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Analysis of variance periodic extrapolation prediction of the damage
index of Dendrolimus punctatus larvae
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Abstract In order to improve the accuracy of disaster forecast of Dendrolimus punctatus, and provide scientific
basis for improving the control efficacy. the periodic extrapolation prediction method of variance analysis was per-
formed on the basis of the damage index calculated by the cumulative amount of larvae and the area of occurrence
in each generation of D. punctatus in Qianshan county, Anhui province, and the prediction results were verified.
The historical conformity rate of the annual disaster index forecast results was 89.29% for 1989 —2016, and the
forecasts for 2017 were in line with the actual data. The historical conformity rates of the overwintering and 2nd
generations were 89.29% and 85.19% for 1989—2016, respectively, and the forecasts were in line with the actual
data for 2017, while the historical conformity rate of the 1st generation was 100% in 1997—2016. In 2017, due to
the application of chlorbenzuron by aerial spraying, the 1st and 2nd generations were greatly reduced and the fore-
cast value was higher than the actual value. The method of variance analysis and periodic extrapolation is an ideal
method for predicting the occurrence of D. punctatus.
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Table 1 Population sizes of different generations of Dendrolimus punctatus

B8 /3ke#k 1 Population

B8 /3ke#k 1 Population

7 a8
o 2R BT T A B BT 1
Overwintering generation st generation 2nd generation Overwintering generation 1st generation 2nd generation
1983 19. 6 19. 4 34.0 2000 7.6 7.2 12.3
1984 &2 3 19.2 18. 2 2001 6.2 6.1 12. 6
1985 34.4 37.2 19. 3 2002 7.1 8.6 16. 4
1986 19.2 46. 1 40. 4 2003 15.7 18. 6 18. 8
1987 18. 7 41.7 42. 6 2004 7.6 7.7 22. 6
1988 36. 3 17.9 16. 2 2005 6.4 16. 4 12. 6
1989 42.5 18.3 34.1 2006 6.6 12.0 11. 8
1990 37.3 42.5 18.4 2007 6.4 12.6 12.1
1991 18. 5 7.6 13.2 2008 6.6 12.1 13.2
1992 12.2 7.8 11. 8 2009 8.4 12. 8 13.8
1993 7.8 7.4 26.5 2010 16. 2 16. 2 26. 8
1994 18. 6 38.6 40. 4 2011 16. 6 16. 1 16. 7
1995 18. 2 19. 6 19. 6 2012 7.2 7.4 8.9
1996 38.6 40. 1 52.6 2013 7.2 6.7 7.2
1997 42.1 7.1 12. 4 2014 6. 4 6.7 7.4
1998 0.0 0.0 0.0 2015 6.2 6.3 7.4
1999 6.2 6.6 11. 6 2016 7.1 6.6 8.1

¥ 1983—2016 4 5y B B B & A T FLS] F
22,1983 —1998 4EH1 1999 — 2016 4F WS BL, 4%
AR EAE TR Z MR K, AR A 1984
AEE5 K 13 600 hm?, 1985 4E 4 11 541. 47 hm?,
1983 — 1998 4E -1 % A 1 A1k 4 477, 42 hm?®.
1999—2016 4E 19 4EF-44 % A Hi ALk 1 929. 57 hm?,
— R T FR 1983 — 1998 4F & A i AR A K 1Y 4Ry
FEAEPAE 1984 — 1987 4F, 4 4F -1 kA AR R A

10 697. 5 hnt, 1983—1998 45441 % A= i 3 899, 27 hnt,
1999—2016 4FF-44 % A T AL 1 506. 41 hm?, —ft
KA 1983 — 1998 4F 2 [a] & A 1 BRI 4F- 47 &
1983.1984.1985.1987 F1 1996 4F, 4331k 9 162. 33,
8 163. 67,10 393. 33,17 020 i1 33 381. 4 hm’, 16
HESEIA  HE TR AR R 6 605. 94 hm®, 1999 — 2016 4F
SEX R AR 4 755, 65 hm®, 3 S S # A BLE
JAARG o BZANE R RS R A 4 d B
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Table 2 Occurrence areas of different generations of Dendrolimus punctatus

