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Development and application of a medium-term prediction

model for Apolygus lucorum (Hemiptera: Miridae)
XIAO Liu-Bin'™ WANG Feng-Liang” CHEN Hua’ WANG Zhen' BAI Li-Xin'™"

(1. Institute of Plant Protection, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2. Plant Protection and Quarantine
Station, Dafeng County, Dafeng 224100, China)

Abstract [Objectives] Along with the widespread planting of transgenic cotton, Apolygus lucorum (Meyer-Diir) has become
a major insect pest in cotton fields. An accurate prediction model can provide a foundation for the prevention and control of
this pest. [Methods] Sixteen years of data collected between 1993 and 2014 on A. lucorum population peaks average
temperature, relative humidity, rainfall, and sunlight hours at the Dafeng Plant Protection and Quarantine Station were
analyzed using Multifactorial stepwise regression. All factors were then significance tested using DPS software and a

prediction model developed using polynomial regression. [Results] A preliminary prediction model of the date and

Lu

population size of each generation of 4. lucorum was established with an average accuracy of 85%. [Conclution] The 4.
lucorum prediction model can be widely disseminated to forecast outbreaks of A. lucorum.
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Table 1 The standard in infestation level of
4 3 15 29
[polygus lucorum
/667m’ 9 8
Harm level Individual number/667m> 15
I 667 m? 500 3
Level [
I 667 m* 500-2 000
Level 1l
L 667 m* 2 000-5 000
Level III " )
I\ 262.66 285.89
667 m* 5000
Level IV
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Table 2 The selection of factors influencing population 1 Y,
dynamics of Apolygus lucorum at the different LP1
generation Yipi= - 12.2+64.1X,+0.8X; 5.35X,%X3
0.009.X,x X5 +0.004.X3x X3—0.06.X1 XX, 0.98XxX3
Apolygus Selected factors . _ B _
lucorum R=098 P=0.05 F=13.95 SSE=2.24 5
1 X1: N X2:4 ’ X3Z4 1 YLP] 1
lst 9X4:4 5 2 YLP2
ti Xs:4 X:4
seneration 4 o Yim= - 6325+11.62X,  2.4Xg+3.34X
X7:5 . Xg:6 5 XgZS
2 X6 ’ 0.46.X7xX7+0.005Xgx X5 0.005X9xXo+0.13.X7% X5
2" . X5:6 , Xi3:6 , X 0.15X7xXy 0.008XgxXy R=0.90 P=0.01 F
generation
1 =489 SSE=2.01 6 16 Yim 1
3 X10:6 5X18:7 ,X1936
3 > X20:7 ,
generation Xo1:7 , Xoo: 2 3 Yirs
) X7 X7 . Yip=12.32+0.38X19  0.000057X50%Xa0+0.005X %
4th , X>5:8 , Xio 0.02X,8xX71510.0002.X 9% X5 R=0.91
generation X33 s Xo9:8 P=0.0001 F=12.55 SSE=1.83 7 11
Yip3 1
22 REWERETAHREE EHEYIE ) You,
3C Yips=15.56 0.09.X,4 0.0007X3x X0+
0.00003X4x X5 R=0.89 P =0.01 F =11.66
OD=4>=(T Tp) SSE=3.51 8 21 Yipa 1
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Table 3 Effective accumulated temperature of Apolygus lucorum in the development of different plants

Effective accumulated temperature degree-days

Host 1 2 3 4 5
1% instar 2™ instar 3" instar 4™ instar 5" instar Nymphy
9 Sumian9 68.77 42.09 46.92 45.31 72.45 275.77
29  Zhongmian29 64.63 4393 48.53 44.16 77.51 278.76
15 Lumianl5 65.78 40.94 45.77 43.01 74.29 269.79
Soybean 70.15 44.16 48.76 43.70 79.12 285.89
Poi 64.63 39.56 45.08 40.48 73.14 262.66
Celery 69.69 39.79 46.92 43.47 75.67 275.54
Amaranth 65.09 38.18 48.53 43.93 76.13 271.63
Sesame 66.24 39.79 46.92 41.63 73.83 268.41
P=0.02 F=5.01 SSE=122.66
1 2 Yin2
4 16 Yin2=383304  17432.68X;;  5583.7X14
14 1998 1.26X1, =< X1,10.85X74 =< X14+221.28X) X< X4
2.6d 2000 2.4d 2 285X, > X319.79X1, > X41t2.63X13 X< X4
2 R=099 P=0.007 F=43.61 SSE=143.75
3 Yins
87.5% 16 14 1993 Yin3=677.95 29.7X1510.11X15 =< X5+
26d 1998 24d 3 0.002X50>=<X,, R=0.77 P =0.03 F =4.84
SSE=103.45
81.3% 16 4 (Ying)
13 1998 2001 Ying=2622.1 87.83Xps  13.04X55+0.49.X,5
2005 3 4 ><Xos 0.01X3<X9 R=0.82 P=0.03 F=33.04
75.0% SSE=13.87
16 12 1997 24 d
2000 2001 2004 26 24 3.1d
1~4 5
93.8% 16 15
- 2002 2
24 ZEBHKAREETNR
1 Yin 87.5% 16 14 1994
Yin1=1674.05 3721.27X; 146.41.X,4+ 2008 1 4
264.03X,><X;+1.56X; < X51+0.18X;><Xs, R=0.87 93.8% 14
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Table 4 Back-generation test to the prediction model of peak occurs for each generation of adult Apolygus lucorum

