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Predicting beet webworm occurrence with the Markov chain model
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Abstract The beet webworm Loxostege stictialis (L.) is one of the main migratory pests in North China. Outbreak
populations of this pest can seriously damage host crops. On the basis of data on the first generation of beet webworm larva
collected from 1977 to 2008, we constructed a matrix of migration probability by applying the Markov chain model and
then used this to predict the population of the first generation in 2009 —2011. By using the transition probability method of
Markov chain theory, a transition probability matrix of 1 to 3 steps was constructed based on time series data on the
abundance of the pests’ first generation from 1979 to 1999. This was used to predict the beet webworm abundance in
Kangbao city from 2009 to 2011. All predictions were 100% accurate and the results show that the predictive accuracy of
the data collected from 1980 to 2011was 89. 9% . The predicted population completely conformed to that actually observed
in the field.
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The degree of occurrence of Loxostege stictialis

Table 1
KT Lirs A b7 TH BT 5 B (%)
The degree (3k /m*) The proportion of

&

Remarks

of occurrence Number chemical control (% )

ANFTACT A B e 52 R

1 <10 <5
No chemical control, no significant loss of crop
W B R AN B IR 2 1 Bk e

2 11 -80 6 -30
Need to fractional control, if not, cause dropped production
e R AR ¥ AN B R A i ™ TR S T a4

3 81 -200 L ML E 31 —41 UL 1 Need to control a large area, if not, cause serious harm or

total destruction
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Table 2 Occurrence grade of the first generation of Loxostege stictialis from 1977 to 2008 in Kangbao city

4 EF 25 E Aoy EF i)
Years Numbers Grades Years Numbers Grades
1977 1 2(1-2) 1995 19 2(1-2)
1978 2 1 1996 20 2(1-2)
1979 3 3 1997 21 3
1980 4 2 1998 22 3(2-3)
1981 5 3 1999 23 3(3-2)
1982 6 3 2000 24

1983 7 2(2-3) 2001 25 3
1984 8 3(3-2) 2002 26 2(2-3)
1985 9 2 2003 27 2(2-3)
1986 10 1 2004 28 3(3-2)
1987 11 1 2005 29 2
1988 12 1 2006 30 2(2-3)
1989 13 1 2007 31 1
1990 14 1 2008 32 1
1991 15 1

1992 16 1

1993 17 1

1994 18 1
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D818 0.091 0.0917
P(1) = Hp. 300 0.300 0.400H
H.000 0.500 0.500"
£0-700 0.300 0.000
P(2) = -p. 300 0.200 0.500H
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Table 3 Test of the predictive accuracy of the model on Loxostege stictialis

occurrence from 1977 to 2008 in Kangbao city

RTINS S % 59 2% Sl

i SR Transfer condition and probability of each grade Forecasting (e K
Years Actual grades SE Test

