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REZETIEE EET 1 ~5 BB MR AE B , IR4E 5 — MR 3R e B e AT [ 4R B D SR A & BT R A T R B R AE AL, A
TARAERT Sa KA AT CEWEL KA RSHMEE 6 FHRKER . FHR 20a FZ5R T LA G 3 HIKF] 90% , % 2008 45
FI T -ARAF & 2 4F H E] SEPR R AR 1B I . 2T AR 5 I R BR300 e S HAN E X F 55 1L B R H AR b X 4 KR B E K&
RARERKATEHRAEEERFENL, EF BRI TR T —Fh sl AR 7.

KEW A CE; BE CE; DR R BBER

N EHS:1000-0933(2009)11-5799-08 HEHHKS: Q145 XERARIRFG:A

Forecasting the occurrence degree of brown planthopper and whitebacked

planthopper by applying Markov model

YAN Xiang-Hui', ZHAO Zhi-Mo"* , LIU Huai"* ,XIE Xue-Mei’, XIAO Xiao-Hua’, CHENG Deng-Fa’
1 College of Plant Protection, Southwest University, Chongging 400715, China

2 Plant Protection Station of Xiushan County, Chongging 409900, China

3 Institute of Plant Protection, CAAS, Beijing 100193, China

Acta Ecologica Sinica 2009 ,29(11) ;5799 ~ 5806.

Abstract: Brown planthopper, Nilaparvata lugens (Stdl) and whitebacked planthopper Sogatella furcifera ( Horvath) are
two important long-distance migration insect pests that cause great losses to rice yield in China. In this paper, by using the
transition probability method of Markov chain theory, the transition probability matrix of 1 to 5 steps was constructed based
on the time series data of two planthoppers surveyed in rice paddy from 1983 to 2007 in Xiushan county, Chongqing,
China. The weight of every step by the rewarding accuracy of each step in transition probability matrix was calculated and
the occurrence degree of the sixth years was predicted based on the occurrence status of the previous 5 consecutive years.
The result showed that history rewarding accuracy was 90% for the 20 years data from 1988 to 2007 and it accorded with the
occurrence situation in 2008 for the both pests completely. The transition probability matrix and the weights constructed in
this study have great guiding significance to forecast the occurrence grade of the two planthoppers for Xiushan and its

neighboring areas. It offers a rapid and effective method for the long-term or the super-long term predictability of the pests.
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#5 KHE\ Nilaparvata lugens (Stal) F1H1 K&\ Sogatella furcifera (Horvath) &P g d KiE/KFgE &,
VLAER , X PR E R fE F AR H 489 K JEHE MR, 2 &0 R2E 8400, X VL3 K w77 i 7K A A= 744 A
TR o N R ERR R VR BB RTTIR X T8 S EA S E Rk A EEE

TR A FEE TR RARYE F AR ¢ R RPIRZS TR @ + n B ZIAPIRZS , B I SRR R P 2
XA B R B K B K B 4, EE RS A Y R R kAN R Rttt R
B BT AR BRI I RSB B o 48T (7] S (6] 1] X T X 5 B M A TR
7], 5 23 32 A A T JR AT SR 4 o 00 A% Sk 38 10 %% 2 1O T BBk, 91 PR B2 A ) LR K BB T R
AP gk A RE FIRAREY RIEWERTR S AL 5 A R A T VIR 5% AT R ER A AR
I IR WY A T i A o

T R AT FAE TR 7 3535 T RE AL Sh Pk Bt 8] 51 B B0 2 o 8 KB 7 TREUAY 6] A A R
S5 XA SR R IR BE LA B AR IR I R A5 22 TR B VARG, IR X P L 7E ) 9 & AR
FREEA B IBENLIE BITE " o BT I, MR RIE T P 75 L B3 1983 ~ 2007 4548 KEWK [ 1 K&l H A
RARR PR GORE, @SL T AU /R A] REERIAY, BR AT P 5 [ 4R 4b , 38 F 2008 45 i SEBR & A= BTk X 2
RV TSR AT T A, BURF G5 RGN T o
1 HiERREREES %

