in previous years. Compared with
predictive methods using only data from the current year and local meteorological factors, the main advantages of this
approach are that, provided there is sufficient historical information on pest abundance and meteorological data, it can provide
predictions a long time in advance and in the absence of local historical meteorological data. Since there is often insufficient
local datato create accurate models the results of this study have broad general applicability.

Key words Spodoptera litura (Fabricius), the different area, the previous year, meteorological factor, stepwise regression,

forecasting model, Chi-square test
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Tablel Satistical table of Spodoptera

2000-2013 2000-2015 litura investigation
1250 13
Year Annual quantity of Annual quantity of
larvae adult
2000 10 387 324
2001 265 346
2002 2082 3024
2003 3170 9902
2004 176 2055
2005 616 1134
2006 574 1473
2007 997 792
2008 3403 883
2009 866 9 360
1 MN5R%E 2010 440 4788
11 2011 809 740
2012 997 1222
2013 188 1028
2014 888 3578
2015 971 1104

111 FEHHREAEERE 2 3

112°73'E 25°73'N The data derived from Chenzhou Institute of Agricultural
Sciences. The same as table 2, table 3.

113 [|RERKIE

5 50
250 5d 1 2000-2015
1 2 3 2000-2013
1 1.2 H&
112 ERHRLZEEREE SPSS Statistical product and

service solutions
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Table2 Related meteorological factorsin Chenzhou
The annual h mm
occurrence Average temperature Average sunshine duration Rainfall
quantity of S.
litura
Year
5 6 6 7 ! 5 5 7 5 7
1250 /13 4 11
Apr. Thelate " Mid- Mid- 1M Nov. Mid Thelate Mid- 'S Thelate
Adult of May early of June  July late of May of May Jul early of of July
Larvae " June July Y May
T Y, X Xs1 Xs2 Xs3 Xsg X7 Xz Xso Xeo  Xes Xez X5
2000 9.25 5.78 056 054 140 150 005 011 061 187 032 009 069 017
2001 5.58 5.85 0.97 0.00 0.81 0.67 1.22 2.22 0.37 0.57 0.39 0.88 0.23 0.56
2002 7.64 8.01 096 054 164 043 003 165 026 055 038 006 062 0.10
2003 8.06 9.20 0.13 0.49 0.15 0.94 1.94 1.58 0.46 1.23 0.21 1.06 0.55 0.58
2004 5.17 7.63 144 1.56 117 0.06 0.34 0.53 0.91 0.78 1.91 0.29 0.10 0.56
2005 6.42 7.03 089 009 050 027 039 083 079 131 010 045 004 033
2006 6.35 7.30 0.75 0.84 111 0.11 0.93 0.89 0.26 0.16 1.43 0.78 0.07 0.29
2007 6.90 6.67 131 0.98 0.45 0.38 0.84 1.05 1.98 0.27 0.72 0.81 0.81 0.56
2008 8.13 6.78 0.00 054 0.09 1.67 0.49 0.34 0.46 1.00 0.27 0.47 2.01 0.58
2009 6.76 9.14 0.97 1.77 0.09 0.75 0.84 0.65 0.28 0.30 0.99 0.66 0.66 3.32
2010 6.09 8.47 214 0.0 1.89 1.83 0.98 0.42 0.73 0.31 0.47 1.32 2.09 1.14
2011 6.70 6.61 0.48 1.57 0.80 0.99 1.88 0.70 0.01 0.54 0.86 154 1.74 0.58
2012 6.90 7.11 0.06 1.18 0.75 0.19 0.34 0.89 0.37 0.13 1.36 0.27 0.48 0.04
2013 524 6.94 0.56 0.78 0.03 0.51 0.47 0.01 0.19 0.06 144 0.72 0.56 0.57
2014 6.79 8.18 0.96 1.32 0.68 1.31 0.91 0.01 142 0.95 0.15 0.63 0.60 0.00
2015 6.88 7.01 0.82 0.68 1.16 1.15 1.15 0.12 2.40 2.13 1.54 2.40 0.57 0.40
o P 2012 2013 X1-Xgs
1.2.4  FI RS XS & B F 70 # N it X 4 2012 2013
R E L E S 1.2.3 Y, Yo 2014 2015 X1-Xas
2000-2013 X1-Xs;  2000-2013 13 X1-Xs
2000- 2011 2012 X1-Xgs
2012 X1-Xs;  2001-2013 Yi Y, 2012 2013 Y, Y, 2013 2014
X1-Xgs X1-Xs2
2014
125 FASHMASHEETMIERTNASS 2015 N K