KAMA/hm?  Area of occurrence KA /hm?  Area of occurrence
0y g - — G0 o - -
o AL R TR I mAf R —R
Overwintering generation 1st generation 2nd generation Overwintering generation 1st generation 2nd generation
1983 2 477. 30 4 639. 33 9 162. 33 2000 576. 67 1533. 33 1 333.33
1984 13 600. 00 8 096. 07 8 163. 67 2001 82. 33 16. 67 2 516. 67
1985 11 541. 47 12 293. 93 10 393. 33 2002 2 583. 33 2 313.33 10 533. 33
1986 8 960. 00 7 666. 67 6 326. 67 2003 3 046. 67 4 684. 00 18 514. 00
1987 4 466. 67 14 733. 33 17 020. 00 2004 1 563. 33 1733.33 1 785.07
1988 9 390. 00 2 386. 67 988. 67 2005 733. 33 1 282. 00 606. 67
1989 1 700. 00 2 042. 33 6 046. 00 2006 280. 00 183. 33 367. 13
1990 3 333. 30 1 312. 00 3 207. 27 2007 253. 33 283. 33 386. 67
1991 3 207. 30 100. 00 616. 67 2008 386. 67 366. 67 214. 67
1992 653. 30 31. 33 102. 00 2009 326. 67 319. 33 333. 33
1993 60. 00 29. 67 400. 33 2010 3 026.67 719. 93 34 874.13
1994 1 200. 00 2 434. 00 6 902. 67 2011 9 813. 33 3 400. 00 2 610. 00
1995 1217. 33 764. 00 2 784. 00 2012 2 600. 00 686. 67 1 933.33
1996 3 346. 00 5497. 33 33 381. 40 2013 1933. 33 2 200. 00 2 333.33
1997 6 486. 00 361. 67 200. 00 2014 2 333.33 2 200. 00 2 000. 00
1998 0. 00 0. 00 0. 00 2015 2 333.33 2 400. 00 2 400. 00
1999 460. 00 326. 67 326. 67 2016 2 400. 00 2 466. 67 2 533, 33
2.1 £2FERREEHE B, 1983—2016 4E e R A4E R34 AL

N T & r SRR B RIEEO K 1996 4£19 42 224. 73 hm’, A 8P 2 B iR 2 /02
AR AU AR AE AU A, BUHBORER 1996 4F 43,77 Sk /R, i Z BUE D 4 4R 0 16 2K
FIBAAC — R AR (. TG BB IR RS IR B T3k 3. 0F 2 T 1.
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Table 3 Annual disaster index of Dendrolimus punctatus in Qianshan county, Anhui province

P ﬁ%@k*ﬁ SAE =R & I‘IA/%-AHG’I %’Fﬁ'?ﬁig‘*ﬂ(/% iy SERE 2FE=REEH R WA/%'AHE’I Ta‘lﬁfﬁﬁl/%
Year T FH /hm? The average population size of Disaster Year T FH /hm? The average population size of Disaster
Annual area three generations index Annual area three generations index
1983 16 278. 99 24. 33 21.43 2000 3 443. 33 9.03 1. 68
1984 29 859. 74 23.23 S B 2001 2 615.67 8. 30 1. 17
1985 34 228.73 30. 30 56. 12 2002 15 429. 99 10. 70 8.93
1986 22 953. 34 35.23 43.75 2003 26 244. 67 17.70 25.13
1987 36 220. 00 34. 33 67. 28 2004 5 081.73 12. 63 3.47
1988 12 765. 34 23.47 16. 21 2005 2 622. 00 11. 80 1. 67
1989 9 788. 33 31. 63 16. 75 2006 830. 46 10. 13 0. 46
1990 7 852. 60 82, 73 13.91 2007 923. 23 10. 37 0. 52
1991 3 923. 94 13. 10 2.78 2008 968. 01 10. 63 0. 56
1992 786. 66 10. 60 0.45 2009 &7, & 11. 67 0. 62
1993 490. 00 13. 90 0. 37 2010 38 620. 73 19.73 41. 23
1994 10 536. 67 32.53 18. 55 2011 15 823. 33 16. 47 14. 10
1995 4 765. 33 19.13 4.93 2012 5 220. 00 7.83 2.21
1996 42 224. 73 43.77 100. 00 2013 6 466. 66 7.03 2. 46
1997 7 047.67 20. 53 7.83 2014 6 533. 33 6. 83 2.41
1998 0. 00 0. 00 0. 00 2015 7 133.33 6.63 2. 56
1999 1113. 34 8.13 0. 49 2016 7 400. 00 7.27 2.91