1 2 3 grades
1977 2(1-2)
1978 1
1979 3
1980 2 0.344 0.415 0.247 2 0 2
1981 3 0.333 0. 300 0.367 3 0 vV
1982 3 0. 167 0.333 0. 500 3 0 v
1983 2(2-3) 0. 145 0. 448 0. 407 2 0 vV
1984 3(3-2) 0. 100 0.333 0. 467 3 0 Vv
1985 2 0. 167 0.333 0. 500 3 -1 X
1986 1 0.244 0.381 0.374 2 -1 X
1987 1 0.439 0. 197 0. 364 1 0 vV
1988 1 0.617 0.278 0. 104 1 0 vV
1989 1 0. 706 0.197 0.097 1 0 %
1990 1 0.706 0.197 0.097 1 0 vV
1991 1 0. 706 0. 197 0. 097 1 0 Vv
1992 1 0. 706 0.197 0.097 1 0 vV
1993 1 0. 706 0.197 0.097 1 0 vV
1994 1 0. 706 0. 197 0. 097 1 0 vV
1995 2(1-2) 0.706 0.197 0. 097 1 -0.5 vV
1996 2(1-2) 0.533 0.267 0.200 1 -0.5 %
1997 3 0. 400 0.233 0.367 18%3 -1 X
1998 3(2-3) 0.211 0.381 0. 407 2-3 0 Vv
1999 3(3-2) 0. 144 0.448 0. 407 2-3 0 vV
2000 3 0. 100 0. 400 0. 500 3 0 vV
2001 3 0. 100 0. 400 0.500 3 0 Vv
2002 2(2-3) 0. 100 0. 400 0. 500 2-3 0 vV
2003 2(2-3) 0.200 0.333 0. 467 3-2 0 %
2004 3(3-2) 0.267 0.267 0. 467 0 vV
2005 2 0.211 0.381 0. 407 2-3 0 Vv
2006 2(2-3) 0.244 0.381 0.374 2-3 0 vV
2007 1 0.267 0.267 0. 467 3 -2 X
2008 1 0.484 0.125 0.271 1 0 Vv
2009 1 0.617 0.278 0. 104 1 0 vV
2010 1 0.781 0.199 0. 100 1 0 v
2011 1 0. 807 0. 183 0.091 1 0 v




5 3] R 2 [l 45 1 L 2R R SR B A 2R a2 M A R ) T

° 1247

3 it5itie

FI T ] Py 0 5 A ke A R R A B0 T 3
K b AR R R G 1) A A T 1
CEG VRO A SR TR N — AR ECR A 1 kAR B (R ER
E,2006) 5 31X Bl J7 v A 2K, Ry A A T A B
S J2 WU 3 T A A 2 TG Dt R R M I
i KPR T L 52 M PR B R B A R R
bR R 5T A A Uk AR R R TR O R
AN A OG R BN 0. 1889 F1 0. 3469 (He % [F 4,
2004) o« 1996 4 4 ELifk & bt 8734 0. 05 3k /m”,
1997 4Bk & AQ e L 1 35 OB T B0 15 i 298 333
Sy H f A7k i 201 748 Sk, O 2 b [y s AR A
1 R %) a5 B 5 w3k 3 000 23/ m*, 1 AR 4 ik
R ;2008 A1 AR B RIS A TR P A A S AR T
F193.33 Jj hm®, 5% HOEI BN, 35 BEAR, TR 2 A8 &
W RAERSE HNT AT HZE 8 Hif) KitthE
Ab B IE N TR, 38 A 2 AR R Bl AR AR B BE Y OK
R, A 2 AR E MR 4y Bk A A 1160 7
hm? . 2008 4F 4= [§] 1 i W5k 4 A 2 g s b e
A 2003 AR 4.0 £, % HbBE A o R P
17,2 3k /m?, g [ oA A0 B e (28 R A%,
2009) o HR 4 A LB 28 00 T 2009 4 1 AR E ML
e o S [y N A AR AN AN e o
SUAEARAE N 2278 3 J5 3% f 25 K 2E - 2008 4 B £
B AR 5.2 J7 hm?, A& SEHOF 3 2101 3K/
m’, 5 5 274.5 Sk /m’, J& 1979 4R 10 3 DUk B s
(0 1 4F o AR 4 MR A [ R M R A U, B A
Ml 2009 AF 4> 4T ik i B TR 22 56 Tl 2009 4
1A My 4y e 7 OR B bl T 2 Kk AR S
KA. TR R B R TR0 TR 2009 4 1
AR by R 4y A e AR S AR R A AR R S
EHAHY A -
L AR R 5 6 R R BE PR 1 3 Bl A
Xof b A SO 1 R O R AT T SR A ST A K
(B AL 45,1999 ; 35 4 97 %5, 2008) ; [5 y F1 H i 34
P Ak H 3 ~ 4 2, Mk i 50% 1) 5 10
~14 d(H ¥ 20 ~26°C 4 1FF, PO ETHH 4 ~6
ds ORI 3 ~4 d, 1 12303 ~4 d) Bk 2 5 %h d gy, B
Shy 5 96 T 5 X P e R SRR A R A
90% LA b (3K BR3E,2006) o 25 5 2k, H 7 E Py
e b WK B K U TR 22 O 2 5 T, AR v