1.1 BERIE R e

PR i RS KR A CEUR A B RORR B KT 75 LU EAE (R 4k 1983 ~2007 4F 25a T [ i H 8]
T GORE, AR A (BILA“33em x 45em” R RN EA) , NE4ER 5 H 30 H ~8 H 30 HA&RR 5d
W& 1R, BREEYLEA 20 KA, IR EBRIEENE CEMEE CEWEE . RIE L5 RE CERERR R E
fEFEER, 456 2EE CERAEZRN R4S, el CEFERERR/NT 0.5 kN1 H,0.577 ~1 7
kA2 9%,1.0001 5 ~3 J33kH 3 9%,3.0001 73 ~5 J7k R4 %, KRFS5TKAS H;HE REERER/NT 1
Tk R V5,107 ~4 Ti3kR2 9%,4.0001 J7 ~8 J1kh 3 4%,8.0001 71 ~12 1k K4 K, KT 12 HkHKS
G WikhE RIILIRT Sa B SEEIR NG 6 4E MK R R , BRI S M EEZE EXCEL E 58K
1.2 @5 ol
1.2.1  E/RAREETN R 5 RS a5 B

T [E] 3 & Fh S ) B 2 B TR R RS , T )5 — B 21 FPR SRR — 2 RS — E MR E T
ORI, X FYPRE Z EIM B A PR R AR B/R AT Kbk, BRI REFREFBE PN EAFHE, — 2
“TIERE” , FEEWRR 2 2R, RBUR T ZE YA FPIRES, T 5 DART RS TR 2 “@m ™, B
R NIE R BRI 1R, o 5 T BN ER G, S RE N RLERET - MRENED . dERE
A B[R] 51, AT REAE BE B R AR R BE DX 4 R BRANSF R CRZS) , 7 51 Hh i B3 — B[] R BB S BUHE A g — IR
BE(i=1,2, -, n) WMFE“TEBE"FE, REHRS E (B &I kP (E=1,2, -, m B, BIEREIL, 2,

L, m AR R BPRES E; (k) R R 5T k2P RPIRES E, (k) B 56 48 “ 6 Ji 17 F/1E , &1 m 27, Hik
RIEREHE TRE . APFFIEREE CERE TS CEGAE R 4 1B H i 1 500k D /R o] R4E i s
HERSHEBMR, TR RED KR LR,

2 1.1 MRUPEAR CER B H REULE R AR W R BRI RS CRES) &3t k 4E (AR
BEk=1,2,-,5§) WRE EFABIRE E(ARFRBRER N, 2,5 R) WEBMER P, (k) FR,
P;(k) =N;(k)/B; 5\, N (k) 2 k B REUR AERREMRES EHEB S E RSB, IR CEUR ERE IR
B ERBKE o DL P(k) TGRSR P(k) Bl b B BERER . B, ZEERTZIMET 1.

Pn(k) P12(k) PlS(k)

k k) e k

P(k): le() PZZ() PZS()
PSl(k) Psz(k) Pss(k)
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1.2.2 ZBrEmEE
45T [ st i ) B 53] ) % B 4F 6 S0 T REAS B A R, AR F 58 4% 9 B [ 40 B D 52 45 5 2R g, 3
A G BB AR R AN, B -

W, = ‘Ik/kz1 q;

1.2.3 [l 5500

MR BIRAE S IIRE MR 1,2, ,m FHPREZLR |, 0 BIBEBMRIERS P(1), P(2),-+, P(m)HE
i AT TCR IS B IAUE , BESL—> m xj HERIBER T AR RS , 256 %5 2 A0 B ] BE & A RS 7 AR, LAEE
RE KBRS 2 R PR ZS A IR Bk B 45 51
2 HRE5H
2.1 ¥ CEAMBEE CER DI MR XA A A E