D) AR R A TH AR BRIy 1996 4 42 224, 73 hm? AR EESF- Y i e 2 002 1996 4F 43. 77 3K /#k.
The highest annual occurrence area was 42 224. 73 hm? in 1996, and the greatest annual average population density was 43. 77 individuals/
plant in 1996.
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Fig. 1 The periodic variation chart of annual disaster index
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Table 4 Annual disaster index forecasts of Dendrolimus punctatus

AR IFTER

AR IEHEEL

Ay AS A Ay

. GEEEh/% M EEm . GEREb/y M ECRm

15 : 4 Grik (=1 RIFF A 1B . : S =T) RIFF PEH
Disaster index . . . . Disaster index . . . .
Year .. First period  First period Judgement Year .. First period  First period Judgement
(The original (The original
component sequence component sequence
sequence) sequence)

1989 16. 75 45.777 5 —29.027 5 — 2003 25, 13 45,777 5 —20.647 5 —
1990 13. 91 9.827 5 4,082 5 N 2004 3.47 9.827 5 —6.357 5 N/
1991 2.78 1. 665 0 1.115 0 N 2005 1. 67 1. 665 0 0. 000 5 N/
1992 0. 45 0.965 0 —0.5150 N 2006 0. 46 0. 965 0 —0.5050 N
1993 0. 37 1.245 0 —0.875 0 N 2007 0. 52 1.2450 —0.7250 N/
1994 18. 55 5.710 0 12. 840 0 2008 0. 56 5.710 0 —5.150 0 N
1995 4. 93 4,347 5 0.582 5 N 2009 0.62 4,347 5 —3.727 5 N
1996 100. 00 45.777 5 54.222 5 N 2010 41. 23 45.777 5 —4.547 5 N/
1997 7.83 9.827 5 —1.997 5 N 2011 14. 10 9.827 5 4,272 5 N/
1998 0. 00 1. 665 0 —1.666 0 N 2012 2.21 1. 665 0 0.545 0 N
1999 0. 49 0.965 0 —0.4750 N 2013 2.46 0.965 0 1.4950 N
2000 1. 68 1.2450 0.4350 N 2014 2.41 1.2450 1.165 0 N/
2001 1. 17 5.710 0 —4.540 0 N 2015 2. 56 5.710 0 —3.150 0 N/
2002 8.93 4,347 5 4,582 5 N 2016 2.91 4,347 5 —1.437 5 N/

2.2 1989—2016 F£EILE D EMERELRRIBEIELE
T 3 JE I 1989 — 2016 445 JE IR % B4 A7
T AR Ty 1989 4F 42, 5 Sk /B, AR

RAEA TR 1984 4F 13 600 hm? 5K #& e ARUE A
FEAGIERO TS 19 73 B R SR A 2% 4R 0N 18 B9 1
RO T 2, AT BRI, 0 =3, F=0. 755;
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R S =7 R T
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F=1.429, ¢ 13 & 12 AW, K FEL/NT Foo s
T —FIART I A IR AP 56—
W BURAE DI SRR A 30 89. 2900, 2017 4F
MR R A TH A 5 521, 47 hm? , & A B B0
12.8 3K/ Bk KABHEHCR 12. 23040, 2018 4FEAAK
ATEIFR 5 790 hm, R AR BUDTECEE R 1.8 3k /4K K
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2018 AETRINAEL = — 20 FLIFL R 2017 4F B A 1R ik
A77 Ry AR T 2018 4F 1ty He I fef F000 {8 K T 5
VIRIER