AR B 5 A 43 BO MR N 3th X B R U IR M A &
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Table3 Related meteorological factorsin the previousyearsin Chenzhou

The annual h % mm
occurrence quantity Average temperature Average sunshine Average huminity )
of S. litura duration Rainfall
vear vear 5 ! 7 5 6 7 6
/250 /3 5 9 11
May Thelate '"° Thelate Sep. Nov. TM® Thejae Mid-  Mic-
Larvae  Adult of May early of of July early of of June July June
July May
Yy e Xs Xs1 Xss X7 Xo1 Xo3 X6 Xa1 Xe3 X711
2001 5.58 585 2000 1.12 0.57 0.25 0.10 0.68 0.98 0.39 1.81 0.25 0.50
2002 7.64 801 2001 0.09 0.04 0.16 2.14 0.56 0.26 1.76 0.94 1.91 0.29
2003 8.06 9.20 2002 0.35 0.49 2.22 1.60 1.62 0.53 1.07 0.56 1.02 0.28
2004 5.17 7.63 2003 0.17 0.44 1.72 1.51 0.75 0.38 0.00 0.51 1.29 0.51
2005 6.42 7.03 2004 112 1.58 0.42 0.53 0.27 0.94 0.23 0.25 0.01 0.42
2006 6.35 730 2005 1.98 0.14 0.16 0.81 0.39 1.20 0.21 0.40 0.10 0.44
2007 6.90 6.67 2006 0.17 0.78 0.32 0.87 1.03 0.53 0.50 0.41 1.49 0.36
2008 8.13 6.78 2007 1.04 1.00 0.16 1.00 1.43 2.29 2.42 0.74 0.19 0.51
2009 6.76 9.14 2008 0.43 0.57 1.32 0.32 0.20 0.38 0.66 0.93 0.54 0.68
2010 6.09 8.47 2009 043 1.69 1.15 0.64 0.08 0.15 1.40 0.05 0.78 0.02
2011 6.70 6.61 2010 181 0.05 1.31 0.41 0.96 0.71 0.03 1.35 0.98 3.23
2012 6.90 711 2011 104 1.50 0.16 0.66 0.20 0.19 0.41 0.94 0.47 0.95
2013 524 6.94 2012 0.17 1.11 0.08 0.87 2.36 0.26 0.30 0.25 0.39 0.43
2014 6.79 8.18 2013 0.52 0.81 0.49 0.02 0.08 0.04 0.83 144 1.74 0.56
2015 6.88 701 2014 112 1.34 0.81 0.02 0.37 1.99 0.21 1.62 0.19 0.54
2 _Q_E% 5 ﬁ*ﬁ Y,.4=7.323 0.457 X59+0.588X75+0.637 X6+
0.447X,+0.298X57+0.137X5; 0.125X5, F=355.251
21 MMNESKETFSHMBREESEE  pooo0<0s
W RS ST VIF =3.235<5 P y* >0.995 y’=

211 FIAMMNHESKEFREMER
4 4
X5 Xs3
0.05 Y,

Xeo
Xs2

X3
Xs3

Xes
Xeo X23 Xes
B 1

Y11,=6.800+1.013X5, 0.756Xsz 0.591X50+

0.373X,3 0.198Xg; F=123.143 P=0.000<0.05

VIF =1.808<5 P z* >0.995 »*=

0.04<y% 995 (12)=3.07 5

Xsg X75 Xsg Xa Xev Xsz Xm

005 Y, Xsg X715 Xsg

Xo Xe1 Xs7 Xoy 2

0.03<y%995 12 =3.07 5
212 FAKPHESRETFHRGHUMNER
1.2.1 3

Y1.,=6.922+0.825X,; 0.622X35  0.405X,;
0.284X,, F=55.882 P=0.000<0.05

VIF =1.070<5 P »* >0.995 y*=
0.06<y50s 10 =2.16

4

Y>,=7.373 0.869Xs, 0.387Xg 0.722X5+
0.433X;  0.203X16+0.103X,,+0.066X7;  F=
1271.797 P=0.000<0.05

VIF =2.801<5 P »* >0.995 ,’=
0.10<y%995 10 =2.16
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Table4 Results of stepwise selection of meteorological factorsin Chenzhou
P

nl\fljr%%%lr Ins:rpizrgcli:nt Meteorological foctor B S %r;\]:iél:am ViE

Contant \ 6.800 0.000 \
Xs, 6 Average temperaturein the early of June  1.013 0.000 1.502
Xs3 6 Average temperature in the mid-June  0.756 0.000 1.505
! Xeo 5 h  Sunshine duration in the |ate of May 0.591 0.000 1.206
Xo3 11 h Average sunshine duration in Nov. 0.373 0.000 1.808
Xes 7 h  Sunshine duration in mid-July 0.198 0.010 1.578