1983 ~2007 448 KEVHIEE CEBFER LR 5L 1 F1R 2, APFREL,2,--,5 B, 251 E M
TP A B B AR Py (k) A Py (K) Q°F -

0.33 0.33 0.17 0.00 0.17 0.00 0.50 0.00 0.50 0.00
0.60 0.00 0.40 0.00 0.00 0.08 0.42 0.42 0.00 0.08
Py(1)=(0.17 0.50 0.17 0.00 0.17 Py(1)=/0.14 0.57 0.28 0.00 0.00
0.00 0.00 0.50 0.00 0.50 0.00 0.00 0.00 0.00 0.10
0.00 0.00 0.40 0.20 0.40 0.00 0.50 0.50 0.00 O0.00
0.33 0.17 0.33 0.00 0.17 0.00 0.00 0.50 0.00 O.50
0.50 0.00 0.25 0.00 0.25 0.09 0.36 0.45 0.09 0.00
Py(2)=(0.33 0.33 0.17 0.00 0.17 Py(2)=(0.14 0.57 0.29 0.00 0.00
0.00 0.50 0.00 0.00 0.50 0.00 1.00 0.00 0.00 0.00
0.00 0.20 0.40 0.20 0.20 0.00 0.50 0.00 0.00 O0.50
0.20 0.20 0.60 0.00 0.00 0.00 1.00 0.00 0.00 0.00
0.25 0.25 0.00 0.00 O0.50 0.20 0.30 0.40 0.00 O.10
P,(3)=/0.33 0.00 0.33 0.17 0.17 P,(3)=/0.00 0.43 0.43 0.14 0.00
0.50 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 1.00
0.20 0.40 0.00 0.00 0.40 0.00 0.50 0.50 0.00 0.00
0.20 0.20 0.60 0.00 0.00 0.50 0.00 0.00 0.00 0.50
0.25 0.25 0.25 0.25 0.00 0.10 0.40 0.40 0.10 0.00
P,(4)=/0.00 0.20 0.00 0.00 O0.80 P,(4)=/0.00 0.50 0.33 0.00 O0.17
0.50 0.50 0.00 0.00 0.00 0.00 0.00 1.00 0.00 O0.00
0.40 0.00 0.40 0.00 0.20 0.00 1.00 0.00 0.00 0.00
0.25 0.20 0.25 0.00 0.00 0.00 0.00 0.50 0.50 0.00
0.00 0.00 0.75 0.00 0.25 0.00 0.44 0.33 0.00 0.22
Py(5)=0.20 0.00 0.20 0.20 0.40 Py(5)=(0.17 0.50 0.33 0.00 0.00
0.50 0.00 0.00 0.00 0.50 0.00 1.00 0.00 0.00 0.00
0.20 0.40 0.20 0.00 0.20 0.00 0.50 0.50 0.00 O0.00

AL ~5 Bl B MR AR XS 1988 ~ 2007 43k 20a 1 [ 52 WERH AT [ HRAG B0, 46 KAl 1 ~ 5 B9 HI
AT FRAKIK N 0.458.,0.391.,0.455.,0. 524 71 0. 500, fy i+ HAFEE KAl 1 ~ 5 Brik B R AE M M E 7
H27 0.197.0. 168.0. 195.0. 225 F1 0. 215; (3 K& 1 ~5 B9 J5 2 454 F 4K YK 0. 500,0. 522.0. 500,
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0.524.0.500, f LB EI A KEL 1 ~5 B HERAERERBESH1H 0. 196 .,0.205 0. 196 0. 206 0. 196,
2.2 IRFFEH
ABFTERFELE 5 Br BRI M S DTS Ar &R . BNl HR 1988 4F48 KA A A 18 0L, AT Sa i
REGHMKK A 1,1,2,3,4 F(F 1) BAI2. 1 HHE 1 ~5 EBERER P, (k) MBATHITR, A B
AR A4S T TR HE o «
0.0650 0.0650 0.0335 0.0000 0.0335
0.0554 0.0286 0.0554 0.0000 0.0286
0.0488 0.0488 0.0000 0.0000 0.0975
0.0000 0.0450 0.0000 0.0000 0.1800
0.1075 0.0000 0.0000 0.0000 0.7075
TS 451 2 F0 0. 2767 0. 1873.,0. 0889.,0. 00000 4471 HEYx Ny 1988 4E & 4 1 ~5 REIHER, Hrh %
5 BRI (0.4471) , HBLIEIR 1988 4 2 A5 0 5 9, 45 75 1L 1988 4R34 KB SL bR & AR R
AT
FAVA L7735 — a4z 1988 ~2007 4F3% 20a 4 KA AL (R 1) R, BR 1995 4F5Chr k4 4 4, 4R
3 ;2005 FLPRAAE 1 G, IR 2 obh, AR AR 19 BHR AR5 SE PR R AR ARAT . R B TR
20a ARG (K 2) B, BR 1991 4FSEPRAAE 1 9%, [BIRN 2 941992 4ESEhr ik 4 9%, [k 3 5t How
BEMEG LR EFHIET . 1 CEMAE CEUEHR A6 FRIIE 90% .