x5 HEKRKYHRBEHBR
Table 5 The disaster index forecasts of the overwintering larvae
R . R, v
(E;ﬁ;)/% AR Eﬁgﬁfw . ()EV;?'JH)/% s ;ﬁ*]%]ﬁlj .
RO ' . i (=T7) RIFH PEH| E . . S =T) RIFH TEH]
Disaster index X . . . Disaster index . . . .
Year .. First period  First period Judgement Year .. First period  First period Judgement
(The original (The original
component sequence component sequence
sequence) sequence)
1989 12. 50 12.902 5 —0.402 5 N 2003 8. 28 12.902 5 —4.622 5 N/
1990 21.51 24,747 5 —3.2375 N 2004 2. 06 24,747 5 —22.6875 —
1991 10. 27 3.580 0 6. 690 0 N 2005 0. 81 3.580 0 —2.770 0 N
1992 1. 38 1.150 0 0.2300 N 2006 0. 32 1.150 0 —0. 830 0 N/
1993 0. 08 0.9250 —0.8450 N 2007 0. 28 0.925 0 —0.645 0 N
1994 3. 86 1.722 5 2.137 5 N 2008 0. 44 1.722 5 —1.2825 N/
1995 3. 83 2.602 5 1.227 5 N 2009 0. 47 2.602 5 —2.1325 N
1996 22.35 12.902 5 9.447 5 — 2010 8. 48 12.902 5 —4.422°5 N
1997 47, 24 24,747 5 22.492 5 2011 28.18 24,747 5 3.432 5 N/
1998 0. 00 3.580 0 —3.580 0 N 2012 3. 24 3.580 0 —0. 340 0 N
1999 0. 49 1.150 0 —0. 660 0 N 2013 2.41 1.150 0 1. 260 0 N
2000 0.76 0.925 0 —0.1650 N 2014 2.58 0.925 0 1. 6550 N
2001 0. 09 1.722 5 1.632 5 N 2015 2. 50 1.722 5 0.777 5 N
2002 3.17 2.602 5 0.567 5 N 2016 2.94 2.602 5 0.337 5 N
30¢ — &R AN 1987 4E11 14 733. 33 hm?, ¥
§ 2 P S RRE hy A i BT SR 1) 23 B B SR AR 4%
1) " N 4 ey
2o RSB T 3 6,904 F I 3. AT A B,
1S)
2315 t=3 I, F=0.5295t=4 I}, F=1. 725¢=5 i}, F =
N
& & 10 0. 488;¢="6 W}, F=0. 636;:=7 i} ,F=1. 393;:=8 i},
£ st F=11.474;:=9 B}, F=1. 242;¢t=10 B}, F=0. 999,
0 L L 1 L L L ) = — ATEER k — — 4 ]
1985 1990 1995 2000 2005 2010 2015 2020 /\ﬁ 1=8 j‘]m,ﬂ)ﬂﬂg F>F0~°l (7,20)=3. 7,0=8 B/J};‘I
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by Year ML FIA A1) T2 6, 4kEEXT (=8 Ry IR Ax
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Fig. 2 The periodic variation chart of the disaster index of

overwintering generation
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A, 9 855. 2 hm? , 2017 4F— Ui LBl 1. 2 3/
P, SEBRICIEHE L 2017 4y 1. 74, SN AhHE 45 FAK
W 0,31, 2018 4ERATEIFL, 2 333. 33 hm?,2018