Contant \ 7.323 0.000 \
Xso 5 h  Sunshine duration in mid-May 0.457 0.000 1.332
X5 7 mm Rainfall in the late of July 0.588 0.000 3.235
5 Xss 7 Average temperature in mid-July 0.637 0.000 1.935
X4 4 Average temperature in Apr. 0.447 0.000 2.542
Xe7 5 mm Rainfall in the early of May 0.298 0.000 1.246
Xs7 7 Average temperature in the late of July  0.137 0.004 2.096
Xs1 5 Average temperature in the late of May  0.125 0.005 1.898

£5 MHSREVERFHRE A
Table5 Chi-squaretest of back-subtitution prediction
of meteorological factorsin Chenzhou (%)

Y]_ Y2
Y1 Yy, predicted Z Y Y, predicted Ve
value value

2000 9.25 9.30 0.00 5.78 5.83 0.00
2001 5.58 5.56 0.00 5.85 5.76 0.00
2002 7.64 7.83 0.00 8.01 7.74 0.01
2003 8.06 7.74 0.01 9.20 8.95 0.01
2004 5.17 4.93 0.01 7.63 7.48 0.00
2005 6.42 6.67 0.01 7.03 7.04 0.00
2006 6.35 6.50 0.00 7.30 7.17 0.00
2007 6.90 6.78 0.00 6.67 6.60 0.00
2008 8.13 8.20 0.00 6.78 6.79 0.00
2009 6.76 6.69 0.00 9.14 9.17 0.00
2010 6.09 6.00 0.00 8.47 8.38 0.00
2011 6.70 6.66 0.00 6.61 6.56 0.00
2012 6.90 6.89 0.00 7.11 7.10 0.00
2013 524 5.52 0.01 6.94 6.75 0.01

Year

n
Ln /250 Y,
Ln
13

Y1 and Y,: The results that logarithmic (LZn) analysis
utilizing the original data of larvae and adult of S. litura.
The same below.

213 MAMMEFSKETHRENES
1.2.3
5

¥1.3=6.800+1.131X36 0.647X33+0.381X14+

0.315X; 0.249X6+0.158X, 0.119X; F=534.710,
P=0.000<0.05
VIF =3.173<5 P * >0.995 ;=

0.01<y3995s 12 =3.07
6 Y»3=7.323+0.669X, F=7.777,
P=0.016<0.05
VIF =1.000<5 P »* >0.995 y*=
1.20<y3¢es 12 =3.07
214 FIRAMESFESKETFHRETMRE

1.2.3 7 Y]_ 94—
6.800+0.629X, F=4.972 P=0.046<0.05
VIF =1.000<5 P x* >0.995 ;=

1.84<x59s 12 =3.07
8 Y, ,=7.323+0.775Xz
0.676X, F=12.701 P=0.001<0.05
VIF =1.067<5 P »* >0.995 ,’=
0.62<xb95 12 =3.07
215 Mt Rk&5FRIENFHEG TN
FERTARE
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1. 9
2°=0.62<y30s 6 =068 6 Y, Y, Y1.5=6.612  0.564X,,+0.740X55+0.794X 3
Xz=l.59<x%_950 6 =164 6 0421Xs 0.250X7; 0.131Xs5; 0.129X5+0.099X7
. F=1086.163 P=0.000<0.05
#6 FAMESRESAIMENBXKRESS _ 2 >
RN O RS A 2 S ST IO VIF =3559<5 P x” >099%5 =
FRBMEREARE (O 0.17<x%00s 11 =2.60
Table6 Chi-squaretest of predicted resultsthat these 10  Yor=7.442 0569X:c+
models predict the annual occurrence dynamics of Zom ' »
Spodoptera litura in years that not participatein 0.481Xg; F=8.073 P=0.008<0.05
modeling in 4 areas (x°) VIF =1.019<5 P ){2 >0.995 XZ:

Y, Y,

Y1 Y,predicted ©° Y2 Y,predicted %°

No.
value value

1 6.90 7.06 0.00 7.11 7.15 0.00
2 524 6.80 0.36 6.94 9.87 0.87
3 6.79 5.93 0.12 8.18 8.42 0.01
4 6.88 7.59 0.07 7.01 7.42 0.02
5 6.79 6.21 0.05 8.18 6.48 0.44
6 6.88 6.56 0.02 7.01 7.40 0.02
7 6.79 6.87 0.00 8.18 6.91 0.23
8 6.88 7.05 0.00 7.01 6.82 0.00

22 MBEFSKETFSHMBXBERSRE
BEREBE D

221 #MEFSKREFSHMBXBERL

0.72<xy%99s 11 =2.60 8
222 KIPEFESREFSHIM X R B R

BIRE R ENE T 1.2.1
11 Yi6= 6.612+0.589X F=6.625
P=0.026<0.05
VIF =1.000<5 P »* >0.995 »’=
1.00<x59s 9 =1.73
12
Y».6=7.518+0.815Xs; 0.950X7, 0.471X;6+
0.191Xg+0.254,s 0.128X7s F=588.643 P=
0.000<0.05
VIF =2545<5 P y* >0.995 »’=

0.10<y399s 9 =173
223 TNEESKEFSHMN X EBER K

TIBF R ERNSIH 1.21 BB FE L ERNS W 1.2.3
7 7 13
R7 WHNEFSKREAFESHIELER
Table7 Resultsof stepwise selection of meteorological factorsin the previousyearsin Chenzhou
P

n,\l/lJr?w(:)eelr InS(;;r)izrgljeent Meteorol ogical foctor B Siglréicietlzant VIE

Contant \ 6.612 0.000 \
Xo1 9 h  Average sunshine duration in Sep. 0.564 0.000 1.642
Xaz 7 % Average huminity in mid-July 0.740 0.000 2.088
Xo3 11 h Average sunshine duration in Nov. 0.794 0.000 3.559
9 Xs 5 Average temperature in May 0.421 0.000 2.769
Xn 6 mm Rainfall in mid-June 0.250 0.000 2711
Xs7 7 Average temperature in the late of July  0.131 0.000 1.365
Xs1 5 Average temperature in the late of May  0.129 0.001 1951
X76 5 % Average huminity in the early of May  0.099 0.007 3.529

Contant \ 7.442 0.000 \
10 Xss 7 Average temperature in the early of July  0.569 0.017 1.019
Xa1 6 % Average huminity in the late of June  0.481 0.036 1.019
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Table8 Chi-squaretest of back-subtitution prediction
of meteorological factorsin Chenzhou (%)

)4 Y,
No. Y1 v, prediced 2° Y2 Y, predicted x°
value value
1 558 6.01 0.03 5.85 6.71 0.11
2 764 7.85 0.01 8.01 7.81 0.01
3 8.06 8.46 0.02 9.20 8.97 0.01
4 517 5.45 0.01 7.63 6.22 0.32
5 642 6.67 0.01 7.03 7.80 0.08
6 6.35 6.82 0.03 7.30 7.54 0.01
7 6.90 7.14 0.01 6.67 7.06 0.02
8 813 8.29 0.00 6.78 7.00 0.01
9 6.76 7.02 0.01 9.14 8.64 0.03
10 6.09 6.46 0.02 8.47 8.12 0.02
11 6.70 7.00 0.01 6.61 7.35 0.07
12 6.90 7.19 001 7.11 6.90 0.01
13 524 5.46 0.01 6.94 7.28 0.02

Y1.7=6.612 1.131X5+1.048X;; 0.658X1,
0.193X,5+0.315X55 0.187Xss 0.157X4 0.051X36
F=7987.811 P=0.000<0.05

VIF =3.670<5 P y* >0.995 »*=
0.55<y3005 11 =2.60

14

Yo.=7.442  0.616X35+0.697X5+0.626 X2
0.267X;s 0.384X, 0.242X3+0.137X;9 F=370.541
P=0.000<0.05

VIF =2.856<5 P y* >0.995 z*=
0.14<y5995 11 =2.60
224 BMEFEFESKEFSHIMNBXERR L

B FELENSHH
1.2.3 15
Y1.5=6.612+0.429X5+0.593X;  0.719X>s
0.421X50+0.367X,+0.161Xs  0.088X;  0.067Xy+
0.029X;4 F=13259.975 P=0.000<0.05
VIF =2558<5 P y* >0.995 z*=
0.00<y%995 11 =2.60
16
Y2.5=7.442+1.009X33+0.277X2,  0.684X