F1 1988 ~2007 £F 1L E HEE CAZERF K ERKE
Table 1 Test of the predictive accuracy of the model on N. lugens (BPH) occurrence (1988 ~2007)

A £ Mg Probability of each grade QAI%QHIJ ET&%&S’J s B
Years ctual Rewarding Frrors Tests
1 2 3 4 5 grades grades

1983 4

1984 3

1985 2

1986 1

1987 1

1988 0.28 0.19 0.09 0.00 0.45 5 5 0 Vv
1989 0.19 0.12 0.35 0.14 0.19 3 3 0 Vv
1990 0.12 0.22 0.51 0.03 0.12 3 3 0 Vv
1991 0.23 0.38 0.25 0.00 0.14 2 2 0 Vv
1992 0.38 0.16 0.32 0.03 0.11 3 183 0 Vv
1993 0.22 0.23 0.18 0.03 0.33 5 5 0 Vv
1994 0.15 0.15 0.15 0.08 0.47 5 5 0 Vv
1995 0.16 0.09 0.31 0.20 0.23 4 3 1 X
1996 0.04 0.16 0.33 0.03 0.44 5 5 0 Vv
1997 0.17 0.16 0.21 0.08 0.37 5 5 0 Vv
1998 0.23 0.12 0.38 0.07 0.20 3 3 0 Vv
1999 0.23 0.41 0.14 0.03 0.19 2 2 0 Vv
2000 0.41 0.13 0.20 0.00 0.26 1 1 0 Vv
2001 0.35 0.15 0.27 0.03 0.20 1 1 0 Vv
2002 0.21 0.27 0.13 0.00 0.38 2 582 0 Vv
2003 0.31 0.12 0.35 0.10 0.11 1 183 0 Vv
2004 0.23 0.15 0.49 0.00 0.13 3 3 0 Vv
2005 0.24 0.33 0.28 0.00 0.16 1 2 1 X
2006 0.27 0.32 0.29 0.06 0.06 2 2 0 Vv
2007 0.28 0.07 0.50 0.03 0.11 3 3 0 Vv
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F2 1988 ~2007 FHE AR ERANHEHRKE
Table 2 Test of the predictive accuracy of the model on S. furcifera (WBPH) occurrence (1988 ~2007)

i £ A% Probability of each grade iAF/]?%RS'J El*&é&?ﬂ s B
Years ctual Rewarding Frrors Tests
1 2 3 4 5 grades grades

1983 2

1984 2

1985 2

1986 3

1987 1

1988 0.09 0.44 0.28 0.12 0.06 2 2 0 Vv
1989 0.02 0.36 0.33 0.15 0.14 3 283 0 Vv
1990 0.05 0.58 0.28 0.02 0.08 2 2 0 Vv
1991 0.22 0.35 0.28 0.00 0.14 1 2 1 X
1992 0.04 0.34 0.36 0.27 0.00 4 3 1 X
1993 0.04 0.25 0.31 0.00 0.40 5 5 0 Vv
1994 0.05 0.68 0.25 0.02 0.00 2 2 0 Vv
1995 0.12 0.27 0.15 0.00 0.46 5 5 0 Vv
1996 0.02 0.27 0.59 0.12 0.00 3 3 0 Vv
1997 0.07 0.68 0.14 0.00 0.12 2 2 0 Vv
1998 0.07 0.48 0.42 0.02 0.02 2 2 0 Vv
1999 0.07 0.51 0.34 0.05 0.04 2 2 0 Vv
2000 0.07 0.41 0.42 0.02 0.07 3 3 0 Vv
2001 0.14 0.43 0.37 0.04 0.02 3 283 0 Vv
2002 0.12 0.46 0.34 0.02 0.06 3 283 0 Vv
2003 0.08 0.48 0.35 0.05 0.04 2 2 0 Vv
2004 0.04 0.47 0.36 0.03 0.10 3 283 0 Vv
2005 0.08 0.47 0.37 0.05 0.03 2 2 0 Vv
2006 0.12 0.46 0.35 0.00 0.07 2 2 0 Vv
2007 0.09 0.42 0.41 0.07 0.02 3 283 0 Vv