HAEELRER, — RN DRAERERE. 5
IRBNRHE 5 FoAb T AN AN T % R 2 R
ORISR S A SN N F e A e S T T S
b, 38 I v S B R AR PR ok B A R R R
RN AR 5y B 48 RN ], — S8 B -3l 3 oF SR
MBS Ty 3k A3 o DRI, N 5 SRR R B 5 %) 1
AR e T e K A R K A TR LA S AT
A8 FH AL > B LLAS J5 78 T30 TR A

T 1 AR I IR R O K S0 o A 2
[ £6x > [ DTy S 45 & 2835 B 89. 9% , %) T B b X
BE—Fp R R, 3 6O, P SR R E R B, TR
HRAEA 22 A NI R0, B0 H.2 5 00 B B0 ik 2 2
AR H R R . 2008 4 5, 3E N R A T
Ay ME Al 26 32 v, 2 T T AR Y [ A 2R R] A
90% LA Fo M IRIEY 25 5 0 b K G R BLTAR (5 5
SEAE AN FH WA 04 0 8 B IR A 2R R )
B E R 1 ~2 5, 3 N RS 2R B A 45 )
Y e TR AR 22 o X L I T 2 1 A 47
I T R TR SR TR AN i Y M R R
Bi ¥ o

% 2 3 it (References)

MWt » 2003 )3 FH By 2R BE SR B v T 00 0 AR AR R EL R AR R
FE. R i, 40 (2) 1176—178.

A, 225, 1997, RAE Y9 HUK 1S g B 5w
A6 5T A O R A 43—46.

WY, EFAE, Fa, 2008, LI E I E KR S R
FH 287 9% B AH M AR AR 2% 4R, 28 (10) :4823—4829.

B A, 2006, F S SR B BE 77 vE AR B B AL B UKk R
. AR AL R 2 2 4R, 34 (5) 121—22.

LR, RERHE, B F M, 2009. B IR 2008 4F Bk A Y
Sy AR ARUR 2009 4 R AR s B A DR S T, 29
(1) :39—41.

FEZIE, wiEH, 2500, 2004, B0 HE & A i 55—
TR R 2R OGRS B BN, 41 (1) 170—72.

WAL, ZEG T, WAL, 1999, BHE U 5 = AN IR i =
ek MRy, 36 (1) :11—14.

PAE, BRAN, FEZE, 1998.1997 A5k K il — L
i A R R A HT . AR R FE AR, T(3) 1119—123.
B30, 2008, F HI By /R B I HE LR T R 5 3 AT
A R IO A AR (AR RN > 3(3) 1447 —

481.

FEJE SO, WG, 1997, 5 H 4e vk 43 # L TE S ML b 21

G dbat: b E R AR AL 1—407.



« 1248« N B 244 Chinese Journal of Applied Entomology 49 15

HIZLEE, 20, 2008, T /R BRI 47 76 100 K JE T B K o 5799—5805.

M . K SR B K2 4, 29 (6) 1444—446. Tk, TRIKIE, 2006. RAEY) G F ALY T . b5
U, 1997 F B /R BER VL TR Rk et RAEFLE. B [ Rl R AL 456—457.

HUA19H,34 (2) :88—90. TRBREE, 2006. RAEY G H AW MMERF M. Lu: P E
R, KSR, KPR, 2009, B TR B BB Rk R AL 59—69.

TR K EUR AR R K TR AR A AR, 29 (1)



	kczs201205 158.pdf
	kczs201205 159.pdf
	kczs201205 160.pdf
	kczs201205 161.pdf
	kczs201205 162.pdf
	kczs201205 163.pdf
	kczs201205 164.pdf