Year 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
14 13 16 25 15 22 18 15 26 20 12 28 10 4 6 10
Peak season
1
1% . 139 13.0 159 246 153 194 169 174 241 189 104 279 118 44 52 113
. Theoretical value
generation
01 00 01 04 03 -26 -11 24 19 11 16 01 -18 -04 -08 13
Forecast error
6 4 6 16 11 8 6 4 3 5 6 10 10 5 3 8
Peak season
2
ond . 86 37 66 145 102 104 44 59 22 49 47 112 102 54 26 6.6
. Theoretical value
genaration
26 03 -06 15 08 -24 16 -19 08 01 13 -12 -02 -04 04 14
Forecast error
17 15 20 20 20 18 15 13 11 16 14 19 16 15 16 18
Peak season
3
3d . 172 144 195 19.0 21.7 152 141 124 137 156 154 177 184 158 144 183
. Theoretical value
generation
02 06 05 10 -17 28 09 06 -27 04 -14 13 24 08 16 -03
Forecast error
8 8 6 9 9 12 6 7 4 8 8 6 2 4 5 3
Peak season
4
4t . 85 7.8 51 103 114 101 71 76 64 72 73 91 19 29 66 38
. Theoretical value
generation
05 02 09 -13 24 19 -11 -26 24 08 07 -31 01 1.1 -1.6 -0.8

Forecast error
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Table 5 Back-generation test to the prediction model of occurrence degree for each generation of adult Apolygus

lucorum
Year 1993 1994 1995 1996 1997 1998 1999 20002001 2002 2003 2004 2005 2006 2007 2008
I I I I I I I I 11 1 I 1 1 I 11
Actual level
1
ks . I I I I I I I I I I 1 I 1 1 II II
. Theoretical value
generation
0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0
Forecast error
II I I I I I I I I I 1 I v v I I
Actual level
2
ond . I I I I I I I I I I 1 I v v 1 1
. Theoretical value
genaration
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
Forecast error
1 I I I I I I I I I 1 I II II n 1
Actual level
3
3H . 1 I I I I I I I I I 1 I 1 I I 11
. Theoretical value
generation
0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 -1
Forecast error
1 I I I I I I I I I 1 I 1 1 I 11
Actual level
4
4" . 1 I 1I I I I I I I I 1 I 1 1 II II
. Theoretical value
generation

Forecast error
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Table 6 Epitaxial forecast test to the prediction model of peak occurs for each generation of adult Apolygus lucorum

Year 2009 2010 2011 2012 2013 2014
1 Peak season 6 12 17 11 23 12
15 Theoretical value 5.4 12.3 16.1 12.4 20.3 11.4
generation Forecast error 0.4 -0.3 0.9 -1.4 2.7 0.6
5 Peak season 8 6 7 5 5 2
ond Theoretical value 7.2 5.7 5.7 33 4.9 4.2
generation Forecast error 0.8 0.3 13 1.7 0.1 22
3 Peak season 13 14 12 16 17 9
3rd Theoretical value 13.5 14.5 13.2 15.1 16.4 10.2
generation Forecast error -0.5 -0.5 -1.2 0.9 0.6 -1.2
4 Peak season 7 8 5 6 4 8
4t Theoretical value 5.8 8.1 7.2 6.3 4.9 7.2
generation

Forecast error 1.2 -0.1 2.2 -0.3 -0.9 0.8
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Table 7 Epitaxial forecast test to the prediction model of occurrence degree for each generation of adult Apolygus

lucorum
Year 2009 2010 2011 2012 2013 2014

X Actual level 11 I I I I I

18t Theoretical value Il I [ I I I

generation Forecast error 0 0 0 0 0 0

) Actual level Il I I I I I

pnd Theoretical value 11 I I I I I

generation Forecast error 0 0 1 0 0 0

; Actual level I I 1 I I I

3rd Theoretical value I I I I I I

generation Forecast error 0 0 0 0 0 0

A Actual level I I I I I I

4th Theoretical value I I I 1I I I

generation Forecast error 0 0 0 1 0 0
2
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