2.3 HURN A

FH 55 [l 4R AG B0 AR [ A4 5 32 T 2008 4F 90 Fh WL A HH ) & AR AR BE (36 3) , T4 R B i 4R 4 KEUR A
FREE 2 %, HIESEPR R AERREE R 2 S (RAEEN 7400 423k ) s T 3 CEURAFREE ] 2 9%, H A SEBr & A
R 2 B (ORAERN 25000 A3k , BiFhE RTINS R 5520 R AE B BUARAT

£3 2008 £ECEMAT CAHRAZERENTANER
Table 3 Test of the predictive accuracy of the model on N. lugens (BPH) and S. furcifera (WBPH) occurrence in 2008

% 2% Probability of each grade BRG] Tﬁ?ﬂ“ﬁ%u B B
Species Actual Forecasting Frrors Tests
P 1 2 3 4 5 grades grades
# & HE BPH 0.21 0.29 0.25 0.00 0.25 2 2 0 Vv
HKE WBPH  0.09 0.44 0.36 0.02 0.10 2 2 0 %

3 giSiie

AREEE CHEH AT R A R KB Ry R, XU B 2 B R AR (17 L&
AR MEWISE IS 88. 8% 5 TG P TT H 22  4 5 A L TR M K R R R 125 (0
9. 68% s P AR I RURHIERIN E1 1 AR AL, BURACR RIG™ o EAASCSWIRIy (B
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PR R EY IMERZMESR, FORERW L, R W TAEE XL ERE RN, Fa A L E R
3 2 U Bk T B ) TR AR, DR I 4R — b R B O 8 SE RV R O IR IR

F T B/R ] REE IS M BRI 2 5 H A 23 R AR FR BE TN A L , ToFe N B+ T B+
FRENHEFZE LA FSHREZRPHECRE, RRHZ BRI & (B E) A5 SRS E 2R
JE T IR A AR R BV T T SR o FT R S A AR AR SRl R R R T S YA B T 5 v, {EL
BRI R A B —E SR 20 5, RO R E R R SR B S SR A TOR, T E R A RE
(BT 5 VR, 32 7 T T AL TR g B ) )5 570 A 56 ) T 0 B8 7 , T %o AR Sk 5 K e s o 2 1A 44 ) T
REJI3EE , Ir ARG I B R I KIS 5 5 Z B i M FPIRZSVE N RS B0 45 51 5 55 =, 5 AP EE 5L
BENREMERGEAERANER, LA EE A JET-MEA SRR EEE M IEKEEE
RIS AT DR AT RIS B R R TR 5 e i A R B T s — A, B T R R RS RS’
XF 5 HUR A R, R T AS BE B BRI IR R 3 F R AR R A E AR R o

ACLAE KT 75 1LE 1983 ~2007 4 H [E)# CEFEE CEUL AR B R E 751 %k, 2 2 T 5 /R A]
REEEIG B MERTONGE T 1 ~5 BB MERER, IHREFT Sa FES LA RETNE 6 415 €
AAE S CEE AR, EER A SAA REAE T 90% , % 2008 4F 5 F I 474 24 4F H 18] i) S2 PR & A4
TEBL, XU VEE XS Wi FP R AR BT AT . ZE R e R I, R [ 45 R 5 S bR R AE 1R
MAEERZE , REHRE | Ko ZHEWER S B35 B K AT X T 75 1L 2 R AR b X 45 € E R
HE CEREBRENKPTHRAAEERSE L,

TER IR SR T B, T 22 /0 W B e B R SR PR A 18 2, X — 7 TET B AR 40 I s Wk K e, 7o —
75 TSR AR 3 R R AR AR, RE AR SRR, R I, 4 B [ 7 21 R A 4 A 5 B AR W] REE IR S AR,
WiE B MERIE N BOR I M1 o W] DRI Bt 58 0 P B A T IR , DA SR 4 8 I — A s LA
MR E S BN MAN , ZEFFE 2B R A ME 3 40 B A7 I 4R, AR AR 4% B P SE A R R RS
GETHTEIR , 445 W B MR R P LAGE 24 AN EE ST A RCR 4T, 3 2 B R & AR RS X TR 4 & AR
BHERKNFFEARTEEEMH, NLLE SN E BT 785 B A H A FER
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