0.453Xy; F=29.502 P=0.000<0.05
VIF =2.218<5 P y* >0.995 y’=

0.52<yh00s 11 =2.60

225 MihkES5@ESIENELHERRTN

HERFHRR

i h
2°=6.39<y5:50 6 =784 9 Y, Y,
7*=3.74<s%500 6 =535 9

x99 FIAMEIRESFITHENBEXRES
ERF RIS F & & s ST
FRSMERFHRIE (A
Table9 Chi-squaretest of predicted resultsthat these
models predict the annual occurrence dynamics of
Spodoptera litura in yearsthat not participatein
modeling in 4 areas (x°)

Yl YZ
N Y1 v, predicted x° Y, Y,predicted X
0.
value value
1 6.90 6.97 0.00 711 511 0.78
2 524 5.60 0.02 6.94 7.24 0.01
3 6.79 521 0.48 8.18 6.47 0.45
4 6.88 4.16 1.78 7.01 7.76 0.07
5 6.79 4.69 0.94 8.18 8.56 0.02
6 6.88 3.55 312 7.01 941 0.61
7 6.79 6.56 0.01 8.18 5.81 0.97
8 6.88 6.36 0.04 7.01 9.88 0.83

2.3 ®RPSRERXBETRER MRS

1
12

Y1=botb1Xo3+b2X5+b3Xsa+baXgzt+bsXeotbeXo1+
b7Xs5+bgX71+beXes+b10Xs57+b11.X51+Db12X76
Yo=bo+b1Xse+b2X75+b3Xs5+baXe1+bsXsotbeXat
b7Xe7+beXs7+boX51
2
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Table 10 Meteorological factors affecting occurrence dynamics of larvae

8
Independent .
variable Meteorological foctor Frequency of occurrence B absolute

in 8 models of larvae value
Xo3 11 h Average sunshine duration in Nov. 2 1.167
Xs 6 Average temperature in the early of June 1 1.013
Xs3 6 Average temperature in the mid-June 1 0.756
Xgs 7 % Average huminity in mid-July 1 0.740
Xeo 5 h  Sunshine duration in the late of May 1 0.591
Xo1 9 h  Average sunshine duration in Sep. 1 0.564
Xs 5 Average temperature in May 1 0.421
X71 6 mm  Rainfall in mid-June 1 0.250
Xes 7 h  Sunshine duration in mid-July 1 0.198
Xs7 7 Average temperature in the late of July 1 0.131
Xs1 5 Average temperature in the late of May 1 0.129
X6 5 % Average huminity in the early of May 1 0.099

U FHRARLEHSHSKEF
Table11l Meteorological factors affecting occurrence dynamics of adult
8
Independent Met loaical f
variable eorological foctor Frequency of occurrence B absolute

in 8 models of larvae value
Xsg 7 Average temperature in mid-July 1 0.637
X7s 7 mm Rainfall in the late of July 1 0.588
Xss 7 Average temperature in the early of July 1 0.569
Xa1 6 % Average huminity in the late of June 1 0.481
Xso 5 h  Sunshine duration in mid-May 1 0.457
X, 4 Average temperature in Apr. 1 0.447
Xe7 5 mm Rainfall in the early of May 1 0.298
Xs7 7 Average temperature in the |late of July 1 0.137
Xs1 5 Average temperature in the late of May 1 0.125

11
2

Y1=bo+b1Xo7+b2X36+b3Xe0TbaXo1+b5X04
Yo=bot+b1X16+b2X70+b3Xs0tbaXe1+bsXatbeXat
b7Xgo+beXog+boX76+b10X2a+b11.X77
3

14

3
Y1=bo+b1.X14+b2X36+b3X50tbaX17+b5 X2z +be X5+
b7X38+bgXe+boXo3+b10Xa5+b11.Xa+b12Xa0+D13X7+
b14X16
Yo=botb1Xo+boX3+b3Xo9+baX30+bsX13+be X3+
b7X19
4

10
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Y1=bo+b1Xo5+boX49+baX11+baX3+bsXso+beXoo+
b7Xz1+bgX7+boXa+b10X19

Yo=bo+b1X33+b2X30+b3Xog+baXag+bsX11+beXor
b

3 g

31 AEFARMMEFSKETFRERLSSE
EHRRERNSTMER N TITE

1 14
16
16
SPSS
16 3
16
2 <tboos
99.5% 1 2
4 1 2 <3005 2
X 2<X%.950 4 X 2<X 500 3
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