AR OEE R 1.6 Sk /BR, SEPR KA 5 5L 2018 4E R
0.5, TR AR ELE SRR 2. 325, 2017 4EF1 2018 4F %
5 SO AT 35 A 5 B R S PR 45 SR A

x 6 —RgHRERETR
Table 6 The disaster index forecasts of the first-generation larvae
R S e g
T o LN v B T v N
GO . . Iy G=8) RIFF PEH] Ay . . SrEG=8) RIFF PEH
Disaster index . . . . Disaster index . . . .
Year . First period  First period Judgement Year .. First period  First period Judgement
(The original (The original
component sequence component sequence
sequence) sequence)
1997 0. 38 1. 880 0 —1.500 0 N 2007 0.53 1.025 2 —0.499 6 N
1998 0. 00 0.830 0 —0.8300 N 2008 0. 65 1. 556 7 —0. 906 7 N
1999 0. 32 1.025 2 —0.705 2 N 2009 0. 60 0.310 0 0. 290 0 N/
2000 1. 63 1.556 7 0.073 3 N 2010 1.72 2.3250 —0.6050 N
2001 0. 02 0.310 0 —0.290 0 N 2011 8. 06 10. 445 0 —2.3850 N/
2002 2.93 2.3250 0. 605 0 N 2012 0.75 1. 360 0 —0.610 0 N/
2003 12. 83 10. 445 0 2.3850 N 2013 2.17 1. 880 0 0.290 0 N
2004 1.97 1. 360 0 0.610 0 N 2014 2.17 0.830 0 1. 340 0 N/
2005 3.09 1. 880 0 1.210 0 N 2015 2.23 1.025 2 1.204 8 N
2006 0. 32 0.830 0 —0.5100 N 2016 2. 39 1.556 7 0. 833 3 N
127 1. 118;t=7,F=0;t=8,F=0. 831;t=9,F=1. 401;
= 10} t=10,F=0. 838;¢r=11,F=1. 487;t=12, F =
Q
mﬂé sl 0.806;t=13,F=0.988, ¢} 3.4.5.6.,7.8.9.10,
R E
55 11,1213 BHE F (I Fo o 22055 — MY
z 5 9 — e RS
LB FNAT R SR 5 A7 A 5 55— J 191 0 gt o U (L
E , i BRI 18 B0 43 9 D3 S A5 5 %y 10096, Horp
2003 4EFN 2010 AR MR R LA HAR B R B R 2
9 ' ' ' A ' s L
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B4y Year
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Fig. 3 The periodic variation chart of the disaster

index of first generation
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Fig. 4 The periodic variation chart of the disaster
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Table 7 The disaster index forecasts of the second-generation larvae
AR AR
(JEJ;?'J )%I% B3 %A . (%};5;)%% B L .
L ind Sy (=14) RIFH A i o S (t=14) RIFF PEH
Year 1saster'1r1 X First period ~ First period Judgement Year isaster .m' X First period  First period Judgement
(The original (‘The original
component sequence component sequence
sequence) sequence)

1989 11. 74 12. 935 —1.195 N 2003 19. 82 12. 935 6. 885 —
1990 3. 36 2. 825 0. 535 N 2004 2. 29 2. 825 —0.535 N
1991 0. 46 0. 445 0. 015 N 2005 0. 43 0. 445 —0.015 N
1992 0.07 0. 160 —0. 090 N 2006 0. 25 0. 160 0. 090 ~
1993 0.61 0. 440 0. 170 N 2007 0. 27 0. 440 —0.170 N
1994 15. 88 8. 020 7. 860 — 2008 0.16 8. 020 —7.860 N
1995 3. 11 1. 685 1. 425 N 2009 0. 26 1. 685 —1.425 N/
1996 100. 00 76. 615 23. 385 — 2010 5k, 23 76. 615 —23. 385 —
1997 0. 14 1. 310 —1.170 « 2011 2.48 1. 310 1.170 N
1998 0. 00 0. 490 —0.490 N 2012 0. 98 0. 490 0. 490 N/
1999 0. 22 0. 590 —0. 370 N 2013 0. 96 0. 590 0. 370 N/
2000 0.93 0. 885 0. 045 N 2014 0. 84 0. 885 —0. 045 N
2001 1. 81 1. 410 0. 400 « 2015 1.01 1. 410 —0. 400 N
2002 9. 84 5. 505 4,335 N 2016 1.17 5. 505 —4.335 N

D BREATRX R R =5X22=110,

Maximum area of occurrence X Maximum population density=>5X22=110.
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